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v

Since “enhanced postoperative recovery programs” (ERPs) were first described in colonic 
surgery in 1995, the implications of ERPs have been extensive, not only by enhancing recovery 
but also by reducing hospital stay and medical complications with obvious secondary signifi-
cant economic benefits. In this context, the ERAS® Society has made huge contributions for 
worldwide assistance to spread the message of these universal surgical care programs. 
Furthermore, the ERP results have led to the establishment of several regional or national 
ERAS-type societies with several guidelines worldwide.

However, the present book is so far the most extensive document covering all aspects of 
ERPs, from basic pathophysiology of postoperative recovery to a detailed description of pre-, 
intra-, and postoperative factors to be considered for implementation. Although several chap-
ters consider the classical well-established components such as preoperative risk assessment, 
avoidance of intraoperative hypothermia, etc., other chapters are new or updated such as ane-
mia and blood management, prehabilitation, and focus on ERAS after discharge, which repre-
sents one of the major future challenges in ERAS. Importantly, the last part of the book focuses 
on the procedure-specific ERPs as well as administrative aspects to be considered for a more 
global implementation of ERAS. Finally, the book contains important information about the 
role of nursing care where the future in our modern busy healthcare system has to place more 
responsibility on nursing care to achieve the collaborative benefits of the physician-provided 
preoperative, intraoperative, and early postoperative management.

In summary, this so far most extensive document to help clinicians to be updated in the 
pathophysiological background for ERAS and to improve the implementation process fulfils a 
great need to spread the ERAS message. However, although being an updated documentation 
of ERAS, we should not forget that many future challenges lie ahead for further improvement 
of ERAS programs, being a dynamic process for surgical outcome improvement based on a 
better understanding of perioperative pathophysiology, pain management, and surgical tech-
niques, with minimally invasive surgical approaches as well as organizational aspects of all-
over care hopefully finally leading to the ultimate goal of a “pain- and risk-free operation.”

Copenhagen, Denmark Henrik Kehlet, MD, PhD

Foreword



vii

Enhanced Recovery After Surgery (ERAS) is spreading like a wildfire across the world arena 
of virtually all surgical disciplines and anesthesia for good reason. It results in winners at every 
stakeholder level: first and foremost—the patients—who suffer fewer complications, experi-
ence faster recovery, and return to normal functions and everyday life activities quicker and 
better. Medical staff and healthcare providers experience the satisfaction of being part of care 
processes where their patients are feeling and doing much better faster and their outcomes are 
improving. Managers see their units deliver better care for substantially less cost, and the gen-
eral public ultimately experiences better care at a lower cost.

A wide range of professions and disciplines are engaged in the processes involved in the 
care of the surgical patient, and because ERAS is based on the entire journey of the patient, it 
goes without saying that every player and stakeholder plays an import part contributing to the 
outcomes. For this reason, the ERAS® Society has built training programs for the implementa-
tion of ERAS where teams representing all healthcare providers involved are engaged. This 
book was created to have everyone take advantage of a comprehensive ERAS text, as well as 
for all those who soon will be involved in implementing ERAS in their own units. This excel-
lent book can also serve as a reference for students of different medical professions as well as 
nurses and physician assistants at different stages of their education, and we hope it will be of 
use in specialty practices as it describes the modern way to care for the surgical patient.

The book is built around nine sections: the first part describes the principles of enhanced recov-
ery, and then the following three parts cover pre-, intra-, and postoperative care elements of ERAS 
presented in separate chapters. There is also a section on prevention of complications, a section on 
ERAS after discharge, and a section on safety and quality improvement in ERAS. Section 8 is a 
large section covering a wide range of specialties in which ERAS has been successfully employed. 
In the final section, several administrative aspects of ERAS are discussed including cost savings, 
as well as an updated review of ERAS progress in different parts of the world.

This book has been written on behalf of the ERAS® Society (www.erassociety.org), a not- 
for- profit organization founded in 2010. Since that time, the ERAS® Society has published a 
range of specialty guidelines and consensus papers for various surgical disciplines. The editors 
and section editors have been fortunate to have many of the authors of these guidelines, as well 
as a range of world experts who are driving the development and improvements in the fields of 
surgery, anesthesia, nursing, nutrition, physiotherapy, and perioperative medicine. We thank 
each and every one for their excellent contributions.

This book is dedicated to the memory of Professor Kenneth Fearon, who practiced at the 
University of Edinburgh, Scotland, and who was one of the founding fathers of the ERAS con-
cept and the ERAS® Society. Ken sadly left us in 2016, but he already had the idea of the Society 
producing a textbook on the topic years ago, and it is our pleasure to be able to fulfill his wish.

We hope you find this book a useful source of information in your clinical practice.

Örebro, Sweden Olle Ljungqvist, MD, PhD
Yeovil, Somerset, UK Nader K. Francis, MBChB, FRCS, PhD
Boston, MA, USA Richard D. Urman, MD, MBA, FASA 

Preface

http://www.erassociety.org
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Enhanced Recovery After Surgery: 
A Paradigm Shift in Perioperative Care

Olle Ljungqvist

 Introduction

Surgery involves a deliberate injury to the body. It is most 
often performed with the aim to remove a disease such as a 
cancer or inflammatory process (Crohn’s) or to repair tissue 
that has become broken or damaged (hernia repair) or sur-
gery following an accident. Surgery is one of the most uti-
lized treatments worldwide, with an estimated 300 million 
major operations performed yearly [1]. Surgery can in some 
cases be regarded as a dangerous treatment—25% of all 
patients undergoing surgery will have a complication, and a 
significant number will die as a result.

Over the years, surgery has become increasingly complex 
with incorporation of highly developed techniques involving 
computing and advanced visualization support, which has 
resulted in improvements in surgical precision. Today, high- 
resolution screens used to enlarge and improve vision at the 
site of the operation are available and are commonly used for 
most operations that only a few decades ago were done under 
direct vision or at best magnifying glasses. Minimally inva-
sive techniques and robotics have made precision surgery a 
daily practice in many hospitals around the world. In paral-
lel, anesthesia has developed with advanced detailed moni-
toring devices controlling all vital signs, allowing for better 
control of pain, depth of anesthesia, relaxation, control of 
vital organ function, and fluid balance. New drugs allow for 
return to lucidity almost instantly after anesthesia, and better 
pain management without side effects supports very rapid 
return to mobilization and function. These medical and tech-
nical advances have allowed for a dramatic change in status 
of the surgical patient in the postoperative period, allowing 
for better recovery. This, alongside therapeutic improve-
ments for cancer patients and medicine in general, has 

allowed for fewer complications after surgery and better 
overall survival in both the short and long term.

With the development of improved techniques and prac-
tice in the operating room, the needs of the postoperative 
patient have changed, and this has impacted nursing. At the 
same time, nursing has developed into a science that is 
evolving and complementing the more classical medical sci-
ences in surgery and anesthesia. Nurses take on new roles 
and missions and advance many of the elements in the care 
of the patients. The same is true for nutrition care, where 
dietitians are becoming more and more involved in the care 
of the surgical patient. The realization that the stress 
responses activated by injury and surgery (e.g., the meta-
bolic response) play a key role for the development of com-
plications and delaying recovery after surgery has 
highlighted the need for management of such responses in 
the surgical patient [2]. Nutrition plays a key part in this 
process. While it was not long ago that patients were ordered 
nil per os (NPO) and strict bed rest for days after surgery, 
today the roles of nutrition and physical activity have come 
into focus. With the concept of pre-habilitation, the combi-
nation of physical training, protein-supplemented nutrition, 
and mental preparation has shown to impact preoperative 
physical capacity in a way that facilitates recovery after sur-
gery. With this concept, the important role of the physio-
therapist has been raised.

Modern technology and development of society have also 
influenced surgery in a different way. The growing availabil-
ity of information and exchange of information has helped 
build the knowledge of surgery and anesthesia practice and 
availability around the globe. This has increased the pressure 
for more high-quality surgery in most countries around the 
world. While at different levels in different countries and 
regions, the pressure on surgery and healthcare in general is 
growing. There is a huge unmet need for surgery globally, 
but this is very unevenly distributed. In all societies the cost 
of healthcare is rising, in part because of an increasingly 
older population, but also because of new inventions, medi-
cations, and improvements that allow better care and 
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increased chance for cure. Many of these changes, however, 
come with a higher cost. Thus, there is a continuous struggle 
to deliver more and better care, but at a lower price (or at 
least not a higher price).

Despite the short summaries described above of some of 
the more prominent developments in recent years in the care 
of the surgical patient, overall there is still a very slow move-
ment toward the use of new proven methods that are better 
than many old traditions still in use. In a world where com-
munication has become very cheap, modern Web-based 
information is spread at an unprecedented speed, and where 
many professions change very rapidly, surgery and anesthe-
sia and perhaps medicine in general are slow to adopt new 
treatments and ways to address the care of the surgical 
patient. The same doctors, nurses, and allied healthcare staff 
who change the operating systems on their phones within 
minutes or, if slow, in days will not change their practice in 
surgery for 15 or more years. Fast-track surgery was first 
published as a concept in 1994 by Engelman and colleagues 
[3], and shortly thereafter remarkable results in recovery 
time were published by Kehlet and colleagues in 1995 and 
1999 [4, 5]. The Enhanced Recovery After Surgery (ERAS) 
project was initiated in the year 2000 [6], and since then 
there has been an exponential development in this field with 
more than 600 publications registered in PubMed in 2018 
alone for ERAS (Fig.  1.1). So, the knowledge has been 
around for a long time, yet the use of these principles is far 
from daily practice around the world. ERAS practice is still 
limited to key opinion leaders and early adopters. This 
becomes evident when data on length of stay from different 
countries are reviewed. These national data usually reveal 
average postoperative stays that are longer compared to what 
is reported when employing ERAS principles—often by 
2–3 days or more. While a good ERAS program for colorec-
tal surgery will result in recovery times that allow the patient 
to be perfectly fit to leave the hospital in 2–4 days, national 
averages for the same operations are often 6–10  days (in 
extreme cases 12–14 days). So, the million-dollar question 

is: Why is this so? There are several explanations for this, 
and in the following, the main ones will be highlighted.

 Effect of Specialization

Performing good surgery, as always, remains a team-based 
activity between surgery and anesthesia in the operating room. 
As specialization is growing in surgery and anesthesia, there is a 
risk that they grow further and further apart. As specialties 
become more advanced, the harder it is for one to get the insights 
of the other. Yet, when improvements are made, they cannot 
work in isolation but must fit the overall care pathway; this cre-
ates an even greater need to work more closely together to make 
sure the improvements harmonize. This is obvious when reading 
most of the research published in the two specialties. A paper in 
anesthesia will describe the anesthesia in minute details and 
report on outcomes after the patient “was operated on.” Many 
surgical papers will give the details of the operations while the 
patient “had anesthesia” and report on the same outcomes. None 
of them knows or feels the other may impact the outcomes and 
fails to take the other into account. Since both surgery (which 
operation, the technique, blood loss, etc.) and anesthesia (which 
type and depth of fluid management, temperature control, etc.) 
all have direct impact on the same recovery measures and out-
comes that both are looking for, there is need for communication 
and continuous collaboration to develop both fields effectively. 
This is true for research but even more so for daily practice. To 
improve this situation, the ERAS® Society has published guide-
lines for publications on ERAS [7]. This is how ERAS and the 
new ways of working play its vital role.

 Resources for Care

A second limiting factor lies with the available resources in 
parts of the world. The Lancet Commission on Global 
Surgery reported that there is a lack of availability of surgery 

Pub Med Publications on ERAS 2001-2018
800

700

600

500

400

300

200

100

0
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Fig. 1.1 Development of 
PubMed registered 
publications on Enhanced 
Recovery After Surgery

O. Ljungqvist



5

in vast parts of the world. The variation in access to care is 
enormous, not only between different countries [8] but in 
many cases also within countries [9]. There is a lack of 
knowledge about surgery since even the most basic data is 
not available in most countries [10]. Only a relatively small 
minority of countries can deliver accurate data on mortality 
after surgery. Despite these shortcomings, much of the ERAS 
principles can be applied in every unit regardless of resources. 
Communication, teamwork around practice, harmonization 
of care pathways, and some basic audit can be achieved 
everywhere.

 The Role of Individual Doctors

The influence of the individual doctor on care is also a major 
factor. Reports on how anesthesiologists manage key aspects 
of care during anesthesia, such as fluids, reveal huge varia-
tions. While some may order 2  ml/kg/h for an uncompli-
cated abdominal procedure, others will give up to 40  ml/
kg/h [11]. Since keeping fluid balance is key for outcomes, 
this alone shows how just one decision can impact the entire 
outcome [12, 13]. For surgeons, reports on outcomes also 
show huge variations, but these data are harder to interpret 
since the outcome may also be influenced by the entire care 
delivered in different units and different doctors in that 
unit—not just the operating surgeon alone. In addition, it is 
very hard for any one doctor to keep track of all the aspects 
of care by following the literature and the novel develop-
ments within their field. Most clinicians are busy managing 
their daily practice with little time to read literature. Many 
developments are driven by industry, and many of the tech-
nical advances tend to catch much of the attention. Softer 
changes or improvements have less chance of reaching 
larger audiences. This is where expert guidelines and con-
sensus statements can play an important role in helping busy 
clinicians by reviewing and assembling updated knowledge 
from the literature.

 The Basics of ERAS®

ERAS® is a new way of working. There are a few corner-
stones in ERAS® (Table 1.1). The care plan is standardized 
and covers the entire patient journey from the first meeting 
with the surgeon to the follow-up visit a month after surgery. 

Every care element in the care protocol is evidence based. 
The evidence base is presented in guidelines developed and 
reviewed by experts in the field. There is a local ERAS team 
formed involving all disciplines and professions involved in 
the patient’s care. This team develops and institutes the 
ERAS principles at the home unit based on the guidelines. 
Obviously, the ERAS team needs to have the full support of 
the hospital administration and heads of departments and 
the support from their colleagues to lead this new way of 
working. Continuous control of the care process is intro-
duced through enrollment of every consecutive patient into 
an information technology (IT)-based interactive audit 
(based on the ERAS®  Guidelines) performed by the team on 
a regular basis. And at the core, ERAS ensures patient 
involvement in their own care and recovery. Lastly, but not 
least, ERAS is not a fixed protocol—it is a new way of 
working. It is about building a readiness to make changes. 
Surgery and anesthesia care are constantly developing, and 
that requires continuous updating to run the most modern 
and best care protocols.

 Evidence-Based Protocols

ERAS® care is based on information that is available in the 
medical literature. The aim is to find information that can 
help improve the outcomes for patients undergoing surgery. 
The focus is on reducing complications and ultimately mor-
tality and supporting the return of normal function and well- 
being of the patient while also taking cost into account. 
Academic expert scholars in the field review and grade the 
knowledge in the medical literature in a systematic way and 
build an evidence-based guidance for perioperative care. 
This usually consists of somewhere between 15 and 25 dif-
ferent care items depending on the operation (www.erassoci-
ety.org for updated and free available guidelines on many 
major surgeries).

Evidence based means that the evidence has been assem-
bled and graded to inform the reader how good the best evi-
dence available is. It does not guarantee that the evidence is 
of high quality by default and gives no promise that the care 
item recommended has the highest evidence. All it states is 
that the level—unavailable, fair, good, or strong—has been 
assessed and is presented. This grading is coupled with a sec-
ond assessment, this time on the potential risks of harm by 
the treatment. Together these two factors are weighed by the 
experts to give a graded recommendation for each item.

The protocol aims to find all care elements and actions 
that impact the recovery and outcomes of the patient’s care. 
It starts from the first meeting with the patient and covers the 
entire journey, ending with a follow-up and audit no sooner 
than a month after surgery (Fig. 1.2). Every single element—
be it screening for anemia or malnutrition and subsequent 
actions depending on the findings, to the choices of surgical 

Table 1.1 The cornerstones of ERAS®

Evidence-based perioperative care
Multidisciplinary and multi-professional approach
Teamwork
Continuous interactive audit and reporting
Data-driven change
Readiness to make the next change

1 Enhanced Recovery After Surgery: A Paradigm Shift in Perioperative Care
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approach or anesthesia, to care elements such as early 
 feeding—is included as long as they have support in the 
literature for improving outcomes (see Fig. 1.2).

Are some elements in an ERAS protocol more important 
than others? When reviewing the patient’s journey and the 
elements that have an impact on outcomes, it quickly 
becomes evident that all specialties and professions involved 
in the care of the patient have elements on the list. Some 
units might think that a certain element is standard of care 
and argue that only a few of the list of elements in an ERAS® 
guideline are true elements that need to be in an ERAS pro-
tocol. While this is probably true for that unit, the neighbor-
ing hospital will most likely not have the exact same view 
about what is standard of care. For them another set of the 
elements may apply. When moving between countries and 
regions, this becomes even more obvious. In fact, there is 
solid data to show that the variation in care delivery comes 
down to the individual doctor delivering the care [11]. This 
variation in care delivery is probably the leading cause of the 
differences in outcomes between hospitals, countries, and 
regions.

What has been shown repeatedly is that with increasing 
use of the care elements recommended by the ERAS® 
Society Guidelines, outcomes improve substantially. With an 
increase in compliance from 50% to above 70% with the 
colorectal protocols, several reports from different units 
show a reduction in complications by 25–30% and length of 
stay by several days (30–40%) [14–16]. Depending on the 
unit and their specific practice, different care elements were 
found to be the most important. This informs us that it is hard 
to single out one or two elements from the entire protocol as 
always being the most important, since the main factor deter-
mining this is related to what the local practice is when intro-
ducing all elements of the protocol.

 The ERAS Team

The ERAS team is the core of having ERAS in place in a 
hospital unit. Because it is a completely new and different 
way to run care, it has to have the full support of the manage-
ment/administration, heads of departments, and other deci-
sion makers.

All professions and specialties need to be represented on 
the team to ensure successful implementation of the ERAS 
protocol. The team should secure that there is at least one 
member covering every unit engaged in the care of the 
patient. This includes a surgeon, an anesthesiologist and pain 
and recovery specialist, nurses, physiotherapists, and dieti-
tians. These specialties form the core ERAS Team for each 
surgical department and always in collaboration with anes-
thesia and post-op care. The team collects key data on every 
patient and meets on a regular basis (weekly or biweekly). 

The team makes medical decisions to align their local prac-
tices with the guidelines to form a local protocol. Nurses, 
physician assistants, dietitians, and physiotherapists add 
their insights and knowledge to help form the practicalities 
of the local program. This team forms the core of the entire 
transformation the unit is doing to continuously improve 
care and to sustain changes and improvements made. The 
task of the team is to lead ERAS processes and changes in 
the care of the patients. They do so by getting control of 
practice and outcomes using audit as a core tool.

 Audit

In some countries it is mandatory, or at least expected, to 
report to national or regional quality registries for many 
surgeries. These registries are very common in northern 
Europe and in North America. They typically report back to 
each participating unit on an annual basis. The report typi-
cally shows the results for every participating hospital or 
unit while benchmarking against all others. These results 
include mortality, complications, practice, patient demo-
graphics, and other basic information. Many of them are 
also used for research with the inclusion of all patients, thus 
reflecting current practice. Quality registries represent a 
very important step in the development of national quality 
improvement projects and have been shown to help improve 
practice outcomes. The weakness of quality registries is 
that the data reports what happened at least 1 year ago. In 
many cases, they are focused on the specialty interest and 
may miss out on reporting factors that may also influence 
the outcomes reported (see above surgery and anesthesia). 
Analysis is done retrospectively, and it remains uncertain if 
the data entered was done in a prospective or retrospective 
fashion. Nevertheless, these registries have played a major 
role in the development of surgery and anesthesia and con-
tinue to do so.

From the start, the ERAS® Society aimed to further 
develop audit by introducing the ERAS® Interactive Audit 
System (EIAS) [17]. The idea was to develop a system that 
could be used in a more direct way on a regular weekly basis 
by allowing almost immediate feedback on outcomes. It also 
aimed to secure that all processes involved in outcomes are 
captured and integrated into the analysis. This allows for the 
clinical ERAS team to understand why they may have cer-
tain outcomes and direct actions to change practice where it 
is failing to improve outcomes. The system is built on the 
ERAS® Society Guidelines, but it also includes definitions of 
outcomes based on a number of international societies’ defi-
nitions and grades severity of the complications using the 
Clavien classification to tell what level of care was instituted 
[18]. The system is built to be swift and allow the team to 
instantly access all their data in an interactive semi-live way.

1 Enhanced Recovery After Surgery: A Paradigm Shift in Perioperative Care
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Since the data collected comprises all elements needed 
for a quality registry, it serves as an introduction in countries 
that do not have it. In addition, it also comprises all the ele-
ments that are recommended to include in studies of ERAS 
[19], and as such the system is also built to be used for 
research.

The ERAS team can use the audit tool to give feedback to 
every unit involved in the care pathway. This information 
should typically include the overall outcomes for the patients 
but also the processes behind the outcomes and the compli-
ance to the guidelines. This helps the team to understand 
everyone’s role in the bigger picture. Many complications 
occur not only because of just one missed or failed treatment. 
Instead most complications often arise from several poorly or 
mis-performed treatments in the care pathway. This demands 
the actions of several units to maximize the impact to reduce 
the occurrence of a given complication. This is why the audit 
needs to cover all care choices that impact outcomes and that 
it is being measured for every patient in near real time. This 
allows for better targeted actions and immediate follow up for 
all involved to see how well they are doing and an effective 
way of studying the impact of changes made.

 Reporting

A very important factor in raising the quality of care in com-
plex organizations is to involve as many people as possible. 
To have the entire staff engaged and working in the same 
direction will allow for substantial improvements in just 
about any hospital.

While it may seem trivial, reporting on outcomes and pro-
cesses to the entire staff in a department of surgery or anes-
thesia on a regular basis is often a completely new feature. 
While many units struggle to meet economic needs and 
secure hospital beds when in shortage—this and other simi-
lar problems are the focus—the actual outcomes of the care 
are less often reported. This is an overlooked way of manag-
ing the exact same problems and actually of much higher 
intrinsic value for the staff performing the care. Many units 
implementing ERAS have shown that it reduces cost sub-
stantially by improving the outcomes of care [20–23].

Still, the experiences from implementation of ERAS in 
different parts of the world show the same picture: In the 
teams of doctors and nurses trained for ERAS, just about 
nobody knows the outcomes of the care delivered in their 
own unit, and when asked to estimate the results, most are 
overly optimistic. It is common that the members of the 
ERAS team starting their training underestimate the compli-
cation rates and the length of stay by about 30% or more. 
When asked about how well they are performing ERAS, the 
compliance to the guidelines is also substantially lower than 
what is found when consecutive patients are assembled and 

audited. Most units start with a compliance rate of 40–45%. 
The truth of where the problems and the poorly performed 
care elements lie demands a strict and continuous audit. 
What is not measured remains unknown.

This example is even more true for the rest of the staff 
who are delivering the care on a daily basis. To get the 
engagement of the staff, data is extremely helpful to make 
things change for the better. Professionals in healthcare 
have often chosen this line of work to help their fellow men 
and women. If there are ways that leadership can support 
this ambition, it is nearly always most welcomed. Therefore, 
one of the most important tasks is to report to everyone on 
a regular basis and to help them see how they can improve 
the recovery and care of their patients. The ERAS team also 
should report to management, as this is a way of showing 
value to them for the investment they have made by giving 
the team part of their valuable time to run and lead 
ERAS. Anyone who has experienced the transformation of 
the patient from a traditional care pathway to ERAS will 
immediately recognize the difference. This is the best pay-
back for all involved, not least the staff on the floor.

 Readiness to Change

The ERAS team is developed to lead continuous change. 
Surgery and anesthesia change all the time. And one change 
in a certain part of an ERAS protocol may result in many 
more changes to follow. One example is the change from 
open to minimally invasive surgery. This not only changed 
anesthesia drastically but also pain management, mobiliza-
tion, and a range of other care items along the initial ERAS 
care pathway. It is important to understand that ERAS is not 
a protocol that is static. On the contrary, ERAS is a way of 
constantly updating best practice with new knowledge and 
care plans. Surgical units and departments being prone to 
change and staying informed of the latest improvements via 
updated guidelines and that use clever IT systems to audit 
their practice will improve their chances of always staying 
and using the best available care.

 The Next Steps in ERAS

There have been substantial improvements in surgery and 
anesthesia over the years, and many of them have involved 
monitoring or technical improvements. ERAS is bringing 
these improvements together by adding the softer aspects 
to the table: communication and teamwork. But it also 
brings in an element of something missing for a long time: 
basic information needed to run the improvements in 
care—useful audit for everyday purposes. This has been 
missing until now.

O. Ljungqvist
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Because of the economic pressure and an unsustainable 
rise in cost of healthcare, new ways of sustaining cost or 
decreasing it and yet developing care have to be found. To 
date few innovations in surgery can match the cost savings 
from ERAS. Repeated reports have shown savings of thou-
sands of dollars from implementing ERAS even when tak-
ing all investments in personnel and IT and other support 
into account. This is likely to be an important factor for the 
continuous growth and spread of ERAS around the world.

Another opportunity that is being developed is the col-
laboration in large and growing groups of ERAS hospitals to 
work together in clinical research. By using the platform of 
the common IT system, a worldwide platform is spreading 
and allowing for immediate collaborations on various proj-
ects. Already a large number of studies have been produced 
using this system, and more are underway.
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Physiology and Pathophysiology 
of ERAS

Thomas Schricker, Ralph Lattermann, and Francesco Carli

 Introduction

In the development and implementation of the enhanced 
recovery after surgery (ERAS) program, there has been the 
need to understand the mechanism and the factors that affect 
the recovery process. Most of the elements considered by the 
ERAS® Society to have an impact on recovery have a physi-
ological basis, and the interaction between them character-
izes the modulation of the stress response. For example, 
besides surgical incision, some of them such as pain, hemor-
rhage, immobilization, and quasi starvation have a synergis-
tic effect. The activation of the sympathetic system and the 
inflammatory response associated with all these surgical ele-
ments characterize the surgical stress response (Fig.  2.1), 
thus leading to a state of low insulin sensitivity, which repre-
sents the most important pathogenic factor modulating the 
perioperative outcome.

The low insulin sensitivity of the cell is characterized by 
an abnormal biological response to a normal concentration 
of insulin, the latter being responsible to control the metabo-
lism of glucose, fat, and proteins. Therefore, a change in 
insulin sensitivity as a consequence of surgery impacts the 
whole metabolism. It results in an alteration in glucose 
metabolism with increased hepatic glucose production and 
decreased peripheral uptake leading to hyperglycemia. In 
addition, there is a breakdown of proteins at whole-body and 
muscle levels. These are the main metabolic characteristics 
of the surgical stress response.

The increased endogenous glucose production is corre-
lated to the increased protein breakdown, and more pre-
cisely the breakdown into amino acids was shown to be 
directly responsible for the increase in hepatic endogenous 
glucose production. As there is a strong association 
between these two metabolic alterations and the postoper-
ative rate of complications, it is plausible to assume that 
low insulin sensitivity can represent the main pathogenic 
mechanism.

This chapter covers the pathophysiology of glucose, 
insulin, and protein metabolism and the clinical relevance 
within recovery. Additionally, the chapter explores the 
attenuated response to surgical stress by the various ele-
ments of ERAS.

 Glucose Metabolism

 Pathophysiology

Fasting plasma glucose levels are normally kept between 3.3 
and 6.4  mmol/L.  Maintenance of normoglycemia is the 
result of a well-regulated balance of hepatic glucose produc-
tion and tissue glucose uptake. Surgical stress triggers the 
release of counter-regulatory hormones (catecholamines, 
glucagon, cortisol, growth hormone) and pro-inflammatory 
cytokines (tumor necrosis factor-alpha [TNF-α]; interleu-
kins: IL-1, IL-6), which lead to a state of insulin resistance. 
As a result, we observe a stimulated glucose production rate 
accompanied by decreased body glucose utilization causing 
an increase in the circulating blood glucose concentration 
(Fig. 2.2a–c).

The hyperglycemic response to surgery has long been rec-
ognized to depend on the type, severity, and extent of tissue 
trauma. Minor surgery is not associated with a clinically rel-
evant increase in glycemia [1]. In fasting patients undergoing 
elective intraperitoneal procedures, however, blood glucose 
levels typically increase to 7–10  mmol/L.  During cardiac 
surgery, mainly due to the profound inflammatory alterations 
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associated with cardiopulmonary bypass, the disturbance of 
glucose homeostasis is severe, with glucose values  frequently 
exceeding 15 mmol/L in nondiabetic and 20 mmol/L in dia-
betic patients.

Although the effect of surgical technique on glucose 
metabolism has not been widely studied, laparoscopic proce-
dures may have less impact than the open approach. Possibly 
mediated through the reduction of tissue damage and the 
inhibition of inflammatory responses, patients following 
laparoscopic colon resection showed better glucose utiliza-
tion when compared with laparotomy [2].

The choice of anesthetic drugs also is important. While 
intravenous anesthetics, such as propofol, appear to have 
no effect, inhalational agents are capable of impeding 
pancreatic insulin secretion. In contrast, opioids, particu-
larly when administered in large doses, and neuraxial 
techniques mitigate the hyperglycemic response to 
surgery.

Perioperative use of corticosteroids, even in small doses, 
for the prevention of postoperative nausea and vomiting, as 
well as catecholamines, intravenous drugs, diluted in 5% 

dextrose,1 blood products, and parenteral feeding exacerbate 
hyperglycemia, even in the absence of diabetes mellitus [3].

There is evidence to suggest that a large number of 
patients show abnormal glucose homeostasis before surgery. 
In a prospective study in 500 patients presenting for elective 
procedures, 26% of previously undiagnosed patients demon-
strated blood glucose levels in the impaired-fasting glucose 
or the diabetic range [4]. Only 10% of diabetic patients in 
this observational study presented with a normal blood sugar 
prior to the operation.

 Assessment

Accurate, precise, and timely measurement of blood glucose 
is an essential element of modern perioperative care. The cir-
culating blood glucose concentration can be assessed using 

1 Please note: the infusion of a 100 ml bag of dextrose 5% (=5 g of glu-
cose) almost doubles the amount of circulating glucose in a 70 kg non-
diabetic patient (assuming a glycemia level of 5 mmol/L = 0.9 g/L and 
a blood volume of 77 ml/kg) [5].
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Fig. 2.1 A rise in circulating glucocorticoids, catecholamines, and 
glucagon (i.e., counter-regulatory hormones) is elicited by activation 
of the hypothalamic-pituitary-adrenal axis and sympathetic nervous 
system. The response is mediated by afferent nerves and humoral fac-
tors including cytokines generated from the site of injury. Mobilization 
of energy reserves promotes hyperglycemia and catabolism. 

Hyperglycemia develops as a consequence of insulin resistance cou-
pled with an inappropriately high hepatic glucose production. 
Proteolysis and lipolysis accelerate to provide precursors for gluco-
neogenesis. The resultant amino acid efflux also supports the synthesis 
of proteins involved in the acute-phase response. (Reprinted with per-
mission from Gillis and Carli [1])
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Fig. 2.2 (a) Glucose uptake. (b) Glucose uptake following a meal. (c) Glucose uptake during stress

laboratory serum and plasma glucose analysis, whole blood 
and capillary glucose measurement by blood gas analyzers, 
or glucometers. Glucose analysis in the laboratory, the gold 
standard [6], may not provide results fast enough to promptly 
and effectively treat hypo- or hyperglycemic episodes in the 
operating theater. Hence, perioperatively glycemia is being 
routinely assessed by so-called point-of-care (POC) devices 

such as glucometers and blood gas analyzers. Blood glucose 
results obtained by older POC devices in the acute critical 
care setting need to be interpreted with caution, mainly 
because they do not correct for hematocrit [6–8] or other 
confounders such as body temperature, pH, pO2, tissue per-
fusion, hypoglycemia, and various medications [6]. Although 
the advent of newer technologies provided more reliable data 
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in the critically ill [9], no studies addressed limitations and 
accuracy of glucometers during surgeries provoking the most 
profound alterations of glucose homeostasis. Hence, not 
unexpectedly, there are no clear recommendations by the US 
Food and Drug Administration (FDA) regarding specific glu-
cometer safety requirements for patients warranting intrave-
nous insulin therapy perioperatively.

In 2017 the use of the Nova StatStrip® Glucose Hospital 
Meter System in patients undergoing different types of sur-
gery showed 100% accuracy of capillary and arterial glucose 
values based on the International Organization for 
Standardization (ISO) 15197:2013 criteria, i.e., all values 
were within zones A and B on the Parkes error grid for type 
1 diabetes mellitus [10]. However, neither capillary nor arte-
rial blood glucose results met the Clinical and Laboratory 
Standards Institute (CLSI) POCT12-A3 guidelines as 
required for intensive insulin protocols aimed at stricter gly-
cemic control.

Results of a more recent study demonstrate that arterial 
blood glucose measurement by StatStrip® in cardiac surgery 
was accurate before the initiation of cardiopulmonary bypass 

(CPB) but lacked accuracy during and after CPB—most 
likely due to the interference of heparinization and anemia.

 Clinical Relevance

Traditionally, the hyperglycemic response to surgery has 
been regarded as adaptive and beneficial because it ensures 
continuous provision of glucose for tissues that are glucose 
dependent, i.e., brain, erythrocytes, and immune cells.

Surgical stress, however, triggers the release of mediators 
that, on one hand, inhibit the expression of the insulin- 
dependent membrane glucose transporter glut 4, which is 
mainly located in the myocardium and the skeletal muscle, 
and, on the other hand, stimulate the expression of the 
insulin- independent membrane glucose transporters glut 1, 
2, and 3, which are located in blood cells, the endothelium, 
and the brain (Fig. 2.3).

As insulin-dependent cells appear to be protected by insu-
lin resistance, most of the circulating glucose enters cells 
that do not require insulin for uptake resulting in a cellular 
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Fig. 2.3 In the healthy postprandial state, glucose concentration rises, 
and the subsequent increase in circulating insulin activates intracellular 
signaling cascades that ultimately result in the translocation of glucose 
transporter type 4 (GLUT-4) to the plasma membrane. Following elec-
tive surgery, hormonal and inflammatory mediators generated by the 
surgical stress response produce a state of insulin resistance. A reduc-
tion in peripheral insulin-mediated glucose uptake is observed and 

believed to be the cause of (1) a defect in insulin signaling pathways, 
particularly phosphoinositide-3-kinase-protein kinase (P13K) or (2) a 
defect in the translocation of GLUT-4 to plasma membrane. Akt serine/
threonine protein kinase, IRS-1 insulin receptor substrate 1, P phos-
phorylation, PDK1/2 3-phosphoinositide-dependent protein kinase 1. 
(Reprinted with permission from Gillis and Carli [1])
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glucose overload. Once inside the cell, glucose either nonen-
zymatically glycosylates proteins such as immunoglobulins 
and renders them dysfunctional or goes into glycolysis. That 
pathway generates excess superoxide radicals, which by 
binding to nitric oxide (NO) promote the formation of per-
oxynitrate that ultimately leads to mitochondrial dysfunction 
and apoptosis.

Hence, a growing body of evidence indicates that even 
moderate increases in blood glucose are associated with 
adverse outcomes after surgery [11]. Patients with cardiovas-
cular, infectious, and neurological problems appear to be 
particularly sensitive.

In general surgical wards, patients with fasting blood glu-
cose concentrations above 7 mmol/L or random blood glu-
cose levels >11.1 mmol/L had an 18-fold greater in-hospital 
mortality, a longer stay, and a greater risk of infection than 
patients who were normoglycemic [12]. Acute hyperglyce-
mia has been linked to an increased incidence of surgical site 
infections after cardiac procedures [13] and total joint arthro-
plasty [11], allograft rejection after renal transplantation 
[14], and functional deterioration following cerebrovascular 
accidents [15].

Hyperglycemia presumably contributes to increased mor-
tality in patients after myocardial infarction [16], stroke [17], 
open heart [18], and general surgery [19]. Acute hyperglyce-
mia—via manipulating nitric oxide synthase activity and the 
angiotensin II pathway—limits vascular reactivity and sup-
presses the immune system by inactivating immunoglobulins 
and inhibiting neutrophil chemotaxis/phagocytosis.

Acute changes in glucose levels may facilitate the devel-
opment of post-traumatic chronic pain. In a chronic post- 
ischemia pain animal model, hyperglycemia, at the time of 
injury, increased, while strict glycemic control reduced 
mechanical and cold allodynia [20].

More recent evidence, mainly based on observational 
studies, indicates that perioperative hyperglycemia may 
increase the incidence of postoperative delirium and cogni-
tive dysfunction in adults [21]. In children operated on for 
congenital heart problems, postoperative hyperglycemia 
had no effect on neurodevelopmental outcomes after 
4 years [22].

Marked fluctuations in blood glucose may be harmful 
independent of the absolute glucose level [23]. Increased 
magnitudes of perioperative glycemic changes in patients 
undergoing elective coronary bypass surgery were associ-
ated with a greater risk of atrial fibrillation and length of 
intensive care unit (ICU) stay [24].

However, there is not a consistent definition of glycemic 
variability, and several metrics (e.g., the coefficient of varia-
tion of blood glucose levels or the glycemic lability index) 
have been used in critical illness. It also remains unclear 
whether variations within the normal glycemic range or peri-
ods of significant hypo- and hyperglycemia are problematic.

There is evidence to suggest that the quality of preopera-
tive glycemic control is clinically important. Elevated levels 
of plasma glycosylated hemoglobin A (hemoglobin A1c), an 
indicator of glucose control in the preceding 3 months, were 
found to be predictive of complications after abdominal and 
cardiac surgery [25, 26]. In non-cardiac, nonvascular 
patients, preoperative blood glucose levels above 
11.1 mmol L−1 were associated with a 2.1-fold higher risk in 
30-day all-cause mortality and a 4-fold higher risk of 30-day 
cardiovascular mortality [27]. In a large cohort of 61,536 
consecutive elective non-cardiac surgery patients, poor pre-
operative glycemic control was related to adverse in-hospital 
outcomes and 1-year mortality [28]. Diabetic patients under-
going open heart surgery with a HbA1c > 6.5% had a greater 
incidence of major complications, received more blood 
products, and spent more time in the ICU and the hospital 
than metabolically normal patients [29].

 Insulin Metabolism

 Pathophysiology

Insulin is the chief anabolic hormone in the human body. 
Although most recognized for its role in regulating glucose 
homeostasis, insulin plays a pivotal role in promoting pro-
tein synthesis and inhibiting protein breakdown. It is less 
known that insulin exerts non-metabolic effects including 
vasodilatory, anti-inflammatory, anti-oxidative, anti-fibri-
nolytic, and positive inotropic effects with potential clinical 
impact [30, 31].

Insulin resistance can be defined as any condition whereby 
a normal concentration of insulin produces a subnormal bio-
logical response. This umbrella term may comprise states of 
insulin insensitivity, insulin unresponsiveness, or a combina-
tion of both. Although the terms insulin sensitivity and insu-
lin responsiveness are often used interchangeably, their 
difference stems from the classic sigmoidal dose-response 
curve of insulin action [32]. Insulin sensitivity is character-
ized by the insulin concentration required to achieve a 
 half- maximal biological response, whereas insulin respon-
siveness is defined by the maximal effect attained. Impaired 
insulin sensitivity is, therefore, represented by a rightward 
shift in the insulin-dose response curve, and decreased 
responsiveness corresponds to a height reduction of the 
curve.

Proper use of these terms is important because they reflect 
different defects in insulin action: Insulin insensitivity 
appears to be more implicated in alterations at the pre- 
receptor and receptor level, whereas decreased responsive-
ness is related to post-receptor defects [32].

With regard to glucose metabolism, surgical patients 
should be called insulin insensitive because normoglycemia 
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(= biological response) can be achieved by using large 
enough quantities of insulin. Whether similar relationships 
exist concerning the pharmacological effects of insulin on 
immunological and cardiovascular parameters or its anti- 
catabolic role in protein metabolism remains to be studied.

Much of the impairment of insulin function after surgery 
can be explained by the stress-induced release of counter- 
regulatory hormones. These hormones exert catabolic effects, 
either directly or indirectly, by inhibiting insulin secretion 
and/or counteracting its peripheral action. The observed asso-
ciation between the time course of perioperative interleukin 6 
plasma concentrations and insulin resistance suggests that 
inflammatory mediators are also involved [33].

The main site for surgery-induced insulin resistance is 
skeletal muscle, because this is the quantitatively most 
important organ for insulin-mediated glucose uptake. The 
magnitude of whole-body insulin resistance is most pro-
nounced on the day after surgery (up to 70% reduction) and 
lasts for about 3 weeks after uncomplicated elective abdomi-
nal operations. It has been primarily linked to the invasive-
ness of surgery [34]. Other factors may also contribute, such 
as the duration of trauma [35], bed rest and immobilization 
[36], type of anesthesia and analgesia [37], nutrition and pre-
operative fasting [37, 38], blood loss, physical status, and 
post-surgery rehabilitation [39].

 Assessment

The gold standard for the assessment of insulin resistance in 
humans is the hyperinsulinemic-normoglycemic clamp tech-
nique, whereby insulin is infused at a constant rate to obtain 
a steady-state insulin concentration above the fasting level 
[40]. Based on frequent measurements of plasma glucose 
levels, glucose is intravenously infused at variable rates to 
maintain normoglycemia. Given that endogenous glucose 
production by the liver and kidneys is completely suppressed, 
the glucose infusion rate (under steady-state conditions) is 
reflective of glucose disposal and is, therefore, an indicator 
of peripheral insulin resistance: The greater the glucose infu-
sion rate, the more sensitive the body is to insulin and vice 
versa.

Other indices traditionally used to quantitate insulin sen-
sitivity in patients, such as the homeostasis model assess-
ment (HOMA) index, the quantitative insulin-sensitivity 
check index (QUICKI) (both based on plasma insulin and 
glucose levels), or oral/intravenous (IV) glucose tolerance 
tests, have shown to be only poor indicators of insulin 
function.

Recent observations suggest that body mass index (BMI) 
and the quality of preoperative glycemic control (hemoglo-
bin A1c) may be simple predictors of insulin sensitivity dur-
ing major surgery [29, 41].

 Clinical Relevance

Studies performed over a 6-year period in Sweden in the 
early 1990s demonstrate a significant correlation between 
the degree of the patient’s insulin sensitivity on the first post-
operative day and length of hospital stay [33]. More recently 
a significant association was reported between the magni-
tude of insulin resistance during cardiac surgery and out-
come [29]. Independent of the patient’s diabetic state, for 
every decrease in intraoperative insulin sensitivity by 20%, 
the risk of a serious complication including all-cause mortal-
ity, myocardial failure requiring mechanical support, stroke, 
need for dialysis, and serious infection (severe sepsis, pneu-
monia requiring mechanical ventilation, deep sternal wound 
infection) more than doubled after open heart surgery [29].

These findings lend support to the previously held conten-
tion that, perioperatively, alterations in glucose homeostasis 
are better predictors of adverse events than the presence of 
diagnosed or suspected diabetes mellitus itself. The outcome 
relevance of insulin resistance is also reflected by the prob-
lems associated with its metabolic sequelae, i.e., hyperglyce-
mia and protein wasting, the “diabetes of the injury.”

 Protein Metabolism

 Pathophysiology

Normal protein metabolism is characterized by an equilib-
rium between anabolic and catabolic pathways. Surgical 
stress leads to biochemical and physiologic perturbations 
of neuroendocrine homeostasis, including stimulation of 
the sympathetic nervous system, parasympathetic suppres-
sion, and activation of the hypothalamic-pituitary axis 
(Fig. 2.4) [42].

This results in a mobilization of substrates in order to 
improve the chance of survival. Metabolic pathways are 
shifted from anabolism toward catabolism [43]. Skeletal 
muscle protein stores are mobilized to provide amino acids 
for two main purposes: first, the amino acids can be con-
verted to glucose by the liver as an energy source during a 
hypermetabolic state, and second, they serve as substrate for 
protein synthesis by the wound and the liver.

Typical features of protein catabolism are stimulated 
rates of whole-body protein breakdown and amino acid oxi-
dation. The synthesis of rapidly turning over acute-phase 
plasma proteins is also upregulated; however, it is not to the 
same extent as protein breakdown, resulting in a net loss of 
functional and structural body protein [44–47]. Metabolically 
healthy patients lose between 40 g and 80 g of nitrogen after 
elective abdominal surgery, equivalent to 1.2–2.4  kg wet 
skeletal muscle [48]. Patients with burns or sepsis experi-
ence daily losses of up to 800 g of muscle mass. Protein loss 
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in insulin-resistant patients, after colorectal cancer surgery, 
has been shown to be 50% greater than in patients with a 
normal insulin response [49]. More recent studies indicate a 
linear relationship between insulin sensitivity and protein 
balance in parenterally fed patients undergoing open heart 
surgery [50].

Muscle wasting occurs early and rapidly during the first 
week of critical illness and is more severe among patients 
with multiorgan failure [45]. Significant muscle weakness 
and physical disability can persist for more than 5 years after 
injury and critical illness [51, 52].

There is no evidence to suggest that the magnitude of 
catabolic changes in elderly patients differs from those in 
younger adults. Age, however, may be associated with 
reduced muscle mass and a decreased capacity to utilize 
nutrients. Older patients may, therefore, be more vulnerable 
to protein catabolism [53].

There are different rates of uptake or release of amino 
acids in specific regional vascular beds. During the acute 
phase of injury, amino acids are released from skeletal mus-
cle as a result of accelerated proteolysis. These amino acids 

are extracted from the bloodstream of the splanchnic bed for 
hepatic synthesis of structural, plasma, and acute-phase 
proteins.

Two amino acids, alanine and glutamine, account for 
approximately 50–75% of the amino acid nitrogen released 
from skeletal muscle, although they make up only 6% of pro-
tein in muscle stores [54]. Alanine is an important glucose 
precursor and indirectly provides this fuel source, which is 
essential for several key tissues. Glutamine is a gluconeo-
genesis substrate but also serves as primary substrate for 
immune cells and enterocytes, participates in acid-base 
homeostasis, and serves as a precursor for glutathione, which 
is an important intracellular antioxidant. It has been hypoth-
esized that the tissue requirements for glutamine may out-
strip the ability for tissue (particularly skeletal muscle) to 
produce this amino acid. Hence a relative deficiency state 
exists, characterized by a fall in glutamine concentrations in 
both the plasma and tissue compartments [55].

The plasma concentration of albumin, a so-called negative 
acute-phase protein, typically decreases in response to surgi-
cal stress. Studies measuring the synthesis rate of albumin, 
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Fig. 2.4 The surgically stressed state is characterized by an elevation 
in protein turnover (i.e., protein synthesis and degradation), release of 
amino acids into circulation, urinary nitrogen losses, and impaired 
uptake of amino acids in skeletal tissue. Lean tissue is catabolized, 
releasing amino acids into circulation (including glutamine, alanine, 
and the branched chain amino acids [BCAAs]), while hepatic amino 
acid uptake is enhanced. This allows for reprioritization of protein syn-
thesis to acute-phase reactants and the production of glucose via gluco-
neogenesis. Glutamine (Glu) and alanine (Ala) account for the majority 
of the amino acid efflux from peripheral tissues and are readily extracted 

from circulation by the liver. The excess nitrogen is converted in the 
liver to urea by combining ammonia (NH3) with CO2 (carbon dioxide). 
Urea is then released into circulation, traveling to the kidneys, where it 
can be filtered into urine. The BCAAs undergo irreversible degradation 
in skeletal tissue, in part for synthesis of glutamine and alanine, which 
reduces availability of these indispensable amino acids for reutilization 
in protein synthesis. Collectively, these metabolic changes promote 
whole-body protein catabolism. (Reprinted with permission from Gillis 
and Carli [1])
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however, provide more insight into the underlying mecha-
nisms. While the synthetic rate of albumin decreases during 
surgery, it is upregulated during the early postoperative period 
and only returns to normal values after several weeks [56]. 
The physiologic significance of albumin synthesis and its 
regulation in patients undergoing surgery need to be further 
investigated. While under normal conditions, increased amino 
acid availability represents an important regulator of protein 
synthesis, it seems that in postoperative patients, other factors 
(inflammation, endocrine stress, and liver function) also play 
important roles [57, 58].

 Bed Rest and Fatigue
Confining patients to bed for a prolonged period of time ini-
tiates a series of metabolic responses that can be deleterious 
if not corrected. Both muscle weakness and atrophy begin 
after only 1 day of bed rest, with the extent being greater in 
older people [59].

 Malnourished Patients
Malnourished cancer patients experience a higher morbidity 
and mortality in response to surgical treatment, have a higher 
hospital readmission rate, and have a prolonged convales-
cence when compared with those who are normally nour-
ished [60, 61]. Clinical outcome studies suggest that 
sarcopenic patients benefit more than their normal counter-
parts from a short course of intravenous nutrition, particu-
larly if initiated before surgery [62–64]. Total parenteral 
nutrition in catabolic, depleted patients with gastrointestinal 
cancer, after trauma and during sepsis, resulted in a greater 
reduction of net protein catabolism than in nondepleted 
patients [65, 66].

In order to evaluate the efficacy of nutritional support, the 
patient’s baseline catabolic state must be quantified because 
sarcopenia is related to postoperative morbidity and mortal-
ity [61, 67]. A significant association exists between the 
degree of preoperative catabolism and the anabolic effect of 
nutrition, with catabolic patients benefiting the most [68]. 
These more recent observations support the previous demon-
stration of superior outcomes in perioperatively fed malnour-
ished patients [64].

 Assessment of Catabolism

Many clinical and biochemical indices have been used to 
characterize the nutritional status of surgical patients, but 
all techniques have limitations [69–71]. Anthropometric 
and body composition measurements need to be treated 
with caution in subjects who are dehydrated and/or have 
edema or ascites [69]. Serum proteins are pathophysiologi-
cal markers influenced by factors other than malnutrition or 
catabolism, such as inflammation with redistribution and 
dilution [69, 72].

Protein economy in surgical patients has traditionally been 
characterized by measuring nitrogen balance, i.e., the differ-
ence between nitrogen entering and exiting the body. Nitrogen 
is mainly lost in the form of urea, which represents about 85% 
of the urinary nitrogen loss. This proportion, however, has been 
shown to vary widely. Because of the fixed relation between 
protein and nitrogen (1 g protein contains 6.25 g of nitrogen), 
urinary nitrogen excretion has commonly been assessed as a 
surrogate marker of whole-body protein loss. However, urinary 
nitrogen excretion measurements are unable to address the 
question of whether muscle wasting is a result of increased pro-
teolysis, impaired protein synthesis, or, simply, the lack of 
proper anabolic response to nutrition. Furthermore, retention of 
nitrogen within the body and underestimation of nitrogen 
excretion in urine and other routes (feces, skin, wound secre-
tion) invariably lead to false positive values [73, 74].

Tracer methods using amino acids labeled with stable iso-
topes (2H, 15N, 13C) are considered the technique of choice 
for the global assessment of catabolism in humans and its 
relation to protein and energy intake [75]. They provide a 
dynamic picture about the kinetics of glucose and amino 
acids on the whole-body (protein breakdown, oxidation and 
synthesis, glucose production and utilization) and organ tis-
sue level [76–78].

 Clinical Relevance

Because protein represents structural and functional compo-
nents, the loss of lean tissue delays wound healing, compro-
mises immune function, and diminishes muscle strength 
after surgery [79, 80]. The ensuing muscle weakness pro-
longs mechanical ventilation, inhibits coughing, and 
impedes mobilization, thereby causing morbidity and com-
plicating convalescence [81, 82]. The length of time for 
return of normal physiologic function after discharge from 
the hospital is related to the extent of lean body loss during 
hospitalization [82].

Significant mortality occurs after critically ill patients are 
discharged from the ICU and hospital [51]. Many of these 
deaths are ascribed to the loss of muscle mass, inadequate 
physical activity, muscle weakness, and the inability to 
mobilize.

 Metabolic Attenuation of the Stress 
Response

The pathophysiology of the surgical stress response is multi-
factorial, and therefore the therapeutic interventions should 
aim at identifying those metabolic components within the 
perioperative trajectory. Conceptually, the treatment of post-
operative, low insulin sensitivity will normalize insulin action 
and the main components of metabolism. The implementation 
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of several metabolic modalities and their use in an integrated 
fashion modulate the perioperative establishment of the state 
on insulin resistance, also called low insulin sensitivity.

 Perioperative Nutrition

With the fed state insulin levels elevated, storage of substrates 
is made available, and insulin sensitivity is elevated in anticipa-
tion of the incoming stress. There is sufficient evidence that 
preoperative carbohydrate drink increases insulin sensitivity 
before surgery and attenuates the establishment of insulin resis-
tance in the postoperative state [83]. Complex carbohydrates 
appear to have a greater insulin secretion response, which 
would have a pronounced effect on blocking gluconeogenesis.

The physiological advantage of feeding at time of cata-
bolic stress is the stimulation of insulin production, which 
inhibits protein breakdown and facilitates the incorporation 
of supplied amino acids into protein synthesis [84].

Anabolism, a positive whole-body protein balance, is 
required for optimal patient recovery after surgery. Patients 
undergoing major elective surgery present with a negative 
whole-body protein balance, generated from an increase in 
proteolysis, as early as the first postoperative day [85, 86]. 
Therefore, the primary goal of perioperative nutritional care is 
thus the provision of protein to attenuate catabolism, as well as 
maintenance of normoglycemia, adequate hydration, and 
avoidance of fasting [87]. The extent to which anabolism is 
accomplished depends not only on the medical care provided, 
including ERAS, but also on the timing, route of delivery, and 
composition of the nutritional support regimens provided.

 Insulin Therapy

Insulin sensitivity, rather than insulin responsiveness, is 
reduced throughout the period of surgical stress, probably as a 
result of the raised inflammatory response that affects insulin 
target cells. Insulin therapy is suggested when normoglycemia 
and protein balance need to be maintained. The perioperative 
administration of insulin to maintain blood glucose between 6 
and 8 mmol/L is recommended in order to overcome postop-
erative insulin resistance and improve outcome [88].

 Minimally Invasive Surgery

Activation of inflammatory pathways that could negatively 
impact on the recovery process can be reduced by limiting 
either the size or the orientation of the incision. Endoscopic 
techniques limit the size of the incision and the trauma to the 
abdominal wall by splitting the muscle fibers instead of cut-
ting them. Changing the incision from vertical to horizontal 
could also decrease pain as a result of having less derma-

tomes involved in transporting nociceptive signals to the cen-
tral nervous system. In addition, inflammation can be reduced 
by minimizing internal organ manipulation and direct perito-
neal injury and blood loss [89].

 Neural Deafferentation

Administration of epidural and spinal local anesthetics initi-
ated before surgery and maintained during the first 48 hours 
after surgery (epidural only) has been shown to decrease 
perioperative insulin resistance, to attenuate the decrease in 
muscle protein synthesis and the rise in blood glucose, and 
facilitate the anabolic effect of amino acids in type 2 diabet-
ics [90, 91]. The addition of nutrition while on neural block-
ade promotes protein synthesis and improves postoperative 
protein balance.

 Maintenance of Intraoperative Normothermia

Maintaining patients normothermic during surgery has been 
shown to attenuate the perioperative release of catecholamines 
and decrease loss of body nitrogen [92]. Although no data on 
the metabolic effect of normothermia on insulin sensitivity are 
available, it is plausible to associate  mechanistically the spar-
ing protein loss process with improved insulin sensitivity.

 Physical Activity and Mobilization

Long-term bed rest and sedentary activity produce marked 
changes in glucose and protein metabolism [93, 94]. Two 
weeks of limb immobilization has been shown to decrease 
the quadriceps lean mass by almost 5% and the strength by 
25% and lowers peripheral insulin sensitivity [95].

Elderly and frail patients are particularly vulnerable, since 
loss of muscle mass impacts on their functional strength and 
functional capacity [96]. There is sufficient evidence that 
exercise training improves glucose metabolism and particu-
larly insulin sensitivity. This is particularly evident in diabetic 
patients. The anabolic effect of exercise training can be 
enhanced by adequate intake of amino acids. Mobilization 
after surgery should therefore be considered an important fac-
tor in achieving anabolism, and this can be facilitated with 
adequate analgesia.

 Conclusion

While we are aware of the implications of low insulin sensi-
tivity associated with surgery on body metabolism, the con-
nection between physiological and clinical outcomes is not 
always demonstrated.
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The relative role of different pathogenic mechanisms in 
the development of postoperative insulin resistance leading 
to higher morbidity needs to be clarified. Hopefully, this can 
lead to better understanding and future therapeutic strategies. 
This implies that more work needs to be done to fill the gaps 
between what we know and what we do in clinical practice. 
Patients will be the ones who will gain from these advances 
in research and clinical care.
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Guidelines for Guidelines

Prita Daliya, Olle Ljungqvist, Mary E. Brindle, 
and Dileep N. Lobo

 What Are Guidelines?

Clinical guidelines are documents sanctioned by national 
boards, specialist organizations, or government stakeholders 
to assist clinicians with medical decision-making on various 
aspects of healthcare [1, 2].

They are developed by specialists, patients, and other 
experts through a systematic review of the relevant literature. 
This peer-review process should be performed in a manner 
that minimizes bias while providing full transparency on rec-
ommendations [1, 2]. They should be written in a way that is 
possible for both clinicians and patients to understand and 
interpret [3].

The resulting evidence-informed recommendations can 
be used to address a variety of clinical questions, including 
guidance on the assessment, investigation, and management 
of specific clinical conditions, and in setting quality stan-
dards [4]. Recommendations for areas of future research 
may also be made.

 Why Is There a Need for Guidelines?

The management of most clinical conditions involves decid-
ing between multiple options for assessment, investigation, 
and management [5–8]. While considerable evidence may be 
available on these aspects of healthcare, it can be very diffi-
cult to filter through this information and provide the best 
advice to individual patients [9]. Guidelines offer potential 
solutions based on systematically reviewed evidence and 
recommendations achieved through expert consensus [6, 8].

The resulting documents can be used to support shared 
decision-making with patients and facilitate service provi-
sion. In addition to providing information on risks, benefits, 
and efficacy of investigative and therapeutic modalities, 
guidelines can also offer valuable information on cost- 
effectiveness and resource management for trusts and stake-
holders. This information can be used to improve the 
consistency of care, set gold standards, and provide endorse-
ments where appropriate [1].

 Who Is an Expert?

An expert is an individual with specialist knowledge in their 
field who can effectively weigh available evidence and 
understand the aspects of implementation when considering 
the value of any specific recommendation. The specialty 
knowledge may be from credential qualifications, the study 
of evidenced research, or clinical experience.

A number of experts from a number of bodies are involved 
in the formulation of guidelines. Non-clinicians, patients, and 
laypersons are also regularly involved to provide patient and 
caregiver perspectives and provide evidence on the appropri-
ateness and acceptability of guidelines for patients [10].

Experts involved in guideline development:

• Relevant healthcare specialty representatives (e.g., sur-
geons, oncologists, cancer nurse specialists, gastroenter-
ologists, radiologists)
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• Professional bodies, including national organizations
• Service users, i.e., patients and caregivers
• Researchers, e.g., systematic reviewers, epidemiologists, 

and statisticians
• Health economists
• Patient and clinician stakeholders

 Developing a Guideline

 Scoping the Guideline

Scoping is one of the most important steps in guideline 
development. It defines the purpose and scope of the guide-
line identifying the need it addresses, its target audience, and 
its potential impact and importance. A steering group should 
usually be involved in this initial scoping process and in set-
ting up the Guideline Development Group (GDG) [6–8].

Scoping involves an initial literature review to identify 
relevant existing guidelines and identify priority areas [9]. 
The scope process subsequently informs the targeted litera-
ture searches performed by the GDG and therefore involves 
the process of setting key inclusion and exclusion criteria 
and identifying target outcomes.

 Guideline Development Groups

Once the need for a guideline has been identified in the 
scoping process, its ongoing development and finalization 
is undertaken by the GDG. The GDG consists of a panel 
of experts whose role is to identify and review relevant 
evidence from a literature review and propose recommen-
dations in response to the questions raised in the initial 
scope.

There are no limits to the size of a GDG. However, each 
member will provide some level of expertise in their own 
right. Each GDG will have set roles within the group. These 
may include a chairperson, clinical experts, technical experts, 
lay-members (patients and/or caregivers), and a project man-
ager. While administrative health partners or healthcare com-
missioners are not normally invited as GDG members, 
representatives from health boards or commissioning bodies 
are required occasionally.

Members are required to attend all meetings, if possible, 
and are usually selected to be representative of the popula-
tion relevant to the guideline being formulated. The appoint-
ment of GDG members is through competitive advertisement 
and interview by a governing body such as a National 
Collaborating Centre (NCC) or the National Institute for 
Health and Care Excellence (NICE). However, other means 

of selection of members may be used. GDG members are 
also required to declare all conflicts of interest relevant to the 
guideline under development [11].

Although all members of the GDG may share co- 
authorship and joint responsibility for formulating recom-
mendations for the final guideline, not all members are 
involved with the process of selecting and reviewing the 
available evidence or physically writing the guideline. In 
addition all co-authors should fulfill the criteria for 
authorship as described in the Committee on Publication 
Ethics (COPE) guidelines (https://publicationethics.org/
authorship).

Patient and public representatives in the GDG ensure that 
guidelines not only demonstrate equality across different 
populations but are considerate of a patient’s needs including 
feasibility, burden, and comprehensibility.

 Literature Search

Search criteria identified during the initial scoping stage are 
subsequently used to develop clear, well-constructed ques-
tions to aid evidence identification and review by the GDG. In 
guidelines where interventions are considered, the com-
monly used PICO (Population, Intervention, Comparator, 
and Outcome) framework [12–14] is often used to help for-
mulate clear review questions and aid systematic review of 
the evidence (Table 3.1).

For each review question formulated, a separate system-
atic review is identified where available or performed where 
not available. Depending on the scope of the guideline, 
there may be some value in rapid/modified systematic 
reviews to aid in feasibility. A separate search strategy 
should be created for each question. PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines [15] should be followed for each ques-
tion including a systematic search of the literature, screening 
for study inclusion, defined data extraction, and study qual-
ity assessment. For feasibility, guidelines with multiple rec-
ommendations can be developed using a series of focused 
systematic reviews with limited searches supplemented 
with snowballing and citation searching.

Table 3.1 PICO (Population, Intervention, Comparator, and Outcome) 
framework. A method to aid formulation of the research question and 
aid systematic review of the literature

Population Which patient population is being studied?
Intervention Which treatment or intervention is being 

recommended?
Comparator Which alternative treatments are available?
Outcome Which end points are being studied?
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 Analyzing Evidence Quality

To minimize bias, the selection of evidence identified from 
literature searches is based on previously agreed inclusion 
and exclusion criteria as developed during the scoping stage.

Evidence identified from systematic reviews in guideline 
development is assessed for quality. The quality of the data 
provides a basis for the strength of any resultant recommen-
dations [16].

There are many different methods for assessing the 
quality of evidence. The quality assessment method 
devised by the Grading of Recommendations, Assessment, 
Development, and Evaluation (GRADE) working group is 
widely used and an excellent tool for evidence quality 
assessment used in guideline creation [9, 17–19]. The 
GRADE approach classifies evidence on a scale of 1–4 
(Table 3.2). In contrast with alternative grading systems, 
GRADE is used to provide a quality assessment of the 
combined literature used to support recommendations 
rather than individual studies [8].

Although randomized controlled trials (RCTs) are gen-
erally deemed to have the higher level of evidence than 
non- RCTs, the GRADE approach also accounts for addi-
tional influential factors, specifically measures that reflect 
the confidence that the effect estimate is close to the true 
effect. These include estimates of the risk of bias, mea-
sures of consistency, directness, precision, publication 
bias, and other factors that are not typically used to assess 
quality, including exposure-effect relationships, large 
effect measures, etc. This approach also accounts for the 
fact that a well-designed non-RCT study may provide 
more relevant and higher- quality evidence than a less rel-
evant or poorly performed RCT [17].

 Strength of Recommendations

Similarly, recommendations following a GRADE review of 
evidence are also rated as either strong or weak based on a 
number of influential factors (Table 3.3) [17–19]. In addition 
to the magnitude of effect of the presented evidence and the 
quality of the evidence, recommendations also take into 
account cost-effectiveness and the treatment burden for 
patients [16, 17].

 The Role of Delphi Processes

Different methods of obtaining consensus have been used 
over many years. The Delphi process is one such method. It 
was first described by Helmer [20] following its use in the 
US Army project “Project RAND” (https://www.rand.org/
about/glance.html). Since then it has had a number of uses in 
guideline and policy development.

 What Is a Delphi Process?

A Delphi process is an organized method used to achieve 
expert consensus. It typically involves the distribution of 
structured questionnaires to a panel of experts, who are asked 
to anonymously answer questions and weight and justify 
their responses. The process usually undergoes several 
rounds and iterations favoring a reduction in the number of 
correct options at each round, to encourage experts to find 
consensus. This process is particularly useful when deciding 
upon recommendations to include within a guideline and 
determining the strength of those recommendations.

 Maintaining Guideline Quality

Guidelines should be developed and reported according to 
the highest standards of quality. The AGREE II (Appraisal of 
Guidelines Research and Evaluation II) [21] instrument 
describes the parameters required to ensure guidelines meet 
the necessary criteria to provide a reliable resource. It also 

Table 3.2 GRADE (Grading of Recommendations, Assessment, 
Development, and Evaluation) working group: quality of evidence

Level of 
evidence

Assigned 
GRADE 
quality Description

1 High High confidence that the true effect is 
close to the estimate of the effect

2 Moderate Moderate confidence in the effect of the 
estimate: The true effect is likely to be 
close to the estimate of the effect, but 
there is a possibility that it is substantially 
different

3 Low Confidence in the effect estimate is 
limited: The true effect may be 
substantially different from the estimate 
of the effect

4 Very low Very little confidence in the effect 
estimate

Table 3.3 GRADE (Grading of Recommendations, Assessment, 
Development, and Evaluation) working group: assessment of 
recommendations

Strength Definition
Strong When desirable effects of intervention clearly outweigh 

the undesirable effects, or clearly do not
Weak When the trade-offs are less certain—either because of 

low-quality evidence or because evidence suggests 
desirable and undesirable effects are closely balanced
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provides a template against which existing guidelines can be 
assessed. In addition, to assess the quality of the guidelines 
themselves, the limitations of specific guidelines with respect 
to population, outcomes, and stakeholder interest should also 
be considered by end users [2].

 The Need to Update Guidelines

As guidelines are based on the most contemporary 
research, it is imperative that guidelines are given appro-
priate timelines for review. Failure to review accordingly 
can result in the continued use of incorrect and out-of-date 
recommendations.

 The ERAS® Society Guidelines 
and Recommendations

The ERAS® Society has followed the aforementioned prin-
ciples to formulate a series of guidelines to help inform peri-
operative care. Multidisciplinary and multi-professional 
expert groups were formed for several areas of surgery, and 
the evidence available was examined to determine what 
interventions could be incorporated into best practice to 
improve overall patient care and outcomes.

The ERAS Study Group (the forerunner to the ERAS® 
Society) published the first consensus recommendation for 
care of the patient undergoing colonic resection in 2005 
[22]. This paper opened up a completely new view on the 
care of surgical patients by amalgamating elements of care 
for the entire patient journey. It included elements that 
were typically covered in anesthesia guidelines or in 
guidelines for surgeons or nutrition care. For the first time, 
elements across the surgical journey found to have an 
impact on the outcomes were included in one single guid-
ing document. This was a completely new type of guide-
line and involved all specialties and healthcare professions 
caring for the patient.

This proved to be a very successful concept. Enhanced 
Recovery After Surgery (ERAS® Society) guidelines were 
tested in clinical practice and proved to be very useful. With 
each additional element adhered to, outcomes improved in a 
stepwise manner. This was shown in a single institution first 
by Gustafsson et al. [23] and later in 13 hospitals from 7 dif-
ferent countries [24]. This finding linking ERAS compliance 

with improved outcomes has since been reported from sev-
eral units around the world, most recently in 80 hospitals 
across Spain [25]. All studies report the same principal find-
ing—better compliance to the guidelines results in improve-
ment in several key outcomes: complications, both major 
and minor, faster overall recovery, and shorter hospital stay. 
What may differ between the studies are the care elements 
that made the difference in the improvements, indicating that 
most if not all the elements may contribute to the outcomes 
depending on the starting point of the unit where the study 
was performed. Gustafsson et  al. also reported 5-year sur-
vival improvement associated with increased compliance in 
900 consecutive patients undergoing colorectal cancer sur-
gery [26].

The Guidelines have also been used in organized efforts 
to implement ERAS (see Chaps. 59 and 60 for details). The 
UK National Health Service (NHS) was the first to use the 
Guidelines in a national effort, with several of the leading 
ERAS units in the country lecturing and presenting their 
protocols [27]. In the Netherlands more than 30 hospitals 
underwent a structured implementation program using 
Breakthrough methodology, which involves more active 
coaching of teams and a very structured system to drive 
change in healthcare units [28].

Over the years, an increasing number of surgical special-
ties have adapted and adopted ERAS® Society Guidelines. 
Currently, there are 24 ERAS® Society Guidelines (includ-
ing updates, see Table  3.4) covering various surgical spe-
cialties and subspecialties [22, 29–50]. For example, 
patients undergoing gynecological surgery also have been 
shown to have improved outcomes with better compliance 
to an adapted ERAS guideline in a recent paper [51]. In 
many specialties ERAS principles are still relatively new, 
and ERAS-specific literature is scarce for many specialties. 
One of the goals for producing a consensus or a guideline in 
ERAS-naïve specialties is to get a complete overview of 
what knowledge is  available and where the gaps may be. 
This will help direct future research efforts. Overall, in a 
rapidly growing body of literature, better results are increas-
ingly reported across a broad number of surgical procedures 
when employing ERAS principles. The ERAS® Society pro-
vides platforms for these groups to develop specific guide-
line and research communities. The ERAS® Society also 
helps these new groups test and validate their guidelines and 
support leading centers to move the benefits of ERAS to a 
growing number of patients.
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Preoperative Fasting and Carbohydrate 
Treatment

Jael Tall and Jonas Nygren

 Background

Despite continual improvements in the field of medical sci-
ence, morbidity is still high following major surgery. The 
risk of postoperative complications following major surgery 
is determined by not only surgical or anesthetic techniques 
but also changes in metabolism. These metabolic changes 
lead to increased catabolism, significantly increasing the 
risk of postoperative complications as well as impaired 
long-term outcomes. Administering preoperative carbohy-
drate drinks, thus avoiding preoperative fasting, has been 
shown to attenuate these metabolic changes. We discuss the 
available evidence supporting the use of preoperative oral 
carbohydrates (POC) and how this treatment reduces the 
surgical stress response and consequently improves clinical 
outcomes.

 Perioperative Metabolism and the Role 
of Insulin Resistance

Elective surgery, as well as othertypes of tissue trauma, 
induces a release of pro-inflammatory cytokines as well as 
catabolic hormones (stress hormones) (see Chap. 2) [1]. This 
catabolic response results in a release of amino acids from 
protein breakdown and free fatty acids as well as a depletion 
of glycogen stores. Insulin resistance is an important feature 
of this shift in metabolism due to the reduced anabolic effects 
of insulin [1]. Although hyperglycemia is a well-known 
manifestation of insulin resistance, marked impairments in 
the effects of insulin on protein and fat metabolism occur 
accordingly. Under such circumstances, only administration 
of exogenous insulin enables normalization of glucose, pro-
tein, and fat metabolism as previously demonstrated [2].

Insulin resistance develops, not only in patients with dia-
betes but also in healthy individuals, following elective sur-
gery. Insulin resistance increases in proportion to the severity 
of the surgical trauma [1, 3]. Thus, the degree of insulin 
resistance correlates also to length of hospital stay after elec-
tive surgery [1, 3]. Evidence on the clinical impact of insulin 
resistance was provided in a large randomized trial in surgi-
cal intensive care, where maintaining normoglycemia by 
insulin infusion (4.4–6.1 mM) resulted in a 34% reduction in 
in-hospital mortality and a 46% reduction in sepsis as com-
pared with conventional treatment (patients given insulin to 
keep blood glucose below 11.9 mM) [4].

Other interventions associated with surgical treatment, 
apart from the operation per se, have been evaluated as 
well. Thus, hypocaloric nutrition (2  L glucose 5% 
[400  kcal/24  hours]) for 24  hours in healthy volunteers 
reduced insulin sensitivity by 40–50%, while bed rest for 
the same length of time had no effect [5].

 Fasting Before Surgery

Overnight fasting before surgery is an old tradition, based on 
the presumed risk of aspiration during anesthesia. Since the 
1980s, due to clear evidence from controlled trials, several 
countries have adopted new clinical routines for patients 
undergoing elective surgery allowing intake of clear fluids 
such as water, tea, coffee, and clear juice no sooner than 
2 hours before induction of anesthesia [6].

Furthermore, experimental models of severe stress 
showed markedly worse outcome in fasted compared to non- 
fasted animals [7]. In light of these findings, it was debated 
whether fasting was the best way to prepare for surgery.

The concept of avoiding preoperative fasting was initially 
evaluated using intravenous 20% glucose infusions in sev-
eral clinical studies involving patients undergoing different 
types of surgery in order to shift from the fasted to the fed 
state. In a randomized trial in open elective cholecystectomy, 
postoperative insulin resistance was reduced by 50% in 
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patients given intravenous (IV) glucose (5 mg/kg/min over-
night), as compared to patients undergoing the same surgery 
after an overnight fast [8] (Fig. 4.1). This was in agreement 
with previous studies after major abdominal surgery show-
ing less postoperative protein losses with insulin treatment 
[9]. Markedly improved postoperative insulin sensitivity 
using perioperative glucose infusion was also shown in hip 
replacement [10]. In this study, glucose and insulin infusion 
was associated with improved substrate utilization and less 
increase in cortisol levels, thus further demonstrating an 
attenuated stress response. Lastly, glucose infusion alone or 
in combination with insulin before cardiac surgery has 
repeatedly been shown to improve outcomes, such as arrhyth-
mias and need for inotropic support [7].

 Preoperative Oral Carbohydrates

In order to stimulate an insulin response and change metabo-
lism from a fasted to a non-fasted state preoperatively, with-
out increasing the risk of aspiration, a carbohydrate-rich 
drink with low osmolarity (maltodextrin) to enhance gastric 
emptying was developed (400 ml [200 kcal], 240 mOsm/l, 
12.6% carbohydrates, Nutricia preOp®). The preoperative 
drink stimulated a satisfactory insulin response, similar to 
that after a regular meal. Scintigraphic studies in healthy 
subjects as well as in patients in the morning before elective 
surgery demonstrated that the drink was completely emptied 
from the stomach within 90 minutes after intake [11]. POC 
has been used in several thousand patients participating in 
studies and in several million patients in clinical practice 
without significant adverse events being reported to the man-
ufacturers, supporting the safety of the proposed regimen. 

Safety issues relate to conditions with known or suspected 
delay of gastric emptying, such as emergency patients, bowel 
obstruction, or diabetes mellitus. Some data indicate that 
well-controlled type 2 diabetic patients may receive POC 
[12], and this is discussed in both ERAS® Society guidelines 
[13] and in guidelines from the American Society for 
Enhanced Recovery [14]. Nevertheless, safety issues as well 
as the potential beneficial effects from POC, and logistics 
regarding use of antidiabetic medication or insulin in the 
morning of surgery in conjunction with POC, need to be fur-
ther studied before a wide implementation can be recom-
mended in this group of patients.

 How Do Preoperative Carbohydrates Work?

 The Metabolic Response to Preoperative Oral 
Carbohydrates
In previous clinical studies, POC has been recommended as a 
dose of 800 ml (400 kcal) in the evening before surgery and a 
repeated dose of 400 ml (200 kcal), 2 hours before initiation 
of anesthesia. The effect of POC on postoperative insulin 
resistance was evaluated by the use of hyperinsulinemic eug-
lycemic clamps in patients undergoing elective surgery. Thus, 
all patients were evaluated before as well as after surgery and 
served as their own controls with regard to the response to 
surgery. In two clinical trials, insulin sensitivity was found to 
be less reduced after POC by approximately 50% in patients 
undergoing colorectal surgery [11] as well as hip replacement 
surgery [15]. Although a Cochrane review [16] clearly dem-
onstrated significant effects from POC on postoperative insu-
lin resistance, there are a few negative studies reported. A 
clamp study in patients 2  days after orthopedic surgery 
showed no effect of POC on postoperative insulin resistance 
[17]. Based on previous studies, it is likely that the metabolic 
effects of POC on insulin resistance seen in the immediate 
postoperative period may not be sustained several days fol-
lowing minor/moderate surgery in contrast to major abdomi-
nal surgery with a more pronounced and prolonged stress 
response [15]. Another placebo- controlled randomized con-
trolled trial (RCT) in patients undergoing orthopedic surgery, 
where insulin resistance was measured 3  days postopera-
tively, showed that although no difference in whole body glu-
cose disposal was found (Fig.  4.2), POC attenuated the 
postoperative increase in endogenous glucose release 
(Fig. 4.3) and reduced nitrogen losses, indicating a persistent 
significant effect on insulin sensitivity [18].

In a study using protein and glucose isotopes in combina-
tion with the insulin clamp, POC improved protein metabo-
lism in patients undergoing colorectal surgery [19]. The 
study showed that improved whole body glucose disposal 
was due to a maintained effect of insulin to suppress glucose 
production in the liver [19]. Several RCTs support an effect 
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of POC on other aspects of the postoperative metabolic 
response such as protein metabolism, muscle mass, muscle 
strength, and immunity [1, 20].

To investigate the relative role of the evening vs. morning 
dose of POC, respectively, for improved insulin sensitivity 
post-surgery, a study was performed in healthy subjects. 
POC improved insulin sensitivity by 50% 3 hours after intake 
(corresponding to the effect of the morning dose), while the 
dose in the evening before the clamp did not improve insulin 
sensitivity the following day [21]. This was also later sup-
ported by an experimental pig model [22], indicating that it 
is enough to provide POC 2 hours before surgery to achieve 
the desired effects on insulin sensitivity resulting in attenu-
ated postoperative insulin resistance (Fig. 4.4). If patients are 
not allowed to eat and drink freely during the evening before 
surgery, such as when preoperative mechanical bowel prepa-
ration is indicated, the evening dose of POC is probably still 
beneficial to avoid extended preoperative fasting.

 Mechanisms Behind Metabolic Effects  
by Preoperative Oral Carbohydrates
How POC attenuates postoperative insulin resistance still 
needs to be defined in more detail. Inflammatory pathways in 
the skeletal muscle [23] as well as in adipose tissue are acti-
vated by surgical stress [24], and a relationship between lev-
els of interleukin-6 (IL-6) and postoperative insulin resistance 
was reported [25]. It is therefore possible that POC might 
also reduce the inflammatory response to surgery. In addi-
tion, surgery impairs insulin effects on glycogen synthase 
activity and GLUT4 translocation [26]. Furthermore, reduced 
inflammation as reflected by lower postoperative levels of 
IL-6 [27] and C-reactive protein (CRP) levels [28, 29] and 
improved postoperative immune response have been reported 
after POC administration as compared to after preoperative 
fasting or placebo administration [20]. In other clinical stud-
ies in patients undergoing colorectal surgery, it was shown 
that improved insulin sensitivity after POC was associated 
with increased levels of free insulin-like growth factor 1 
(IGF-1) (which has proven insulin-like effects), related to 
increased proteolysis of the major carrier protein of IGF-1 
(IGFBP-3) [30–32].

In experimental studies, POC postoperatively reduced 
free fatty acid (FFA) concentrations and increased oxidative 
glucose disposal, while neither non-oxidative glucose dis-
posal nor hepatic insulin sensitivity was improved [22]. In a 
follow-up study in pigs, the same authors reported improved 
insulin inhibition of Forkhead box protein 01 (FOX01)-
mediated PKD4 and protein expression in muscle by POC 
after surgery, suggesting that POC improves insulin sensitiv-
ity by increasing carbohydrate-derived pyruvate flux into the 
mitochondria [33]. In a RCT in colorectal surgery, POC was 
related to less reduced postoperative insulin sensitivity, and 
this was associated with higher levels of muscle protein tyro-
sine kinase (PTK), phosphoinositide 3-kinase (PI3K), and 
protein kinase B (PKB) as compared to fasting or placebo 
[34]. Similar results were also found in patients undergoing 
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laparoscopic cholecystectomy [35]. In addition, a RCT after 
radical gastrectomy [36] reported that POC was associated 
with improved mitochondrial function and less marked 
structural changes in the mitochondria.

 Effects on Clinical Outcome by Preoperative 
Oral Carbohydrates

The effects of POC were assessed in a recent Cochrane sys-
tematic review [16]. Based on 27 trials involving 1976 
patients, it was concluded that POC apart from a reduced 
postoperative insulin resistance also slightly but significantly 
reduced hospital stay in all patients (mean difference [MD] 
−0.30, 95% CI −0.56 to −0.04). Since several included stud-
ies were performed in minor surgery with short hospital stay, 
the effect from POC on hospital stay and complications in 
this Cochrane review were evaluated separately in patients 
undergoing surgical procedures with an estimated hospital 
stay of more than 2 days—such as for major abdominal sur-
gery (Figs. 4.5 and 4.6). In this group of patients, a clinically 

relevant and significant difference in hospital stay of 
1.66 days was found (MD −1.66, 95% CI −2.97 to −0.34), 
while no effects were found on postoperative complications. 
Importantly, no events due to aspiration have been reported 
in any of the published clinical trials of POC.

In 2 studies including 86 subjects, return of bowel func-
tion was measured, and, in agreement with previous experi-
mental studies [37], a shorter time for return of flatus was 
demonstrated after POC [16]. Although reported in some 
studies, [38] no overall effect from POC was found on post-
operative nausea or well-being in the Cochrane review. 
However, in two recent RCTs, POC influenced postoperative 
nausea and vomiting, pain, and well-being after laparoscopic 
cholecystectomy [39, 40].

 Preoperative Oral Carbohydrates as a Part 
of the ERAS Protocol

Enhanced Recovery After Surgery (ERAS) protocols are 
evidence-based perioperative care protocols aimed to attenu-
ate the metabolic stress response and improve clinical out-
comes. Currently, they are widely implemented and a natural 
part of most guidelines in major surgery [41]. The first ERAS 
protocol (2005) was based on the preoperative multimodal 
care protocol as described by Professor Henrik Kehlet [42]. 
A randomized trial in patients undergoing colorectal surgical 
procedures in an ERAS program demonstrated that mini-
mized insulin resistance immediately postoperatively by 
POC, allowed full nutrition without aggravating hyperglyce-
mia and with a markedly improved protein balance [43]. In 
addition, in a single-center series of 953 consecutive patients 
undergoing colorectal resections, POC reduced the need for 
intravenous infusions preoperatively (Fig.  4.7)—a finding 
associated with improved clinical outcomes [44]. In fact, 
POC and avoiding fluid overload were the only two items in 
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the ERAS protocol that significantly predicted clinical out-
comes in this multivariate analysis.

Improved outcomes from POC (as a significant predictor 
of shorter hospital stay) was confirmed also in a large multi-
center study using the ERAS® Society database [45].

While the evidence for clinical effectiveness of POC is 
still weak, a large number of studies indicate that POC plays 
a significant role to attenuate the postsurgical stress response. 
Cohort studies indicate that POC contributes to improved 
patient outcomes in ERAS surgery. Thus, POC is recom-
mended in both the ERAS® Society guidelines [46–48] and 
guidelines issued by several anesthesiologists’ societies [49].

 Conclusion

Avoiding preoperative fasting not only improves postopera-
tive metabolism but may also affect clinical outcomes such 
as return of bowel function and hospital stay. Cohort studies 
indicate that POC adds significantly to improved outcomes 
following major surgery when an ERAS protocol is imple-
mented. More studies are needed to further strengthen the 
evidence on the influence of POC on clinical outcomes. 
Experimental and mechanistic studies are also important to 
increase our knowledge on how to best manage and mini-
mize perioperative stress.
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Preoperative Patient Education

Jennie Burch and Angie Balfour

 Preoperative Education: Rational

There are a number of reasons that preoperative education 
needs to be undertaken, and these will be briefly examined. 
A fundamental component of the enhanced recovery after 
surgery (ERAS) program is the preoperative preparation of 
patients [1]. This includes physiological optimization as 
described in prehabilitation and “fit for surgery” programs 
[2] and also providing psychological support and appropriate 
information to ensure patients are fully aware of their recov-
ery goals and that they are encouraged to be an integral part 
of their own recovery. The literature describes the key bene-
fits of preoperative education, which include:

• Reduced anxiety [3, 4]
• Less pain [5]
• Patient compliance in the ERAS pathway, resulting in less 

complications [6]
• Improved satisfaction [7]
• Improved outcomes [8]

By informing patients about their surgery and their antici-
pated recovery in more detail, patients should feel more 
informed and able to contribute to their recovery pathway as 
they will have been involved in setting realistic goals with 
the clinical team. Preoperative education allows patients to 
comply with the ERAS pathway better, thus reducing com-
plications and improving outcomes such as reducing length 
of hospital stay [9–12].

Patients and their families need to have consistent 
information from all members of the multidisciplinary 
team—from the surgeon to the preassessment nurses and 
ward staff—especially when setting daily goals and real-
istic expectations about surgical recovery and subsequent 
discharge planning. One of the criticisms that patients and 
their families have reported is that conflicting information 
is given, which can be frustrating and is counterproduc-
tive [13].

Another key component of preoperative education is dis-
pelling “myths” that surround recovery after surgery. A lot of 
patients have either had surgery themselves or know some-
one who has. This often leads to expectations that are NOT 
realistic.

The rationale for preoperative education is the need to 
provide key, consistent information, although this may vary 
depending on the patient’s needs such as frailty and cognitive 
status. Evidence suggests there is a 2-day difference between 
patients being functionally fit for discharge and them actu-
ally going home [14], despite the literature describing a 
potential reduction in delayed discharges by up to 50% if 
ERAS principles are applied [15]. Other common reasons 
for delays are detailed in Box 5.1.
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Box 5.1
Common reasons for delayed discharge from hospital:

• Pain
• Weekends
• Staff lacks confidence
• Relative’s concern
• Patient lives alone
• Lack of transport
• Lack of social support
• Lack of stoma independence
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Thus it can be seen that preoperative education needs to 
reduce delayed discharges by appropriately determining the 
patients’ recovery plan, such as social circumstances; e.g., if 
a patient meets discharge criteria but does not have support 
at home, it may not be appropriate to discharge the patient at 
that time. This lack of confidence of staff, patients, or rela-
tives can be avoided by ensuring that preoperative education 
is delivered to enable patients to have the expectation of 
going home once they meet the discharge criteria set by the 
clinical team.

It should not be forgotten that a key component of any 
ERAS program is the ability to audit outcomes. Collected 
data includes the delivery of preoperative education, but 
there is limited evidence to support this crucial element of 
the ERAS program.

 Preoperative Education: By Whom and How?

For best efficacy, patient education about enhanced recov-
ery should occur at the first meeting by the surgical team 
and continue after the operation. It is not anticipated that 
the surgical team will have the time within the clinic setting 
to do more than broach the topic. However, even a brief 
introduction to enhanced recovery acknowledges to the 
patient that the whole team is working cohesively, which is 
essential for enhanced recovery to work [16]. Subsequently, 
preoperative patient education is frequently the role of the 
nurse, [17] such as the preadmission nurse or the enhanced 
recovery nurse.

When a patient was asked about preoperative education, 
they answered that the healthcare professional made sure 
“you knew what to expect.” [18] Thus it can be seen that 
preoperative education ensures that patients understand the 
expectations of them and of the multidisciplinary team.

More than 10  years ago, Billyard and Boyne [19] 
explained that an important element of the enhanced recov-
ery pathway was provision of preoperative information and 
optimization. This was enabled within the preadmission 
clinic and included written information and careful discharge 
planning. This empowers the patient to become involved in 
their own care and to take some control over their recovery. 
Who is to provide this preoperative education is less explicit.

Burch et al. [20] investigated who provided preoperative 
information about enhanced recovery within the preassess-
ment clinic. This was undertaken using a purpose-designed 
online survey sent to all the nurse members of the group 
“ERAS UK,” with 37% (n = 33/89) returning their responses. 
A third of these enhanced recovery nurses (39%; 13/33) 
reported that patient education was one of the key aspects of 
their role. A quarter of the enhanced recovery nurses (27%; 
9/33) undertook preassessment counseling for patients, 
explaining the principles of enhanced recovery. Thus it can 

be seen that preassessment is undertaken by healthcare pro-
fessionals, including the enhanced recovery nurse. It is 
thought that in some hospitals, after an initial period of train-
ing, the existing preassessment team continues the role; and 
in many hospitals, enhanced recovery is a standard part of 
the preassessment process. The training of the preassessment 
team about preoperative education on the enhanced recovery 
pathway is often the role of the enhanced recovery nurse, as 
is creating patient education material [21].

 Preoperative Education: Delivery Methods

Another consideration is how preoperative education should 
be delivered. Traditionally, patients attend hospital clinics 
and are given information about their operation and their pre-
dicted recovery plan, but this may not be fit for the purpose.

Preoperative patient education can be delivered in a num-
ber of different formats to fit the different requirements of 
patients, healthcare professionals, and surgical specialties 
(Fig. 5.1a–c). Traditionally, written information was given to 
patients about coming into hospital but little was given about 
how best to prepare for surgery. A variety of other written 
information is given, but this is usually geared toward the 
hospital admission itself, including parking costs and visit-
ing hours or providing advice following discharge such as 
various dos and don’ts and generic dietary advice. However, 
it needs to be determined if the advice is evidence-based and 
that appropriate recommendations are being provided to the 
patients. It is likely that the advice and information being 
provided need to be reviewed and adapted regularly to ensure 
that it is fit for the purpose and delivered in a concise, consis-
tent manner. This will enable all healthcare professionals, 
particularly the nurses delivering the education, to be aware 
of the evidence surrounding the ERAS program. If patient 
information is periodically reviewed, updated, and shared 
with the ERAS team, this will ensure the information being 
provided is consistent. Furthermore, information should also 
reflect the activity in the wards, gained from the audit, as 
opposed to delivering standardized but potentially mislead-
ing information.

Traditionally, preoperative teaching is delivered at a pre-
assessment clinic. This is a busy environment, managed by 
staff that may not have had specific training on ERAS or on 
education methods. It has been discussed in the literature 
that the quality of preoperative information given varies 
between nurses [22]—dependent upon who is delivering the 
education and their level of experience. Training should be 
available for preoperative assessment nurses who are teach-
ing patients to ensure that the patients are appropriately pre-
pared for their surgical pathway. Furthermore, to improve 
patient care, ERAS education should be taught to preregis-
tration nurses [23] and other healthcare professionals. 
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Fig. 5.1 (a–c) Examples from a patient education booklet that com-
bines written instructions with illustrations to help patients prepare for 
surgery (http://erassociety.org/patient-information/). (Reprinted with 

permission from A Guide to Bowel Surgery, courtesy of the McGill 
University Health Centre Patient Education Office, which created the 
illustrations, design, and layout)
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Fig. 5.1 (continued)
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Fig. 5.1 (continued)
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Therefore, the traditional preoperative assessment usually 
undertaken by a nurse within the hospital setting is an ele-
ment of ERAS that could benefit from a twenty-first-century 
update. No matter how education is delivered, it may lead to 
additional time and resources being required in an already 
stretched healthcare service. In some cases face-to-face pre-
operative teaching could be replaced by a more efficient and 
cost-effective process. However, this may be difficult to 
implement as patients are familiar with the face-to-face 
approach and may not be keen to change.

Another issue that must be considered when discussing 
e-health initiatives is the “digital divide”:

…. the vast majority of people in the UK have never heard of 
‘telehealth’ or ‘telecare.’ Even more significantly, a full 93% of 
people aged 55 or over (those statistically more likely to be one 
of the 15 million people in the UK with a long-term condition) 
had never heard of telehealth or telecare.
Telehealth Forum, July 22, 2018

 Face-to-Face Preoperative Education

Patients report that they would much prefer face-to-face edu-
cation as opposed to other methods of information delivery; 
however, this form of education is not always practical and is 
resource intense and therefore costlier to sustain. Taylor and 
Burch [18] highlighted one patient comment about forming 
a “contract” with the nurse. This helped to form realistic 
expectations as a result of detailed information and the 
patient reported feeling empowered. If this method of deliv-
ery is no longer practical in healthcare settings, alternatives 
need to be considered that rely less on face-to-face education 
and more on technology, with the benefit for patients being 
that they can read more about their recovery after they have 
left the clinic appointment. This may ensure that preopera-
tive education is more tailored to individuals as patients will 
be able to read at their leisure and at a level they are comfort-
able with, although there is the risk that patients may not 
understand the information and will have no one to clarify it 
for them.

 Written Information

Traditionally, patients were given written materials to pre-
pare them for surgery, but patients have commented that they 
feel they are given a lot of leaflets and admit to not reading 
them [24]. The question of health literacy also needs to be 
considered as not all patients will be able to understand the 
literature provided. Debbie Watson [21, 25, 26] has pub-
lished several articles examining health literacy and has 
emphasized the use of pictorial information as opposed to 
written information to allow all patients to better understand 
the information and any relevant instructions, e.g., taking 

medication or fasting guidelines. Smith et al. [27] concluded 
in their mixed-methods study that most of the patient educa-
tion methods they used were rated as “adequate” but did not 
meet all the needs of the patient.

Cavallaro et al. [28] recently published a study examining 
the use of scripted preoperative education material and the 
introduction of a preoperative telephone call from the nurse. 
They commented on information overload when preparing 
for surgery and hence the need for a more targeted approach. 
Their data show a reduction in length of hospital stay and 
complications and conclude that preoperative education may 
also reduce costs. This is due to the “buy-in” from patients 
who are given succinct information and become more 
involved and ERAS compliant as they understand what they 
are doing and why they are doing it.

 Surgery School

Several units have set up surgery schools to allow patients to 
meet the multidisciplinary team prior to their admission to 
hospital. This approach is well established in orthopedic sur-
gery, [29] but little is known about the benefits surgery 
school may bring to other specialties. One benefit of surgery 
school is that it allows more than one patient to see the 
healthcare professional at one time and also enables peer 
support from other patients.

 Digital Information

Some centers have produced DVDs or published online vid-
eos describing ERAS.  These can be useful but rely upon 
patients having access to a DVD player or the Internet. 
Computer or mobile phone apps can also be used to deliver 
information that allows patients to select how much informa-
tion they wish to have at any one time. Short videos, for 
example, can be posted onto platforms such as YouTube, or a 
link could be added onto the hospital Internet page to enable 
greater access to such tools. This will allow patients and their 
families to find out more information when they want and at 
a pace they are comfortable with. This will avoid information 
overload that can occur when too much literature is given to 
patients at one time.

 ERAS Nurse

ERAS nurses have been a fundamental component of ERAS 
from the outset as they add a constant resource to the patient 
pathway from beginning to end [26]. Ideally, each patient 
should see an ERAS nurse or preassessment nurse so that 
ERAS education can be delivered face-to-face for around 
20–30 minutes. This approach is labor-intensive and is not 

J. Burch and A. Balfour



43

always practical. Another option is that the ERAS nurse pro-
duces information and adds it to a Website or app for the 
patients to access in their own time, with a contact number so 
they can contact the ERAS nurse to ask questions.

No matter how preoperative information is delivered, it is 
essential that the patients and their families are given the 
opportunity to ask questions and discuss any concerns that 
they may have. It is also essential to provide contact details 
following discharge, as this part of the journey also can cause 
anxiety for patients and their families.

There are many potential challenges to providing ade-
quate preoperative education such as lack of resources, but 
there are also many methods that can be utilized as men-
tioned above. For ERAS to work it requires patient and staff 
engagement, with willingness for staff to change any prac-
tice that is no longer evidence based or effective.

 Preoperative Educational Content

There seem to be a number of essential areas of focus within 
preoperative education for the patient and their family/care-
giver that are required by all surgical specialties. Information 
should be given orally and additionally either in a written or 
electronic form to act as a reminder [30–32]. The preopera-
tive education should include [33]:

• Goal setting both preoperatively and postoperatively
• Empowering patients to be self-managing, aiding recov-

ery and potentially avoiding complications
• Information on the surgical and anesthetic procedures 

[34]
• Exploring discharge criteria and advice

Education should include setting expectations about the 
operation and daily postoperative goals, with patients being 
encouraged to play an active part in their recovery. This is 
confirmed in cardiac surgery by Krzych and Kucewicz- 
Czech [35] who advocate that information and fitness are 
both essential in the preoperative period and can help reduce 
complications and length of hospital stay and promote post-
operative recovery.

A number of surgical specialties will be examined in rela-
tion to preoperative education. There will also be a brief 
exploration of prehabilitation, an essential part of preopera-
tive patient education.

 Colorectal

There is a larger body of evidence for colorectal surgery than 
other specialties, as this is where ERAS began. Koh and 
Horgan [34] consider that stoma education is important to 
mentally and physically prepare patients and reduce the 

period of hospitalization. There have been studies advocating 
the benefits of preoperative stoma training to ensure that 
when the patient leaves the hospital, they are able to care for 
their stoma independently. Historically patients were in the 
hospital for up to 2 weeks, and this enabled the stoma special-
ist nurse to train patients in the postoperative period. With the 
benefits of enhanced recovery that include a shorter length of 
stay, training on stoma care within the hospital setting 
becomes more difficult. An ideal way to address stoma train-
ing is for this to also occur in the preoperative period under 
the care of the stoma specialist nurse. Chaudhri et al. [36], 
from the United Kingdom, undertook a small randomized 
study on patients undergoing elective stoma formation. Half 
of this group received additional preoperative training, which 
included two preoperative visits by the stoma nurse to com-
mence self-care training using audio-visual aids. This inter-
vention reduced the time to stoma appliance change 
proficiency from 9 days to 5.5 days, which is statistically sig-
nificant. Importantly, there were no adverse effects of the 
intervention, but there were savings of £1119 per patient. 
Interestingly, the people who received the preoperative train-
ing also had fewer stoma-related nurse interventions after 
they were discharged home, thus reducing the workload for 
the community stoma team. Bryan and Dukes [37] subse-
quently showed how a change in practice enabled patients to 
become independent with their stoma within 5 days in their 
small retrospective audit. The change in practice included a 
preoperative and postoperative structured teaching program. 
Within the program was an individual practice session in the 
pre-admission clinic on an abdominal torso and the offer of a 
further training session. Postoperative changes to teaching 
included daily postoperative teaching from the first day after 
surgery. This program reduced the time of stoma indepen-
dence from 12 days to 5 days, with 60% of patients being dis-
charged home on day 5 or sooner. In a larger study by Younis 
et al. [38], the authors also concluded that a delayed discharge 
related to inability to be self-caring with the stoma was sig-
nificantly reduced with the introduction of preoperative stoma 
management teaching. These studies show that preoperative 
stoma training is beneficial in ensuring that patients are self-
caring with their stoma prior to discharge home—not only it 
enables an early and safe discharge home, but also less post-
discharge issues related to stoma care were encountered.

 Gynecological Surgery

The ERAS® Society guidelines support preoperative gyneco-
logical education, due to the potential benefits and the lack of 
harm, despite limited research [39]. Ituk et al. [31] conducted 
a study examining patient education in women undergoing 
caesarean delivery. They conclude that preoperative educa-
tion should include specific information on a pain manage-
ment plan and goals for early feeding and mobilization.
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 Orthopedic

Wainwright and Middleton [29] have explored preoperative 
education in orthopedic surgery, considering that it needs to 
correlate to the patient experience once they are in hospital, 
to remove the element of surprise and increase the patient’s 
confidence. The preoperative education classes for patients 
and their caregiver should be run by physiotherapists, occu-
pational therapists, and nurses. These sessions should aim 
to reduce anxiety, provide an explanation of the enhanced 
recovery pathway, and offer an opportunity to ask ques-
tions. Specifically the classes explored preoperative exer-
cises, using crutches, and organizing any equipment 
required for rehabilitation at home. Furthermore, pain relief 
and anesthetics were discussed. Place and Scott [40], when 
exploring the preoperative role of joint schools, consider 
this to be an excellent modality to manage patient expecta-
tions. They consider that joint schools are interactive, mul-
tidisciplinary, educational sessions that focus upon 
preoperative assessment, patient expectations, and postop-
erative recovery. The authors acknowledge that there is lim-
ited effect on length of stay, postoperative pain, or function 
but consider that it does reduce patient anxiety, and for anx-
ious patients, preoperative education probably improves 
recovery. Interestingly, Chen et al. [41] have explored costs 
and reported that preassessment and joint school were £163 
of an overall cost of an uncomplicated total knee replace-
ment (£5422) and it could therefore be argued to be an 
essential and economic component of orthopedic surgery. 
Galbraith et al. [42] conducted a literature review of preop-
erative education in arthroplasty and suggested that there 
are several key components that should be implemented. 
These include joint school and outpatient consultation to 
gain consent and set expectations and discharge planning to 
enable support from social workers or occupational thera-
pists. Additionally, there is a need for physiotherapy 
involvement as well as a preassessment clinic to assess for 
surgery and to optimize comorbidities—all are essential 
components of a successful enhanced recovery protocol. 
Brennan and Parsons [43] further stated that nurse-led joint 
schools were best achieved in small groups of four patients 
and included written information, a take-home DVD, and 
meeting a patient who has previously undergone the proce-
dure. Thus it can be suggested that preoperative education 
in orthopedic surgery includes a range of healthcare profes-
sionals to facilitate it and needs to be undertaken in small 
patient groups with verbal and supportive information on 
recovery to include instruction on exercises.

 Thoracic Surgery

Within thoracic surgery, Ardò et  al. [32] have explored the 
nurses’ role in providing preoperative education. The authors 

also discussed physical preparation for surgery and the impor-
tance of prehabilitation, which they consider maximizes func-
tional capacity and minimizes postoperative morbidity achieved 
through control of areas including smoking, alcohol consump-
tion, anemia, and mobility. The latter is enhanced by the phys-
iotherapist providing preoperative education on preoperative 
exercise, measured by spirometry and ability to climb stairs.

 Upper Gastrointestinal Surgery

The recent guidelines for bariatric surgery by Thorell et al. 
[44] include prehabilitation with the aim of improving func-
tional recovery. Despite a lack of specific literature on bariat-
ric surgery and smoking, the authors recommend cessation 
for a minimum of 4 weeks, whereas 2 years of abstinence for 
people with a history of alcohol abuse is considered manda-
tory, regardless of the limited evidence. Weight loss is also 
recommended preoperatively for a variety of reasons, includ-
ing better postoperative weight loss, reduction in liver size, 
reduction in postoperative complications, and the surgical 
procedure becoming simpler. They consider that weight loss 
should be achieved by a preoperative low-calorie diet for 
2–4 weeks prior to surgery.

Prior to a laparoscopic cholecystectomy, Blay and 
Donoghue [45] from Australia have discussed preoperative 
education by nurses. They reported on a randomized con-
trolled trial of 93 patients comparing standard preoperative 
education and an individualized education intervention. 
Neither type of preadmission education was fully 
explained. However, the intervention group received 
30 minutes of verbal education on wound care, diet, activ-
ity, bowel management, and managing complications, with 
the opportunity to ask questions. Plus they received writ-
ten information on pain management, wound care, diet, 
and elimination. In addition there was a contact number 
provided where patients could gain further assistance. The 
authors reported that although the patients with standard 
information were satisfied overall with the information 
they received, they were significantly more likely to 
request additional information about symptom manage-
ment than the other patient group. They concluded that 
verbal and written information improves a patient’s ability 
to self-care after their cholecystectomy.

There is no patient education guidance specific to liver 
surgery. Melloul et al. [46] advocate the use of patient deci-
sion aids, such as printed leaflets and online resources. In 
addition, they consider that patients should be optimized pre-
operatively. This preoperative optimization should include 
oral preoperative nutritional supplementation if needed. In 
fact, they consider surgery should be delayed for severely 
malnourished patients to enable weight gain. Optimization 
for this patient group should also include preoperative mobi-
lization and chest physiotherapy.
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 Prehabilitation

An important part of preoperative education is prehabilita-
tion. Levett et al. [47] explore the concept of prehabilitation, 
which will be discussed in greater depth in a subsequent 
chapter. Prehabilitation can be seen as intervention prior to 
surgery to improve a patient’s psychological and physical 
status, whereas, traditionally, rehabilitation meant that 
patients waited until after their operation to improve their 
fitness. The rationale for prehabilitation is:

• To focus the patient on their impending operation
• To promote behavior change
• To motivate patients to achieve pre-set, personalized goals
• To improve the preoperative functional capacity
• To potentially reduce or prevent postoperative complications
• To provide a focus while waiting for surgery
• To identify and address modifiable factors

Prehabilitation can occur from the decision to operate 
until the surgery itself. Prehabilitation should include estab-
lishment of baselines in functional status, both physical and 
psychological. Prehabilitation programs are multimodal and 
multidisciplinary, involving behavioral modification, exer-
cise, nutritional support, and psychological support. Some 
hospitals have sophisticated Websites to assist patients (such 
as https://www.erasplus.co.uk/).

In summary although there is limited information on what 
specifically should be included within preoperative educa-
tion, in general for all specialties, preoperative education is 
used to enable patients to increase their knowledge on the 
topic, to empower them to be involved in their recovery, and 
to set appropriate expectations. Patient education ideally 
should explore issues such as stopping smoking and exces-
sive alcohol consumption, as well as physical optimization to 
potentially reduce postoperative complications and enable a 
better surgical experience.

 Patient’s Opinions

The purpose of preoperative education is to prepare patients 
for surgery. The education that is delivered needs to be fit for 
the purpose, as assessed by healthcare professionals and 
patients. Patient feedback should be measured regularly to 
ensure the ERAS program is working well—not only quan-
titative outcomes such as reducing length of stay but also 
qualitative evaluation to examine patients’ opinions. The 
themes that arise from qualitative research about ERAS pre-
operative education mainly related to explanations and set-
ting expectations for pain, mobility, and length of hospital 
stay. In general, patients report that they like and appreciate 
explanation:

• “It was helpful to…discuss my goals and plans”.

• “It felt like they were making…sure you knew what to 
expect” [18].

• “The way he explained it, it seemed straightforward” [48].
• “Get told lots of things about the surgery”.

Ninety-four percent (31/34) of patients reported that the 
preoperative information was “as expected” or “better than 
expected” [49], whereas for some, the preoperative educa-
tion was too much:

• “Lots of leaflets and brochures – didn’t read them!”.
• “Whether my head wasn’t in it I’m not sure, but I don’t 

remember being given a lot of face-to-face information on 
the day and I don’t remember particularly reading the 
information that I was given to take away”.

Method of delivery was discussed to be potentially effec-
tive in a variety of ways:

• “It was helpful to meet the ERAS nurse before the 
operation”.

• “Some sort of pre-op school… I think that probably would 
be useful for some people”.

• “I think probably the face-to-face stuff is what I’d 
prefer”.

• “Whether an app is helpful, I think probably that would 
be”.

Setting expectations about length of stay was useful to 
patients:

• “I was pleased that the enhanced recovery pathway meant 
that I could be out of hospital as quick as possible” [18].

• “I’m a firm believer of being at home rather than in the 
hospital purely because of the ability to do what I want 
rather than to be part of a routine” [50].

Having a realistic understanding of pain was also impor-
tant. In the main, 93% (28/30) of patients when asked about 
pain said that it was as expected or better than expected after 
their colorectal operation [49], although good pain control 
was not always achieved:

• “After the morphine infusion was taken down it was hard 
to deal with the pain, it felt really intense” [18].

In respect of mobility, 92% (24/26) of patients considered 
it was expected or better than expected [49]:

• “In fact walking was not too bad” [18].

Thus it can be seen that in general preoperative educa-
tion is beneficial to set realistic expectations. These expec-
tations can be re-enforced using a patient diary, such as 
Fig. 5.2, to act as a reminder to the patient in the postopera-
tive period. Furthermore, patients in the main consider pre-
operative education to be worthwhile, but from their 
opinions it can be seen that there is no single mode of deliv-
ery that patients prefer.
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Fig. 5.2 An example of a patient diary

Day One

Drinking
Aim for today: Try and drink about 2 litres (including three supplement drinks).
We aim to remove the drip from your arm.

Action: Please list what you have drunk today:

Type of drink

Glass of water = 200ml
Tea/ Coffee = 150ml
Supplement drink = 200ml

Eating
Aim for today: Try to eat normal foods but smaller portions are often better
tolerated.  Try eating slowly and chewing your food well.

Water

Juice

Tea/Coffee

Supplement drink

Other

Progress: If you did not drink 2 litres today, was it due to:
� not feeling well � feeling sick
� not liking the supplement drinks � other....................................................

Progress: If you have not been able to eat today was it because you were:
� not feeling well � feeling sick
� not offered food � other....................................................

Total amount

ml

ml

ml

ml

ml

ml

Amount

Action: Please circle how much of food you have eaten today:

Action: Please list any snacks you have eaten today:
..........................................................................................................................

Breakfast: All Most Less than half None

Lunch: All Most Less than half None

Dinner: All Most Less than half None

Supper: All Most Less than half None
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Bowels

Getting out of bed & walking

Exercises & deep breathing

Pain and nausea

Any further thoughts or feelings
..........................................................................................................................

Are you feeling comfortable (pain well controlled) ��Yes ��No

Are you feeling nauseous ��Yes ��No

Have you vomited ��Yes ��No

Aim for today: There is no aim, your bowel function to be a little erratic after your
operation.

Action: Please answer the questions below:

 I have passed wind ��Yes ��No
 I have had a bowel movement ��Yes ��No

Aim for today: Try and get out for bed for each meal and have 2-4 short walks.
Ask for help if needed.

Aim for today: Try to perform your leg exercises and deep breathing exercises as
 advised. 

Action: Please circle how many times have you walked today?
  1 2 3 4

Action: Please answer the questions below:
 I have done my leg exercises as adviced ��Yes ��No
 I have done my breathing exercises as advised ��Yes ��No

Action: Please circle how long have you been out of bed today (in total)?

  <1 hr 1-2 hrs 2-3 hrs 3-4 hrs >4 hrs

Progress: If you have not been able to get out of bed/walk was it because you
were:
��not feeling well ��not feeling comfortable
��not asked to by a nurse ��other....................................................

Progress: If you have not done your leg exercises as advised was it because you
were:
��not feeling well ��not feeling comfortable

��other.....................................................

Progress: If you have not done your breathing exercises as advised was it because
you were:
��not feeling well ��not feeling comfortable

��other.....................................................

Fig. 5.2 (continued)
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 Conclusion

The subject of preoperative education for surgical patients 
has very little evidence available in the literature; therefore 
the information described is frequently anecdotal, and fur-
ther research is needed to demonstrate clear measurable 
improvements to patient recovery and outcomes following 
surgery. Despite the evidence base being weak, the ERAS® 
Society recommendation for preoperative education remains 
strong throughout the guidelines that have been published. It 
appears that there are many different ways to undertake this 
education and this can vary between specialties, but it ulti-
mately needs to contain a variety of factors that include set-
ting expectations, provision of information on all aspects of 
the surgical pathway, and patient optimization. Optimization 
encompasses various health improvement strategies that 
include exercise and nutrition. Education needs to be pro-
vided in a number of different ways to meet the differing 
needs of patients. Preoperative education should include ver-
bal information as well as written information at a level and 
format that works for the patient. Education can be given in 
small groups such as joint school or on a one-to-one basis 
with the nurse.

Although it seems to be a labor-intensive healthcare epi-
sode and it is not without challenges, preoperative education 
is an essential part of the enhanced recovery pathway and is 
potentially linked with financial savings and patient benefits. 
Thus preoperative patient education can be seen as one 
aspect of the preoperative preparation on the enhanced 
recovery pathway, with education being provided on a num-
ber of topics including the surgical procedure alongside pre-
operative and postoperative goals. Box 5.2 summarizes a 
number of points that need to be considered in respect to 
preoperative patient education.
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Perioperative Optimization of Patient 
Nutritional Status

Stefan D. Holubar and Mattias Soop

 Rationale and Scope

Since Dr. Hiram Studley presented his landmark study of 
increased mortality in patients with marked weight loss 
before gastric surgery in 1936 [1], surgeons have been aware 
of the additional risk in their patients who present to surgery 
with significant malnutrition. Presciently, Dr. Studley con-
cluded that “preparation of those who have lost a good deal 
of weight, regardless of other appearances in the individual” 
is essential to improve outcomes [1].

A large proportion of patients undergoing gastrointestinal 
surgery today remain malnourished [2, 3]. Despite data and 
guidelines dating from Studley’s first study on the subject in 
1936, surveys have found that a majority of surgical patients 
are still not nutritionally screened and many who are at risk 
of malnutrition do not receive perioperative nutritional sup-
port [4]. As optimal postoperative outcomes and attenuation 
of perioperative stress are key principles in enhanced recov-
ery after surgery (ERAS), recognition and treatment of pre-
operative malnutrition ideally should be integrated into all 
enhanced-recovery programs [5, 6].

 Definitions

Although early investigation in preoperative nutrition 
focused on malnutrition, it is now recognized that diseases 
requiring surgical intervention can be associated with several 
distinct nutrition disorders. The European Society for 
Clinical Nutrition and Metabolism (ESPEN) differentiates 
five main groups of nutrition disorders: malnutrition, sarco-

penia, obesity, micronutrient abnormalities, and re-feeding 
syndrome [7]. Of those, malnutrition and sarcopenia are both 
common and amenable to intervention in patients awaiting 
surgery and will be the main focus of this chapter, reviewing 
the current evidence supporting both enteral and parenteral 
nutritional supplementation. Overweight and obesity are 
prevalent in many surgical populations, but are not readily 
modifiable before surgery in most specialties and therefore 
beyond the scope of this chapter, as are micronutrient abnor-
malities and re-feeding syndrome.

Malnutrition can be further classified as (1) starvation- 
related (e.g., psychiatric feeding disorders, which will not be 
covered further in this chapter); (2) chronic disease-related 
malnutrition where the inflammation is chronic and mild-to- 
moderate in severity, such as slow growing gastrointestinal 
(GI) malignancies and inflammatory bowel disease (IBD); 
and (3) acute disease or injury-related malnutrition where the 
inflammation is acute and severe, such as intra-abdominal 
septic catastrophe [7, 8].

 Malnutrition

Malnutrition (or undernutrition) is a state resulting from rel-
ative lack of intake or uptake of nutrition, typically protein 
calories, that leads to altered body composition and body cell 
mass, in turn leading to diminished physical and mental 
function and sub-optimal clinical outcome from disease [7].

In the context of surgical pathophysiology, disease causes 
malnutrition through two main mechanisms. Many diseases 
directly impair gastrointestinal function, through obstruction 
from mechanical stricturing of hollow viscera, disturbance 
of digestive mechanisms, inflammation of the gastrointesti-
nal mucosa, and other mechanisms. Alternatively, acceler-
ated tissue catabolism due to chronic systemic inflammation 
(e.g., cancer cachexia) causes malnutrition despite an 
unchanged nutritional intake and uptake.

In practice, many surgical diseases cause malnutrition 
through both these main processes. It is therefore important to 
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consider both these etiologies when optimizing patients, so that 
both the delivery of nutrition and any sources of systemic 
inflammation are optimized to the greatest extent possible. For 
example, in advanced Crohn’s disease, abscesses must be 
treated in parallel with nutritional support; otherwise abdominal 
sepsis will prevent positive net caloric and nitrogen balance [9].

 Sarcopenia

Sarcopenia is defined as a progressive, generalized loss of 
skeletal muscle mass, strength, and function, with a conse-
quent risk of adverse outcomes from disease [7]. It is caused 
by normal aging, muscular deconditioning and atrophy from 
restricted mobility, and dietary protein deficiency, but not nec-
essarily decreased total caloric (carbohydrate and fat) intake. 
This condition is not detected by conventional malnutrition 
risk screening, but strictly requires both functional testing and 
cross-sectional imaging of defined muscular compartments.

Sarcopenia has recently emerged as an important nutri-
tional disorder in surgical patients, as it has been indepen-
dently associated with poor outcomes after major surgery [10, 
11]. Importantly, sarcopenia may exist in patients who are not 
malnourished. In fact, sarcopenia is often present in people 
who are also obese (sarcopenic obesity, low skeletal muscle 
mass with excess adipose mass), and this condition may be a 
particular risk for poor outcomes from major surgery [12].

 Current Assessment of Nutritional Disorders

 Malnutrition Risk Screening

Current clinical guidance recommends that all hospitalized 
patients are screened for malnutrition on admission [13]. 
Contemporary screening tools are simple scoring systems 

based on body mass index (BMI), degree of recent weight 
loss, recent food intake, disease severity, and age. Screening 
tools that have been validated and shown to predict outcomes 
in clinical populations include Malnutrition Universal 
Screening Tool (MUST) (www.bapen.org.uk), Nutrition 
Risk Screening-2002 (NRS- 2002) [7], the Short Nutritional 
Assessment Questionnaire (SNAQ) [14], and the Subjective 
Global Assessment (SGA) [15].

There are several opportunities to screen elective surgical 
patients, such as at the time of listing for surgery, at preop-
erative anesthetic assessment, or on admission. For effective 
intervention, it is important that malnutrition screening is 
performed as early as possible in the patient’s care pathway 
and ideally should be recognized and treated by the primary 
care provider team.

The MUST score is a representative example of a malnu-
trition risk screening tool. The health care professional 
assesses three simple variables: BMI, degree of weight loss, 
and whether acute disease is interfering with the ability to eat 
(Fig. 6.1). A score between 0 and 6 is then calculated and 
used to triage the patient to more complete nutritional assess-
ment and intervention as appropriate.

A recent modification of the MUST score is the Peri- 
Operative Nutritional Score (Fig.  6.2). This modification, 
widely used in the United States, treats the variables of the 
MUST score as binary variables and adds hypoalbuminemia 
(serum albumin <3 g/dL) as a parameter. Thus a patient with 
either a low BMI, weight loss >10%, 50% reduction in oral 
intake, or low albumin is referred on to formal nutritional 
assessment and intervention.

Serum markers should not by themselves be used for mal-
nutrition risk screening or nutritional assessment. Serum 
concentrations of transporter proteins such as albumin 
decrease quickly in inflammatory conditions, where acute 
phase protein synthesis is prioritized instead of transporter 
protein synthesis. Such changes are frequently observed in 
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septic or cachectic surgical patients. Therefore, while a low 
serum concentration is often observed in surgical patients, 
this finding is an expression of systemic inflammation, rather 
than evidence of malnutrition. Importantly, this is clearly 
illustrated by studies showing normal serum albumin con-
centrations in conditions of severe and pure protein-calorie 
malnutrition [16].

 Sarcopenia Screening

Sarcopenia is a risk factor particularly in older people, and is 
not detected by malnutrition risk screening tools. This com-
mon condition requires more complex assessment, as it is 
defined by both muscle volume and function. The European 
Working Group on Sarcopenia in Older Persons recommend 
screening for sarcopenia in all patients aged 65  years or 
older, specifically by measuring their gait speed and hand-
grip strength as a first step [17]. Patients with impaired mus-
cle function on these two measures then undergo muscle 
mass assessment by bio-impedance analysis, dual energy 
X-ray absorptiometry, or anthropometry. Sarcopenia is diag-
nosed if muscle mass is significantly less than age- and sex- 
matched control subjects [17].

Exploratory work utilizing preoperative computer tomog-
raphy (CT) scans obtained for clinical purposes to also esti-
mate lean tissue mass have been published [10, 11, 18]. 
Although such methodology does not include a functional 
component, as would be recommended by the European 
Working Group on Sarcopenia in Older Persons, sarcopenia 
diagnosed by this methodology has been independently 
associated with clinical outcomes. In surgical patients, there-
fore, it may be reasonable to consider CT an appropriate 
alternative for sarcopenia screening, and this warrants fur-
ther evaluation.

 Epidemiology of Nutritional Disorders 
in Surgical Patients

Studies based on malnutrition risk screening in patients 
scheduled for surgery have consistently highlighted a signifi-
cant prevalence of malnutrition in several surgical special-
ties. Contemporary, detailed studies report similar rates in 
esophagogastric surgery (20–26%) [2, 19] and colorectal 
surgery (20–27%) [3, 20], whereas somewhat lower rates 
have been reported in elective orthopedic surgery (15%) 
[21].

The prevalence and significance of sarcopenia in the sur-
gical population has only recently been investigated. Nearly 
all such studies have defined sarcopenia as a truncal muscle 
area at the third lumbar level on preoperative CT imaging 
below a chosen cutoff value. Using this method, no less than 
39–48% of patients undergoing colorectal surgery have been 
found to be sarcopenic [10, 18]. Interestingly, mean body 
mass index among sarcopenic patients in one study was 
26.1 kg/m2, further emphasizing the point that sarcopenia is 
a separate nutrition disorder from malnutrition [10].

A small number of studies have used the European 
Working Group on Sarcopenia in Older Persons definition, 
requiring both reduced muscle mass and impaired measured 
muscle function for a diagnosis of sarcopenia, and in those 
studies the prevalence has been considerably lower at 
12–21% [22–24].

 Clinical Significance of Nutritional Disorders 
in Surgical Patients

 Malnutrition

The first study linking malnutrition and poor postoperative 
outcome is the 1936 landmark study by Studley et al., which 
reported a direct association between magnitude of preoper-
ative weight loss and the risk of death after gastric ulcer sur-
gery [1]. Contemporary studies using multivariable 
regression methodology have confirmed that preoperative 
malnutrition is an independent predictor for increased mor-
tality, length of hospital stay, and costs [25], as well as infec-
tious complications and anastomotic dehiscence [26].

 Sarcopenia

Many published studies based on cross-sectional imaging 
have found associations between sarcopenia and adverse 
postoperative outcomes. In colorectal surgery, sarcopenia 
has been independently associated with increased risks of 
postoperative infection, length of stay, and mortality risk [10, 
18]. The associations between sarcopenia and poor postop-
erative outcomes is predominantly seen in people aged 
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>65 years [10]. Recent meta-analysis in upper and lower gas-
trointestinal cancer surgery found a 30% increase in major 
complication rates, and a 40% increase in total morbidity, in 
sarcopenic patients [27]. Importantly, this pooled analysis 
also found that sarcopenia frequently was a strong indepen-
dent risk factor for postoperative morbidity on multivariable 
analysis [27].

Similar to sarcopenia, sarcopenic obesity, a condition of 
both low muscle mass and excess adipose mass, has recently 
garnered much attention [28]. It is sometimes referred to as 
“silent sarcopenia” as the low skeletal muscle mass is hidden 
under the excess adipose. The association of sarcopenic obe-
sity with sub-optimal postoperative outcomes has been stud-
ied in a variety of abdominopelvic disease states—mostly 
gastrointestinal malignancies. Sarcopenic obesity is gener-
ally diagnosed via cross-sectional imaging with automated 
segmentation of key intra-abdominal muscular (psoas mus-
cle) and visceral fat compartments. Although difficult to 
diagnose, and a marker of poor outcomes, in cancer patients 
especially, it is difficult to treat preoperatively in a short 
period of time. Recommendations focus not only on increas-
ing physical activity (physiotherapy) and protein intake but 
also limiting dietary fat and carbohydrate intake.

 Nutritional Intervention in the Preoperative 
Patient

If surgery can be delayed by several weeks, referral to a 
dietitian for formal nutritional assessment, nutritional inter-
vention, and monitoring of changes can be considered. The 
specific minimal protein requirement for nonstressed adult 
patients includes 1.2–2 grams of protein/kg/day, translating 
to 84–140 grams of protein per day for a 70 kg adult.

However, in many situations the surgical team has to initi-
ate nutritional support immediately in the patient found to be 
at risk of malnutrition at screening, as surgery cannot be 
delayed for clinical reasons. It is therefore important that sur-
geons formulate strategies for nutritional support in the most 
common clinical scenarios that they encounter (Table 6.1). 
Common such scenarios may be characterized by different 
timings of surgery and different safety and effectiveness of 
oral or enteral nutritional support in different disease states.

The strongest evidence for preoperative nutritional inter-
vention in malnourished patients comes from a 1997 meta- 
analysis of a range of randomized trials of parenteral nutrition 
given during 5–23  days prior to major surgery [29]. This 
relatively brief period of nutritional support resulted in a 
25% relative reduction of overall complication rates after 
surgery on pooled analysis [29]. The period of nutritional 
support was too brief to allow for restoration, or even signifi-
cant increase, of lean tissue mass. These data therefore sup-
port a pragmatic goal of preoperative nutritional support of 

reversing weight loss to achieve a modest weight gain, rather 
than aiming for full restoration of premorbid or ideal body 
weight.

Parenteral nutrition typically requires at least day- 
admission to hospital and is associated with well-defined 
risks related to access (e.g., line sepsis, deep vein thrombo-
sis) and metabolic tolerance (e.g., increased liver function 
tests, insulin resistance). For these reasons, preoperative par-
enteral nutritional support should be reserved for patients 
with a contraindication for oral diet or oral nutritional sup-
port, not uncommon in gastrointestinal and colorectal surgi-
cal diseases. Examples include disease associated with an 
obstruction in the gastrointestinal tract: gastric outlet obstruc-
tion with inability to access midgut, obstructing gastrointes-
tinal malignancy, obstructing diverticular disease, or Crohn’s 

Table 6.1 Summary of key messages

Definitions Malnutrition – a state resulting from relative lack 
of intake or uptake of nutrition, typically protein 
calories, that leads to altered body composition 
and body cell mass, in turn leading to diminished 
physical and mental function and sub-optimal 
clinical outcome from disease
Sarcopenia – a progressive, generalized loss of 
skeletal muscle mass, strength, and function, 
with a consequent risk of adverse outcomes from 
disease
Sarcopenic obesity – a disease state manifesting 
as both low muscle and abnormally high body 
mass index; hidden malnutrition

Malnutrition 
screening

Malnutrition Universal Screening Tool (MUST, 
Fig. 6.1)
Peri-Operative Nutritional Score (PONS, 
Fig. 6.2)

Surgical 
epidemiology

Nutritional disorders are very common, as a 
significant minority of gastrointestinal surgical 
patients, at least 25%, have nutritional disorders 
at the time of surgical referral. Recognizing 
nutritional disorders is the first step in treatment

Nutritional 
intervention

Although a balanced diet is essential to good 
health, perioperative nutritional interventions 
should focus on a high-protein diet, with 1.2–2 
grams of protein/kg/day. Mode of administration 
is optimally enteral, with parental nutrition 
reserved for those who cannot meet requirements 
through enteral nutrition. The aim is not full 
restoration of premorbid or ideal body weight, 
but halting of weight loss with modest weight 
gain

Immunonutrition Current data and clinical recommendations do 
not support routine use of preoperative 
immunonutrition

Vitamin 
supplements

Goal to optimize collagen synthesis, especially in 
the setting of chronic steroid use

Exclusive enteral 
nutrition

A mono-diet using a polymeric oral or enteral 
diet that has been shown to be associated with 
anti-inflammatory effects in the short-term and 
may prevent disease flare in patients with 
Crohn’s disease weaned from disease-modifying 
medications before surgery
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disease. Another example is penetrating rather than strictur-
ing Crohn’s disease, where oral diet may exacerbate phleg-
mons and abscesses.

For most patients with preoperative malnutrition, effec-
tive oral diet and nutritional support is feasible. However, 
the evidence that preoperative oral nutritional support 
improves outcomes in malnourished surgical patients is 
limited. A recent assessor-blinded randomized trial demon-
strated that, among weight-losing patients with colorectal 
cancer, administration of an oral nutritional supplement for 
a median of 8 days was associated with a reduced periop-
erative weight loss and a reduced incidence of infectious 
complications [30].

Few data are available on the efficacy of interventions to 
improve preoperative sarcopenia. Based on a substantial lit-
erature in sports physiology, nutritional support in combination 
with endurance and resistance exercise should be helpful in 
building muscle mass in both young and elderly people [31]. 
However, such intervention programs often stretch over a 
period of months. It is not clear what benefits can be seen 
with shorter intervention programs, which would be required 
for many surgical patients with sarcopenia.

The concept of prehabilitation—combining nutritional 
support and endurance and resistance exercise during a 
shorter time period before surgery—has recently been inves-
tigated. Some positive results have been shown, such as 
improved 6-minute walking distances after a prehabilitation 
program lasting a median of 24 days, when compared to con-
trols [32]. This randomized trial was undertaken in consecu-
tive patients regardless of nutritional state. In a further 
randomized trial undertaken specifically in high-risk patients, 
an intensive 4-week prehabilitation program was found to 
result in improved exercise endurance as well as less postop-
erative complications [33].

 Obesity

It is well established that BMI is directly correlated to 
adverse postoperative outcomes. Many would argue that pre-
operative weight loss is difficult to achieve; however, for 
some elective operations, emerging evidence suggests that 
preoperative diets may positively influence postoperative 
outcomes. Specifically, several studies have shown that a 
1-week low-calorie, low-fat diet was associated with 
decreased hepatic steatosis and with a concomitant decrease 
in intra- and postoperative bleeding [34, 35]. A short-term 
calorie and protein-restricted diet has recently been shown to 
also be feasible in kidney donors and recipients [36].

From a pragmatic perspective, obese patients awaiting 
elective surgery may be counseled regarding lifestyle modi-
fication with increased water intake, restricting carbohydrate 
intake, and elimination of carbohydrate-rich foods that lack 

nutritional value (sugary, corn syrup-based drinks, alcoholic 
beverages, cakes, and sweets). Note that weight loss is con-
sidered by many to be a prerequisite for elective incisional 
ventral hernia repair, and these patients may benefit from 
referral for cognitive behavioral therapy for weight loss and 
approach with proven efficacy prior to bariatric surgery [37].

 Immunonutrition

Major surgery is associated with derangements in many 
micronutrients required to maintain immunocompetence. 
These micronutrients include specific amino acids (e.g., glu-
tamine and arginine), polyunsaturated fatty acids (omega-3 
fatty acids), nucleotides, and RNA. So-called immunonutri-
tion has therefore been developed, providing a range of such 
micronutrients in addition to the usual macronutrients.

Many trials have evaluated orally administered immu-
nonutrition in the lead-up to surgery, in both well-nour-
ished and malnourished subjects. Recent meta-analyses 
have demonstrated that most trials of immunonutrition 
products, although many show promising results, suffer 
from significant bias [38, 39]. Specifically, most were 
funded by industry, and this bias is often insufficiently dis-
closed [38, 39]. Most importantly, it has been demon-
strated that industry funding of trials in surgery greatly 
influence findings. In immunonutrition, industry-funded 
trials were found to be manyfold more likely to report pos-
itive outcomes from the intervention evaluated (odds ratio 
7.8) [38]. When only trials at low risk of such bias are 
included in meta-analysis, no beneficial effects on mortal-
ity, overall complications, or infectious complications are 
seen from immunonutrition [39].

Currently available clinical guidelines from ESPEN and 
the ERAS Society have not universally included recommen-
dations to routinely use immunonutrition [40, 41]. However, 
recent data has modified this situation for some gastrointes-
tinal surgery [42–44].

Therefore, while there is a case for provision of calories, 
proteins, and some micronutrients in malnourished patients 
for a period leading up to major surgery, orally or enterally 
when possible, there is currently no established role for pre-
operative immunonutrition.

 Vitamin Supplementation

Although vitamin supplementation is a routine aspect of par-
enteral nutritional support, one aspect of perioperative nutri-
tional supplementation that has received little attention is 
enteral perioperative vitamin supplementation. Such short- 
term interventions are generally low cost and safe (if not 
taken in excess quantities).

6 Perioperative Optimization of Patient Nutritional Status
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Although a well-balanced healthy diet provides most 
individuals with the recommended daily requirements, sur-
gical patients are often in an abnormal health state and thus 
may reasonably be expected to have higher than typical vita-
min requirements. Although there is no proven benefit to 
long-term daily vitamin supplementation, from a risk-bene-
fit perspective, empiric short-term daily vitamin use before 
and after surgery would reasonably be expected to be no 
risk-low benefit, thus favoring its implementation. Specific 
vitamin supplementation for anemic patients include ade-
quate levels of folate, ascorbic acid, and enteral iron. 
Vitamin supplements that optimize collagen synthesis 
include ascorbic acid and zinc sulfate, as well as high-dose 
retinoic acid (vitamin A) for steroid-dependent patients, the 
former which was demonstrated to be efficacious in animal 
models [45–47].

Finally, certain individuals are prone to significant, 
chronic vitamin deficiencies, such as vitamin D deficiency 
after bariatric surgery, B12 deficiency after terminal ileal 
resection, and others.

 Example of Disease-Specific Considerations

 Crohn’s Disease

Patients with Crohn’s disease represent a particular subgroup 
of nutritionally at-risk patients who often have bowel dam-
age severe enough to warrant total parenteral nutrition. This 
is often the case due to the severity of the malnutrition and 
that enteric nutritional intake may be limited by it aggravat-
ing abdominal pain.

However, data (mostly from pediatric literature) has dem-
onstrated that exclusive enteral nutrition (EEN), which is 
essentially a polymeric diet using a single high-protein oral 
nutritional supplement, may be useful in this patient popula-
tion. Specifically, due to complex interactions of a diet of 
normal foodstuffs with the intestinal microbiome and physi-
ologic gut burden, EEN in Crohn’s disease has been shown 
to be a disease-modifying therapy in Crohn’s disease in and 
of itself. In fact, switching a patient to EEN may reduce 
abdominal pain and can have anti-inflammatory effects, 
allowing steroid weaning as a bridge to surgery.

People with Crohn’s disease are at particular risk of 
malnutrition, due to a combination of factors including 
decreased oral intake, malabsorption due to mucosal dis-
ease, and catabolism due to systemic inflammation. A 
large proportion of patients requiring surgery are malnour-
ished. In addition to the risks of added postoperative mor-
bidity associated with malnutrition, reviewed above, in 
surgery for Crohn’s disease, there are specific risks 
described that relate to anastomotic complications. Several 
studies have identified preoperative weight loss in the 

5–10% range as an independent predictor of intra-abdomi-
nal septic complications [48–50]. Treating malnutrition is 
therefore particularly important in this population of 
patients. Preoperative optimization programs have 
emerged for Crohn’s disease, incorporating a period of 
preoperative nutritional support in the form of either poly-
meric diet or parenteral nutrition, and preliminary data 
suggest improved outcomes [50–53]. In one meta-analy-
sis, the number needed to treat was 2 for intervention with 
oral or enteral nutrition before surgery for Crohn’s disease 
in malnourished patients [53]. There is also some evidence 
that perioperative enteral nutrition with elemental self-
intubation was associated with a lower 5-year recurrence 
of Crohn’s disease [54].

 Conclusions and Future Directions

Patients undergoing major surgery in the setting of enhanced 
recovery should routinely be screened preoperatively for 
malnutrition using one of several readily available bedside 
tools. Those identified with nutritional disorders require 
referral to a nutritionist for consideration of intervention as 
the underlying surgical pathology and times allows. Patients 
undergoing gastrointestinal and oncologic surgery represent 
several at-risk groups as their pathology may directly con-
tribute to nutritional disorders. In the twenty-first century, 
the old adage of “if the gut works, use it” still holds true. 
Exclusive enteral nutrition may have an increasing role in 
affecting both short- and long-term perioperative outcomes, 
similar to how ERAS may be associated with improved long-
term oncologic outcomes. In the near future, further develop-
ments in the area of food and nutrition science can reasonably 
be expected to further attenuate the association of nutritional 
disorders with sub-optimal postoperative outcomes.
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Anemia and Blood Management

Michael J. Scott

 Introduction

This chapter discusses the Enhanced Recovery After Surgery 
(ERAS) principles of maintaining an optimal hemoglobin level 
to avoid the risk of perioperative organ dysfunction or red cell 
transfusion. It covers elective surgical cases and is not an 
exhaustive review of blood management. Preoperative treat-
ment of anemia and minimizing the use of blood transfusion 
are two key strategies to reduce complications after surgery.

 Anemia: Incidence and Causes

Anemia is one of the commonest modifiable risk factors for 
patients undergoing major surgery. The World Health 
Organization (WHO) definition of anemia is a hemoglobin 
(Hb) level of <13.0 g/dL for men and <12 g/dL for women. 
This is based on large population studies as normal. However, 
a proportion of women are iron deficient due to blood loss 
during menses with one study showing around 25% of those 
with an Hb of 12 g/dL may be iron deficient [1]. Therefore a 
large proportion of women are entering surgery either with a 
low Hb level or with iron deficiency or both. This means that 
their ability to respond to blood loss is impaired, and this can 
lead to delayed return to normal functional activity and the 
feeling of tiredness. Women also have a lower circulating 
blood volume and red cell mass. Volumes of surgical blood 
loss are surprisingly consistent between standardized opera-
tions such as hip replacement despite differences in the size 
of patients [2]. Therefore a woman can lose a similar volume 
of blood to a man in surgery, but the impact on their drop in 
Hb is higher due to their lower starting red cell mass and 

circulatory blood volume. Another example is women are 
much more likely to be transfused in cardiac surgery than 
men because of the necessary priming volume for cardiac 
bypass circuits.

Consensus guidelines on perioperative anemia agree that 
all patients should be screened for anemia prior to major sur-
gery. Rationalizing laboratory tests at the time of testing can 
be important for cost savings. There are now noninvasive 
oximeters measuring Hb that are the same size as pulse 
oximeters and can be used as a quick noninvasive screening 
process. This can help the logistics of ordering follow-up 
laboratory studies, which are necessary to categorize the 
type of anemia if the oximeter value shows anemia. Then 
iron studies can be drawn at the same time as the initial full 
blood count.

Patients presenting for surgery may have many factors 
as a cause for anemia: acute or chronic blood loss, vitamin 
B12 or folate deficiency, or anemia of chronic disease. 
There may also be a combination of these, and they may be 
related or unrelated to their reason for surgery [3]. 
Chemotherapy can also induce anemia due to toxicity of 
the bone marrow. Anemia should be investigated appropri-
ately prior to correction, particularly if it does not fit with 
the clinical presentation for the reason for surgery. Most 
causes of anemia in patients undergoing major surgery is 
iron deficiency due to either blood loss due to the pathology 
(e.g., colon cancer) or anemia of chronic disease. The pre-
operative clinic should have standardized guidelines for 
referral of patients to the hospital internist, hematologist, or 
gastroenterologist when the cause of anemia is not obvious. 
Chronic renal failure is another cause for a low Hb, although 
these patients usually receive erythropoietin and iron infu-
sions from their nephrologist.

Figure 7.1 shows how anemia can be screened and cate-
gorized [2]. Ferritin is a useful test for iron deficiency but can 
be raised in chronic inflammation. Therefore it is important 
to get iron studies so that the transferrin saturation (TSAT) is 
calculated. A TSAT less than 20% will confirm the diagnosis 
of iron deficiency.
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 Anemia of Chronic Disease

In anemia of chronic disease, such as inflammatory arthropa-
thy or bowel disease, the iron regulatory protein hepcidin is 
activated in response to inflammation. This has many effects 
on iron metabolism including inhibiting recycling of iron 
from the breakdown of red blood cells, mobilization of iron to 
the marrow for hemopoiesis, and absorption of iron from the 
gastrointestinal (GI) tract. This reduces availability of iron 
stores for red cell production. The use of oral iron in these 
circumstances is therefore not very effective. Intravenous iron 
infusions can overcome this issue in many instances [3].

 Anemia: Risks of Complications 
and Mortality

Anemia is a risk factor for all complications and mortality 
for patients undergoing major surgery [4, 5]. Anemia is sur-
prisingly common in patients presenting for surgery. Large 
data reported from Europe by the European Surgical 
Outcomes Study (EuSOS) group in all surgical specialties 
showed a prevalence of 31.1% of men and 26.5% of women 
[4]. There was an inflection for mortality with an Hb below 
10.5 g/dl and an increased risk of complications, length of 
hospital stay, and use of intensive care resources the lower 
the Hb was at presentation prior to surgery (Fig. 7.2) [4].

The administration of blood products both pre- and peri-
operatively to correct anemia is also a causative factor for 
complications and impacts long-term survival in patients 
with cancer. Blood transfusion is therefore not an optimal 
treatment for anemia, and a restrictive blood transfusion pol-
icy should be adopted in surgery.

In one recent consensus document, the authors looked at 
35 cohort studies [6]. They then performed a meta-analysis 
to identify the pooled odds ratio (OR) for adverse events in 
cardiac and non-cardiac surgery. This showed an association 
between preoperative anemia and:

 1. In-hospital mortality (pooled OR, 2.09 [95% CI, 
1.48–2.95])

 2. 30-day mortality (pooled OR, 2.20 [95% CI, 1.68–2.88])
 3. Acute myocardial infarction (AMI) (pooled OR, 1.39 

[95%CI, 0.99–1.96])
 4. Acute ischemic stroke or central nervous system compli-

cations (pooled OR, 1.19 [95% CI, 1.02–1.39]
 5. Acute kidney injury, renal failure/dysfunction, or urinary 

complications (pooled OR, 1.78 [95% CI, 1.35–2.34])

A retrospective series of 23 388 patients undergoing 
colorectal surgery showed that 7.9% of patients received 
blood transfusions during their hospital admission. There 
was an increase in organ space surgical site infections (SSI) 
(OR 2.93) and septic shock (OR 9.23). In one series of elec-
tive orthopedic surgery for hip and knee replacement, a 
transfusion of blood products increased 4-year mortality by 
10% [5]. In other studies looking at patients with cancer 
metastasis to the liver undergoing liver resection, the transfu-
sion of blood products is a risk for poor short- and long-term 
outcomes [7, 8].

It is therefore essential to optimize a patient’s hemoglobin 
levels prior to surgery. The time window to do this will vary 
according to the reason and urgency for surgery and how rap-
idly blood loss is occurring.

 Optimal Perioperative Hemoglobin Targets

The American Society of Anesthesiologists (ASA) and 
European Society of Anaesthesiology (ESA) recommend 
that a minimum Hb level of 7.0–10.0 is maintained through 
the perioperative period. The ASA recommends maintaining 
a minimum Hb target of 6.0–10.0 g/dl according to the type 
of surgery and comorbidities of the patient [9].

However, this does not mean these levels are ideal. As 
blood loss is not always predictable for surgery, a patient’s 
preoperative Hb should be targeted such that the Hb prior to 
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surgery is at a level that with the predicted average blood loss 
the nadir hematocrit is not reached. Nadir hematocrit is the 
level of Hb below which there is likely to be complications 
due to a failure of oxygen delivery to organs. A composite 
risk graph was developed for cardiac patients by Loor et al. 
(Fig. 7.3) [10]. This shows that patients with different comor-
bidities have a different nadir Hb below which mortality 
rises.

Therefore for elective surgery a target Hb of >12–13 g/dl 
should be set. For patients undergoing urgent surgery, Hb 
should be optimized as much as possible prior to surgery 
(Table 7.1).

 Preoperative Interventions to Increase 
Hemoglobin in Iron Deficiency Anemia

 Oral Iron Therapy

Oral iron is a simple and cheap way of correcting iron defi-
ciency anemia but may be poorly tolerated due to gastrointes-
tinal side effects. The absorption is reduced when patients are 
on a proton pump inhibitor for gastroesophageal reflux due to 
the poor conversion of the iron by acid into an absorbable 

form. The absorption of iron may be better by using lower 
doses than the standard 200 mg such as 40–60 mg per day or 
alternating slightly higher doses of 80–100 mg [3]. However, 
the response and correction of anemia with oral iron may be 
slow, particularly if there is ongoing blood loss. Intravenous 
iron infusion may be worth considering to give a kick start in 
this group or in nonresponders (Table 7.2).

 Intravenous Iron Infusions

Although older iron infusions had a significant number of 
serious adverse effects, there are several newer sugar-based 
iron infusions available in clinical practice with a low serious 
adverse reaction rate of between 7 and 38 per million [11]. 
Acute reactions comprising itching, vasodilation, and tran-
sient hypotension are normally mediated via complement 
activation due to nanoparticles rather than a classic immuno-
globulin E (IgE)-mediated immune response [12]. By paus-
ing the infusion and giving intravenous steroids and 
antihistamines, this can be rectified and the infusion contin-
ued more slowly. Timing and number of infusions depend on 
the urgency of surgery. There are many online calculators to 
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Table 7.1 Common procedures where there is a high chance of 
>500 ml blood loss or >10% of blood volume

Hip and knee arthroplasty
Spinal surgery – fusion >1 level
Cardiac surgery
Thoracic surgery
Major hepatobiliary surgery/liver resection surgery
Colorectal bowel resection
Esophagectomy and gastric resection surgery
Pancreatic surgery
Cystectomy
Transplant surgery – liver, lung, heart

Table 7.2 Anemia Key Points

All patients undergoing major surgery should be screened for anemia
Anemia is a modifiable risk factor for mortality and complications 
and should be investigated and treated appropriately prior to surgery
The degree of anemia correction possible before surgery may depend 
on the urgency of surgery and whether the ongoing blood loss is 
faster than the patient can make up with hematopoiesis
Iron deficiency is common, particularly in women even with normal 
Hb levels
Iron studies comprising Ferritin, Fe, TIBC and TSAT folate, and B12 
deficiency should be performed as soon as anemia is detected to 
allow maximal time for correction prior to surgery. Other causes 
should also be tested for
Noninvasive Hb measurement can be a useful screening tool to 
trigger iron studies sooner, allowing more time for correction prior to 
surgery
Blood transfusion has its own associated risks and is not the 
treatment for a chronic problem at the time of surgery
All hospitals should have a patient blood management program
Unless there is known cause for the anemia, appropriate 
investigation should be performed prior to surgery (e.g., upper and 
lower GI endoscopy)
Proton pump inhibitors are a common cause of iron deficiency
Oral iron can be tried, but response is often slow and poorly tolerated
Anemia of chronic disease is a state of functional iron deficiency and 
may respond to intravenous iron
IV iron now comes in many sugar solutions that have a low 
anaphylaxis rate. However, immediate nanoparticle reaction is 
common but can be treated with steroids and antihistamines and 
temporarily stopping the infusion
Iron infusions should be considered in the following groups even 
without overt anemia: Women with expected blood loss, patients 
with chronic heart failure
Short-acting ESAs should be used with caution until further 
evidence emerges but may benefit patients with resistant anemia
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work out the iron deficit for a patient’s size and current Hb, 
although these do not take into account active blood loss. 
Administering 1–1.5 g usually restores iron levels back to 
normal. This should be given in divided doses such as iron 
sucrose 300 mg every 1–2 weeks, although iron carboxymel-
lose may be given in doses of 1  g in a single sitting. 
Reticulocytosis occurs at 3–5 days. In one study the single 
1 g dose increased Hb by 0.8 g/dl over 8 days [13].

A recent meta-analysis of the use of intravenous iron in 
the preoperative and postoperative phases demonstrated effi-
cacy in raising Hb levels, reduced red blood cell use, and 
improved patient well-being [14]. Iron infusions have also 
been used to correct anemia to improve cardiac function in 
chronic heart failure, where the incidence of anemia is com-
mon [15]. This may be an important intervention to decrease 
this group’s perioperative risk.

 Use of Erythropoietin-Stimulating Agents 
(ESA)

The addition of an erythropoietin-stimulating agent (ESA) is 
not usually needed to treat preoperative anemia; however, 
there are some cases of resistant anemia where their use may 
be of benefit. A recent meta-analysis of 32 studies showed 
that short-acting ESAs can be safely used preoperatively to 
increase Hb levels if dosed appropriately [16]. There was 
significant reduction in allogenic red cell transfusion during 
the perioperative period. The main risks previously reported 
were increased venous thromboembolism (VTE) and possi-
ble cancer effects. However, in this meta-analysis, the risk of 
VTE was not demonstrated. During ESA treatment, hemo-
globin may be increased to the lowest concentration needed 
to avoid transfusions. Timing of infusions and effectiveness 
in different surgical populations has still to be determined by 
large-scale studies. Iron replacement may be used to improve 
hemoglobin response and reduce red blood cell (RBC) trans-
fusions for patients receiving ESA with or without iron 
deficiency.

In a recent international consensus guide by Mueller 
et al., in order to reduce the need for RBC transfusions, the 
following recommendations for ESAs can be offered to 
patients who have chemotherapy-associated anemia [6]:

• Recommendation 1.1 – Depending on clinical circum-
stances, ESAs may be offered to patients with 
chemotherapy- associated anemia whose cancer treatment 
is not curative in intent and whose hemoglobin has 
declined to <10 g/dL. RBC transfusion is also an option, 
depending on the severity of the anemia or clinical cir-
cumstances (type, evidence based; evidence quality, high; 
strength of recommendation, strong).

• Recommendation 1.2 – ESAs should not be offered to 
patients with chemotherapy-associated anemia whose 
cancer treatment is curative in intent (type, evidence 
based; evidence quality, intermediate; strength of recom-
mendation, strong).

 Perioperative Blood Management

The blood has several components including red bloods 
cells, white blood cells, platelets, and plasma containing 
clotting factors and fibrinogen. This chapter is focused on the 
management of reducing red blood cell transfusion.

All patients should have a restrictive blood transfusion 
plan. As stated earlier in the chapter, current guidelines are to 
maintain an Hb of 7.0–10.0 g/dl according to the type of sur-
gery and the comorbidities of the patient.

 Reducing Blood Loss During Surgery 
and the Postoperative Period

 Surgical and Anesthetic Technique to Reduce 
Blood Loss
Blood loss is due to direct trauma of tissues or escape of 
blood from veins or arteries. The surgeon, type of surgery, 
and surgical technique are therefore key determinants of 
blood loss. Optimal dissection technique and the use of mod-
ern high-energy instruments such as harmonic scalpel can 
reduce bleeding during dissection. Rapid control of sources 
of bleeding is also important. In some high-risk blood loss 
procedures, such as liver surgery, certain techniques are well 
established such as the Pringle maneuver. Anesthetic tech-
nique using agents to lower the venous pressure and control 
arterial pressure and stroke volume can also be useful to 
reduce the amount of blood loss. Appropriate hemodynamic 
monitoring is mandatory during these surgeries.

 Red Cell Salvage
The use of red cell salvage is useful where there is an 
expected high blood loss. Red cells are scavenged during 
suction and washed and recycled to be reinfused. There is a 
high cost of setup of these machines, but more recently there 
are more cost-effective solutions so they can be used in lower 
blood loss situations. As the cost of blood is increasing, red 
cell salvage is becoming a more cost-effective intervention. 
The use in cancer surgery has been strongly debated because 
of the principle of reintroducing cancer cells into the circula-
tion. However, these cells were there in the first place, and 
the avoidance of red cell transfusion is important for onco-
logical outcomes.
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 Antifibrinolytics
The use of antifibrinolytics, such as tranexamic acid and 
aminocaproic acid, is gaining popularity in many surgical 
specialties. The mode of action is to inhibit plasminogen and 
the formation of plasmin, which can reduce clot stability. 
They can be given systemically or used topically. Usually 
these are given prior to the start of surgery and redosed; 1 g 
of tranexamic acid appears to give optimal benefit with 
redosing occuring every 6 hours as necessary. Higher doses 
raise the risk of seizures. In a meta-analysis antifibrinolytics 
have been shown to be effective in reducing surgical bleed-
ing in many different surgical specialties [17]. Despite initial 
concerns the risk of venous thromboembolism does not seem 
to be significantly higher than control. The CRASH2 study 
in trauma showed it is important that tranexamic acid be used 
early in the injury process [18].

 Reducing Frequency and Volume of Blood Tests
The simple steps of reducing the number of blood tests after 
surgery and using smaller collecting tubes can have a dra-
matic decrease in the amount of blood taken out of the patient.

 Conclusion

Anemia is common in patients presenting for major surgery 
and increases all-cause morbidity. All patients should be 
screened for anemia and the cause identified. Correction prior 
to surgery can be achieved in many patients, particularly those 
patients with iron deficiency because modern intravenous iron 
preparations are safe and can be given as an outpatient basis. 
Erythropoietin-Stimulating Agents should be used with cau-
tion. The degree of correction may be limited depending on 
the urgency of surgery. Blood transfusion has long-term effects 
and should be avoided if possible preoperatively.

All hospitals should offer a blood management strategy to 
minimize individual blood transfusion.

Intraoperative and postoperative strategies can reduce the 
amount of blood loss. Surgical technique is key, together 
with the approach (open or laparoscopic/robotic). Tranexamic 
acid and intraoperative cell salvage are proven techniques to 
reduce blood transfusion. In the postoperative period, reduc-
ing frequency and volume of blood tests can also reduce the 
amount of blood loss.
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Perioperative Smoking and Alcohol 
Cessation

Gabriele Baldini

 Smoking Cessation

The proportion of adults who are smoking in the devel-
oped world is decreasing (one out of five adults smoke) 
[1]. According to the US Centers for Disease Control and 
Prevention (CDC), the proportion of adults smoking cig-
arettes in the United States decreased from 23.3% (46.5 
million) in 2000 to 15.5% (37.8 millions) in 2016 [2].

Frequently, preoperative interventions aim at optimizing a 
patient’s comorbidities, while minimal efforts are made to 
modify lifestyle habits that also have been shown to increase 
postoperative morbidity. Despite it is well proven that smok-
ing cessation is highly feasible, readily available, and a cost- 
effective intervention, interventions to help surgical patients 
quit smoking before surgery are rarely provided as routine 
surgical care.

Interestingly, perioperative physicians systematically 
inquire about lifestyle habits such as smoking, but this infor-
mation is primarily used to stratify perioperative risks rather 
than triggering behavioral and lifestyle changes.

Current evidence demonstrates that preoperative smoking 
is associated with increased morbidity and mortality [3]. 
Considering that smoking is a potentially modifiable preop-
erative risk factor, interventions that aim at helping patients 
quit smoking before surgery should be more frequently 
adopted. Perioperative physicians and caregivers should take 
advantage of the perioperative period and encourage and 
support patients to achieve short- and long-term smoking 
cessation.

 Why, When, Who, and How?

 Smoking: Perioperative Pathophysiologic 
Changes

Airway and Respiratory System Smoking has been shown 
to induce inflammatory changes and impair the respiratory 
immune function. These effects are particularly important in 
patients receiving general anesthesia during which some of 
the physiologic mechanisms protecting the respiratory sys-
tem—such as bronchial mucus transport, macrophage func-
tion, and microbicidal cellular activity—are negatively 
affected by smoking [4].

Smoking causes an alteration of the airway epithelial 
function and mucus production (increased volume and 
composition) and decreases mucociliary clearance [4, 5]. 
Clinically, these pathophysiologic changes can determine 
an increased irritability of the airway that is associated with 
intraoperative cough, laryngospasm, and breath holding 
[4]. With time, hyperplasia of muscle fibers and fibrosis 
caused by smoking determine a more rapid decline in 
forced expiratory volume in 1  second compared to non-
smokers [4].

Cardiovascular System It is well recognized that smoking 
is a risk factor for atherosclerosis, coronary artery disease, 
heart failure, and peripheral vascular diseases. This is mainly 
due to nicotine, but also to many other constituents of ciga-
rette smoke. Nicotine directly and indirectly, by stimulating 
the sympathetic system, increases myocardial work by 
increasing heart rate, blood pressure, and contractility. 
Smoking causes coronary vasoconstriction in patients with 
coronary artery disease, and it induces a hypercoagulable 
and chronic inflammatory state [4].

Carbon monoxide (CO) released by smoking tobacco 
decreases the amount of oxygen bound to the hemoglobin 
and decreases oxygen release to tissue. These effects predis-
pose to angina and ventricular arrhythmia. Moreover, CO 
and cyanide, also released in cigarette smoke, impair mito-
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chondrial respiration by inhibiting enzymes such as the cyto-
chrome c oxidase.

Considering that the half-lives of nicotine and carboxyhe-
moglobin are very short (1 and 4 hours, respectively), it is 
plausible to expect that cardiovascular benefits could be 
observed even for a brief period of smoking cessation. This 
is supported by evidence demonstrating that carbon monox-
ide levels correlate with ischemic electrocardiographic signs 
in anesthetized surgical patients. Improvement of smoking- 
related diseases, such as atherosclerosis, coronary disease, 
and peripheral vascular disease, may occur more slowly [4].

Wound and Bone Healing Many studies have reported that 
smokers have a higher risk to develop postoperative wound 
healing complications, such as dehiscence and infection. 
Decreased tissue oxygenation caused by nicotine-induced 
vasoconstriction and by carboxyhemoglobin, together with 
many other risk factors, contributes to development of these 
complications. However, experimental studies using high- 
nicotine concentrations (far above the levels measured in 
active smokers) have also suggested that smoking impairs the 
tissue and immune response to injury, thus compromising 
wound healing. Paradoxically, topical application of nicotine 
to wounds has shown to promote angiogenesis and accelerate 
healing [6]. These findings suggest that other substances than 
nicotine produced by cigarette smoke might also affect wound 
healing. The effect of nicotine on wound healing probably 
depends on many other factors, such as dose, route of admin-
istration, acute vs. chronic exposure, and modulation of 
neuro-inflammatory mechanisms involved in the response to 
tissue injury [4]. Moreover, impaired nitric oxide release—
frequently present in patients with microvascular diseases 
such as smokers—might further delay wound healing [4].

Similarly, smoking has been shown to impair bone heal-
ing and increase the risk of non-union especially after major 
spine surgery. These risks are higher if smoking is continued 
in the postoperative period. Several mechanisms have been 
proposed [4]. Experimental studies have shown that nicotine 
at relatively high dose negatively affects bone healing by 
inhibiting several cellular pathways. In particular inhibition 
of tumor necrosis factor-alpha (TNF-α) secretion through the 
activation of the cholinergic anti-inflammatory pathway 
seems to play a major role [7].

Nervous System Function Nicotine binds to the ion chan-
nel nicotine acetylcholine receptors (nAChRs) widespread in 
the central and peripheral nervous system. Nicotine acetyl-
choline receptors are also located in the autonomic ganglia, 
the adrenal glands, and at neuromuscular junctions. Several 
subtypes of nAChRs have been identified, depending on 
their subtype units. Nicotine acts mostly as a receptor ago-
nist, but when it binds certain nAChR subunits, it antago-
nizes the effect of acetylcholine. Because of the ubiquity of 

nAChRs, activation of these receptors produces different 
effects, depending on the anatomical location and type of 
subunits activated. In the central nervous system (CNS), acti-
vation of nAChRs modulates the release of several neu-
rotransmitters that influence several CNS functions. As a 
result, the effect of nicotine on the CNS function is not com-
pletely understood and is complex in nature. Nicotine can 
produce psychotropic effects, such as reward and pleasure, 
by activating the dopaminergic system, but it can also cause 
unpleasant effects, such as anxiety and agitation, especially 
in nicotine-naïve patients.

Experimental and clinical studies also demonstrate that 
nicotine affects nociception, but the effects are complex 
and inconsistent. Animal studies show that systemic nico-
tine produces a mild analgesic effect when it stimulates 
nAChRs located in the CNS, while it increases pain percep-
tion when it stimulates nAChRs of peripheral nerves. 
Clinically, most of the studies have demonstrated that 
smoking increases pain threshold and tolerance, but other 
studies performed in smokers undergoing coronary artery 
bypass graft, oral surgery, and pelvic surgery have shown 
an increase of postoperative opioid requirements [4]. 
Although baseline and postoperative pain thresholds might 
be lower in smokers than in non-smokers, postoperative 
increase of pain score does not differ [8]. Evidence that 
nicotine affects perioperative pain perception comes also 
from the reported effects of abstinence and nicotine replace-
ment therapy on pain thresholds in nonsurgical and surgical 
patients. Nicotine replacement therapy (NRT) has shown to 
modify pain thresholds differently, depending on patients’ 
gender. In fact, although NRT has shown to increase the 
pain threshold in both smoking and nonsmoking individu-
als, this effect was observed only in men [9]. Moreover, 
intranasal nicotine injected in nonsmoking patients under-
going gynecological surgery has demonstrated to decrease 
pain intensity and opioid consumption in the first 24 hours 
after surgery [10]. However, a following randomized con-
trolled trial (RCT) in patients undergoing gynecological 
surgery and receiving a 3-day NRT patch (1  hour before 
surgery and 2  days after surgery) did not confirm these 
results [11]. Epidemiological studies have reported that 
smoking is a risk factor for chronic pain [12].

Experimental trials also demonstrate that anesthetic 
agents inhibit nAChRs located in the CNS, but it remains 
uncertain whether smoking status affects anesthetic require-
ments [4].

Long-term exposure to nicotine can cause tolerance as a 
result of nAChR desensitization and plastic changes in the 
central nervous system. These changes are also responsible 
for somatic and affective nicotine withdrawal symptoms. 
Because of these long-lasting CNS effects, these symptoms 
can manifest within a few hours from abstinence and last for 
several weeks [4, 13] (Fig. 8.1).
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 Smoking and Smoking Cessation 
With and Without Perioperative Interventions: 
Impact on Clinical Outcomes

Overall Complications and Mortality Smoking is associ-
ated with higher postoperative mortality and morbidity [3, 
14]. The effect of smoking on postoperative outcomes seems 
procedure specific, with higher morbidity, reoperation, and 
readmission rates after cardiovascular and oncologic surgery 
[15]. This risk is higher in both active smokers and in ex- 
smokers (the risk in active smokers is higher than in ex- 
smokers) compared to patients who never smoked [14, 
16–18]. It also increases proportionally to the number of 
pack-years smoked [3, 17]. Overall, preoperative smoking 
cessation interventions reduce postoperative complications 
by 60% [19]. A meta-analysis including 21 RCTs and 15 
observational trials demonstrated that each additional week 
of smoking cessation further decreases by 19% the risk of 
developing complications and that the magnitude of this 
effect was greater after 4 weeks of smoking abstinence [20].

Cardiovascular Complications Whether or not preopera-
tive smoking is an independent risk factor for major cardio-
vascular complications still remains controversial. This 
might explain why many cardiovascular score systems used 
to predict perioperative cardiovascular risk—except the 
American College of Surgeons National Surgical Quality 
Improvement Program (ACS NSQIP) calculator—do not 
include smoking status. However, data from the ACS NSQIP 
demonstrate that in 82,304 active smokers undergoing major 
noncardiac surgery, and propensity matched with 82,304 
patients who never smoked, the risk of cardiac arrest, myo-
cardial infarction, and stroke was higher (odds ratio [OR] 
1.57, 95% confidence interval [CI], 1.10– 2.25; OR 1.73, 
95% CI 1.18–2.53; OR 1.80, 95% CI 1.11–2.92, respec-
tively) [3]. A similar cohort study from the same registry also 

confirmed that arterial cardiovascular complications were 
more frequent in active smokers than ex-smokers who quit at 
least 1 year before the date of surgery [14]. RCTs demon-
strating that preoperative smoking cessation reduces cardio-
vascular morbidity are lacking. One RCT conducted in 
surgical patients undergoing orthopedic surgery reported that 
cardiovascular complications were reduced in patients 
receiving preoperative smoking cessation, but this difference 
was not significant [21].

Respiratory Complications Several studies have reported 
that smoking is a risk factor for postoperative pulmonary 
complications (PPCs). In particular it increases the risk of 
respiratory failure, unplanned intensive care unit, pneumo-
nia, laryngospasm and bronchospasm, desaturation in post-
anesthesia care unit (PACU), and increased need for 
postoperative respiratory therapy [17]. Smoking status is 
considered the most preventable preoperative risk factor for 
reducing PPCs. Some prospective studies, aiming at evaluat-
ing the independent predictors of PPC, did not identify pre-
operative smoking as an independent risk factor for PPCs, 
suggesting that low-risk smoking patients might not be at 
increased risk [22].

It must be also considered that it is difficult to establish if 
the observed increased respiratory morbidity is due to 
tobacco smoke itself or to the severity of the respiratory dis-
ease caused by smoking. However, children without respira-
tory disease undergoing surgery under general anesthesia 
and who have been exposed to environmental tobacco 
smoke also have a higher risk of developing PPCs [23, 24], 
suggesting that smoke per se can increase the risk of devel-
oping PPCs.

Reversibility of the respiratory effects of chronic smoke 
exposure mainly depends on whether patients have devel-
oped a chronic obstructive lung disease. Several observa-
tional studies demonstrate that preoperative smoking 
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cessation for more than 4–12  weeks is associated with a 
reduction in PPCs [25]. In the past, few underpowered stud-
ies demonstrated that in patients undergoing cardiac surgery, 
the risk of developing PPCs is higher if patients abstained 
from smoking less than 8 weeks before surgery compared to 
patients who continue to smoke up to 24 hours before sur-
gery. However, these findings have never been reproduced, 
and current evidence demonstrates that preoperative smok-
ing cessation is always beneficial, and its effects are more 
pronounce with longer period of abstinence [4, 20, 26, 27]. 
The UK National Institute for Health and Care Excellence 
(NICE) smoking cessation guidelines unrestrictedly pro-
motes preoperative smoking cessation [27]. A recent obser-
vational trial conducted in patients undergoing curative lung 
cancer resection demonstrated that patients actively smoking 
at the moment of surgery had higher PPCs (22% vs. 2%; 
p  =  0.004), higher frequency of intensive care admission 
(14% vs. 0%; p = 0.001), and a longer median hospital stay 
(6 vs. 5 days; p = 0.001). PPCs were not significantly differ-
ent in patients who quit smoking 6 or more weeks before 
surgery compared to patients who quit less than 6  weeks. 
Also, patients who never smoked seemed to have better long- 
term survival after surgery [28]. Information about smoking 
cessation interventions (if any) were not reported. Although 
preoperative smoking cessation interventions aiming at 
reducing PPCs in high-risk patients have been not specifi-
cally studied, rehabilitation programs following major lung 
resections have shown to facilitate smoking cessation and, 
although not statistically significant, reduce PPCs (after 
adjusting for chronic obstructive pulmonary disease [COPD] 
and smoking); having the intervention tended to reduce the 
risk of developing a PPC (OR = 0.40, 95% CI 0.13–1.01; 
p = 0.07) [29].

Wound and Bone Healing Sørensen et al. demonstrated 
that, by pooling 140 cohort studies including 479, 150 sur-
gical patients, smoking increases the risk of wound healing 
complications. In particular the risk of tissue and wound 
necrosis (adjusted OR [ORad] 3.60, 95% CI 2.62–4.93), 
healing delay and dehiscence (ORad 2.07, 95% CI 1.53 = to 
2.81), surgical site infections (ORad 1.79, 95% CI 1.57–
2.04), wound complications (ORad 2.27, 95% CI 1.82–
2.84), hernia (ORad 2.07, 95% CI 1.23–3.47), and lack of 
healing (fistula and bone healing) (ORad 2.44, 95% CI 
1.66–3.58) was higher in smokers compared to non-smok-
ers [18]. Moreover, the risk of wound healing complication 
was higher in former smokers than in patients who never 
smoked (ORad 1.31, 95% CI 1.10–1.56), but lower in for-
mer smokers than in patients who never quit (ORad 0.28, 
95% CI 0.12–0.72) [18]. These results were in agreement 
with the results reported by previously published meta-
analysis [20]. Reversing the negative effects of nicotine and 
carboxyhemoglobin on wound healing could take a few 
hours, while to reverse the nicotine effects on the tissue and 

immune response to injury might take longer (months). 
Sørensen et al.’s meta-analysis also evaluated the impact of 
smoking cessation interventions on postoperative wound 
healing complications. The analysis included 4 RCTs 
including 416 patients undergoing abdominal and orthope-
dic surgery and utilizing different smoking cessation inter-
ventions ranging from low, intermediate, to high intensity. 
Pooled analysis demonstrated that despite surgical site 
infections being significantly reduced in patients who 
received smoking cessation (OR 0.40, 95% CI 0.20–0.83), 
wound healing complications were not (OR 0.48, 95% CI 
0.19–1.25) [18]. Interestingly, among the four trials 
included the only study that utilized a prolonged and 
intense smoking cessation intervention (6–8 weeks before 
surgery of individual counseling, NRT, and weekly follow-
up, and continued postoperatively for 10  days), which 
showed reduction of both wound healing complications and 
surgical site infections after hip and knee arthroplasty [21]. 
This study also reported higher preoperative smoking ces-
sation rates (complete abstinence) in the intervention group 
compared to the control group (60% vs. 6%, respectively) 
[21]. Similar results were also reported by other meta-anal-
yses [30].

 Perioperative Smoking Cessation Interventions: 
Short- and Long-Term Smoking Cessation Rates
Perioperative nicotine abstinence should be considered a 
“teachable moment” (i.e., an event that motivates individu-
als to adopt healthy behaviors that reduce risk [31]) to help 
patients achieve short- and long-term smoking cessation. 
Despite being challenging, perioperative smoking cessa-
tion was achieved in a significant proportion of surgical 
patients [19]. In an RCT of 168 patients undergoing non-
cardiac surgery, Lee et al. demonstrated that preoperative 
smoking cessation following an intense cessation program 
(initiated at least 3  weeks before surgery and including 
brief counseling by the preadmission nurse, smoking cessa-
tion brochures, referral to a telephone quitline, and a free 
6-week supply of transdermal nicotine replacement) was 
achieved in a higher proportion of patients receiving the 
intervention, compared to patients who did not (14.3% vs. 
3%, relative risk [RR] 4.0, 95% CI 1.2–13.7) [32]. Thirty-
day smoking cessation rates were also better (28.6% vs 
11% RR 2.6, 95% CI 1.2–5.5) [32]. A long-term follow-up 
of the same trial [32] demonstrated also that long-term 
smoking cessation at 1  year can be achieved in approxi-
mately 25% of surgical patients (RR 3.0, 95% CI 1.2–7.8; 
p  =  0.018) [33]. Low-nicotine baseline dependency and 
randomization to the intervention (smoking cessation) were 
found to be both successful independent predictors of long-
term abstinence. Results did not change if data were 
adjusted for nicotine dependency [33]. Combined strate-
gies are more successful than single interventions. 
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Moreover, the success of perioperative smoking cessation 
depends on the intensity and duration of the intervention. 
Detailed discussion will follow.

 When and Whose Responsibility?

Clinical data suggest that in the perioperative period, nicotine 
abstinence contributes to reduced postoperative morbidity. 
Smoking cessation always should be advised before surgery, 
independently of the timing of the intervention [27]. Although 
the optimal duration to reverse the adverse effects of smoking 
and improve postoperative outcomes is currently unclear, lon-
ger periods of intense preoperative smoking cessation inter-
ventions (3–4  weeks or longer) are associated with better 
perioperative outcomes, especially less pulmonary, wound 
healing, and infectious complications [17, 19, 20].

These data highlight the importance of promoting smok-
ing cessation as early as possible in the preoperative period 
course—ideally at the time of surgical referral or scheduling. 
Caregivers involved in the perioperative care of patients (sur-
geons, anesthesiologists, internists, general practitioners 
[GPs], and nurses) should all recommend smoking cessation 
before surgery, at every opportunity. Specialized nurses in 
smoking cessation are also a useful resource, especially in the 
context of a preoperative clinic. Although the preoperative 
clinic visit represents an ideal moment to initiate smoking 
cessation interventions, patients are often seen only few days/
weeks before surgery, thereby limiting the utilization of valu-
able smoking cessation resources. Alternatively, general prac-
titioners who are already aware of the patient’s medical 
history and of the effectiveness of smoking cessation in the 
general population might play an important role in facilitating 
smoking cessation in prevision of surgery. GPs have the 
opportunity to better exploit the preoperative period to pro-
mote the importance of preoperative nicotine abstinence and 
initiate smoking cessation interventions at the time of diagno-
sis, way before surgical referral [34].

However, several barriers such as perception of lack of 
effect; lack of clinical time, skills, and professional training; 
reluctance to raise this issue due to patient sensitivity about 
smoking; perceived lack of patient motivation; and inability 
to use effective strategies prevent this practice, especially in 
the perioperative period [34]. When preoperative smoking 
cessation is not possible, postoperative nicotine abstinence 
has also proven benefits to achieve smoking cessation and 
improve postoperative outcomes [4].

 How?

Generally, quitting smoking is difficult and rarely successful 
even in nonsurgical patients and individuals [35]. From a 
surgical patient’s perspective, the preoperative period is not 

the easiest and ideal moment to quit smoking. A simple 
preoperative recommendation could work in some very 
motivated patients, but it will not be successful in the major-
ity. The awareness of being diagnosed with a certain disease 
and the wait for the upcoming surgery can generate anxiety 
and paradoxically increase the number of cigarettes smoked, 
especially a few days or hours before the operation. This 
highlights the importance of utilizing specialized resources 
and personnel to successfully help patients to quit smoking 
before surgery [36]. The framework of 5As method could 
provide a systematic approach to identify, assist, and follow 
up smokers waiting for surgery [37] (Table 8.1).

Monitoring smoking cessation attempts is important, and 
it can be easily done by using relatively inexpensive, hand-
held, expired-air CO monitors. CO concentrations above 
10% warn for immediate attention.

Perioperative smoking cessation interventions can be 
divided into counseling or pharmacotherapy.

 Counseling
In the perioperative period, a variety of methods can be used 
to discuss the importance of smoking cessation and to facili-
tate the achievement of this objective. Counseling should 
first advise the patient to quit smoking in preparation for 
surgery, then assist the patient in devising a personalized 
quit plan, provide practical problem-solving skills, help the 
patient to obtain social support (e.g., from a spouse), and 
provide supplemental educational materials (e.g., bro-
chures). These interventions can be delivered by a variety of 
 providers with equal effectiveness. The effectiveness of 
counseling is independent from gender, ethnicity, age, and 
different social backgrounds [38]. Advising patients to quit 
smoking before surgery is the first step. In nonsurgical indi-
viduals, a simple advisory has a marginal but important 
effect on smoking cessations, as it increases quit rates by 
only 1–3% [39]. Patients with low literacy might find it dif-
ficult to understand the importance of smoking cessation. 
Even a simple and brief (<3 minutes) discussion with the 
patient about the importance of smoking cessation is useful, 

Table 8.1 The “5 A’s” that are the major steps to smoking 
intervention

1. Ask Identify and document tobacco use status for every 
patient at every visit

2. Advise In a clear, strong, and personalized manner, urge every 
tobacco user to quit

3. Assess Is the tobacco user willing to make a quit attempt at this 
time?

4. Assist For the patient willing to make a quit attempt, use 
counseling and pharmacotherapy to help him or her quit

5. Arrange Schedule follow-up contact, in person or by telephone, 
preferably within the first week after the quit date

Reprinted from Five Major Steps to Intervention (The “5 A’s”). Content 
last reviewed December 2012. Agency for Healthcare Research and 
Quality, Rockville, MD. https://www.ahrq.gov/professionals/clini-
cians-providers/guidelines-recommendations/tobacco/5steps.html
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and it increases quit rates [38]. This message also should be 
delivered and reinforced by clinical nurses working with 
surgeons or in the preoperative clinic. A dose-response rela-
tionship exists between the duration and intensity of the 
intervention and efficacy. Increasing the amount of behav-
ioral support increases smoking cessation rates by 10–25% 
[40]. Efficacy also increases by combining different coun-
seling formats [38]. These include in-person individual 
(face-to-face) or group counseling or telephone counseling. 
Free Web-based and text messaging cessation support or 
mobile apps are also available. Telephone counseling can be 
proactive (the counselor initiates one or more calls to sup-
port patients trying to quit smoking or avoid relapse) or 
reactive (the patient calls a specific service, telephone quit-
line, hotline, or helplines) [38].

Telephone quitlines are widely available, nationally and 
regionally. They can be accessed from the community, before 
and after surgery, without requiring a significant increase in 
resources. Their efficacy is well proven, and preliminary data 
show benefits even in patients with severe mental illness in 
whom smoking cessation is more challenging [41]. Call- 
back counseling enhances the effectiveness of telephone 
quitlines. Higher quit rates have been observed in patients 
who received proactive counseling (most of the studies dem-

onstrating benefits included at least two phone calls) com-
pared to patients receiving reactive counseling [42].

Utilization of these community-based interventions might 
be particularly valuable in surgical patients, as they could 
eventually unburden GPs and perioperative physicians who 
frequently work with limited time and resources. Early refer-
ral is pivotal to maximize the effect of smoking cessation on 
postoperative outcomes.

 Pharmacotherapy
Several pharmacological agents can be used depending on 
the timing of the intervention, patient’s comorbidities, smoke 
history (pack-years), patient psychological characteristics, 
and preference. First-line pharmacologic therapies include 
NRT, varenicline, and bupropion (Fig. 8.2).

Nicotine Replacement Therapy (NRT) A cigarette con-
tains 10–15 mg nicotine and delivers on average 1 mg nico-
tine to the smoker [43]. The peak plasma nicotine 
concentration during smoking is 10–50  ng/mL with about 
5% being protein-bound. The half-life averages 2  hours. 
Genetic variability in nicotine metabolism explains the 
higher concentrations of nicotine metabolites in black smok-
ers than in white smokers [43]. Plasma nicotine concentra-

Nicotine-dependent patients

Nicotine replacement therapy Varenicline Buproprion

Relapse in the past by using NRTMost effective monotherapy

Contraindications
Unstable CV disease

Contraindications
Seizure, eating disorders

MAO and other drugs that ↓ seizure
threshold****

Contraindications
Childhood and pregnancy

Mental illness

Side-effects
Mild nausea, headache, dizziness

Side-effects
Nausea**

Risk of Mood, behavior ir thinking
disorders very low***

Side-effects
Skin rash, insomnia headache and

dry mouth

Considerations
Safe in stable CV disease

↓ craving and withdrawal symptoms
Available without prescription

Continue the day of surgery*****

Considerations
↓ dose in patients with renal function

↓ rewarding effect of smoking
↑ quit rates than NRT or buproprion

It might prevent relapse
Continue the day of surgery

Arrange follow-up visit

Considerations
↓ urge to smoke and withdrawal

symptoms
Efficacy ↑ when combined with NRT

Continue the day of surgery
Arrange follow-up visit

Fig. 8.2 First-line pharmacologic therapies include nicotine replace-
ment therapy, varenicline, and bupropion. CV, cardiovascular; MAO, 
monoamine oxidase inhibitors; NRT, nicotine replacement therapy. (∗∗ 
Decrease by up-titrating the dose; ∗∗∗ lower than expected; benefits of 

stop smoking outweigh the risk of varenicline; ∗∗∗∗ oral hypoglycemic 
agent, antidepressant; ∗∗∗∗∗ discontinue in patients requiring a vascu-
lar graft. ↓ decrease; ↑ increase. Adapted from [44])
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tions measured in patients receiving any form of NRT are 
lower than those observed in active smokers, even when 
patients do not completely quit [4].

A variety of studies conducted in the nonsurgical general 
population have well established the effectiveness of 
NRT.  NRT can be delivered with nicotine patches (long- 
acting effect) and/or though nicotine gum, inhalator, mouth 
spray, lozenge, sublingual microtablet, and nasal spray (rapid- 
and short-acting effect) [43, 44]. In the general population, all 
forms of NRT are effective in increasing smoking cessation 
rates by 50–70%, independently from the setting, duration of 
the therapy, and the additional support offered to the individ-
ual [45]. In surgical patients, the majority of studies demon-
strating an increase in smoking cessation rates used NRT 
[19]. Moreover, the impact of smoking cessation interven-
tions including NRT on postoperative complications seems to 
depend on the intensity and duration of the intervention [18–
20, 30]. NRT initial dose depends on the number of cigarettes 
smoked per day (Fig. 8.3 McGill smoking cessation proto-
col), and NRT products can be used while patients are still 
smoking. The dose is gradually tapered, and NRT is recom-
mended until 2–3 months after smoking cessation.

Combining a NRT patch with a rapid delivery form is par-
ticularly useful in nicotine-dependent patients (smoking 
within 30  minutes of waking in the morning or smoking 
more than 10 cigarettes a day [44]) to control withdrawal and 
craving symptoms [44]. Moreover, combining different NRT 
formulations (short- and long-acting NRT) is more effective 
(smoking cessation) than a single NRT intervention [45]. 
There is also evidence that NRT patch initiated for 2 weeks 
before quitting smoking is more effective than starting NRT 
on quit day [44, 45]. Combining different NRT products 
does not significantly increase nicotine plasma concentra-
tions that are anyway lower than those achieved in patients 
smoking one pack per day [44, 45].

NRT side effects are mild and generally improve over 
time. They include gastrointestinal symptoms (nausea, vom-
iting, abdominal pain, diarrhea), headache, and dizziness and 
depend on the delivery method [43]. An NRT patch can 
cause skin irritation and disturbed sleep, while an oral for-
mulation can cause sore mouth, heartburn, or hiccups [43, 
44]. In the presence of side effects, the NRT dose can be 
titrated down or changed to another formulation or medica-
tion. NRT dependence is rare [43].

Preoperative smoking cessations provide benefits that far 
outweigh the cardiovascular risk of continuing smoking or of 
the potential risk of using NRT until surgery [3, 21, 46, 47]. 
The safety of NRT in patients with stable cardiovascular dis-
ease is well established [43]. This is probably due to the fact 
that adverse events caused by smoking are also due to other 
constituents present in the cigarette smoke and that peak 
plasma nicotine concentrations produced by cigarettes are 
higher than those observed during NRT [4]. Nicotine plasma 

concentrations of smokers receiving NRT are lower even in 
patients who do not completely quit smoking before surgery 
[4]. Moller et al. reported a nonsignificant reduction of car-
diovascular complications in surgical patients receiving NRT 
(0% vs. 10%, p = 0.07). Higher heart rate has been observed 
post tracheal intubation in surgical patients receiving NRT 
patch compared to patients receiving placebo [48].

Beneficial effects of NRT also have been observed in 
studies evaluating wound healing [4, 49]. Some studies have 
also shown that NRT promotes angiogenesis, thus suggest-
ing that NRT does not negatively affect wound healing [4]. 
On the contrary, the study by Moller et al. demonstrated that 
preoperative smoking cessation interventions including NRT 
were particularly beneficial in reducing wound-related com-
plications [21]. Many orthopedic surgeons avoid NRT 
because of concern that it will impede bone healing. 
However, clinical trials demonstrating that perioperative 
NRT negatively affect bone healing compared with smoking 
tobacco is lacking [43].

Whether to discontinue NRT patches 24 hours before sur-
gery or continue use throughout the entire perioperative period 
is controversial. Most of the studies demonstrating reduction 
in complications following preoperative smoking cessation 
interventions including NRT patch did not interrupt NRT 
before surgery [18–21, 30]. NICE guidelines suggest discon-
tinuing NRT 24 hours before surgery, in particular for patients 
undergoing microvascular reconstructive procedures [27].

Varenicline Varenicline is a partial nicotine agonist that 
has been successfully used to alleviate craving and with-
drawal symptoms and to reduce the rewarding effect of 
smoking [43, 44, 50]. The results of a network meta-analy-
sis found that varenicline is the most effective pharmaco-
logical intervention to achieve abstinence (assessed at 
6 months or after initiation of the intervention) when com-
pared to NRT alone (OR 1.57; 95% credible interval [CredI] 
1.29–1.91) or bupropion (OR 1.59; 95% 95% CredI 1.29–
1.96), but not when it was compared to combined NRT 
interventions (OR 1.06; 95% CredI 0.75–1.48) [51]. 
Pharmacologic superiority of varenicline as monotherapy to 
achieve smoking abstinence (assessed at 9–12 weeks after 
initiation), compared to NRT or bupropion, was also con-
firmed in a large multicenter RCT [52]. Varenicline is also 
more effective than NRT and bupropion to achieve short-
term smoking cessation, defined as 4 weeks post target quit 
date [53]. Treatment should be initiated with 0.5 mg per os 
once a day for 3 days and progressively increased over time 
(Fig.  8.3). Dosage should be reduced in patients with 
reduced renal function [44].The most common side effect of 
varenicline is nausea (mild to moderate) in 30% of users. 
However, it rarely causes discontinuation, observed only in 
3% of the patients [44]. Nausea can be reduced by up-titra-
tion of the dose and by consuming the drug with food [44]. 
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Fig. 8.3 McGill smoking cessation protocol. (developed by Dr. Sean Gilman, director of the McGill Smoking cessation program, and his team; 
with permission)
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Sleep disorders such as insomnia or abnormal dreams are 
also common. Post-marketing reports have described 
depression, agitation, changes in behavior, and suicidal ide-
ation with the use of varenicline. However, the results of a 
meta-analysis including 17 RCTs did not confirm these 
findings in patients with and without mental illness [54]. 
Moreover, the results of a recent large multicenter RCT fur-
ther validate the safety of varenicline [52]. Current evidence 
does not indicate cardiovascular toxicity [43].

Two RCTs evaluating the perioperative efficacy of vareni-
cline in patients undergoing noncardiac surgery demonstrated 
that varenicline is effective in achieving long-term smoking 
cessation, when compared to placebo [55] or to brief non-
pharmacological smoking cessation interventions [55, 56]. 
However, it did not impact postoperative outcomes [19].

Bupropion Bupropion is an antidepressant, and it could be 
administered in patients with nicotine addiction and 
depressed mood. It decreases the urge to smoke and symp-
toms of withdrawal. Its effectiveness improves when used 
together with NRT. Dosing of bupropion is 150 mg per os 
daily for 3 days followed by 150 mg per os twice daily for up 
to 12  weeks, and it is usually started 1–2  weeks before a 
patient starts to quit [4]. It is contraindicated in patients with 
seizure, with eating disorders, or taking monoamine oxidase. 
Caution should be used in patients who take medications that 
reduce the seizure threshold such as hypoglycemic agents 
and antidepressants [44].

The risk of neuropsychiatric and cardiovascular toxicity 
in individuals using bupropion is not higher than those 
receiving placebo [51]. One small RCT of surgical patients 
treated with bupropion as monotherapy to achieve preopera-
tive smoking cessation demonstrated that bupropion is useful 
to reduce the number of cigarettes smoked before surgery, 
reduce end-expired CO, increase arterial oxygen saturation 
on pulse oximetry before surgery, and increase smoking ces-
sation rates at 3 weeks but not 6 weeks, after surgery [57].

Other Pharmacological Agents and Methods A variety 
of other pharmacological agents and methods have been 
used to achieve smoking cessation, but their efficacy is not 
proven in surgical patients. In particular, the efficacy of 
electronic cigarettes to achieve smoking cessation is mar-
ginal compared to smokers receiving placebo, and it is not 
superior to results reported with approved pharmacological 
agents [58]. However, they do not produce carcinogens and 
toxins as conventional cigarettes. Perioperative studies 
investigating the ability of electronic cigarettes to achieve 
smoking cessation are lacking. Due to the lack of safety data 
in surgical patients, electronic cigarettes cannot be recom-
mended as a strategy to achieve preoperative smoking ces-
sation, and patients already using electronic cigarettes 
should be encouraged to substitute nicotine assumption with 
NRT products before surgery [58, 59].

 Duration and Intensity of Preoperative Smoking 
Cessation Interventions, Smoking Cessation 
Rates, and Complications
The best strategy to support preoperative tobacco abstinence is 
unknown, and individualized interventions are more likely to 
be effective. In the general population, a combination of coun-
seling with pharmacotherapy increases smoking cessation 
rates (RR 1.82, 95% CI 1.66–2.00) [42, 44, 60]. These data are 
also confirmed in surgical patients. Overall, preoperative pro-
longed (4 weeks or longer) and intense (pharmacological ther-
apy combined with preoperative counseling) interventions are 
very effective to increase preoperative and long-term smoking 
cessation rates, compared to patients not receiving any inter-
ventions (RR 10.76, 95% CI 5.55–25.46 and RR 2.96, 95% CI 
1.57–5.55, respectively) [19, 59]. Brief preoperative smoking 
interventions (without follow-up) also increase preoperative 
and long-term smoking cessation rates but not to the same 
extent (RR 1.30, 95% CI 1.14–1.46, and RR 2.29, 95% CI 
1.14–1.61, respectively), compared to patients not receiving 
any interventions [19, 59]. In contrast, postoperative compli-
cations are reduced only by preoperative intense smoking ces-
sation interventions, by almost 60% (RR 0.42, 95% CI 
0.27–0.65) [19, 59].

Finally, it might be possible that preoperative smoking 
cessation interventions are more beneficial in certain surgical 
populations than others, as the impact of smoking on postop-
erative outcomes seems to be procedure specific [15]. 
Current benefits have been mainly proven in patients under-
going orthopedic and abdominal procedures, while studies 
evaluating the efficacy of preoperative smoking cessation 
interventions in patients undergoing thoracic or cardiac sur-
gery (high prevalence of smoking and high risk of pulmo-
nary complications) are lacking.

 Withdrawal Syndrome

Neurobiology of nicotine withdrawal syndrome is complex, 
as nicotine modulates the release of several neurotransmit-
ters [61]. Withdrawal syndrome symptoms are rare postop-
eratively and are more frequent when the abstinence period 
is forced rather during the stressful perioperative period [4]. 
Thus, routine NRT is not indicated in every smoker undergo-
ing surgery [4]. However, it can significantly help to reduce 
the number of cigarettes smoked per day once patients are 
discharged from the hospital [4].

 Alcohol Cessation

It is well recognized that alcohol abuse is a risk factor for 
several chronic diseases and that hazardous drinking 
increases the risk of postoperative morbidity. Although with-
drawal from alcohol partially reverses organic dysfunction in 
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nonsurgical patients, perioperative alcohol cessation strate-
gies have been infrequently studied and rarely offered as rou-
tine surgical care.

Alcohol abuse disorders in surgical patients (defined by 
the consumption of at least five drinks per day and identified 
by a self-reported alcohol intake questionnaire) have been 
reported ranging from 7% to 49%, depending on gender and 
diagnosis [62]. Alcohol dependency is found in one out of 
ten hospitalized surgical patients, in 25% of trauma patients, 
and up to 50% in patients with certain cancers [63]. Moreover, 
alcohol use disorders are underestimated when assessed in 
the preoperative setting, especially in women and younger 
patients [64]. The use of preoperative screening tools, such 
as the CAGE (“cut down,” “annoyance,” “guilt,” and “eye- 
opener”) and AUDIT (Alcohol Use Disorders Identification 
Test) questionnaires, together with the use of certain labora-
tory testing, can be useful to better identify surgical patients 
with alcohol dependency [63]. A recent Cochrane meta- 
analysis including surgical patients undergoing elective and 
emergency surgery defined “risky drinking” patients with an 
alcohol consumption equivalent to more than 3 alcoholic 
units (AU)/day or 21  AU/week (with 1  AU containing 12 
grams of ethanol) with or without symptoms of alcohol 
abuse or dependency. This corresponds to the amount of 
alcohol associated with increased postoperative complica-
tion rates in most clinical studies [65]. Higher cutoff (alcohol 
intake of more 60 g of ethanol per day, five drinks or 1.5 l of 
beer), associated with at least double the complication and 
mortality rates, also has been used [63].

 Alcohol Abuse and Cessation 
in the Perioperative Period: Pathophysiologic 
Changes and Impact on Clinical Outcomes

High-moderate quality of evidence suggests that alcohol 
overconsumption is associated with increased morbidity, 
in particular infections, cardiopulmonary complications, 

bleeding and delirium, withdrawal syndrome, and prolonged 
intensive care unit stay [63, 66]. This is probably due to 
alcohol- induced organ dysfunction and to the stronger surgi-
cal stress response observed in alcohol-abusing patients 
undergoing surgery. In fact, the magnitude of the stress 
response to surgery in patients who continue drinking alco-
hol until surgery is greater than those who quit 4  weeks 
before surgery. As a consequence, preexisting subclinical 
organ dysfunctions possibly present in these patients could 
be further aggravated [13, 67, 68]. Interestingly, in alcohol- 
abusing surgical patients undergoing gastrointestinal sur-
gery, treatment with low-dose continuous infusion of 
intravenous morphine (15 mcg/h) reduced postoperative 
plasma cortisol and preserved cellular immune function. 
This intervention was also associated with lower pneumonia 
rates and shorter intensive care unit stay [69].

Alcohol affects the cell-mediated immune response, in 
particular the delayed-type hypersensitivity (DTH). Studies 
demonstrate that DTH is already impaired in alcohol- abusing 
surgical patients [62, 69] and that DTH is associated with 
higher risk of surgical site infections [62]. A small RCT 
found that in alcohol-abusing patients, 4 weeks of alcohol 
abstinence before colorectal surgery improves DTH preop-
eratively, and this is associated with less postoperative com-
plications than patients who continued drinking until surgery 
(31% vs. 74%; p = 0.02, respectively) [67]. However, in this 
study infectious complications were not reduced. A recent 
meta-analysis including 13 observational studies and 5 RCTs 
confirmed that surgical patients consuming a total of 50 ml 
spirits 40%, or 150 ml wine 13%, or 500 ml 4% beer or alco-
pop (a ready-mixed drink containing alcohol) of alcohol per 
day have a higher risk of developing postoperative surgical 
site infections [65]. Preoperative abstinence of 4  weeks 
reduces such risk [13, 70] (Fig. 8.4).

Asymptomatic preoperative cardiac dysfunction has 
also been reported in alcohol-abusing patients scheduled 
for surgery [66]. In a small prospective non-RCT, asymp-
tomatic surgical patients scheduled for colorectal surgery 

High risk

Low risk

1–12 weeks 12–24 weeks >24 weeks

Time

Immune competence (DTH)
Wound healing
Endocrine stress response
Haemostasis
Cardiac function*

Bone generation
Cardiac function*†

Fig. 8.4 Clinical risk and 
time required to recover 
physiologic functions and 
improve alcohol-related 
symptoms following 
preoperative alcohol 
cessation. (∗ Without 
symptoms; † with severe 
failure. Adapted from [13])
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and who were drinking at least 60 g of alcohol per day had 
lower preoperative left ventricle ejection fraction (although 
within a normal range) than appropriately matched surgical 
patients who were consuming below 25 g of alcohol daily. 
The former patients also had a higher incidence of postop-
erative arrhythmia [66]. Four-week preoperative alcohol 
abstinence has also shown to reduce postoperative myocar-
dial ischemia [67].

Hemostasis is also influenced by alcohol, as demonstrated 
by prolonged bleeding time observed in alcohol-abusing sur-
gical patients [66–68]. However, chronic alcohol exposure 
also negatively affects coagulation and fibrinolysis, and this 
might further predispose to perioperative bleeding [66].

The results of the latest Cochrane systematic review eval-
uating the efficacy of perioperative alcohol interventions 
demonstrated that perioperative alcohol cessation is feasi-
ble, safe, and effective. This systematic review and meta-
analysis included three small RCTs: one of patients 
undergoing colorectal surgery and two of patients undergo-
ing orthopedic surgery. The intervention was initiated and 
terminated preoperatively in two trials and postoperatively 
for 6 weeks in one trial. All trials included intense interven-
tions, including pharmacological strategies, patient educa-
tion, and relapse prophylaxis. The pool analysis demonstrated 
that preoperative alcohol cessation decreases postoperative 
complications (RR 0.62, 95% CI 0.40–0.96). All three stud-
ies aimed at achieving alcohol cessation in the perioperative 
period. Overall, patients receiving perioperative alcohol 
cessation interventions were approximately eight times 
more likely to successfully achieve abstinence (RR 8.22, 
95% CI 1.67–40.44; p = 0.01) and to reduce alcohol con-
sumption. There was no effect on length of hospital stay and 
mortality [65].

 Perioperative Alcohol Cessation Strategies

 Counseling
In the primary care setting, brief interventions, ranging from 
1 to 30 minutes, have shown to decrease alcohol by 38 g per 
week, especially in men (mean difference, 95% CI −54 to 
−23) [71]. These include motivational, ambivalence- 
accepting, and non-confronting conversations, in person or 
computer-based [63]. Perioperative counseling should dis-
cuss the risks of continuing alcohol consumption before sur-
gery, discuss the importance of preoperative alcohol 
cessation, record baseline alcohol intake, ideally schedule 
weekly meetings during which alcohol consumption is 
recorded, and provide information on how to manage imme-
diate withdrawal symptoms [13]. About 80% of patients 
who have been informed about the higher risk of complica-
tions are highly motivated in reducing alcohol intake but 
also seek hospital support [13]. Telephone helplines are also 

available. Consulting a psychiatrist or substance abuse spe-
cialist might be useful to plan a perioperative detoxification 
program [63].

 Pharmacotherapy
Benzodiazepines are mainly prescribed to manage alcohol 
withdrawal symptoms. Alpha-2 agonists and neuroleptic 
agents also have been utilized in hospitalized patients [63]. 
Withdrawal symptoms are frequent, they can be life- 
threatening, and they can manifest even before a patient is 
completely sober. After surgery, early recognition is essential 
as higher mortality rates have been reported in patients who 
have mistreated alcohol [72]. Medications to support alcohol 
abstinence such as disulfiram (e.g., 800 mg per os taken dur-
ing controlled supervision twice per week, until the week 
before surgery [67]) and/or B vitamins could be prescribed 
based on patient’s preferences. Disulfiram should not be 
administered when contraindicated and unless blood or air 
alcohol concentrations have been proven to be zero [13]. Its 
safety has been demonstrated, and it does not affect craving 
or withdrawal symptoms [13].

 Conclusions and Main Findings

• Smoking and alcohol overconsumption induce several 
organ dysfunctions that predispose to postoperative 
complications.

• Longer periods of preoperative smoking cessation absti-
nence are associated with better outcomes.

• Caregivers involved in the perioperative care of patients 
(surgeons, anesthesiologists, internists, GPs, and nurses) 
should all recommend smoking and alcohol cessation 
before surgery, at every opportunity, and provide assis-
tance when possible.

• Prolonged (4  weeks or longer) and intense (combined 
counseling and pharmacotherapy) preoperative smoking 
cessation programs significantly increase preoperative 
and long-term smoking cessation rates and reduce post-
operative complications, in particular PPCs, infections, 
and wound healing complications (high-moderate quality 
of evidence).

• Prolonged and intense perioperative alcohol cessation 
programs increase alcohol cessation rates and decreased 
complications (low quality of evidence based only on 
three small RCTs).

• Preoperative smoking and alcohol cessation interventions 
are infrequent in clinical practice.

• Smoking and alcohol cessation should be initiated as 
early as possible in the preoperative period course, ideally 
at the time of surgical referral or scheduling.

• Lack of training, skills, time, and resources is the main 
factor limiting clinical implementation.

8 Perioperative Smoking and Alcohol Cessation
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Preoperative Medical Optimization

Matthias Stopfkuchen-Evans

 Introduction

Over the last decade, preoperative testing centers have 
become the cornerstone for preoperative evaluation of 
patients presenting for elective surgery. This was aimed to 
provide appropriate information about comorbidities to the 
surgeon and anesthesiologist in a timely manner and to 
reduce last-minute cancelations due to missing reports or the 
need for further testing. These clinics have oftentimes lim-
ited their activity to collecting data on patients but have 
fallen short on analyzing and optimizing patients whenever 
possible. With the expansion of the enhanced recovery after 
surgery (ERAS) principle to include preoperative optimiza-
tion of medical comorbidities and improving the patients’ 
resilience to surgical and perioperative stress through 
improving cardiovascular fitness, pulmonary reserve, nutri-
tion, and psychological strength, early experience shows 
encouraging data on patients becoming surgically fit before 
undergoing oftentimes invasive and high-risk procedures. 
This chapter aims at summarizing current evidence for the 
utility of assessing the perioperative risk and preoperative 
optimization of modifiable medical comorbidities before 
elective surgery.

 Who Should Be Assessed?

In an ideal society, population health is managed so that 
everyone with asymptomatic chronic conditions of the car-
diovascular, respiratory, metabolic, or endocrine systems, 
among others, is optimized so that the disease state is stable 
and controlled. Blood pressure is well managed; HbA1C is 
within acceptable range; asthma and chronic obstructive pul-
monary disease (COPD) and emphysema are well controlled; 
obstructive sleep apnea (OSA) is treated; and patients exer-

cise regularly, eat well, and are free from psychological 
stressors such as anxiety or depression. Should the need for 
an operation arise, patients’ records are reviewed, and the 
patient is enrolled in an evidence-based perioperative path-
way. The review can be done remotely in most cases as little 
or no modification is needed, and it suffices that the patient 
receives instructions regarding the perioperative manage-
ment. Only patients deemed high risk, whose chronic condi-
tions are decompensated or are poorly managed, need to be 
seen, assessed, and optimized where this is possible. A list of 
optimizable conditions is presented in Table 9.1.

 Timing

Patients should be medically assessed as soon as surgery is 
contemplated. This is important for two reasons. First, it 
will allow to objectively include preexisting conditions 
into the overall risk assessment of the procedure, its 
expected outcome, and how this compares to alternative 
means of treatment, such as non-operative or even pallia-
tive care. A patient’s thorough knowledge of the estimated 
risk of the procedure and its expected outcome is key to 
collaborative decision-making (shared decision-making) 
and may affect it [1]. Second, early assessment of the 
patient’s condition allows optimization of modifiable 
problems such as preexisting anemia, malnutrition, and 
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Table 9.1 Modifiable risk factors

Anemia
Diabetes
Nutrition
Heart disease
Chronic obstructive pulmonary disease (COPD)/emphysema
Coagulation
Obstructive sleep apnea (OSA)
Substance use, i.e., alcohol, smoking, recreational marijuana
Activity
Mental health
Chronic pain

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-33443-7_9&domain=pdf
mailto:mstopfkuchen-evans@bwh.harvard.edu


80

poorly controlled medical conditions such as hyperten-
sion, arrhythmias, or diabetes. The patient can also be 
more effectively counseled regarding lifestyle modifica-
tions such as smoking cessation including marijuana use, 
decrease of alcohol consumption, targeted physical activ-
ity for improved cardiopulmonary fitness and resistance 
strength, as well as relaxation techniques to decrease 
stress and anxiety (prehabilitation; see Chap. 10). 
Additionally, regulating bodies, such as The Joint 
Commission in the United States, increasingly mandate 
that surgical consents contain information about the 
expected outcome of the proposed procedure as well as 
data about how likely this outcome would actually occur—
in other words, a quantification of the likelihood of the 
procedure to not achieve its intended outcome. Patient 
factors have significant influence on complications and 
adverse outcomes, which should be another motivation to 
optimize and improve a patient’s condition before elective 
surgery and to prognosticate as accurately as possible a 
patient’s propensity for complications in order to facili-
tate shared decision-making.

 Patient Risk Assessment

Patients present with modifiable and non-modifiable prob-
lems (Fig.  9.1) [2] that influence the perioperative risk of 
suffering complications, delayed recovery, or death. Non- 
modifiable factors such as age, gender, or genetics affect risk 
scoring systems and, hence, a patient’s individual risk under-
going the contemplated procedure. They therefore should be 
assessed utilizing validated risk indices (Table 9.2). When it 
comes to estimating cardiopulmonary reserve, a recent pub-
lication has questioned the veracity of using a metabolic 

equivalents (METs) scale given the lack of correlation with 
the propensity for complications [3]. The inevitable subjec-
tivity whether a patient meets the requirement of four METs 
might be to blame. Additionally, the “reward” of making 
this artificial threshold—and forfeiting the necessity for fur-
ther assessment of functional reserve with more objective 
tools such as cardiopulmonary exercise testing (CPET)—
may have served as an incentive in preoperative clinics. 
Whether risk assessment alone or its combination with opti-
mization of medical problems results in improved outcomes 
remains to be proven. It seems natural, however, that preop-
erative medical optimization improves outcomes given the 
strong association of numerous conditions with postopera-
tive complications.

 Optimization of “Non-modifiable” Factors: 
Genetics, Age, Gender, and Race

 Genetics

Fragiadakis et al. recently showed that signaling behavior of 
a network of innate immune cells measured before surgery 
predicts surgical recovery, whether patients recovered “eas-
ily” from major surgery such as hip joint replacement or 
whether their recovery was prolonged with lasting impair-
ment of mobility, fatigue, and pain [4]. While this knowledge 
at this point relates to non-modifiable phenomena and is only 
in an early, preclinical stage, it is conceivable that it will 
inform better planning for a given procedure and that it 
enables more accurately setting expectations. With better 
understanding and improvements in technology, one could 
expect that at some point, not only predicting recovery but 
modifying and optimizing a patient’s path of recovery 
through measured interventions of the molecular drivers of 
recovery could become reality. Similarly, significant interin-
dividual differences exist in the metabolism of medications 
commonly used in the perioperative period, such as opioid 
and non-opioid analgesics, anticoagulants, antiemetics, or 
beta-blockers. Having individualized, patient-specific phar-
macogenomic information available would inform more tar-
geted treatment and help to reduce unwanted side effects of 
medications that are less well tolerated given the patient’s 
individual pharmacogenetic profile [5] (see also Chap. 13).

 Age

Even though age per se cannot be modified, patients in cer-
tain age groups bear specific risks associated with the age 
group. Particularly, old age and, more specifically, frailty are 
associated with complications, longer hospital stay, and dis-
charge to long-term care facilities among other problems [6]. 

Preoperative risk factors

Innate
Age
Gender
Race
Genetics

Aquired
Anemia
Diabetes
Heart disease
COPD/emphysema/OSA

Coagulopathy Nutrition
Mental health

Lifestyle
Alcohol
Smoking
Activity

Procedure

Healthcare factors Patient factors

Fixed Modifiable

Fig. 9.1 Preoperative risk factors. (Modified after Aronson [2])
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Emergency surgery increases this risk even further, so that as 
recent as in 2014 it was proposed to not even offer surgery as 
an option to this high-risk group of frail elderly patients [7]. 
Mrdutt and colleagues report that frailty was associated with 
increased morbidity, mortality, and health-care cost across a 
large variety of in- and outpatient procedures, both emergent 
and elective [6]. However, neither group considers nor 
reports the impact of an enhanced recovery program on this 
at-risk population. With the application of the ERAS meth-
odology, and the aggregation of marginal gains, even frail 
elderly patients can undergo major procedures with an 
acceptable risk profile [8]. The assessment of frailty- and 
age-associated risk should inform decision-making about the 
surgical care proposed and trigger the enrollment in special-
ized multifaceted perioperative pathways to optimize the 
outcome and minimize harm in this at-risk population. It is 
feasible to imply that involving specialists such as geriatri-
cians in the development and continuous improvement of 
perioperative pathways improves recovery and outcomes, 
mitigates risk, and increases the likelihood of the individual 
to return to their pre-surgical functional state and living cir-
cumstances. However, which interventions specifically 
improve the risk that frailty bears have not been well enough 
established. Enhanced recovery after surgery (ERAS) path-
ways not only aim at reduction of perioperative stress, which 
is particularly poorly tolerated by frail elderly patients, but 
also support regaining important functions such as early oral 
alimentation and mobilization while preventing harm and are 
well suited for this high-risk group of surgical patients [9].

 Gender and Race

Gender and race are important aspects of perioperative 
assessment and care given the ongoing disparities in care and 
care outcomes [10]. Even though these are so-called 

“non- modifiable” factors, being cognizant of care disparities 
and implicit bias should be a first step in reducing and even-
tually eliminating inequalities in health-care delivery based 
on race or gender [11]. More work is needed to better define 
gender and race disparities as they relate to perioperative 
medicine and outcomes as well as proposing steps to close 
this gap.

 Optimization of Modifiable Factors

Numerous medical conditions have been identified that neg-
atively impact a patient’s perioperative course and recovery 
that can be positively influenced, improved, or ameliorated 
with relatively little cost and effort, provided there is a win-
dow of opportunity of ideally 3–4 weeks. However, as little 
as 2 weeks might suffice. Among such conditions are anemia 
and nutritional deficits. Comorbidities such as diabetes, 
hypertension, cardiovascular disease, chronic obstructive 
pulmonary disease (COPD) and emphysema, anxiety, and 
lack of physical activity should be optimized. Chronic pain 
and obstructive sleep apnea (OSA) are unlikely to be 
improved in such a short timeframe; however, it is important 
to make the care team aware of these problems since those 
patients require special consideration when planning an 
operation as well as their postoperative disposition, monitor-
ing, and treatment.

 Anemia

Preoperative anemia predicts perioperative morbidity and 
mortality. It has been associated with increased risks for car-
diac events, respiratory failure, acute kidney injury, infec-
tions, and deep vein thromboses (DVTs) [12]. The vast 
majority of anemias can be traced back to iron deficiency. 

Table 9.2 Scoring systems for surgery

Test Predicting Scoring
Evidence 
level Recommendation

P-POSSUM Mortality and morbidity 12 physiological and 6 operative 
variables

High Strong

ACS NSQIP Mortality and morbidity 18 physiological and 3 operative 
variables

High Strong

Lee index Perioperative cardiac 
complications

6 preoperative risk factors Moderate Strong

Cardiovascular risk calculator Myocardial infarct or cardiac 
arrest

4 preoperative clinical factors and 1 
operative variable

Moderate Strong

Cardiopulmonary exercise testing 
(CPET)

Perioperative complications Aerobic exercise—AT and VO2 max Moderate Strong

Cardiopulmonary exercise testing 
(CPET)

Selecting patient’s suitability 
for surgery

Aerobic exercise— AT and VO2max Moderate Moderate

General surgery acute kidney injury 
risk index

Acute kidney injury 11 preoperative clinical factors Moderate Moderate

P-POSSUM Portsmouth-Physiological and Operative Severity Score for the enumeration of Mortality and morbidity, ACS NSQIP American 
College of Surgeons National Surgical Quality Improvement Program, AT aerobic threshold

9 Preoperative Medical Optimization



82

However, oral iron substitution is oftentimes insufficient to 
restore iron, especially in the setting of chronic inflammation 
due to underlying conditions such as cancer, chemotherapy, 
or injury. Intravenous iron substitution is effective in raising 
hemoglobin levels within as little as 2–3  weeks. Whether 
normalizing preoperative hemoglobin levels improves out-
comes is currently uncertain. It does, however, decrease the 
need for allogenic blood transfusion, which traditionally has 
been associated with a higher propensity for complications 
and adverse outcomes as well as less favorable oncologic 
outcomes. The latter is currently under re-evaluation, how-
ever, since careful controlling for cofounders may prove this 
association to be unfounded [13]. This topic is discussed in 
more detail in Chap. 7.

 Nutrition

Perioperative malnutrition is an independent predictor of 
poor postoperative outcomes [14]. Yet, preoperative malnu-
trition can be easily identified and corrected [15]. See Chap. 
6 for details.

 Diabetes

Chronic diabetes causes endothelial dysfunction, autonomic 
dysregulation, and macro- and microangiopathy and, hence, 
puts patients at heightened perioperative risk for surgical site 
infections, thromboembolic events, cardiovascular compli-
cations, renal insufficiency, and prolonged length of stay. 
The degree of HBA1C elevation predicts postoperative 
hyperglycemia and complications even within an established 
ERAS program [16] and, therefore, should be measured and, 
if elevated, glycemic control should be improved preopera-
tively. Currently, a HbA1C threshold of <8% is recom-
mended. In a systematic review and meta-analysis, Biancari 
and Giordano suggest that at least for open heart surgery, the 
acceptable preoperative HbA1C should be as low as 6–7% 
[17]. This raises the question whether there is an aspect of 
procedure specificity to preoperative optimization. Whether 
surgery should be postponed until acceptable HbA1C targets 
are reached must be confirmed in robust prospective studies 
and may not always be feasible for cancer surgery or urgent 
revascularization procedures. This underlines the importance 
of assessing the patient as early as surgery is contemplated. 
A robust plan for perioperative glycemic control should be 
formulated. This may require referral to a diabetes specialist. 
Diabetes consultation is associated with better intra- and 
postoperative glucose control. Not only are hyperglycemic 
events less likely, but even more importantly, less hypoglycemia 

occurs postoperatively [18]. Intraoperatively, blood glucose 
levels should be less than 180 mg/dl, while hypoglycemia is 
avoided. Postoperatively, blood glucose should be main-
tained between 80 mg/dl and 150 mg/dl. Nothing per mouth 
phases should be minimized according to current guidelines 
(American Society of Anesthesiologists/European Society of 
Anaesthesiology [ASA/ESA]). There is little reason to 
assume that patients with diabetes have obligatory gastric 
paresis and should be treated differently than non-diabetic 
patients in regard to fasting times. Whether carbohydrate 
loading for diabetic patients reduces complications such as 
postoperative nausea and vomiting (PONV) or anxiety and 
enhances well-being, reduces perioperative stress, and 
improves outcomes is unclear at this time. When instructing 
the patient regarding modifying their antidiabetic regimen, 
the additional carbohydrate burden should be considered. If 
no carbohydrate load is prescribed, oral antidiabetic medica-
tions are withheld on the day of surgery. Intermediate and 
long- acting injectable insulin should be dose-adjusted start-
ing the night before surgery to 75% of the usual dose. If 
taken in the morning, on the day of surgery, the dose should 
be reduced by 50% (see Fig. 9.2). Jorgensen and co-workers 
have demonstrated that with a fast-track methodology 
including regional anesthesia, opioid-sparing multimodal 
analgesia, early oral alimentation, and mobilization, out-
comes after total joint replacement surgery did not differ sig-
nificantly in type 2 diabetic patients compared to their 
non-diabetic control group [19].

 Hypertension

High blood pressure is common and associated with life- 
threatening comorbidities such as ischemic heart disease, 
diastolic and systolic heart failure, renal impairment, and 
cerebrovascular disease. In a random cohort, reliable blood 
pressure control is difficult to achieve. It is estimated that 
almost 30% of adults in the United Kingdom have hyperten-
sion, but only about 10% are well controlled according to 
current guidelines. The perioperative risk of hypertension is 
on a continuum, with higher blood pressure values represent-
ing higher risk for complications. Mild to moderate preop-
erative hypertension is probably not a major risk factor for 
complications [20]. However, in a large observational study, 
diastolic hypertension defined as >90 mm Hg was associated 
with increased mortality in all patient groups [21]. In the 
same study, preoperative hypotension, particularly diastolic 
hypotension, was statistically significantly associated with 
increased postoperative mortality. Here, the risk started to 
increase when blood pressure decreased below 119 systolic 
and 63 diastolic, respectively. The risk increased with even 
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lower blood pressure values. This was confined to the elderly 
patient group (age > 65). The definition of hypertension is 
dependent on age as well as the existence of comorbidities 
such as ischemic heart disease or chronic renal impairment. 
In the United States, JNC 8 guidelines [22] recommend 
treatment for patients age 60 years and older without diabe-
tes or chronic renal disease to maintain blood pressures less 
than 150/90 mm Hg. Utilizing the correct technique to mea-
sure blood pressure is emphasized [23]. In the ambulatory 
setting, the patient should be seated or in the supine position, 
with the blood pressure cuff at the level of the patient’s right 
atrium. The cuff’s width should be at 37–50% of the patient’s 
arm circumference. It should be placed on bare skin, but shirt 
sleeves should not be rolled up because this may create a 
tourniquet effect. Oscillometric measurements should be 
given preference over auscultatory methods.

It is important for the perioperative care team to be aware 
of usual blood pressure values, given the risk for myocardial 
injury or acute kidney injury after noncardiac surgery when 
perioperative blood pressure is allowed to drop below 20% 
of usual values intra- and postoperatively [24]. Generally, 
antihypertensive medications such as beta-receptor blocking 
agents and calcium channel blockers should be continued. 
Due to concern of perioperative hypotension, angiotensin- 
converting enzyme inhibitors (ACEIs) or angiotensin recep-
tor blockers (ARBs) should probably be held on the day of 
surgery but resumed as soon as feasible [25]. It is our prac-
tice to also hold diuretics on the day of surgery unless pre-
scribed for heart failure.

 Cardiovascular Disease

Preoperative optimization of patients with cardiovascular 
disease is oftentimes taken as synonymous with preoperative 
risk assessment of patients undergoing noncardiac surgery. It 
is beyond the scope of this text to present an in-depth discus-
sion of the latest American College of Cardiology/American 
Heart Association (ACC/AHA) guidelines [20], which dis-
cuss detailed strategies to assess and reduce the cardiovascu-
lar risk of patients undergoing noncardiac surgery. An 
algorithm to assess the cardiovascular risk of patients pre-
senting for noncardiac surgery is presented in Fig. 9.3. The 
revised Lee cardiac risk index is frequently utilized to esti-
mate the risk of suffering from cardiac events perioperatively 
(Table 9.3). Even though the focus has traditionally been on 
ischemic heart disease, other cardiac conditions such as heart 
failure pose a significantly greater risk for major adverse car-
diac events (MACE) in the perioperative period when under-
going noncardiac surgery [26]. Ischemic disease is the major 
cause for systolic heart failure, whereas hypertension is the 
dominating reason for diastolic heart failure. Heart failure 
increases the perioperative mortality by a factor of 3–5 to 
about 10% in 30 days. Complications are equally increased, 
especially in decompensated failure. It is important to note 
that recommendations to reduce the risk of heart failure in 
patients presenting for surgery include correction of anemia 
and nutritional deficit as well as optimization of kidney and 
liver function and volume status, by now all familiar items in 
the ERAS methodology [27]. Elevated levels of C-reactive 

Does the patient have diabetes?

Follow pre-op eval for
patients without diabetes

HbA1c < 8%

Draw super STAT HbA1c

No Yes

No Yes No Yes

HbA1c > 8%HbA1c < 8% + High risk
• End-stage cirrhosis
• CKD stage IV
• Type 1 diabetes
• Insulin pump use
• U500 insulin use

Follow pre-op eval for
patients with diabetes

Diabetes consultation
in preoperative clinic

Random BG ≥ 200 mg/dL in EMR HbA1c result within 3 months available in EMR

Fig. 9.2 Algorithm for 
preoperative treatment of 
diabetes
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protein (CRP) and brain natriuretic peptide (BNP) are strong, 
independent predictors of adverse outcomes, and it is advis-
able to postpone elective surgery until BNP has normalized.

Ischemic heart disease should be evaluated by thorough 
history taking, review of pertinent data such as previous 
echocardiography, electrocardiograms (ECGs), cardiac cath-
eterization reports, and a clinical examination. Routine ECG 
taking is not useful, and clinical risk factors better predict 
MACE than ECG abnormalities found on preoperative 
ECGs. Equally, troponin levels detect myocardial ischemia 
far more reliably than ECGs, which is reflected in part by the 
fact that MACE presents clinically very differently from ST 
elevation myocardial infarctions (STEMIs) in that the hall-
mark signs of chest pain and ST elevations are oftentimes 

missing. MACE is frequent, silent, and deadly. In the VISION 
study, a prospective multinational cohort study of patients 
ages 45  years or older who underwent noncardiac surgery 
had high-sensitivity troponin T (hs TnT) measurements 
6–12  hours after surgery and then daily for 3  days. 
Postoperative hs TnT values of at least 20 ng/L and an abso-
lute increase of at least 5 ng/L or hs TnT > 65 ng/L were 
associated with increased 30-day mortality. The VISION 
study authors recommend obtaining a baseline hs TnT pre-
operatively in patients in whom postoperative troponin mon-
itoring is planned given the relevance of the absolute change 
[28]. Patients presenting with cardiac implanted electronic 
devices are encountered more frequently, and it is expected 
that more and more patients with advanced heart disease 
requiring devices such as pacemakers, implantable defibril-
lators, and resynchronization devices present for noncardiac 
surgery and more and more complex procedures. Most of the 
patients will likely be high-risk patients, and a thorough his-
tory and physical exam should be taken and clarified when 
the device was last interrogated, whether the patient depends 
on its function in order to avoid severe dysrhythmias, par-
ticularly bradyarrhythmias or asystole, should intraoperative 
device malfunction occur. The anticipated electromagnetic 
interference during surgery should be noted, and a compre-
hensive perioperative plan should be formulated. 
Recommendations to interrogate the device are made for 
pacemakers to occur within 12 months, 6 months for auto-
matic implantable defibrillators, and 3–6 months for resyn-
chronization devices before the anticipated surgical 
procedure, respectively [29].

Is this an emergency procedure?

Is this an acute coronary syndrome?

What is the perioperative risk of MACE?
(determined by RCRI or risk calculator)*

What is the patient's function capacity?

Will further testing impact decision
making OR perioperative care?

Pharmacologic
stress testing

Manage and treat
according to clinical
practice guidelines

Proceed with surgery

Proceed with surgery

Manage and treat according to clinical
practice guidelines

Proceed with surgery; risk reduction
intra- and postoperatively

Proceed to surgery according to guideline-directed medical therapy
OR

Consider strategies other than surgery

Yes

Yes

Yes

≥ 4METS**

Low risk

Normal

Abnormal

(< 1% or < 2 RCRI)*

No

No

No

Elevated risk
(> 1% or > 2 RCRI)*

≤ 4METS** or
unknown

Fig. 9.3 Algorithm to assess 
the cardiovascular risk of 
patients for noncardiac 
surgery

Table 9.3 Revised cardiac risk index

Risk factor Points
Cerebrovascular disease 1
Congestive heart failure 1
Creatinine level >2.0 mg.dl−1 1
Diabetes mellitus requiring insulin 1
Ischemic cardiac disease 1
Suprainguinal vascular surgery, intrathoracic surgery, or 
intra-abdominal surgery

1

Risk of major cardiac event
Percentage risk (95% CI) Point 

totals
0.4 (0.05–1.5)% 0
0.9 (0.3–2.1)% 1
6.6 (3.9–10.3)% 2
≥11 (5.8–18.4)% ≥3

CI confidence interval
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 Atrial Fibrillation
Atrial fibrillation is the most common arrhythmia associated 
with a significant increase in morbidity such as heart failure 
and thromboembolism as well as mortality [30]. Its prevalence 
increases with age from 0.1% in adults under 55 years to 9% 
in adults older than 79 years. Men are at higher risk at any age. 
Hypertension, coronary artery disease, valvular heart disease, 
heart failure, hypertrophic cardiomyopathies, and congenital 
heart disease are all risk factors. Hyperthyroidism—including 
subclinical hyperthyroidism and iatrogenic hyperthyroidism 
caused by thyroid hormone replacement therapy—has been 
identified as a risk factor. Last, but not least, mono- and poly-
genetic inheritance patterns exist, with the latter being more 
common. Preoperative atrial fibrillation that is new in onset 
should be evaluated. Echocardiography should be performed, 
and expert consultation should be sought [31]. Detailed guide-
lines such as the 2014 guideline for management of patients 
with atrial fibrillation by the American College of Cardiology 
[32] with its focused 2019 update [33] exist to aid in the peri-
operative management of patients with atrial fibrillation pre-
senting for noncardiac surgery, particularly in the perioperative 
management of anticoagulant therapy.

 Pulmonary Conditions and Obstructive Sleep 
Apnea

Respiratory complications following major, noncardiac sur-
gery are common and increase length of hospital stay, expen-
diture, and mortality [34]. Preexisting respiratory diseases 
such as history of smoking, asthma, COPD, or OSA—all 
thought to be associated with pulmonary complications—are 
less predictive than a low oxygen saturation or a history of a 
recent pneumonia before surgery, highlighting that optimiza-
tion of chronic pulmonary disease will reduce the risk of the 
patient with COPD, asthma, or emphysema to a comparable 
level with a patient without these problems [35]. In patients 
with suspected obstructive sleep apnea (OSA), validated 
screening tools such as the STOP-Bang questionnaire should 
be used to identify patients at high risk for OSA and alert the 
perioperative care team to use strategies to mitigate the risk 
for postoperative complications. Patients with treated OSA 
should bring their device and are encouraged to use it. There 
is little evidence to postpone elective surgery to further 
workup such as formal sleep studies as long as other medical 
conditions but especially cardiopulmonary conditions are 
treated and optimized [36].

 Renal Disease

Chronic kidney disease is a highly prevalent, yet underdi-
agnosed, disease with major implications for perioperative 
planning. Patients with chronic kidney disease are at risk 

for acute kidney injury, leading to worsening renal function 
and progression to chronic renal failure, cardiovascular 
events, sepsis, and death. Hence, chronic kidney disease 
should be identified and whenever possible optimized 
before undergoing major surgery. In a recent review, the 
authors suggest that patients older than 60 years with dia-
betes, hypertension, cardiovascular diseases, obesity, auto-
immune disorders, or a past medical history of acute kidney 
injury (AKI) or a family history of chronic kidney disease 
be screened by determining serum creatinine. The follow-
ing measures for perioperative preservation of renal func-
tion and protection against AKI are recommended: 
hemodynamic stability by ensuring optimized intravascular 
volume status and perfusion pressure. Advanced hemody-
namic monitoring is required to optimize stroke volume 
and maintain adequate intravascular volume. Mean arterial 
pressure (MAP) should be maintained within 20% of the 
patient’s usual pressures and at least 65  mm Hg. Central 
venous pressure (CVP) should be controlled between 8 mm 
Hg and 12 mm Hg, and SvO2 should be normal at >70%. 
Intra-abdominal pressure should be kept at 14 mm Hg or 
less. Nephrotoxic agents should be discontinued [37]. 
These measures, while making pathophysiologic sense, are 
mostly “eminence based” given the lack of reliable and 
robust data from clinical trials [38].

 Coagulation Disorders and Anticoagulant Use

Assessing for the presence of increased risk of bleeding is 
achieved by a detailed history and physical exam. Routine 
coagulation studies are not recommended. A decreased 
platelet count does correlate with perioperative risk of bleed-
ing complications and can be considered. The European 
Society of Anaesthesiology recently published their updated 
recommendations for preoperative evaluation of adults 
undergoing elective noncardiac surgery [39]. Detailed rec-
ommendations regarding managing patients on anti-platelet 
agents and anticoagulant therapy perioperatively can be 
found there.

 Psychological Factors, Chronic Pain, 
and Opioid Tolerance

Psychological factors such as anxiety, depression, or cata-
strophizing can impact physical and psychological recovery 
from surgery [40] and hence should be evaluated and 
addressed preoperatively. Factors within the domains of 
mood, attitude, and personality traits are associated either 
with positive or negative short-term outcomes after surgery. 
Particularly, anxiety, depression, intramarital hostility, anger, 
and psychological stress are associated with unfavorable 
outcomes, whereas self-efficiency, low pain expectations, 

9 Preoperative Medical Optimization



86

optimism, religiousness, anger control, and an external locus 
of control are protective [41]. Patients with chronic pain and 
opioid tolerance present unique and complex challenges in 
the perioperative continuum, not only because of oftentimes 
being frank opioid dependent but also due to lack of resil-
ience, self-efficacy, and heightened psychological stress and 
emotional lability. In the new reality of the opioid crisis, 
health-care providers operate under heightened scrutiny 
from regulators, government, and law enforcement and 
urgently require robust perioperative evidence-based path-
ways for these groups of patients to optimize pain manage-
ment, minimize adverse outcomes from opioid prescribing, 
and ensure the best possible functional recovery. Patients 
with chronic pain, opioid tolerance, and opioid dependence 
who are contemplated for elective surgery should be evalu-
ated by an experienced team. Preoperative opioid reduction 
or even cessation should be pursued in conjunction with 
improving coping skills and psychological resilience. This 
requires well-organized programs that include counseling 
and close follow-up [42].

 Penicillin Allergy

Penicillin allergies are noted in health records in one of ten 
patients [43]. The vast majority of these patients, however, 
does not truly have a penicillin allergy, making the avoid-
ance of this class of drugs unnecessary and, considering 
potential consequences of using alternatives, even harmful 
for both the individual patient and population health. 
Indiscriminate use of broad-spectrum antibiotics increases 
the risk the occurrence of antimicrobial-resistant organisms 
as well as infection with Clostridium difficile [44]. It is 
therefore reasonable to refer such patients to formal peni-
cillin allergy skin testing prior to undergoing elective sur-
gery [45].

 The Patient Presenting for Emergent Surgery

When time constraints make the optimization of medical 
conditions in the emergent surgical patient impractical, 
more weight is placed on enrolling the patient into a com-
prehensive perioperative pathway to reduce risk for com-
plications and excess mortality and to optimize outcomes. 
However, even with as little as a few hours, meaningful 
medical optimization can be achieved by promptly admin-
istering antibiotics for sepsis, executing a rational fluid 
and electrolyte resuscitation plan with early use of targeted 
vasopressors, and assessing important laboratory data such 
as lactate, renal function, as well as blood and coagulation 
studies. Acute anemia from bleeding or coagulopathy 
should be addressed as early as possible [46].

 Conclusion

Preoperative medical optimization complements the concept 
of the aggregation of marginal gains and is an integral part of 
enhancing the recovery of surgical patients. Currently, preop-
erative testing centers are facing a cost versus efficacy 
dilemma, which can easily be overcome by focusing on 
patient-specific optimization rather than solely collecting 
information to minimize day-of-surgery cancelations due to 
missing data. Close collaboration with surgeons and patients 
is paramount to assess and optimize patients to improve patient 
resiliency to surgical stress, enhance their recovery, and enable 
better survival at higher functional levels. Especially in patient 
cohorts with full onset of chronic disease such as congestive 
heart failure (CHF), chronic obstructive pulmonary disease 
(COPD), or chronic pain and patients presenting during com-
plex episodes such as cancer or thromboembolic disease, pre-
operative medical optimization is expected to provide 
significant opportunities for improving quality of care and 
lowering health-care costs. It is paramount that this happens in 
a collaborative and multidisciplinary fashion.
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Prehabilitation

Enrico M. Minnella, Chelsia Gillis, Linda Edgar, 
and Francesco Carli

 Introduction

The goal of enhanced recovery after surgery (ERAS) is to 
combine many evidence-based perioperative interventions 
into a coordinated synergistic programmatic approach where 
each intervention has a little effect when acted individually. 
Many of the components of the ERAS aim to attenuate the 
metabolic stress response, such as patient education, carbo-
hydrate drink, early feeding, laparoscopy, and mobilization. 
When all these interventions are put together, the synergistic 
approach has a major impact on clinical outcome [1].

Postoperative complications, in particular medical ones, 
still remain high despite the introduction of ERAS programs, 
advances in surgical technology, and anesthesia. It might be 
possible that many of the postoperative complications are 
related to patient factors. Is it possible that our present 
patients’ preoperative preparation to surgery is not sufficient 
to mitigate the clinical impact?

While efforts have been made to address any ERAS ele-
ments of the intraoperative and immediate postoperative 
period, the period of time from surgical diagnosis to opera-
tion has received modest attention. This interval can be used 
to optimize patient health and prepare the patient for the 
postoperative recovery. As patients experience physical 
fatigue, poor nutrition, disturbed sleep, and decreased capac-
ity to mentally concentrate once they return home from sur-
gery, it would make sense to use the preoperative time in 

anticipation of surgery to enhance physiological and mental 
reserve.

Therefore, the process of enhancing functional capacity 
to enable patients to withstand an incoming stressor can be 
defined as prehabilitation (Fig. 10.1) [2, 3]. The intent is to 
implement strategies aimed at minimizing the effect of sur-
gical stress and metabolic deconditioning and to accelerate 
the return to baseline levels of functional capacity. The 
postoperative period is not the most opportune time because 
patients are tired, depressed, and unwilling to engage in any 
healing process. The term “prehabilitation” counteracts the 
traditional one of rehabilitation, whereby patients receive 
interventions after surgery. Conventionally, rehabilitation 
strategies have focused on the postoperative period as part 
of the various rehabilitation programs, for instance, arm 
exercises after breast cancer, strengthening exercises after 
limb arthroplasty, and aerobic exercises after cardiac 
surgery.

10

E. M. Minnella · C. Gillis 
Peri-Operative Program, Montreal General Hospital, McGill 
University, Montreal, QC, Canada 

L. Edgar 
Brock University, St. Catharines, ON, Canada 

McGill University School of Nursing, Peri-Operative Program, 
Montreal General Hospital, Montreal, QC, Canada 

F. Carli (*) 
Department of Anesthesia, McGill University,  
Montreal, QC, Canada
e-mail: franco.carli@mcgill.ca

Surgery

Prehabilitation

No prehabilitation

Preoperative period Postoperative period (recovery)

Cancer care cotinuum

Prehabilitation 

Preoperative phase

Need for surgery
identified

Perioperative phase Postoperative phase

Rehabilitation Enhanced recovery program

F
un

ct
io

na
l c

ap
ac

ity

Fig. 10.1 Trajectory of perioperative functional capacity

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-33443-7_10&domain=pdf
mailto:franco.carli@mcgill.ca


90

With the increase of the elderly frail population, there is a 
need to focus on restoration of function and increase the 
physiological reserve. This group of patients, who are more 
vulnerable to surgical stress, need appropriate evaluation as 
they are at higher risk of experiencing postoperative compli-
cations, thus leading to prolonged hospitalization, disability, 
and risk of mortality [4]. Prehabilitation can therefore be an 
attractive strategy for the sedentary individual, the older frail 
patient, those with comorbidities amenable to treatment, and 
the patient at nutrition risk and deconditioned.

To optimize organ function in preparation of surgery, it is 
necessary to assess initially the patient’s functional reserve 
and the specific disease process identified in each organ sys-
tem. Functional reserve includes physical, nutritional, meta-
bolic, and mental status. In the following sections, assessment 
of physical activity and risk assessment and stratification 
will be described. This will be followed by a description of 
the different components of prehabilitation.

 Screening and Assessment

In the attempt to improve the quality of surgical care, the 
scope of a prehabilitation clinic is not only to reduce the 
morbidity associated with the surgical intervention but also 
to promptly restore the patient’s level of functioning. 
Unfortunately, there is no standardized approach, and rec-
ommendations, with the intent to provide a guideline-based 
clinical pathway to optimize patients’ functional status 
before surgery. The first step of this process includes screen-
ing and assessment of functional capacity. No single variable 
accurately and reliably relays the functional status. 
Mimicking the prethoracotomy assessment of the respiratory 
function [5], we propose a “three-legged stool” management 
of functional capacity, focusing on physical, nutritional, and 
psychological status (Fig.  10.2). This model aims to catch 
the complexity of the functional capacity and to enable the 
clinician to selectively intervene on each risk factor, if pres-
ent, and personalize the therapy. This approach is driven by 
evidence-based practice, acknowledging the lack of large, 
conclusive, randomized trials in this setting [6]. While wait-
ing for new clinical studies, our evidence-based practice 
stands on international guidelines [7–11] and relies on the 
strong rational underpinning of the synergistic effect of exer-
cise, nutrition, and mental health. For this chapter, we dis-
cuss a model that could be applied to elective, major, 
abdominal cancer surgery. This pathway should be fully inte-
grated into a standard, comprehensive patient management, 
encompassing elements of usual preoperative care, such as 
medication management, perioperative blood management, 
and smoking cessation (elsewhere treated in the book).

Considering the high prevalence and the impact of func-
tional deconditioning [4, 12], all patients should be screened. 

Figure 10.3 shows how screening identifies factors associ-
ated with increased risk for specific impairment of patients’ 
functioning level [13–17]. The process is designed to be safe, 
quick, easy to administer, and cost-effective. Thus, a com-
plete history and physical examination and self-reported 
measures are the first-line approach. Several elements of the 
medical history are of notable importance, such as chronic 
disease (e.g., cardiorespiratory disease and diabetes for, 
respectively, physical and dietary management), infection, 
recent hospitalization, and prior abdominal surgery. Random 
laboratory and instrumental testing with low predictive value 
that lacks specific workup or treatment should not be per-
formed. Once identified, high-risk patients could further pro-
ceed to the assessment phase through selective workup. It is 
a time- and resource-consuming process that requires expert 
healthcare providers and should involve only high-risk popu-
lation. Once assessed and diagnosed, exercise intolerance, 
malnutrition, and psychological distress should be the target 
of selective and personalized intervention.

Nutritional status is frequently impaired in surgical popu-
lation [18]. Clinical signs, anthropometric data, and physical 
examination are imperative to detect nutrition imbalance, in 
form of both undernutrition and overnutrition [19]. Weight 
loss is one of the most validated parameter and could reflect 
both the degree of inflammation and the underlying disease. 
An important risk factor is a loss of 10% over the preceding 
6 months, or more than 5% in 3 months. Elements of interest 
are signs of loss of muscle mass and subcutaneous fat and 
localized or generalized fluid accumulation that may also 
mask weight loss. Handgrip strength is simple to detect, and 
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it is a reliable index of functional and nutritional status [20]. 
For a more standardized and accurate practice, we suggest 
using validated clinical tools that include both history and 
physical examination findings, such as the Nutritional Risk 
Screening tool (NRS 2002) [21] and the scored Patient- 
Generated Subjective Global Assessment (PG-SGA) [22]. 
Laboratory data should be interpreted with caution since 
markers of catabolic state, such as albumin, prealbumin, and 
transferrin, reflect severity of inflammation rather than nutri-
tional status. Electrolytes, glucose, and creatinine are useful 
to guide both screening and intervention. Once the risk of 
under- or overnutrition has been established, a more detailed 
assessment should be performed by a dietitian. Current nutri-
ent and caloric intake may be obtained from a 3-day recall 
diary; medications, specific symptoms, food allergies and 
intolerances, and dietary restrictions may be investigated, 
and body composition may be assessed. All these elements 
are required to determine energy requirement, identify inad-

equate dietary intake, and provide a correct nutritional inter-
vention. Indirect calorimetry is considered the gold standard 
method for establishing energy expenditure; nonetheless, 
commonly used predictive equations, such as Harris- 
Benedict equation corrected for the metabolic stress related 
to surgery and cancer, may be considered a valid alternative 
in ambulatory setting.

Low exercise capacity is a prevalent condition with sig-
nificant implications for patients undergoing surgery [23, 
24]. The 6-min walk test (6MWT) is a cost-effective sub- 
maximal exercise test and a well-validated index of func-
tional status and response to medical and surgical 
interventions in a wide variety of patient groups. It measures 
the distance that a patient can quickly walk on a flat, hard 
surface in a period of 6 min [25]. Although 6MWT alone is 
not a comprehensive test of functional capacity, it is a sensi-
tive surrogate to evaluate physical fitness, and, for practical 
reasons, it is considered as a good screening tool. A total 
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distance walked during 6 min below 400 meters may be con-
sidered a sign of low physical fitness [15]. Patients identified 
as high-risk population should undergo a complete assess-
ment of physical status, performed by a trained specialist 
with experience in cancer care. Both aerobic and strength 
may be included. The cardiopulmonary exercise testing 
(CPET) is the gold standard for assessing functional capacity 
[26]. It is an integrative, objective, and dynamic test involv-
ing respiratory flow and gas exchange analysis that measures 
oxygen consumption in response to the stress of progressive 
exercise. CPET has several clinical applications in a preop-
erative setting beyond the evaluation of exercise capacity, 
such as identification of the causes of exercise intolerance, 
evaluation of surgical risk and prognostic outcome, detection 
of exercise-induced adverse event, exercise prescription, and 
response to prehabilitation or preoperative exercise. Thus, 
once again, the role of screening and assessment does not 
only provide a static picture of the patient but shall aim to 
guide a safe, purposive, personalized, impairment-driven 
intervention. The next paragraphs will explore the main 
areas constituting multimodal prehabilitation: exercise, 
nutrition therapy, and coping anxiety techniques.

Psychosocial distress is often overlooked in perioperative 
medicine, and routine screening for anxiety and depression 
is rare [27]. Mental health should be assessed in all cancer 
patients, and, thus, all health professionals involved in can-
cer care should be aware of the basic elements of screening 
and referral. A simple and validated tool for screening is the 
Hospital Anxiety And Depression Scale (HADS) question-
naire [28]. In literature, several cutoffs have been proposed, 
and there is still a lack of consensus. Once identified, patients 
at risk should undergo a psychosocial intervention, and 
patient with moderate to severe depression or anxiety should 
be referred to a psychiatric service.

 Elements of Intervention

The purpose of the baseline assessment is to determine the 
fitness status and predict the risk associated with surgery and 
postoperative recovery. A more comprehensive approach 
includes evaluating treatment options, formulating recom-
mendations, and articulating the benefits and risks to patients. 
In the context of prehabilitation, the baseline assessment can 
guide the clinician on how to optimize patient fitness in 
anticipation of surgery with the aim to minimize the rate of 
complications and accelerate the recovery process.

The various elements which characterize the prehabilita-
tion program, nutrition supplementation, endurance and 
muscle strengthening, relaxation, and empowerment via 
education, need to be integrated in enhancing patients’ phys-
iological and metabolic reserve. Clearly the prehabilitation 
program is not a “one size fits all” program but rather involves 

generalized concepts of fitness together with specific indi-
vidualized assessments and interventions, where safety plays 
a major role. Although much of the early cancer prehabilita-
tion literature focused on exercise training as a single inter-
vention modality [29], there is strong realization from recent 
reports that other modalities such as nutritional and psycho-
logical interventions either alone or in combination with 
physical activity have a significant impact on functional out-
come [30]. This expanding scope of prehabilitation is likely 
due to the acknowledgment that non-exercise interventions 
may also be beneficial but must be integrated with other 
components in order to achieve greater effect. It has to be 
said that prescribing intense exercise training as a single 
modality may actually be detrimental to some patients who 
lack physiologic reserves. This is true for frail elderly 
patients who often present with decreased muscle mass and 
low protein reserves [31]. These patients may in fact be 
unable to tolerate an increase in exercise before surgery 
without sufficient anabolic substrate based on adequate 
energy and protein supplementation.

Individual elements of the prehabilitation program are 
made more effective if integrated with the preoperative com-
ponents of the ERAS program. For example, better glycemic 
control can be achieved if hypoglycemic agents are used in 
conjunction with exercise training and appropriate nutri-
tional intervention. Similarly, a more efficient impact of 
exercise can be achieved if anemia is sufficiently corrected.

It would then make sense if the hospital prehabilitation 
program is made available to the surgical patient starting at 
the time the surgeon decides with the patient the need for 
surgery. This program can be then integrated in the preopera-
tive clinic. Regular evaluations of how these interventions 
impact on patient’s functional capacity provide the necessary 
information which remain essential for the development of 
subsequent therapeutic strategies. The prehabilitation unit’s 
multidisciplinary group includes anesthesiologists, inter-
nists, surgeons, nurses, physiotherapists, kinesiologists, 
nutritionists, and psychologists, all working together to pro-
mote cost-effective use of resources at all levels through a 
patient-centered care delivery model. A well-functioning 
prehabilitation unit works closely with the preoperative 
clinic and can be effective in reducing preoperative testing 
and unnecessary consultations, reducing surgery cancella-
tions, and improving coordinated care and development of 
pathways where the patient is at the center of care. This fits 
within the scope of ERAS and can promote better outcome.

 Role of Exercise

Physical inactivity is a leading determinant of global mor-
bidity and mortality [32]. Recently, exercise and physical 
activity have become a key strategy not only for primary 
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 prevention but also for counteracting the adverse effect of 
cancer and its treatment [33, 34]. There is an urgent need 
to implement exercise in perioperative phase of major 
oncologic surgery, since several guidelines and position 
statements already recommend its integration as a stan-
dard practice in cancer care [7, 35, 36]. Physical activity 
is any sustained body movement that increases energy 
expenditure, whereas exercise is planned, purposeful, and 
repeated activity, aimed to improve or maintain health and 
fitness [37].

Training should be prescribed, delivered, and monitored 
by a certified specialist with proper training in cancer care, 
such as kinesiologist, physiotherapist, clinical exercise 
physiologist, or a physician. Any unstable or acute cardiore-
spiratory condition constitutes a contraindication to exercise 
[38]. The main targets of a prehabilitation program are (1) 
aerobic capacity, (2) muscle strength and endurance, and (3) 
daily physical activity (see Table  10.1). Aerobic exercise, 
the cornerstone intervention for increasing cardiopulmo-
nary fitness, involves large muscle groups using oxygen-
supplied energy [39]. The duration of the exercise is 
dependent upon the intensity of the activity, but each session 
should be of 10 min duration at least. Running, brisk walk-
ing, cycling, and swimming are common and effective 
modalities. For aerobic training prescription, CPET pro-
vides the most accurate quantification of functional capacity 
and a comprehensive evaluation of the integrative respira-
tory, cardiovascular, and muscle response to exercise. 
Furthermore, CPET detects potential exertional symptoms 
or adverse events, such as inducible ischemia, allowing a 
safe prescription. Strength training, implying the muscles to 
work or hold against an applied force or weigh, is another 

key component of the program. Muscle fatigue, defined as a 
decline in force or power production in response to contrac-
tile activity, is a common adverse effect of surgery [40]. The 
impaired muscle function and structure occurring after sur-
gery is related to stress response, limited mobilization, poor 
food intake, and impaired aerobic capacity. Reduced joint 
mobility can occur in the absence of disease in older adult, 
and any impairment could lead to activity limitation. 
Stretching and strengthening exercise and warm-up and 
cool-down activities should always be performed in a train-
ing session. Moreover, patients with poor mobility should 
perform physical activity 3 or more days per week to 
enhance balance and prevent falls [39].

Cancer site-specific training, exercise for patients with 
disabilities, behavioral change motivation, sport/activity 
choice, safety of training, and specific element of exercise 
prescription such as module, duration, intensity, pattern, fre-
quency, and progression are central elements, but a detailed 
description goes beyond the purpose of this chapter. 
Preoperative training may conform to the guideline provided 
by the American Heart Association (AHA), the American 
College of Sports Medicine (ACSM), and the recommenda-
tions on physical activity of the World Health Organization 
(WHO) [32, 41, 42]. Thus, patients aged 65 years and above 
are advised to:

• Perform at least 150  min of moderate-intensity aerobic 
activity per week, or 75 min of vigorous-intensity aerobic 
physical activity per week

• Perform a resistance exercise involving major muscle 
groups, at least 2 days per week

• Minimize sedentary behavior

Table 10.1 Example of different components of exercise training in the context of a prehabilitation program

Frequency Exercise Duration Intensity
Warm-up Before every training Deep breathing, posture, range-of- motion exercises

Cardiovascular- specific warm-up
10 min HR: 40–59%

RPE: 12–13
V̇O2AT: 80–85%

Aerobic 
training

3/week High-intensity interval training
  Walking (moderate speed/grade)
  Bicycling
  Running
  Swimming

20–25 min HRR: 80–89%
RPE: 16–17
V̇O2peak: 80–85%

Resistance 
training

2–3/week 8–10 reps per set, 1 min rest between sets, 3 sets per exercise
  Lower body: leg press, hamstring curl, lunges
  Chest and Core body: sit-ups (abdominal crunches), bench 

press, push-ups or modified push-ups
  Upper body: biceps curls, triceps extension, front deltoid, 

military press, upright seated row.

30 min 50–69% 1-RM
12–13 RPE

Flexibility After every training 15–30 sec per repetition
Stretching and strengthening exercise

5–10 min

Cool down After every training Cardiovascular- specific cool down 5 min

HRR heart rate reserve, RPE rating of perceived exertion (6–20 Borg scale), 1RM one repetition maximum, V̇O2 oxygen uptake (measured with 
cardiopulmonary exercise testing)
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 Role of Nutrition

The nutrition component of a multimodal prehabilitation 
intervention is designed to meet individual nutrient needs 
and lifestyles, as well as work synergistically with the exer-
cise component to support gains in lean mass before and 
after surgery. For the surgical patient, there are several 
“opportunities” in which nutritional status could be compro-
mised [43]. The onset of disease and disease-treatments, 
such as anticancer therapies, might introduce metabolic 
abnormalities, including inflammation, that alter nutrient 
needs [44]. As an example, there are several amino acids that 
may become “conditionally” essential in inflammatory states 
[45, 46]. Biosynthesis of the acute phase proteins associated 
with inflammation imposes a new demand for aromatic and 
sulfur amino acids [45]. A stable isotope investigation esti-
mated that in pancreatic cancer patients experiencing an 
ongoing inflammatory response, 2.6  g of muscle protein 
would need to be catabolized to support synthesis of 1 g of 
the positive acute phase reactant fibrinogen, if food was not 
consumed [46]. Dietary intake must compensate for meta-
bolic demands; otherwise lean tissues, including skeletal 
muscle mass, are catabolized.

Patients, however, might find it difficult to meet their 
nutrient needs through food intake because of mechanical 
obstructions (e.g., tumor-related obstructions); gastrointesti-
nal abnormalities, such as malabsorption (e.g., diarrhea); and 
the onset of several nutrition-impact symptoms (e.g., loss of 
appetite) related to disease and its associated treatments [44]. 
Patient-related factors, including social isolation and socio-
economic status, additionally impact food intake [47]. Yet, 
before and after surgery, malnutrition risk and malnutrition 
(an unbalanced nutritional state that leads to alterations in 
body composition and diminished function [48]) often go 
undiagnosed. As a result, patients face the surgical stress 
response in a suboptimal nutritional state with diminished 
physiological reserves [49, 50] to respond to the demands of 
the impending surgical stress response [51]. Malnourished 
hospitalized and surgical patients have significantly worse 
clinical outcomes, including mortality [52–55], greater odds 
of complications [52, 56–59], more frequent readmissions 
[52, 54, 60, 61], longer hospital stays [52, 54, 56, 59, 60], 
and increased healthcare costs [52, 62]. Additionally, two 
large multivariable analyses of preoperative computed 
tomography-defined body composition in colorectal cancer 
patients identified that low muscle mass (i.e., sarcopenia) is 
an independent predictor of overall survival [63], the pres-
ence of myosteatosis (fatty infiltration in muscle, thought to 
be an indicator of muscle quality) is associated with pro-
longed hospital stay [63, 64], and patients with visceral obe-
sity, particularly obese patients with low muscle mass (i.e., 
sarcopenic obesity) [64], were more likely to suffer from 
30-day morbidity, including hospital readmission [63]. Post- 

surgery, patients are subject to several additional nutritional 
barriers, including the surgical stress response and organiza-
tional barriers in hospital (e.g., missed meals for clinical 
investigation). As an example, insulin resistance is a typical 
consequence of the surgical stress response that has been 
observed to last for weeks even after uncomplicated surgery 
[51, 65]. Insulin resistance disrupts normal metabolism; the 
incapacity of insulin to facilitate the uptake of glucose into 
cells (i.e., insulin resistance) exaggerates catabolism (gluco-
genic amino acids are directed toward fuel pathways rather 
than anabolic pathways) [51]. Food intake, again, must offset 
the consequent catabolism of injury in order to attenuate 
losses in lean mass. Patients, however, do not achieve ade-
quate intake in hospital. The Canadian Malnutrition Task 
Force (CMTF), a prospective study involving 18 acute care 
hospitals across Canada, identified that nearly 50% of hospi-
talized patients felt “too sick” to eat, a third of patients had 
difficulty opening food packages, two-thirds were not given 
hospital food when meals were missed, and nearly half did 
not get help when needed [66]. Even patients receiving stan-
dardized ERAS care do not meet minimally adequate 
requirements for protein [67, 68] and require nutrition edu-
cation to correct misconceptions that impede adequate intake 
in hospital [69]. Finally, patients are often discharged home 
without nutrition follow-up, and they suffer further nutrition- 
impact symptoms from their pain medications and/or require 
additional treatments, all the while, relying on their own 
knowledge of food and nutrition to begin the process of con-
valescence [70–73]. After careful consideration of the 
patients’ surgical care trajectory, it is evident that if the best 
patient outcomes are to be realized, nutrition management 
must begin preoperatively to optimize nutritional status in 
preparation of a nutritionally compromising surgical journey 
[11, 51].

Body proteins are constantly synthesized and degraded to 
maintain a neutral whole-body protein balance in normal, 
healthy adults [74]. The extent to which body proteins are 
degraded for reuse is considerable; however, this recycling is 
not 100% efficient, and the essential amino acids cannot be 
synthesized de novo, necessitating a daily requirement to 
ingest dietary protein [74]. When protein ingestion from 
food does not meet metabolic demands, body tissue is catab-
olized to meet needs. By meeting metabolic demands and 
maintaining homeostasis, largely through food intake, seri-
ous catabolism and losses of body protein and strength are 
avoided. When whole-body protein synthesis outweighs pro-
tein breakdown, anabolism is favored [74].

Prehabilitated patients achieve anabolism and thus main-
tain and/or build lean mass before surgery through adequate 
intake from food, through use of protein supplements, and by 
performing regular resistance exercise [75]. Dietary protein 
consumption and resistance exercise training exert 
 independent and additive anabolic effects [74]. After 
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ingestion of protein without exercise, a transient increase in 
the blood circulation of amino acids promotes muscle pro-
tein synthesis [76]; in healthy individuals, this anabolic 
effect is offset by daily periods of catabolism (i.e., fasting 
between meals and during sleep) to produce an overall 
whole-body neutral protein balance that maintains lean mass 
[74]. Resistance exercise without food intake also stimulates 
muscle protein synthesis [74, 77]. However, resistance exer-
cise also elicits a concomitant increase in muscle protein 
breakdown [77]. The net effect is that muscle protein balance 
improves (i.e., becomes less negative so fasted-state losses 
are less) after exercise, but does not become positive in the 
fasted state [74]. Still, without a positive net protein balance, 
a state in which protein synthesis exceeds protein break-
down, lean tissue accretion will not occur. Intuitively this 
makes sense: building lean mass requires the synthesis of 
new proteins, and dietary amino acids, referred to as “the 
building blocks of protein,” are the substrates [74]. Stable 
isotope studies have confirmed that the net muscle protein 
balance post- exercise remains negative until amino acids are 
available [74, 77, 78]. It is thus the synergistic effect of feed-
ing and exercise that promotes a positive protein balance in 
muscle. Repeated bouts of resistance exercise and protein 
feeding stimulate gains in lean mass [74, 75].

 Role of Psychology

There is compelling evidence that psychological stress influ-
ences functional and emotional capacity and that psychoso-
cial interventions implemented before surgery can minimize 
that stress [79]. Preoperative preparation is an opportunity to 
reduce stress by reinforcing and developing three psycho-
logical constructs important for health, physical activity, and 
well-being: self-efficacy, a sense of purpose, and personal 
control.

 Self-Efficacy

Is self-efficacy a major determinant in human behavior? Can 
self-efficacy in patients be developed by healthcare practitio-
ners? Do successful exercise programs depend on 
self-efficacy?

The response to the above questions is yes.
The term was first used and developed by Albert Bandura. 

He defined it as, “the belief in one’s capabilities to organize 
and execute the courses of action required to produce given 
attainments” [80]. One’s beliefs about one’s capabilities to 
accomplish something have a profound effect on one’s suc-
cess. Ability is not a fixed property; there is a great deal of 
variability in how people perform tasks, how they succeed at 
different time periods, and how ability varies according to 

the task at hand. We learn to have a general sense of self- 
efficacy in childhood and continue to develop it throughout 
our lives particularly as it changes with different circum-
stances. Self-efficacy differs from the many other concepts 
in social psychology concerning the human psyche, such as 
self-esteem and self-confidence. Self-efficacy focuses on 
“doing” rather than on “being” [80].

There is a substantial body of research on the positive role 
played by self-efficacy in exercise [81]. It has been shown to 
be a reliable predictor of the adoption and maintenance of 
physical activity in healthy adults [82]. There is also con-
vincing research evidence that self-efficacy moderates the 
effects of interventions on objectively measured physical 
activity independent of other personality characteristics. 
Believing that a better fitness level helps in recovery postop-
eratively leads to an improvement in one’s functional ability 
even given likely constraints and challenges to exercise.

 Sense of Purpose

Having a sense of purpose is the motivation that drives one 
to fulfillment through achievement of a task or goal. It is an 
anticipation outcome that is intended to guide planned 
actions. The importance of having a sense of purpose gained 
attention with the rise of positive psychology which is 
defined as the scientific study of what makes life worth liv-
ing [83].

A sense of purpose in life is a modifiable factor and, thus, 
a fitting focal point in preoperative interventions. 
Theoretically, participants in a prehabilitation program have 
a sense of purpose by default as they chose to prepare them-
selves for upcoming surgery. Acknowledging and strength-
ening that sense of purpose is thought to contribute to better 
surgical outcomes. There is a robust link between negative 
psychosocial risk factors and adverse health outcomes and 
conversely between positive psychosocial factors and posi-
tive physical and physiological functioning [84]. A sense of 
purpose may play an especially important role in maintain-
ing physical function among older adults [85].

 Personal Control

Personal control is the extent to which people perceive con-
trol over their environment rather than feeling helpless. It is 
a fundamental psychological resource and a powerful influ-
ence on well-being throughout life. In preparing for surgery, 
it is imperative that people realize that they are responsible 
for several pre- and postoperative activities; deep breathing, 
relaxation, physical activity, and nutrition. There is a large 
body of research linking a sense of personal control, healthy 
behaviors, and good psychosocial functioning [86].
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 How We Integrate the Above Concepts; 
Guidelines from the Prehabilitation Platform

Even though almost half of the participants self-report little 
or no anxiety or depression, the majority are receptive to dia-
logue and discuss helpful psychosocial strategies prior to 
surgery. Most patients accepting the prehabilitation program 
take part in either 1 or 2 hourly sessions a few weeks before 
surgery. Patients who require more assistance may be seen 
more often or referred to a mental health practitioner as 
needed.

Fostering a sense of self-efficacy, purpose, and personal 
control is embedded in the goals of the intervention. Given 
that the time for psychosocial interventions is limited, we 
can merely introduce good coping strategies, individualize 
them according to participants’ expressed needs and values, 
and stress that practice will bring noticeable results. We 
begin by asking what they would like to get from the pro-
gram, to describe themselves and their family support, and to 
discuss their interests and values. We inquire whether the 
patient is anxious, worried, or stressed about the current situ-
ation by starting a conversation about what matters to them 
and their goals regarding their upcoming surgery. We can 
highlight and support their goals by acknowledging their 
strengths and emphasizing past and present positive experi-
ences. We overtly link the practice of exercise and good 
health with a rise in self-efficacy, personal control, and sense 
of purpose.

We highlight the importance of practicing some form of 
relaxation. Relaxation is framed as a useful tool for their per-
sonal use, aiding them to achieve a state of well-being and a 
sense of personal control. Methods of relaxation include 
deep breathing, progressive muscle relaxation, guided imag-
ery, mindful meditation, body scanning, and focused atten-
tion in the present. We model a form of relaxation training 
that appears acceptable to the patient and which includes 
being aware of one’s breath. We also demonstrate deep 
breathing and encourage practice by having the patient 
model our technique. All participants are offered a CD on 
relaxation.

To explain the concept of personal control, we discuss 
how the brain works, moving from encountering facts (over 
which there is little or no control) to the thoughts which then 
arise (and over which we have total control), leading to an 
emotional response which is readily apparent. This practical 
explanation seems to be understandable and helps strengthen 
the patient’s sense of self-efficacy and control over how he/
she copes with the upcoming surgery. We provide a simple 
diagram linking facts, thoughts, and feelings as a visual 
reminder.

A systematic review identified behavior change tech-
niques that link self-efficacy to improved physical activity 
[87]. We incorporate them throughout the session by point-

ing out experiences where they have or had performed a task 
successfully and attained a sense of mastery using their 
skills.

We encourage the use of social modeling by inviting par-
ticipants to observe how similar people succeed in similar 
situations through sustained effort, either through face-to- 
face interactions, via the Internet and other social media, or 
through literature. Positive psychology interventions have 
delineated various areas where a sense of purpose can be cul-
tivated. We have chosen a strengths-based approach where 
we help the participants recognize their strengths by discuss-
ing and acknowledging their internal and external values and 
resources both past and present.

In summary, self-efficacy, a sense of purpose, and a sense 
of personal control are emerging as strong and independent 
contributors to good health and exercise. They are basic 
human attributes that can be fostered by means of simple, 
straightforward techniques available to healthcare practitio-
ners. Participants leave the session(s) with the following 
tools: a familiarity with relaxation and deep breathing, know-
ing the power of their thoughts, and the realization that they 
have a sense of purpose. We conclude with the notion that 
practicing those tools is all important and increases the like-
lihood of a successful surgical outcome and prepare them for 
future impairments if they occur.

 Effective Prehabilitation

As we have seen in the previous sections, a detailed evalua-
tion of a patient’s physiological reserve is followed by a 
structured, personalized prehabilitation program that takes 
into consideration the type of surgery, the patient’s current 
health status, and state of the disease. The implementation of 
such a program needs to be followed by posttreatment sur-
veillance. In the cancer prehabilitation conceptual model, 
anticipation of future impairments is a necessary step to 
determine the effectiveness of the interventions. This type of 
monitoring is particularly valuable in patients with several 
comorbidities and those with limited functional capacity.

The questions often raised by clinicians and administra-
tors are about cost-effectiveness of the prehabilitation pro-
gram. It would make sense to target a population who could 
benefit most from either unimodal or multimodal interven-
tions with the intent to obtain better functional capacity and 
clinical outcome at a reasonable cost for the health service 
[15]. The preoperative clinic can be the site where patients 
with multiple comorbidities or with low functional capacity 
can be identified and referred to the prehabilitation unit for 
screening, assessment, and finally therapeutic prescription. 
This requires close integration among the various disciplines 
and the formulation of an interventional pathway which initi-
ates at the time of the diagnosis, continues throughout the 
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perioperative trajectory, and follows patient during the con-
tinuum of care once they are discharged home. The multidis-
ciplinary team could meet regularly to review and discuss 
high-risk cases. This same team could collaboratively create 
a treatment plan that balances the advantages and disadvan-
tages of surgical and nonsurgical approaches to disease man-
agement and is anchored in the patient’s values and goals.

Data from reviewing the literature on surgical prehabilita-
tion have identified the potential impact on functional capac-
ity before and after surgery. Besides, preliminary work on 
the effect of preoperative multimodal preconditioning on 
surgical outcome has shown fewer medical complications 
and decreased length of hospital stay [88, 89].

There has been a proposal for patients undergoing surgery 
that surgical homes, which are analogous to the medical 
homes, might be the future way to provide multimodal care. 
Before a high-risk patient entered the surgical home for 
treatment, an overall management plan would be discussed 
by a multidisciplinary team, like the tumor board review that 
is now used in oncology.

 Conclusion

Surgical prehabilitation is an emerging concept which com-
plements the innovations in perisurgical care and technology 
following the introduction of fast-track and ERAS programs. 
There is a strong realization that postoperative outcome 
depends upon perioperative factors and patient health and 
functional status, being the last factors modifiable. With an 
increasing aging population and lowering surgical mortality, 
patients are concerned with their quality of life, cognitive 
well-being, and community reintegration. In this context, a 
prehabilitation program integrated in the perisurgical care 
makes sense and needs to receive more attention.
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Cognitive Behavior Counseling: 
Preoperative Preparation in ERAS

Catherine L. Spencer, Emma L. Court, 
and Nader K. Francis

 Introduction

Preoperative anxiety and lower self-efficacy are often associ-
ated with poor surgical outcomes. Although preoperative coun-
seling is considered to be an essential element of enhanced 
recovery after surgery (ERAS), there is little evidence to indi-
cate the application of formal behavioral therapy, such as cogni-
tive behavioral therapy (CBT), which has been widely utilized 
in a wide variety of healthcare disciplines. CBT is based on the 
assumption that our thoughts affect our emotions and behaviors, 
and it aims to change and overcome negative thoughts and feel-
ings by developing coping mechanisms, which are best suited in 
ERAS. Effective CBT should include a collaborative approach, 
where patients utilize their own experiences effectively to define 
and manage their problems. Mutually agreed-upon realistic 
goals also underpin the success of CBT.

 Cognitive Behavioral Therapy

In the context of preoperative preparation, preoperative counsel-
ing is an essential element of an ERAS pathway [1]. This is not 
only important to prepare patients for surgery but to help them 
overcome their fear and anxiety about their condition, as well as 
recovery. Many patients undergo surgery for cancer, and the 
information provided regarding the newly diagnosed disease 
can be overwhelming to the extent that any additional informa-
tion that is related to ERAS may lead to cognitive overload and 
ultimately lack of compliance. There is compelling evidence 
that stress can influence functional and emotional capacity and 
that preoperative interventions can minimize that stress [2, 3].

The concept of CBT has been adopted within health ser-
vices to help patients overcome overwhelming problems by 
breaking them down into smaller parts. This therapy has 
been successfully practiced in a number of disciplines [4], 
and it includes controlling situations, thoughts, emotions, 
physical feelings, and actions, which are all interconnected 
within the context of recovery after surgery. In preoperative 
settings, these patients may suffer from anxiety related to 
their diagnosis/prognosis as well as physical pain because 
of the condition and subsequent surgery. This may lead 
them to suffer in silence or not be able to cope with their 
symptoms, either because of the disease or the therapy. It is 
challenging to separate these components, but reassurance 
remains a fundamental part of enhanced recovery, no matter 
how advanced the disease, to ensure that the multidisci-
plinary team is there to support patients throughout their 
whole journey. It may be argued that within the financial 
constraints of healthcare services, a trained psychologist 
may not be available to routinely provide this treatment. 
However, the basic principles of CBT have become an inte-
gral part of most healthcare professionals’ skills when deal-
ing with surgical and cancer patients; and often the role is 
fulfilled by an ERAS facilitator, who can play an important 
role in helping patients overcome the negative feelings and 
improve the way they feel.

An essential component of prehabilitation is cognitive 
behavioral changes to enhance the compliance with the 
intervention. Preoperative anxiety and lower self-efficacy 
are associated with poor surgical outcomes. Therefore, it is 
important for prehabilitation programs to place the onus 
on an individual, in order to engage in healthy behaviors, 
thus giving them a high sense of control over their own 
health by developing self-efficacy. This refers to the indi-
vidual’s perceived belief to cope effectively with upcom-
ing situations and problems [4]. Self-efficacy is learned in 
childhood, developed throughout our lives, and is a major 
determinant in human behavior [5]. It hugely influences an 
individual’s beliefs, confidence, and capabilities and may 
determine how they behave or react to situations [5, 6]. 

11

C. L. Spencer (*) · E. L. Court
Department of General Surgery, Yeovil District Hospital,  
Yeovil, Somerset, UK
e-mail: Catherine.Spencer@ydh.nhs.uk

N. K. Francis
Consultant Colorectal Surgeon, Department of Surgery,  
Yeovil District Hospital NHS Foundation Trust, Higher Kingston,  
Yeovil, Somerset, UK

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-33443-7_11&domain=pdf
mailto:Catherine.Spencer@ydh.nhs.uk


102

Many studies have indicated that patients with higher self-
efficacy levels would be more likely to confidently engage 
in the necessary behaviors, such as exercise and diet, in 
order to enhance their health [7–9].

CBT addresses an individual’s perception and thoughts 
surrounding their current issues, rather than focusing on past 
problems and experiences. It helps patients to reappraise 
their negative thoughts and develop coping strategies to 
overcome their fears and anxieties.

 Integration of CBT Within Prehabilitation 
Programs

The concept of preoperative optimization has nowadays been 
expanded to encompass physiological, psychological, and 
emotional wellbeing within the context of the prehabilitation 
pathway [10].

In a randomized control trial, conducted by Carli in 2014 
[11], a coping strategy to reduce anxiety formed one of a 
three-armed intervention (in addition to nutritional and 
physical exercises). Relaxation therapy was used by a 
trained psychologist, based on imagery and visualization 
coupled with breathing exercises. The trimodal program led 
to improved functional activities following colorectal can-
cer surgery. This has particular relevance to elderly and frail 
patients who are physically and biologically deconditioned 
and in whom preoperative counseling programs could be 
essential to enhance the compliance with physical and 
nutritional elements of prehabilitation [10].

Multimodal prehabilitation may also include strategies 
for smoking and alcohol cessation prior to surgery [12].

CBT is a well-practiced therapy in smoking and alcohol 
cessation, as it combines changing and restructuring thought 
processes with new learning behaviors. Further details on 
counseling for smoking and alcohol cessation are provided 
in Chap. 8, but in brief, a collaborative approach between 
primary and secondary care is fundamental to allow suffi-
cient time for the intervention to demonstrate success before 
surgery.

CBT can be conducted in the community, at hospitals, 
or at the patient’s home, based on logistics and resources 
in the healthcare system, but an effective CBT should 
include:

• Collaboration

Ultimately, teaching patients to be their own therapist by 
helping them to understand their current ways of thinking 

and behaving could be an effective tool that can support their 
diagnosis and treatment.

The key elements of CBT may be grouped into those that 
help foster an environment of collaboration between the 
wider concept of the multidisciplinary team, including pri-
mary care, to support the structure and problem-oriented 
focus of CBT.

A collaborative approach is based on empiricisms [13] in 
which collaborative relationships between therapist and 
patient, as well as the whole team, may identify maladaptive 
cognitions and behaviors. Additional nonspecific elements are 
also required for a successful collaborative approach. These 
include empathy, understanding, rapport, and authenticity. A 
healthcare worker needs to explain the rationale of the CBT 
and utilize patients’ own experience to help them effectively 
define their problems and gain skills in managing them [14].

• A SMART Approach

The second key element of CBT is a problem-oriented 
approach, which includes mutually agreed-upon goal setting 
that is specific, measurable, achievable, realistic, and time 
related (SMART) [15]. For example, a goal for patient mobi-
lization after hip or knee surgery will differ from patients 
undergoing colorectal resections. The same is true for oral 
intake for both groups of patients, for instance. It is our task 
as healthcare professionals to identify realistic initial goals 
for a patient to focus their recovery on, which are directed 
toward the patients’ current feelings prior to surgery. 
Providing patients with a large number of tasks that seem 
equally important can be confusing and less productive. 
There may be a need to identify one or two tasks for patients 
to focus their energy and mind to achieve in the immediate 
recovery period. These may be different for recovery after 
discharge.

• Structured and Time-Limited

CBT should be structured and time-limited treatment 
within the concept of recovery, as this may help the patient 
focus their mind to achieve it in the postoperative recovery 
period. This is related to the previous point (task specific), 
and this could be the distinction between CBT and mindful-
ness within this context. Mindfulness refers to the awareness 
that can be developed through paying purposeful attention to 
the present moment and non-judgmentally observing the 
minute-to-minute experience [16]. The concept suggests that 
accepting the present can lead to a reduction in psychological 
distress by developing better interpersonal relationships [17].
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Key Points
• Patient emotions toward recovery are influenced by 

their perception of their illnesses and surgery.
• Patient counseling is an integral part of ERAS to 

reduce their anxiety prior to surgery.
• CBT can be an effective instrument in changing 

patient behavior toward their long-term health pat-
terns and habits.

• Within prehabilitation, patient counseling to address 
their emotional needs and self-efficacy is an inte-
gral part to enhance compliance with multimodal 
interventions to improve their whole wellbeing 
prior to surgery.

• CBT should involve a collaborative approach that is 
problem-oriented and time-limited that is directed 
toward recovery. This drives effectiveness of CBT 
within ERAS.
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Bowel Preparation: Always,  
Sometimes, Never?

Timothy A. Rockall and Rishabh Singh

 Introduction

The administration of bowel preparation prior to elective 
colorectal resection is contentious. There is dogma and 
strongly held opinion both for and against. At present there is 
a cultural divide between the USA and many countries in 
Europe, particularly regarding guidelines and recommenda-
tions in this area advocated by the Enhanced Recovery After 
Surgery (ERAS®) Society and the American Society for 
Enhanced Recovery (ASER) [1–3]. This chapter tries to 
address the evidence that exists with regard to benefits or 
otherwise of mechanical bowel preparation (MBP) alone or 
MBP combined with oral antibiotics in different circum-
stances and in the context of ERAS.

The original work on what has come to be known as 
“enhanced recovery after surgery” (ERAS) was in the field of 
colorectal surgery [4], and this remains the area in which the 
most research evidence exists. One of the dogmas of colorec-
tal surgery has been the necessity to administer mechanical 
bowel preparation for patients undergoing colorectal resec-
tion, and this is an element of treatment that has been chal-
lenged in the context of ERAS.  Its avoidance has been a 
central tenet of colorectal ERAS since its inception.

Bowel preparation was first established during an era of 
open surgery, limited antibiotics, and sutured anastomoses, 
which necessitated opening the bowel within the abdominal 
cavity. Modern colorectal surgery with its emphasis on lapa-
roscopy and the use of stapling technologies avoids this in 
most circumstances, and so it is possible that the rationale for 
bowel preparation is no longer valid. Indeed it has been 
shown in numerous studies that surgical site infection (SSI) 

rates are significantly lower in patients who have undergone 
laparoscopic surgery [5].

The questions are firstly whether mechanical bowel prep-
aration prior to surgery is effective in reducing infective 
complications (that includes superficial and deep surgical 
site infections and including anastomotic leaks) and sec-
ondly whether bowel preparation has a negative impact on 
fluid and electrolyte balance of patients prior to surgery that 
might have an adverse outcome in terms of complications 
and recovery. It is possible that both are correct and then we 
must consider the balance of risk and benefit.

There are a number of variables that need to be consid-
ered with regard to mechanical bowel preparation. The vari-
able that is attracting the most attention and is mostly 
responsible for the schism in bowel preparation guidelines is 
the synchronous use of oral nonabsorbable antibiotics. This 
chapter will go on to analyze the data that exists in this area.

 Arguments in Favor of Mechanical  
Bowel Preparation

Effective mechanical bowel preparation results in a macro-
scopically cleaner bowel with potentially easier bowel han-
dling and a theoretical lower risk of gross peritoneal or 
wound contamination. It also results in a reduction in the 
quantity of bowel content at the site of anastomosis for a 
period of time postoperatively, or longer where the anasto-
mosis is defunctioned with a proximal stoma.

It has been assumed that the bacterial load in the colon is 
reduced but this is incorrect [6]. Additionally, there is no need 
for a preoperative enema or distal washout of the rectum prior 
to inserting mechanical staplers into the rectum, and the oper-
ation itself might be seen to be aesthetically less unpleasant.

From an outcome perspective, it is believed by many sur-
geons that it results in a lower risk of surgical site infection 
and anastomotic leak. It is also believed that if patients 
receive bowel preparation and are defunctioned with a proxi-
mal stoma, then any leak that does occur will be easier to 
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manage and have less disastrous consequences. This chapter 
will go on to address the evidence that exists in this area. The 
findings of recent meta-analyses and systematic reviews are 
summarized in Table 12.1 [6–15].

Lastly, while there is evidence that bowel preparation can 
cause significant electrolyte disturbance, there is evidence to 
the contrary that with modern preparations and appropriate 
use the risk of this can be negated [16].

Table 12.1 Summary of meta-analyses and systematic reviews regarding mechanical bowel preparation and antibiotics

Authors Origin of study
Population/
studies included Comparison

Outcome 
measures Important findings

Limitations of study/
comments

Rollins 
et al. [7]

United Kingdom, 
Annals of Surgery 
2018

28 RCTs, 12 
cohort studies

1.  Combined 
antibiotics + MBP 
vs MBP

2.  Combined 
antibiotics + MBP 
vs combined 
antibiotics

3.  Combined 
antibiotics + MBP 
vs no NMBP

4.  Combined 
antibiotics vs 
NMBP

5.  Combined 
antibiotics vs 
MBP

SSI, anastomotic 
leak, 30-day 
mortality, 
morbidity, 
development of 
ileus, C. difficile 
infection rates

Combined antibiotics 
with MBP showed 
significant reduction of 
all outcome measures, 
no increase in C-diff 
rates
No difference between 
combined antibiotics 
and MBP vs combined 
antibiotics alone in 
terms of SSI and leak. 
Reduction in 30-day 
mortality and ileus
Combined antibiotics 
with MBP associated 
with lowest risk of SSI

Limited data 
regarding comparison 
between combined 
antibiotics + MBP vs 
combined antibiotics 
alone

Toh et al. 
[8]

Australia, Journal 
of the American 
Medical 
Association 2018

38 RCTs 1. MBP vs NMBP
2.  Combined 

antibiotics with 
MBP vs 
combined 
antibiotics

3.  Combined 
antibiotics with 
MBP versus MBP

SSI, superficial 
and deep, 
anastomotic leak, 
mortality, 
readmission, 
urinary infections, 
pulmonary 
complications

Combined antibiotics 
with MBP associated 
with lowest risk of SSI
No significant 
difference found in 
comparison between 
combined antibiotics 
with MBP versus 
combined antibiotics 
alone
MBP alone conferred 
no benefit

Limited data 
regarding comparison 
between combined 
antibiotics + MBP vs 
combined antibiotics 
alone
Most studies assessed 
open surgery

Rollins 
et al. [6]

United Kingdom, 
World Journal of 
Gastroenterology, 
2018

23 RCTs, 12 
observational 
studies

MBP vs NMBP vs 
rectal enema

Anastomotic leak, 
SSI, deep SSI, 
length of hospital 
stay, mortality

Overall analysis 
showed no difference
Analysis of RCTs alone 
showed no difference
Observational studies 
found in favor of MBP 
in nearly all outcome 
measures, although not 
when compared with 
rectal enema

Did not take into 
account MIS
Did not take into 
account use of 
antibiotics

Dahabreh 
et al. [9]

United States, 
Diseases of the 
Colon and Rectum, 
2015

18 RCTs, 7 
nonrandomized 
trials, 6 single 
group cohorts

MBP vs NMBP Length of 
hospital stay, 
quality of life and 
adverse events, 
postoperative 
complications

Overall analysis 
showed no difference

States data reporting 
with regard to 
surgical access and 
antibiotics poor

Güenaga 
et al. [10]

Brazil, Cochrane 
Review, 2011

18 RCTs MBP vs NMBP vs 
rectal enema

Anastomotic leak, 
SSI

No statistically 
significant differences 
between MBP, NMBP, 
and rectal enema alone
Rectal and colonic 
surgery analyzed 
separately—no 
significant difference

Only a small 
proportion of patients 
had minimally 
invasive surgery
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Table 12.1 (continued)

Authors Origin of study
Population/
studies included Comparison

Outcome 
measures Important findings

Limitations of study/
comments

McSorley 
et al. [11]

United Kingdom, 
British Journal of 
Surgery, 2018

14 RCTs, 8 
observational 
studies

Combined 
antibiotics + MBP 
vs MBP

SSI, anastomotic 
leak, 
postoperative 
ileus, 
readmission, 
mortality

IOMBP significantly 
reduced SSI in both 
RCTs and 
observational studies
Sub-analysis assessing 
deep space SSI, 
anastomotic leak rates, 
postoperative ileus, 
readmission rates, and 
mortality found 
significantly in favor of 
IOMBP, but only when 
cohort studies 
considered. RCTs 
either showed no 
difference or did not 
assess

Variations in type of 
MBP and antibiotic 
regimen used
Limitations of cohort 
studies

Koullouros 
et al. [12]

United Kingdom, 
International 
Journal of 
Colorectal 
Diseases, 2017

23 RCTs, 8 
cohort studies

1.  Oral antibiotics vs 
intravenous 
antibiotics

2.  Combined 
antibiotics + MBP 
vs MBP

3.  Combined 
antibiotics vs 
combined 
antibiotics + MBP

SSI (superficial 
and deep)

Both RCTs and cohorts 
found significantly in 
favor of combined 
antibiotics versus one 
modality
Found no difference 
between combined 
antibiotics alone vs 
IOMBP, both in RCTs 
and cohort studies

Majority of RCTs 
published in the 
1980s
Heterogeneity in 
antibiotics and MBP 
regimens

Chen et al. 
[13]

China, Diseases of 
the Colon and 
Rectum, 2016

7 RCTs MBP vs combined 
antibiotics + MBP

SSI (superficial 
and deep)

IOMBP had 
statistically significant 
lower incisional SSI 
rates
Equivocal result with 
regard to deep SSI

States studies were 
not blinded
Reporting of 
antibiotic regimens 
poor

Allegranzi 
et al. [14]

World Health 
Organization, 
Lancet, 2016

11 RCTs 
comparing (1), 
13 RCTs 
comparing (2)

1. Combined 
antibiotics + MBP 
vs MBP
2. MBP vs NMBP

SSI, anastomotic 
leak

IOMBP reduces SSI 
rate, no difference in 
rates of anastomotic 
leak
Equivocal result 
regarding MBP vs 
NMBP

Heterogeneity 
regarding antibiotic 
and bowel 
preparation protocols

Nelson 
et al. [15]

United Kingdom, 
Cochrane Review, 
2014

96 RCTs 1.  Antibiotics vs no 
antibiotics

2.  Oral antibiotics vs 
intravenous 
antibiotics

3.  Combined 
antibiotics vs 
intravenous 
antibiotics

4.  Timing of 
antibiotic doses

5.  Pathogenic 
coverage

SSI (abdominal 
wound infection)

Antibiotic prophylaxis 
should cover anaerobic 
and aerobic pathogens
Both OAB and IAB 
significantly reduce 
SSI, with combined 
regimens having the 
greatest effect

Did not take into 
account MBP

RCTs randomized controlled studies, MBP mechanical bowel preparation, NMBP no mechanical bowel preparation, SSI surgical site infection, 
MIS minimally invasive surgery, IO combined antibiotics, OAB oral antibiotics, IAB intravenous antibiotics, IOMBP intravenous and oral antibiot-
ics with mechanical bowel preparation
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 Arguments Against the Routine Use 
of Mechanical Bowel Preparation

There are many mechanical bowel preparation regimes, but 
they all require the ingestion of large volumes of fluid. 
However, there are some new lower volume (1  L) bowel 
preparations now on the market [17].

They are undoubtedly unpleasant for the patient and can 
be very challenging, particularly in the elderly and frail, and 
are known to cause hypovolemia and electrolyte imbalance 
including hyponatremia, hypernatremia, hypokalemia, hypo-
calcemia, hypomagnesemia, and phosphate nephropathy. 
MBP may therefore be particularly dangerous in patients 
with cardiac and renal comorbidity [18, 19].

They are also variably effective, and there is a recognized 
failure or partial failure rate that can result in a situation that 
is worse for the surgeon than having no bowel preparation at 
all [20]. A dilated fluid-filled colon and rectum is probably 
more hazardous than an unprepared large bowel [21]. 
Furthermore, it is possible to precipitate acute bowel obstruc-
tion (albeit relatively rarely) by giving bowel preparation to 
patients with impending obstruction, which in itself may 
necessitate a change of surgical approach—usually to the 
detriment of the patient. There is also evidence to suggest 
exacerbation of postoperative ileus and impaired anasto-
motic healing [22].

By comparison, rectal enemas are usually well tolerated, 
are safe in almost all circumstances, and are generally effec-
tive in emptying the rectum and the left colon—although 
they may not empty the colon proximal to a stenosing lesion.

 Patient Effects and Considerations

One of the principles of effective ERAS is to bring the patient 
to surgery in an optimized state, which includes a status of 
normovolemia and normal electrolyte balance. This is 
achieved by maintaining oral hydration and supplementation 
in the 24 hours prior to surgery. Mechanical bowel prepara-
tion has a capacity to disrupt this and indeed may be hazard-
ous in patients with cardiac and renal dysfunction in 
particular [18, 19]. The need to purge may also cause signifi-
cant sleep disturbance.

This may then impact on fluid requirement during the 
operative and postoperative period that may increase compli-
cations and hospital stay. Mechanical bowel preparation is 
often self-administered in an unsupervised environment, 
which may result in poor recognition of these problems and 
may also result in non-compliance and failed preparation. 
Frail patients may receive bowel preparation in hospital 
under supervision and be administered in conjunction with 

intravenous rehydration, but the overall fluid and electrolyte 
impact of these two interventions is difficult to gauge. 
Inpatient preparation also does not safeguard against signifi-
cant complications [23]. Simple estimations of serum urea 
and electrolytes following these interventions may not accu-
rately reflect significant disruptions in homeostasis. Patient 
factors that must be taken into account when considering 
MBP are outlined in Table 12.2.

Most colonoscopy studies report a failure rate of between 
20% and 40%, with only about 1:5 patients with failed 
preparation reporting not following instructions adequately. 
This failure rate relates to inadequacy for colonoscopic 
purposes with reduced adenoma detection rates in particu-
lar but nevertheless gives an idea of the limitations [18, 19, 
23]. Risk factors for failed or inadequate preparation are 
outlined in Table 12.3 [24–26]. In addition to bowel prepa-
ration not necessarily clearing the bowel adequately of 
stool, it is unlikely to have much impact upon bacteriology 
in the lumen.

Table 12.2 Patient factors when considering mechanical bowel 
preparation

The patient Is the patient at high risk of dehydration and 
electrolyte imbalance?
Is the patient immunocompromised?
Is the patient at increased risk of infection? Diabetic/
obese?
What is the risk of failure of mechanical bowel 
preparation if it is administered?

The 
pathology

Does the patient have impending bowel obstruction?
Does the patient have malignancy or inflammatory 
bowel disease?
Is there pre-existing infection?
Has the patient had preoperative radiotherapy?

The 
operation

Does the operation involve an anastomosis?
If so, where is the anastomosis: ileocolic, colocolic, 
colorectal, ileo-rectal?
Is the anastomosis to be defunctioned?
Is the operation being performed laparoscopically or 
via a laparotomy?

The trials Which bowel preparation regime is being tested?
What is it being compared to—enema or none?
What synchronous antibiotic regime is used?
Are oral nonabsorbable antibiotics used?

Table 12.3 Risk factors for failed mechanical bowel preparation

Risk factors for inadequate 
bowel preparation

Instructions not followed properly
Previously failed bowel 
preparation
Procedural indication as 
constipation
Use of tricyclic antidepressants
Male patient
Hospitalized patient
Medical history of stroke, 
cirrhosis, dementia
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 Surgical Site Infection and Anastomotic  
Leak Rates

It should be noted that the question of whether any antibiot-
ics should be used prior to colorectal surgery has been 
answered. The evidence is categorical that they should be 
administered, and controversy regarding this was laid to rest 
many years ago [27, 28]. There have, however, been more 
recent meta-analyses, the findings of which have been con-
cordant with earlier work. In a 2014 Cochrane review, Nelson 
et al. found a risk ratio (RR) of 0.34 when comparing antibi-

otics to no antibiotics or placebo with regard to surgical 
wound infections (Fig. 12.1) [15].

Indeed, many recent papers that cite the use of “mechanical 
bowel preparation alone” in fact refer to the use of MBP with 
systemic antibiotics prior to surgery, but without additional oral 
antibiotics. Furthermore, papers that cite “no bowel prepara-
tion or antibiotics” do in fact mean that perioperative systemic 
antibiotics had been given, but no oral antibiotics. Therefore, 
for the remainder of the chapter, “MBP” refers to the adminis-
tration of mechanical bowel preparation and systemic intrave-
nous antibiotics at the time of anesthetic induction.

Fig. 12.1 (a, b) Antibiotic versus antibiotic/placebo, Outcome 1 surgical wound infection (SWI). (Reprinted with permission from Nelson 
et al. [15])

Analysis 1.1. Comparison I antibiotic versus no antibiotic/placebo, outcome I surgical wound infection
(SWI).
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There are, however, three further questions regarding the 
outcomes of bowel preparation in relation to surgical site 
infection that can be addressed in the literature:

• What is the evidence that mechanical bowel preparation 
on its own reduces surgical site infection or anastomotic 
leak in colorectal resection when compared to no prepara-
tion at all or compared to rectal enemas alone?

• What is the evidence that mechanical bowel preparation 
when combined with the administration of oral nonab-
sorbable antibiotics reduces surgical site infection or 
anastomotic leak?

• What is the evidence that systemic and oral antibiotics 
without mechanical bowel preparation reduce surgical 
site infection or anastomotic leak when compared to 
mechanical bowel preparation in combination with 
antibiotics?

Analysis of the data is problematic for all questions 
because of the heterogeneity of the studies. Colonic resec-
tions with different pathologies and different anatomical 

anastomoses are often pooled together. Rectal anastomoses 
that are defunctioned are sometimes excluded. Different 
mechanical bowel preparation regimes are used and some-
times combined with enemas. The surgical approach (open 
or laparoscopic) varies and is not always quantified. There 
are also many retrospective database studies, analysis of 
which carries inherent risks of significant bias. There are, 
however, many recent meta-analyses that have largely 
assessed randomized controlled trials (RCTs). These are 
summarized in Table 12.1 [6–15].

 Mechanical Bowel Preparation  
Versus No Preparation

There is extensive data available for analysis that answers the 
question of whether bowel preparation, with or without addi-
tional oral antibiotics, is effective or not. This includes many 
randomized controlled trials and observational studies.
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meta-analysis [6]. This can be seen in the context of a previ-

Study or subgroup

Nygaard 1980

Utley 1984

Olsen 1983

Montariol 1979

Eykyn 1979

Schiessel 1984

Hagen 1980

Höjer 1978

Bjerkeset 1980

Hughes 1979

Rosenberg 1971

Andersen 1979

Total events: 148 (Antibiotic), 433 (No antibiotic)
Heterogeneity: Tau2 = 0.03; Chi2 = 32.94, df = 29 (P = 0.28); I 2 = 12%
Test for overall effect: Z = 11.39 (P < 0.00001)
Test for subgroup differences: not applicable

7/108

3/13

5/65

1/46

6/33

2/29

2/17

6/58

1/25

12/78

9/40

1/45

8/49

11/19

16/64

5/41

15/23

12/31

8/21

26/60

8/31

31/81

17/43

5/42

3.3 %

2.7 %

3.4 %

0.8 %

4.7 %

1.6 %

1.6 %

4.4 %

0.8 %

7.4 %

5.9 %

0.8 %

0.40 [ 0.15, 1.03 ]

0.40 [ 0.14, 1.16 ]

0.31 [ 0.12, 0.79 ]

0.18 [ 0.02, 1.46 ]

0.28 [ 0.13, 0.61 ]

0.18 [ 0.04, 0.73 ]

0.31 [ 0.08, 1.27 ]

0.24 [ 0.11, 0.54 ]

0.16 [ 0.02, 1.16 ]

0.40 [ 0.22, 0.72 ]

0.57 [ 0.29, 1.13 ]

0.19 [ 0.02, 1.53 ]

0.34 [ 0.28, 0.41 ]100.0 %11771278Total (95% CI)

0.02

Favours antibiotic Favours no antibiotic

0.1 10 501

Antibiotic

b

No antibiotic

n/Nn/N

Risk ratio
MH,

random,
95% Cl

Weight

(Continued...)
Risk ratio

MH,
random,
95% Cl

Fig. 12.1 (continued)

T. A. Rockall and R. Singh



111

ous Cochrane review [10] and meta-analyses that all have the 
same conclusion [9, 14, 29]. This is that there is no evidence 
of reduced surgical site infection rate or anastomotic leak 
rate with mechanical bowel preparation when compared to 
no bowel preparation or rectal enema alone. These conclu-
sions are similar whether the meta-analysis includes RCTs 
only or if the observational studies are included. If, however, 
the observational studies are looked at in isolation, there is 
an apparent benefit that is difficult to explain.

Whether bowel preparation should be administered prior to 
low rectal resection with a defunctioned anastomosis is uncer-
tain, and it remains most surgeons’ practice to do so. Leaving 
a colon full of feces proximal to a low rectal anastomosis with 
a defunctioning ileostomy proximal to this seems illogical. 
There is some evidence that an ileostomy in itself inhibits 
colonic peristalsis [30]. It is therefore feasible that the combi-
nation of a rectal enema to empty the left colon and a proximal 
ileostomy may be as effective as full bowel prep in preventing 
the passage of fecal material past a newly formed rectal anas-
tomosis, and the purported surgical complications.

There is evidence to support this theory. As discussed pre-
viously, Rollins et al. found that although RCTs showed no 
benefit to MBP in terms of reducing SSI, analysis of obser-
vational studies alone did show a statistically significant 
reduction. This, however, was negated when compared to 
studies that utilized a rectal enema in place of full MBP [6]. 
In their Cochrane review of 18 RCTs, Güenaga et al. found 
no difference in SSI rates or complications between MBP 
and rectal enema [10].

It should be noted that the overwhelming majority of 
patients included in these meta-analyses had at least sys-
temic antibiotics perioperatively. A smaller proportion had 
additional oral antibiotics, and a smaller proportion still had 
oral antibiotics in isolation.

 Mechanical Bowel Preparation 
with Combined Versus Unimodal Antibiotics

The question of whether combined antibiotics—systemic 
and oral—in conjunction with bowel preparation are effec-
tive at reducing SSI has also been assessed by meta-analysis 
in recent years. The meta-analyses have compared SSI rates 
with patients receiving solely systemic antibiotics and 
mechanical bowel preparation.

The intention of systemic antibiotics is to achieve an ade-
quate concentration in tissues at the time of operation and 
opening of the colon. There is a belief, however, that intralu-
minal organisms are unaffected by this, therefore necessitat-
ing the use of oral antibiotics. A logical inference from this is 
that emptying of the colon reduces bacterial load and the 
three interventions combined would result in the lowest rate 
of SSI, and potentially other complications.

In a 2018 meta-analysis, Rollins et  al. found that com-
bined antibiotics with MBP were associated with a significant 
reduction in SSI risk when compared with MBP (RR: 0.51) 
(Fig. 12.2) [7]. This remained the case when assessing solely 
RCTs or cohort studies. In terms of overall analysis and when 
considering cohort studies, combined antibiotics were also 
associated with a reduced risk of anastomotic leak, 30-day 
mortality, and morbidity. When considering RCTs alone, 
there was no significant difference. Overall analysis revealed 
a lower risk of ileus with combined antibiotics, but not when 
cohort studies or RCTs were analyzed in isolation [7].

In their analysis of RCTs only, Chen et  al. found that 
combined antibiotics with mechanical bowel prep signifi-
cantly reduced SSI (7.2% vs 16%), but had no effect on 
organ space SSI [13]. This was in accordance with the find-
ings of Koullouros et  al., who arrived at a risk reduction 
(RR) of 0.48 in favor of a combined rather than unimodal 
regimen [12].

McSorley et al. found the same when analyzing RCTs for 
SSI (OR: 0.45) [11]. In addition, when analyzing observa-
tional studies, they found significantly reduced rates of anas-
tomotic leak, postoperative ileus, readmission, and mortality. 
This was not replicated when RCTs were considered 
(Fig.  12.3) [11]. The World Health Organization (WHO) 
arrived at similar conclusions with regard to all SSIs, but no 
difference when assessing anastomotic leak rates (OR: 0.56) 
(Fig. 12.4) [14].

In their assessment of 19 RCTs, Toh et al. found a signifi-
cant reduction in SSI rate with combined antibiotics and 
MBP versus MBP alone, but no difference in terms of other 
outcome measures (OR: 0.7) [29].

A recent Europe-wide audit by the European Society of 
Coloproctology (ESCP) looking primarily at anastomotic 
leak was found in favor of combined antibiotics in addition 
to MBP. Of note, it also found that less than 20% of partici-
pating centers in the study utilized this regimen [31].

This question has also been tackled by a large number of 
observational studies in the United States. These studies uti-
lize data from large, regional databases concerning colorec-
tal surgery [32–34]. They have all found in favor of combined 
antibiotics in addition to mechanical bowel preparation. This 
is the case whether their comparator is unimodal antibiotics 
with bowel preparation or unimodal antibiotics without 
bowel preparation.

As mentioned before, analysis of these studies is prob-
lematic. A large number of the cases were performed via the 
open approach. It is also difficult to extract data such as exact 
site of resection, various relevant patient factors such as 
comorbidity and fitness, and method of preparation used. 
Missing data excludes significant numbers from analysis and 
there is a large potential for selection and reporting bias. 
While not necessarily negating findings from such studies, it 
should qualify their interpretation.
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 Systemic and Oral Antibiotics Without 
Mechanical Bowel Preparation

Evidence regarding this question is limited. One large retro-
spective database study from the United States found no ben-
efit to MBP combined with oral and systemic antibiotics 
when compared with oral and systemic antibiotics alone [35]. 

Another study of similar methodology found that  combined 
antibiotics in conjunction with MBP was superior [36]. 
Further papers addressing this issue are scarce. Although 
small subsets of patients fall into this group in other observa-
tional or retrospective studies, the inherent limitations remain.

In their 2018 meta-analysis—assessing four studies that 
looked at the issue (two RCTs and two cohort studies)—
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Fig. 12.2 Forest plot comparing surgical site infection rate for patients 
receiving MBP + OAB versus MBP alone, divided by evidence from 
RCTs and cohort studies. A Mantel–Haenszel random effects model 

was used to perform the meta-analysis, and risk ratios are quoted 
including 95% confidence intervals. (Reprinted with permission from 
Rollins et al. [7])
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SSI rate
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Fig. 12.3 Forest plot of studies that used preoperative oral antibiotics 
the day before colorectal surgery to prevent surgical-site infection 
(SSI). A Mantel–Haenszel fixed-effect model was used for meta- 

analysis. Odds ratios are shown with 95% confidence intervals. 
(Reprinted with permission from McSorley et al. [11])
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Rollins et al. found no difference between combined antibi-
otics with MBP and combined antibiotics without MBP in 
terms of SSI and anastomotic leak [6]. The researchers did 
find a significantly lower 30-day mortality in patients who 
had MBP and combined antibiotics, and a lower risk of 
ileus. The researchers did cite concerns regarding limited 
data to answer this question, however [6]. Toh et al. found 
no significant difference between combined antibiotics with 
MBP versus combined antibiotics alone, but, again, the 
meta-analysis was subject to a limited number of studies—
three RCTs [29].

As discussed by Nelson et al. in their Cochrane review, “it 
is not known whether oral antibiotics would still be effective 
when the colon is not empty” [15]. Given that evidence exists 
to highlight the negative aspects of bowel preparation, not-
withstanding its unpleasantness, this would appear to be an 
area of study that should be probed with some urgency [22].

The need for this endeavor highlights another problem 
however. SSI rates, and indeed other commonly reported 
complication rates, are relatively low, and by many accounts, 
reducing [37]. This means that RCTs would require unfea-
sible numbers of patients to avoid being underpowered. The 
issues afflicting retrospective database analysis have previ-
ously been discussed. This therefore raises the question of 
how this issue could most appropriately be answered.

With regard to clinical considerations, there are legitimate 
concerns that routinely giving combined antibiotics to all 
elective colorectal patients may also increase the rate of 
Clostridium difficile infection, for example. Evidence regard-
ing this is conflicting, and interpretation, as before, should 
depend on methodological quality [38–40]. There are cur-
rently few RCTs or systematic reviews directly assessing 
this, however, Rollins et al. found no significant difference in 
rates of infection when comparing patients receiving MBP 
and combined antibiotics versus those receiving MBP [7].

Regarding antibiotics, an exciting recent area of study 
concerns the idea that anastomotic dehiscence is less affected 
by, for example, ischemia, but rather by microbial pathogen-
esis. In a murine model, Shogan et al. found that topical appli-
cation of antibiotics that acted on Enterococcus faecalis, or 
indeed direct deactivation of the intestinal metalloproteinase 
MMP 9, inhibited anastomotic leak [41]. Work in this field 
may have future implications for type of antibiotics used and 
may answer whether bowel preparation is a variable in the 
development of postoperative complications at all.

 Site of Resection

Many of the papers discussed show that postoperative com-
plications are more common in patients undergoing rectal 
surgery versus colonic resections. The use of MBP tends to 
be lower in colonic surgery [6, 9, 10, 34].

What is scarcely reported on, and subjected to statistical 
analysis, however, is whether the site of resection has a bear-
ing on whether MBP in addition to various antibiotic regi-
mens may be of benefit. This could be considered as 
something of a missed opportunity, as many of the papers 
report the site of resection in their demographic data.

Three review articles sub-categorized groups according to 
anatomical site of resection. Lobo et al. separately analyzed 
rectal surgery, but not colonic resections. As stated before, 
they found no benefit to the use of MBP [6]. Güenaga et al. 
separately analyzed colonic and rectal resections, finding no 
benefit to MBP in any site of operation [10]. Dahabreh et al. 
produced a similar analysis, with concordant results [9].

One of the large database studies [34] was limited to 
colonic surgery. As discussed before, they were found in 
favor of bowel preparation with concurrent antibiotic admin-
istration [33].

Though more limited in terms of numbers, the findings 
with regard to the utility of MBP according to anatomical 
site of location closely mirror those when all colorectal 
resections are grouped together.

 Conclusion

Contemporary thinking regarding mechanical bowel prepa-
ration has altered substantially over the past 50 years. This 
chapter has aimed to delineate current data regarding the 
overall utility of MBP, in what context and with which simul-
taneous therapy it may be of benefit. It also highlights where 
gaps in the scientific literature exist.

There is substantial data that suggests MBP is potentially 
dangerous, particularly in the comorbid patient. This argu-
ment is compounded by the fact that there is a substantial 
failure rate to bowel preparation and that a poorly prepared 
bowel can make the operation more technically difficult for 
the surgeon. There are now several high-quality meta- 
analyses that concur that there is no benefit to MBP in isola-
tion, both in terms of SSI and anastomotic leak.

Some papers, though few in number, have shown that any 
benefit to MBP versus no MBP is negated when compared to 
the use of a rectal enema. A rectal enema carries few, if any, of 
the risks of MBP and may achieve the same aim of clearing the 
site of anastomosis. The use of a rectal enema in the context of 
rectal surgery is therefore an interesting area of future study.

It seems, therefore, that mechanical bowel preparation in 
isolation should not be recommended. In recent years, how-
ever, the question of whether combined oral and systemic 
antibiotics in addition to MBP may be of benefit in reducing 
SSI and other complications has been raised. While not as 
clear-cut an answer, recent meta-analyses are starting to con-
verge on the idea that combined antibiotics combined with 
MBP confer a benefit when compared with MBP in isola-
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tion. This is more apparent in terms of SSI but less so with 
regard to other complications.

The comparison that has not been answered in the litera-
ture is whether combined antibiotics in the absence of MBP 
are as effective as MBP in addition to combined antibiotics. 
Given the potentially negative effects of MBP, and at best 
debatable benefit, it is an area that needs to be explored. This 
work should be done in the context of the theoretical poten-
tial for an increased risk of Clostridium difficile infection and 
other antibiotic-related complications.

While a falling SSI rate is certainly a cause for celebra-
tion, it makes answering the last question more difficult. 
Conducting a modern, adequately randomized RCT is ren-
dered difficult owing to the prohibitively large number of 
participants that would be required in order to reach statisti-
cal significance. The alternative of large prospective data-
base studies can provide useful information, but is limited in 
its interpretation.

 Summary

The question of whether bowel preparation, with or without 
antibiotics, should be administered “always, sometimes, or 
never” cannot currently be answered definitively. However, 
mechanical bowel preparation on its own, in most circum-
stances, is almost certainly unnecessary and can be detri-
mental. Whether mechanical bowel preparation should be 
administered in order to enable or increase the efficacy of 
orally administered antibiotics awaits further investigation. 
Surgical site infection, and anastomotic leak in particular, is 
multifactorial, and it is possible that packages of care and 
surgical technique that do not include mechanical bowel 
preparation or oral antibiotics can produce equally good or 
indeed better outcomes. This is evidenced by studies from 
single institutions or individual series with much better out-
comes than is evident in the large retrospective databases on 
which much of current guidance is being developed.
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Pharmacogenomics  
in Perioperative Care

Cody M. Koress, Matthew B. Novitch, Jordan S. Renschler, 
Alan David Kaye, and Richard D. Urman

 Introduction

Variation in how genes are expressed and differences in the 
structure and function of protein end products are the result 
of genetic variability between individuals. The most com-
mon type of genetic variation is the single nucleotide poly-
morphism, or SNP, where a common single base pair within 
a gene, or “wild type,” is replaced by another less common 
base pair. The way that drugs and medications interact with 
this intrinsic variability is responsible for the wide range in 
responses to drugs given in perioperative medicine. The 
study of how these polymorphisms affect drug pharmacoki-
netics and pharmacodynamics is termed pharmacogenomics. 
The mechanisms by which gene polymorphisms lead to dif-
ferences in drug response lie in changes to drug elimination, 
transport, and receptors. These differences may represent 
future targets for applied pharmacogenomic research. It is 
proposed that the application of pharmacogenomics in the 
clinical setting would allow clinicians to generate an indi-
vidualized drug-response portrait for every patient and make 
medicine more efficacious and safer.

The two processes involved in drug elimination are 
metabolism and excretion. The most important enzyme 
family involved in drug metabolism is the cytochrome P450 

(CYP) superfamily, which is involved in phase I metabo-
lism. Phase I metabolism occurs mainly in the hepatocellu-
lar endoplasmic reticulum and is responsible for drug 
activation or inactivation via oxidation. Phase II metabolism 
prepares compounds for excretion via conjugation to solu-
ble organic molecules. These compounds are then sent to 
the kidneys, lungs, or hepatobiliary system for excretion.

The main families responsible for human drug metabo-
lism are CYP1, CYP2, and CYP3, with nearly 80% of drugs 
used today metabolized by these three families [1]. 
Underlying CYP protein polymorphisms and host factors—
such as epigenetic factors, age, sex, and disease states—
affect protein expression. This variation in polymorphisms 
and expression allows us to classify the enzymatic activity of 
individuals based on phenotype: poor metabolizers (two 
defective copies of the gene), intermediate metabolizers 
(heterozygotic alleles), extensive metabolizers (two nor-
mally functioning alleles), or ultrarapid metabolizers (more 
than two functional alleles). For example, an opiate prodrug 
such as codeine in a poor metabolizer would be unlikely to 
achieve analgesic effect. In a study done by Yang et al., 71% 
of postoperative patients with acute severe pain were 
CYP2D6 poor metabolizers, compared to other metabolizers 
[2]. Ultrarapid metabolizers, on the other hand, would con-
vert a greater fraction of the prodrug and are at significant 
risk of respiratory toxicity even when given standard doses 
of codeine [3].

Polymorphisms in proteins involved in the transport of 
compounds also affect drug metabolism and phenotypic 
response. ABCB1, which is part of the ATP-binding cassette 
(ABC) family of transport proteins, is expressed on the brain 
capillary endothelial cells that form the blood-brain barrier. 
ABCB1 facilitates the transport of exogenous compounds to 
the brain. Polymorphisms in this transporter show variability 
in the respiratory-suppressive effects of opioids and have 
been implicated in the response to ondansetron in the setting 
of postoperative nausea and vomiting (PONV) [4, 5].

Drug receptor polymorphisms also represent a possible 
avenue for differences in pharmacodynamics between 
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individuals. For example, various polymorphisms of the 
 beta- adrenergic receptor have been identified and possible 
differences in response to vasoactive agents have been 
studied, but many of the results of these studies are largely 
inconclusive, with minimal clinical application thus far [6]. 
Pharmacogenomic research centered around the mu opioid 
receptor has elicited several polymorphisms that could, in 
effect, lead to a theoretical titrated dose specific to the SNP 
in question as pharmacogenomic profiles are generated for 
individual patients [7]. Also, polymorphisms in the 
catechol- o- methyltransferase (COMT) enzyme that tend to 
be inherited together, or haplotypes, have also been shown 

to indirectly upregulate opioid receptors and subsequent 
response to analgesics [8].

The potential for pharmacogenomics to improve medical 
care is substantial. Standard doses of medications do not always 
provide a favorable response to therapy and serious adverse 
events do occur at these dosages. A possible solution to pre-
venting ineffective treatment, serious adverse events, prolonged 
hospital stays, permanent disability, and death may lie in the 
emerging field of pharmacogenomics. Discovering clinically 
significant polymorphisms and establishing evidence-based 
guidelines are essential for widespread implementation among 
practicing physicians (Table 13.1) [4, 5, 7, 9–25].

Table 13.1 Drugs, polymorphisms, and phenotypic effects of the genetic variant

Drug Clinical utility Polymorphisms Phenotypic effect of the genetic variant
Tramadol Management of pain severe enough to require 

an opioid analgesic and for which alternative 
non-opioid treatments are inadequate

CYP2D6 Poor metabolizers fail to exhibit analgesia and do not 
exhibit adverse side effects such as seizures and serotonin 
syndrome
Ultrarapid metabolizers may experience life-threatening 
serotonin or opioid receptor-mediated adverse events

Codeine Management of mild to moderately severe pain CYP2D6 Poor metabolizers may fail to exhibit analgesia
Ultrarapid metabolizers may reach high levels of 
morphine following low to standard dosing leading to 
increased risk of toxic systemic concentrations of 
morphine

Morphine Management of pain severe enough for which 
alternative treatments are inadequate that 
require an opioid analgesic

ABCB1 Associations between ABCB1 polymorphisms and 
prolonged recovery room stays and postoperative 
morphine requirements [5]

OPRM1 A118G polymorphism was associated with the 
requirement for postoperative opioids in Asians, but not in 
Caucasians [9].

Hydrocodone Management of pain severe enough to require 
daily around-the-clock opioid, long-term 
treatment and for which alternative treatment 
options are inadequate

CYP2D6 CYP2D6 enzyme demethylates hydrocodone into 
hydromorphone, which has stronger mu receptor binding 
activity. Poor metabolizers may not reach desired 
analgesic effect with standard dosing [10]

Oxycodone Pain management in patients for whom 
alternative treatment options are ineffective, not 
tolerated, or would be otherwise inadequate to 
provide sufficient management of pain

OPRM1 Patients with polymorphisms have been reported to need 
more oxycodone to achieve adequate analgesia [9]

CYP3A Major metabolic pathway responsible for oxycodone 
metabolism. Strongly influenced by ethnic factors and 
polymorphisms affect dose escalation [11, 12]

CYP2D6 No evidence that plasma oxycodone concentrations are 
affected in poor metabolizers compared to extensive 
metabolizers and ultra-metabolizers [13–15]

Fentanyl Surgery: adjunct to general or regional 
anesthesia; preoperative medication; analgesic 
during anesthesia; and in the immediate 
postoperative period
Transdermal device: acute postoperative pain
Transdermal patch: management of pain in 
opioid-tolerant patients
Transmucosal: management of breakthrough 
cancer pain in opioid-tolerant patients.

OPRM1 Variations in median effective dose required to exhibit 
analgesia among polymorphisms [7]

Propofol Induction and maintenance of general 
anesthesia

UGT1A9 Higher induction dose required, higher levels of drug 
clearance, and longer time needed for loss of 
consciousness in polymorphisms [16]

CYP2C9 Higher plasma concentration seen in polymorphisms [16]
Isoflurane Induction and maintenance of general 

anesthesia
RyR1 Genetic susceptibility to malignant hyperthermia [17]
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 Neuromuscular Blocking Agents

Both depolarizing and non-depolarizing paralytic agents 
have been shown to have polymorphisms that affect patient 
outcomes upon dosing. Succinylcholine and mivacurium, 
substrates of pseudocholinesterase, have polymorphic 
importance. Succinylcholine particularly involves the BChe 
(butyrylcholinesterase) gene polymorphism 209A  >  G; 
1615G  >  A, which can result in prolonged neuromuscular 
blockade. Heterozygous expression of this variant results in 
a less effective plasma butyrylcholinesterase and subsequent 
longer (three- to eightfold) recovery time after succinylcho-
line administration. Prolongation was 60-fold longer in 
homozygous carriers. Similar findings have been reported 
for the variant gene and prolonged mivacurium-induced 
muscle paralysis [3]. Rocuronium is a non-depolarizing par-
alytic agent that was recently discovered to have similar 
clinical significance in terms of polymorphisms, specifically 
in the SLCO1B1 and ABCB1 genes [26]. These two genes 
encode transporters involved in the hepatobiliary metabo-
lism of rocuronium, and polymorphisms in these genes result 
in reduced elimination and increased duration of the drug 
and subsequent prolonged neuromuscular blockade.

 Local Anesthetic Response

Nine isoforms of voltage-gated sodium channels exist, which 
are targeted and blocked by local anesthetics. This action 
prevents the generation and propagation of action potentials 
in nerves and other excitable tissues, particularly of interest 

in the propagation of pain signals. Mutations in these sodium 
channels result in an altered ability for local anesthetics to 
work at their intended site. For example, the 395  N  >  K 
mutation in gene SCN9A results in reduced efficacy of lido-
caine. An additional example occurs in cardiac tissue that is 
not pain related, as a loss of function mutation in the SNC5A 
cardiac sodium channel Na1.5 causes the Brugada syndrome. 
In one author’s review of local anesthetic skin tests for lido-
caine, bupivacaine, and mepivacaine, of almost 1200 patients 
interviewed, 250 had difficulty getting numb. Ninety patients 
were found to be numb to only mepivacaine, and 43 were 
numb only to lidocaine [27]. Subcutaneous local anesthetic 
resistance has also been attributed in part to melanocortin-1 
receptor variants [28].

 Inhaled Anesthetics

Malignant hyperthermia is a major concern when consider-
ing the pharmacogenomics of inhalational anesthetics. This 
hypermetabolic disorder of skeletal muscle has a susceptibil-
ity of 1 in 15,000 children and 1 in 50,000 adults in the gen-
eral population; however, persistent evidence of familial and 
geographically dependent “hot spots” lead to the search and 
discovery of genetic influences [29]. Resulting pharmacoge-
nomic studies have found numerous polymorphisms of the 
ryanodine receptor gene RYR1, with almost 50% of cases 
involving mutations within this gene. In addition, a mutation 
in the α(alpha)1subunit of the voltage-dependent calcium 
channel has been associated with 1% of North American 
malignant hyperthermia (MH) cases [30, 31]. At least 23 dif-
ferent RYR1 polymorphisms are associated with MH, with 

Table 13.1 (continued)

Drug Clinical utility Polymorphisms Phenotypic effect of the genetic variant
Sevoflurane Induction and maintenance of general 

anesthesia
RyR1 Genetic susceptibility to malignant hyperthermia [18]

Succinylcholine Neuromuscular blockade for endotracheal 
intubation, surgery, or mechanical ventilation

BChE Pseudocholinesterase deficiency is associated with 
increased sensitivity to the paralytic effects of 
succinylcholine

RyR1 Genetic susceptibility to malignant hyperthermia [19]
CACNA1S Genetic susceptibility to malignant hyperthermia [20]

Ketamine Induction and maintenance of general 
anesthesia and procedural sedation/analgesia

CYP2B6 Decreased enzyme binding and reduced drug clearance in 
polymorphisms [21]

Lidocaine Local and regional anesthesia by infiltration, 
nerve block, epidural, or spinal techniques

SCN9A MCR1 Reduced efficacy in polymorphisms [22, 23]

Ondansetron Cancer chemotherapy, postoperative, and 
radiotherapy-associated nausea and vomiting

CYP2D6 Decreased antiemetic effect of ondansetron when used for 
postoperative or chemotherapy-induced nausea and 
vomiting has been observed in CYP2D6 ultra- 
metabolizers [24]

ABCB1 Gene polymorphisms are associated with antiemetic 
efficacy in the acute phase after chemotherapy [4]

Metoprolol Angina, heart failure, hypertension, and acute 
myocardial infarction

CYP2D6 Poor metabolizers may have increased metoprolol blood 
levels, decreasing the drug’s cardioselectivity [25]
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the most severe cases having central core disease—a muscu-
lar disorder also associated with RYR1 polymorphisms [32, 
33]. With this wide variety in polymorphisms coupled with 
the only 50% association rate, it is clinically impractical to 
test for MH-related polymorphisms at this time.

While MH is related to a specific functional mechanism 
in a calcium channel, halothane-induced hepatitis results 
from an immune response to metabolites produced by the 
cytochrome enzyme CYP2E1. This occurs in approximately 
1 in 10,000 patients and, although the genetic mechanisms 
involved are not entirely clear, there is clear evidence that it 
is familial [34–36].

Physiologic responses to inhalation anesthetics vary; 
however, genetic mutations often only affect these responses 
at anesthetic concentrations much higher than those usually 
used in mammals. One contrasting genetic modality to note 
is that of gene CYP2E1 and how it relates to sevoflurane 
metabolism. Variations in levels of enzyme expression as a 
result of polymorphisms in the CYP2E1 gene can result in 
severe renal dysfunction [37].

An interesting clinically recognized phenomenon is the 
increased anesthetic requirements in redheads. Pheomelanin 
is the pigment responsible for producing red hair color and is 
produced via the MC1R gene, and this increased require-
ment is thought to be due to polymorphisms in this locus. 
Liem et  al. were among the first to report a demonstrable 
increase in monitored anesthesia care (MAC) requirements 
in redheads, showing a 19% increase in desflurane partial 
pressure compared to dark haired individuals [38].

 Response to Opioids

As discussed with previous medications, variations in metab-
olism, drug transport, and receptor protein binding are some 
of the ways in which genetics may influence the way a medi-
cation performs. This applies to opioids just the same, which 
will be discussed in a general and medication-specific man-
ner. Documented variability in single nucleotide polymor-
phisms (SNPs) alters enzyme metabolism, transport proteins, 
and receptors, creating a challenging, complex problem 
when treating chronic pain and immediate postsurgical pain. 
These genetic deviations can result in altered drug metabo-
lism and efficacy in commonly used analgesics noted in 
some patient populations.

Response to analgesics, specifically opioids, is not uni-
form in the population due to endless numbers of factors 
including pharmacogenomics, and thus the dosage, dosing 
intervals, and response to therapy are inconsistent both with 
physiologic response and analgesic response. These altera-
tions in the genetic code may result in undesirable side 
effects, which are in some cases lethal, such as severe respi-
ratory depression [39]. With 57 CYP genes, which are all 

highly polymorphic, the efficacy and toxicity of commonly 
used medications to treat acute and chronic pain must be 
closely monitored. These genetic phenotypes are classified 
as ultra-metabolism, poor-metabolism, intermediate- 
metabolism, and extensive-metabolism types based on the 
manner in which opioids are broken down into active and 
inactive metabolites [40].

Receptor-specific polymorphisms also play a role in opi-
oid response. The opioid receptor mu 1 (OPRM1) gene 
encodes for the mu opioid receptor, for which several poly-
morphisms exist in the realm of both signal transduction and 
receptor binding [41]. The most data occurs for a single 
nucleotide substitution for adenine to guanine, which 
increases the affinity of beta-endorphins to the mu opioid 
receptor via increased binding [28, 42]. This polymorphism 
may protect against pain, as higher levels of binding in 
homozygotes have demonstrated decreased daily require-
ments of morphine [40, 41, 43].

Similar clinically relevant polymorphisms exist in the 
kappa and delta opioid receptor genes, OPRK1 and OPRD1, 
respectively. Variation in these loci has been linked to addic-
tion and dependence to heroin, cocaine, alcohol, and opioids 
[44, 45]. Addiction research may use these polymorphisms 
to prevent opioid reinforcement and these may be future tar-
gets for patient-dependent targeted addiction therapy [27].

CYP2D6 is a highly relevant cytochrome gene, as drugs 
reliant upon CYP2D6 for analgesic effect include codeine, 
tramadol, hydrocodone, and oxycodone. According to 
Clinical Pharmacogenetics Implementation Consortium 
(CPIC) guidelines, if an individual is a known poor or ultra- 
metabolizer, alternative analgesics that are not dependent 
upon CYP2D6 metabolism should be considered, including 
morphine or non-opioid analgesics [46].

 Codeine

Codeine is a prodrug that undergoes metabolism by CYP2D6 
into morphine, which accounts for about 10% of the overall 
elimination pathway. As previously discussed, CYP2D6 is a 
highly relevant cytochrome enzyme secondary to numerous 
discovered polymorphisms, resulting in highly variable 
CYP2D6 enzymatic activity among individuals. Both poor 
(PM) and ultra-metabolizers (UM) for codeine exist, result-
ing in either increased or decreased amounts of its break-
down product morphine in the blood. In addition, response to 
codeine can be influenced by CYP2D6 variants as well as 
opioid receptor variants. Due to the significant toxicity con-
cerns that result from these polymorphisms, CPIC guidelines 
strongly recommend that CYP2D6 UMs and PMs should 
avoid codeine due to the increased risk of toxicities and lack 
of analgesic effects, respectively. Additionally, the US Food 
and Drug Administration (FDA) warns against the use of 
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codeine in obese adolescents or those with obstructive sleep 
apnea or severe lung disease due to respiratory depression 
concerns [47]. In 2013, the FDA announced a black box 
warning against the use of codeine to manage postoperative 
pain in children following tonsillectomy with or without 
adenoidectomy [48]. This was in response to codeine-related 
deaths [49, 50] and serious adverse drug reactions [51] in 
children who were ultrarapid metabolizers.

Morphine itself is a well-established, strong opioid that 
binds to the mu receptor and is commonly used to treat acute 
and chronic pain states. It is metabolized via glucuronida-
tion, specifically the hepatic isoenzyme UGT2B7. Several 
polymorphisms have been identified that potentially affect 
morphine’s ability to adequately treat pain and may be 
responsible for adverse reactions such as respiratory depres-
sion. The P-glycoprotein transporter encoded by ABCB1 
transports morphine across the blood-brain barrier, and poly-
morphisms detected in this gene result in variable ability for 
morphine to create respiratory depression [5].

 Fentanyl

In contrast to codeine, fentanyl is metabolized by the poly-
morphic CYP3A4 and CYP3A5 enzymes. The polymor-
phisms in the CYP3A5 (CYP3A5*3) gene as well as the 
ABCB1 (1236C > T, 2677G > A/T, and 3435C > T) genes on 
fentanyl metabolism lead to significant changes in plasma 
concentration of fentanyl. Fentanyl levels were approxi-
mately twice as high in CYP3A5*3 homozygotes compared 
to CYP3A5*1 carriers. Response to fentanyl, like codeine, 
can be altered by opioid receptor and COMT polymorphisms. 
OPRM1(118A > G) and COMT (Val158Met, G > A) poly-
morphisms can result in increased or decreased response to 
fentanyl depending on genetic profile, although several stud-
ies have been conducted without success in piecing apart the 
true pharmacogenetic profile [52–55]. Despite these docu-
mented polymorphisms, no statistically significant findings 
have been reported for fentanyl-related adverse effects and 
genetic polymorphisms [56].

 Hydrocodone

Hydrocodone, like codeine, undergoes extensive metabolism 
by CYP2D6 but is also metabolized by CYP3A4 to norhy-
drocodone, which is further conjugated by UGTs into water- 
soluble metabolites that are primarily excreted by the 
kidneys. CYP2D6 metabolizes hydrocodone to 
hydromorphone.

In one study, patients with the CYP2D6 UM phenotype 
had approximately a tenfold increase in the plasma concen-
tration of hydromorphone compared to individuals with the 

CYP2D6 PM phenotype [47]. This can significantly alter 
how these patients experience pain response and analgesic 
effects. The influence of polymorphisms in OPRM1 on pain 
response was also assessed in a study where patients with the 
AA genotype for OPRM1 had significant association with 
pain scores, hydrocodone total daily dose, and hydromor-
phone plasma concentration [57]. Hydromorphone tightly 
binds to the mu receptor and demonstrates variability in 
serum concentrations, which correlate to polymorphisms in 
the OPRM1 genotype [40]. Patients homozygous for the AA 
allele of the OPRM1 gene demonstrate an association with 
pain relief and total hydrocodone dose; whereas, patients 
with the AG or GG alleles did not show the same association 
[57]. As previously mentioned, polymorphisms in CYP2D6 
had a significant impact on the analgesic effects of hydroco-
done as demonstrated in another study, resulting in the FDA 
releasing a warning considering this phenomenon [58]. A 
case of respiratory depression with hydrocodone that resulted 
in the death of a 5-year-old child contributed to the release of 
this document. The child had CYP2D6 genotype (∗2/∗41) 
and concomitant treatment with clarithromycin—a potent 
inhibitor of the CYP3A4 pathway involved in hydrocodone 
metabolism [59].

 Methadone

Methadone is metabolized by cytochrome CYP2B6, which 
like other cytochrome enzymes has highly polymorphic gene 
encoding for it, with more than 38 variants identified thus far, 
which primarily arise from SNPs [60]. The CYP2B6*6 
(516 G > T, 785 A > G) is by far the most studied variant and 
is a significant genetic determinant of the variability in meth-
adone elimination [61, 62]. Moreover a pharmacokinetic 
study showed S-enantiomer clearance (ml/kg/min) was sig-
nificantly lower in patients with the CYP2B6*1/*6 and 
CYP2B6*6/*6 genotypes compared to those who had the 
CYP2B6*1/*1 genotype without variation in R-enantiomer 
clearance [61].

 Tramadol

CYP2D6 also affects tramadol, a weak opioid analgesic that 
is metabolized to O-desmethyltramadol and (+) and (−) tra-
madol. O-desmethyltramadol binds the mu opioid receptor, 
whereas (+) and (−) tramadol inhibits the reuptake of sero-
tonin and noradrenaline resulting in a wide range of clinical 
effects [40]. CYP2D6 poor metabolizers have been shown to 
be protected from adverse side effects such as seizures and 
serotonin syndrome, but fail to exhibit analgesia in response 
to tramadol due to their metabolic profile. In contrast, ultra- 
metabolizers may have life-threatening adverse reactions and 

13 Pharmacogenomics in Perioperative Care



122

higher peak plasma concentrations of O-desmethyltramadol 
and exhibit greater analgesia and higher incidence of nausea 
[40, 63].

 Oxycodone and Oxymorphone

Oxycodone is metabolized by CYP3A4 and CYP2D6 into 
noroxycodone and oxymorphone, respectively. CYP2D6 
poor metabolizers, like other opioids, have a lower peak con-
centration of oxymorphone following a dose of oxycodone 
compared to extensive metabolizers and thus results in lower 
analgesic response and lower rates of opioid-related side 
effects [15, 64]. These patients report a 20-fold reduction of 
effects compared with extensive metabolizers [42]. On the 
other end of the spectrum, UMs reported up to a sixfold 
increase in analgesic effects of oxycodone compared to 
extensive metabolizers and concurrently have increased tox-
icity and adverse events. Evidence also suggests that CYP3A 
inhibition significantly increases oxycodone toxicity and 
analgesic efficacy [40].

 Buprenorphine

CYP3A4 governs the metabolism of buprenorphine, a semi-
synthetic opioid with a connection between its role at the 
OPRD1 receptor and favorable treatment outcomes with 
heroin addiction. Specific SNPs rs58111 and rs529520 have 
been predictive of outcomes for opioid dependence with 
buprenorphine management [65]. The GG genotype at 
rs58111  in female opioid addicts had more favorable 
responses when treated with buprenorphine compared with 
the AA genotype and the AG genotype [40]. This unique 
modality and use of buprenorphine can be quite beneficial in 
developing targeted addiction therapy.

 Malignant Hyperthermia

Malignant hyperthermia (MH) occurs as frequently as 1 in 
every 10,000 anesthetics, though genetic abnormalities that 
contribute to the development of MH may be as prevalent as 
1 in 2750 individuals [66]. Many genes may be implicated in 
developing MH, but only the RYR1 and CACNA1S genes 
have been definitively associated with predisposition to 
MH. The RYR1 gene encodes the ryanodine receptor. Of the 
more than 400 variants identified of RYR1, at least 34 are 
known to increase susceptibility to MH [19]. The CACNA1S 
gene encodes the α(alpha)1 subunit of the dihydropyridine 
receptor (DHPR), and there are only two variants in 

CACNA1S associated with MH [66]. MH susceptibility is 
associated with several myopathies due to RYR1 defects. 
The co-occurrence of the two is estimated to be about 30% of 
patients with RYR1 myopathies [67]. Diseases predisposing 
patients to MH susceptibility include central core disease, 
multi-minicore myopathy, congenital myopathy with cores 
and rods, and centronuclear myopathy, among others.

 Benzodiazepine Response

CYP3A4/5 and CYP2C19 are the major metabolizers of 
benzodiazepines, which are used to reduce anxiety and 
induce drowsiness preoperatively [68]. Diazepam is metabo-
lized to its active metabolite temazepam by CYP3A4 and to 
desmethyldiazepam via CYP3A4 and CYP2C19. 
Desmethyldiazepam and temazepam are both converted to 
oxazepam by CYP3A4 and CYP3A4/CYP2C19, respec-
tively. Patients with the m1 variant of CYP2C19 have lower 
clearance of diazepam, causing increased plasma levels and 
half-life [68]. CYP3A4 and CYP3A5 are the primary metab-
olizers of midazolam. The CYP3A5∗3 homozygous geno-
type yields a 50% greater enzyme induction [28].

 Nausea and Vomiting

Several genetic polymorphisms that are associated with an 
increase in postoperative nausea and vomiting (PONV) have 
been identified. Polymorphisms implicated in PONV include 
the Taq1A polymorphism of the dopamine D2 receptor gene, 
a deletion in both alleles of the 5-HT3B receptor gene, alter-
ations in the ABCB1 gene, and three or more functional 
alleles of CYP2D6 [69, 70]. 5-Hydroxytryptamine (5HT3) 
antagonists, such as ondansetron, are metabolized by 
CYP2D6 and may be given to patients following general 
anesthesia to reduce PONV. Ultrarapid CYP2D6 metaboliz-
ers (UM) have increased turnover of 5HT3 antagonists, caus-
ing increased PONV relative to poor metabolizers (PM), 
intermediate metabolizers (IM), and extensive metabolizers 
(EM). Candiotti et al. studied 250 female patients given pro-
phylactic ondansetron following general anesthesia, and the 
incidence of postoperative vomiting was reported to be 
45.5% in UM subjects—significantly greater than that of 
PM, IM, and EM patients (8.3%, 16.7%, and 14.7%, respec-
tively) [71]. Another study of 112 patients receiving ondan-
setron after general anesthesia observed that patients 
identified as PMs exhibited less PONV despite receiving 
higher doses of opioids when adjusted by weight [72]. The 
AAG deletion in the -HT3B receptor gene also reduces the 
efficacy of ondansetron [73].
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 Cardiovascular/Coagulation 
Pharmacogenomics

CYP2D6 is involved in the metabolism of several β(beta)-
blockers for elimination. Most notably, CYP2D6 contributes 
to 70–80% of metoprolol metabolism, converting metoprolol 
to its inactive metabolites [74]. Conversely, CYP2D6 con-
verts carvedilol to its active metabolites. There are nearly 80 
polymorphic variants of CYP2D6, some of which are known 
to cause a loss of function of the enzyme. Variants in CYP2D6 
resulting in decreased function include CYP2D6∗10 (pres-
ent in 40% of Asian descendants) and CYP2D6∗4 (present in 
20% of European descendants) [75]. A 2017 study by Luzum 
et al. reported a lower tolerated maintenance dose of meto-
prolol and a higher tolerated maintenance dose of carvedilol 
in CYP2D6∗4 variants relative to those without the allele, 
which corresponds to the role of CYP2D6 in their metabo-
lism [75]. Although some studies demonstrate variants of 
CYP2D6 resulting in altered efficacy of β(beta)-blockers, the 
evidence surrounding the clinical significance lacks consis-
tency. Some studies reported no difference in frequency of 
adverse events between CYP2D6 variants during treatment 
with metoprolol [76, 77], while others reported significant 
differences in the clinical effects of variations in CYP2D6 
alleles [74, 75, 78–81].

Warfarin is the most prescribed anticoagulant worldwide 
[82]. Its target is the vitamin K epoxide reductase complex, 
which is encoded by the gene VKORC1. Warfarin is a race-
mic mixture, and S-warfarin is 3–5 times more potent that 
R-warfarin. Warfarin limits the availability of reduced vita-
min K, thus resulting in less circulating active clotting fac-
tors. Challenges in dosing warfarin are due to its narrow 
therapeutic window and wide variability in dose require-
ments for each individual [82]. Genes that warrant tailoring 
of warfarin doses include CYP2C9 and VKORCI. CYP2C9 
is the primary metabolizer of S-warfarin. Both the CYP2C9∗2 
and CYP2C9∗3 alleles yield reduced CYP2C9 metabolism, 
with the CYP2C9∗3 allele resulting in the greatest reduction 
of warfarin metabolism [83, 84]. Impaired metabolism 
results in an increased half-life of warfarin and a reduced 
dose of warfarin required by individuals with defective 
alleles. Variations in the target enzyme of warfarin, vitamin 
K epoxide reductase complex, are also significantly associ-
ated with warfarin sensitivity. For example, carriers of at 
least one copy of the VORC1 1173C > T polymorphism were 
found to have a significantly increased bleeding risk follow-
ing anticoagulation therapy [85]. Furthermore, substitution 
of A for G at position -1639 results in increased warfarin 
sensitivity. Homozygotes for this allele have markedly 
increased sensitivity compared to -1639AG heterozygotes, 
and both AA and AG genotypes are more sensitive than the 
wild-type GG genotype. The homozygous -1639AA geno-

type is more prevalent in Asian populations than Caucasian 
populations [86].

Clopidogrel is an inactive prodrug that requires conver-
sion via CYP2C19 to its active metabolite. It functions as an 
antiplatelet agent that irreversibly inhibits platelet activation. 
CYP2C19 poor metabolizers are individuals who carry two 
nonfunctional copies of CYP2C19. CYP2C19 poor metabo-
lizers are of higher prevalence in Chinese populations, with 
approximately 14% of Chinese individuals being poor 
metabolizers, compared to 2% of Caucasians and 4% of 
African Americans [87]. In 2010, the FDA issued a black 
box warning regarding the inefficacy of clopidogrel in 
CYP2C19 poor metabolizers and advising to consider alter-
nate antiplatelet therapy for these individuals. Meta-analyses 
have come to contradicting conclusions regarding the effect 
of CYP2C19 polymorphisms on cardiovascular events. One 
meta-analysis in 2009 concluded that individuals carrying 
CYP2C19 loss-of-functioning alleles had higher rates of car-
diovascular events after treatment of clopidogrel following 
acute myocardial infarctions [88]. This study was supported 
by results of another meta-analysis in 2010, which concluded 
that possessing even one dysfunctional copy of CYP2C19 is 
associated with adverse cardiovascular outcomes [89]. Two 
additional studies in 2011 reported the opposite. Holmes 
et  al. concluded that there was no association with the 
CYP2C19 genotype and cardiovascular events [90], while 
Bauer et  al. reported the lack of evidence supporting 
CYP2C19 genotype-guided antiplatelet treatment [91].

 Summary and Future Directions 
of Pharmacogenomics

The “one size fits all” dosing of medical therapy is inherently 
limited in its utility as a patient’s response to a drug is 
unknown until after the fact. Preventing ineffective treat-
ment, serious adverse events, prolonged hospital stays, per-
manent disability, and death are goals that may be achieved 
through the study and implementation of pharmacogenom-
ics. This also may lead to the development of new drugs, 
insights into disease, and identification of predisposed indi-
viduals—all leading to more effective treatment and disease 
prevention. There are multiple challenges ahead, however. 
With the exception of CYP2D6 polymorphisms and their 
metabolism of analgesics, there is a lack of well-conducted 
clinical studies designed to provide evidence-based practice 
guidelines for screening optimal dosing and risk of adverse 
events. Other medical disciplines have been able to assess 
recommendations based on pharmacogenomic data. 
Kaufman et al. was able to use a modified AGREE (Appraisal 
of Guidelines for Research and Evaluation) II instrument to 
develop an assessment for the most commonly prescribed 
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cardiovascular drugs in the United States [92]. Further stud-
ies incorporating assessment of pharmacogenomic data and 
correlations with perioperative outcomes are necessary. The 
Clinical Pharmacogenetics Implementation Consortium 
seeks to provide peer-reviewed, updated, evidence-based, 
freely accessible guidelines for gene/drug pairs and proposes 
the following framework for evaluation of evidence support-
ing the impact on clinical practice: “...a sound scientific 
rationale linking genomic variability with drug effects, the 
therapeutic index of the involved medications, the severity of 
the underlying disease, the availability of alternative dosages 
or drugs for patients with high-risk genotypes, the availabil-
ity of CLIA-approved laboratory tests, and peer-reviewed 
clinical practice guidelines that incorporate pharmacogenet-
ics in their recommendations.”[93] CPIC has also instituted 
a grading scheme to evaluate quality of evidence that is con-
sistent with the National Academy of Clinical Biochemistry 
and the strength of recommendations according to the 
National Institutes of Health.

In addition, the successful implementation of pharma-
cogenomics rests in the availability and practicality of 
genetic testing. Currently, commercially available point-of- 
care genetic assays employ the use of microarrays and real- 
time polymerase chain reaction (PCR). These take hours to 
days to complete and could possibly lead to delays in treat-
ment [94]. If incorporated into the standard of care, point-of- 
care testing needs to provide results on the order of minutes. 
Additionally, pharmacogenomic data can be gathered in the 
preoperative assessment, or as part of a patient’s surgical 
clearance.

Another hurdle is the sheer amount of capacity required 
to handle pharmacogenomic data. Inclusion of raw whole- 
sequence genetic data of patients into the electronic medical 
record (EMR) is not feasible. The estimated storage require-
ment for genomic data is as much as 2–40 exabytes in 2025 
(2–40 billion gigabytes) [95]. Including only clinically perti-
nent biomarkers with strong evidence of potential for a mod-
ification in the perioperative regimen is necessary to decrease 
the data storage and data handling burden. Physician collab-
oration with EMR software vendors will be necessary to 
develop algorithms and templates that provide pharmacoge-
nomic testing results and clinical decision tools that high-
light key results and recommendations. Accessible databases 
that are confidential and easy to navigate are also necessary 
to store this information as pharmacogenomic screening is 
implemented into clinical practice. Pharmacogenomic data 
collected by a pediatrician or family medicine physician 
should be available to the anesthesiologist to use in the peri-
operative setting at the point of care.

In the forefront of today’s medical system are the issues 
of cost and value. Currently, in Europe and the United States, 
reimbursement of pharmacogenomic testing and guided clin-
ical treatment is limited. This is most likely related to a lack 

of strong evidence of benefit in mortality and morbidity end 
points [96, 97]. Patients often pay out of pocket for these 
tests. Pharmacogenomic-guided treatment that shows 
improvement in patient outcomes, together with the decreas-
ing costs of screening, may lead to reimbursement of 
pharmacogenomic- based interventions. Furthermore, health-
care institutions will be more likely to support infrastructure 
required to implement pharmacogenomic-guided periopera-
tive care as cost savings and value are realized.

As discussed in this chapter, the proper sedation, intraop-
erative management, and postoperative medical therapy of 
surgical and critical care patients are paramount in the set-
ting of enhanced recovery pathways. Tailoring medical ther-
apy to an individual’s genome is possible with the potential 
to develop new drugs based on the contribution of drug-
response phenotype discovery. New insights in disease pro-
gression and identification of predisposed individuals may 
also offer better ways of illness prevention.

 Conclusion

Tailoring medication choices and dose regimens to a 
patient’s pharmacogenomic profile may be a large part of 
the future of anesthesiology. Individualized care based on 
polymorphisms in the genetic code will ultimately decrease 
the incidence of adverse events and hospital length of stay, 
increasing patient satisfaction and saving healthcare dollars. 
While pharmacogenomics and its application to anesthesiol-
ogy are still in its infancy, different polymorphisms and 
their significance to clinical practice are discovered daily. 
Realization of this opportunity to advance anesthesia prac-
tice is vital.
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 Introduction and Rationale

Full recovery following major surgery is complete when the 
inevitable postoperative functional decline has returned to 
the preoperative baseline values. The duration and magni-
tude of this functional decline broadly mirror the magnitude 
of the perioperative stress response. While this sounds like a 
relatively straightforward concept, the precise measurement 
of these two variables—functional decline and the periopera-
tive stress response—is complex.

In order to get a perspective on the progress that has been 
made over the last quarter of a century, it is worthwhile con-
sidering the changes that occurred in a patient undergoing 
major abdominal surgery prior to the advent of enhanced 
recovery after surgery (ERAS). Following a prolonged fast 
(sometimes 12 or more hours) and mechanical bowel prepa-
ration, the patient arrived for surgery in a state of dehydra-
tion, ketosis, and psychologically distressed. Then, anesthesia 
and surgery took place, which included a large incision, 
much handling of the bowel, blood loss, and intravenous 
(IV) fluids that were often guided by several methods such as 
an algorithm (e.g., x ml/kg/hr), central venous pressure mon-
itoring, urine output, heart rate, or blood pressure. Analgesia 
was provided by an epidural or by copious systemic opioids. 
The insertion of nasogastric tubes, drains, and a urinary cath-
eter was a routine. Postoperatively, large amounts of intrave-
nous fluids were administered until bowel function returned. 
Prolonged analgesic requirements with delayed mobilization 
necessitated a hospital stay typically of 10–14 days duration. 
The return to functional normality—such as normal activity 
and return to work—could therefore be several weeks or 
even months. The above processes were governed by decades 
of unchallenged dogma.

So what changed? Practically every aspect of care. At the 
very heart of this was challenging every step of the afore-

mentioned pathway, continually asking “what is the evidence 
for this?” and “can it be done any better?”

For many people the introduction of minimal access sur-
gery (MIS) is seen as the only real change for the develop-
ment of ERAS. While no one would disagree that laparoscopic 
and robotic surgery has had an enormous impact on the suc-
cess of ERAS, it is worth remembering that the early descrip-
tions of ERAS predated MIS for both cardiac and colorectal 
surgery [1, 2]. Moreover, even if MIS is not possible, adher-
ence to an ERAS pathway for open surgery still confers sig-
nificant and demonstrable physiological benefits to patients 
in terms of length of stay (LOS) [3] but also the preservation 
of postoperative immune function and aspects of the surgical 
stress response [4]. Thus, at the very heart of ERAS are the 
understanding, measurement, and minimization of the surgi-
cal stress response that accompanies major surgery.

 The Surgical Stress Response

The classical stress response is a complex array of changes 
that take place following both major surgery and other patho-
physiological insults such as burns, major trauma, and sepsis 
[5]. For many, the grandfather of our understanding of the 
stress response originates from Glasgow, Scotland, by Sir 
David Cuthbertson. In a series of studies conducted nearly 
90  years ago on patients who underwent bed rest while 
receiving a fixed diet, he described how stool and urine anal-
ysis during bed rest reveals a slight loss of many substances, 
including calcium, phosphorus, nitrogen, potassium, sulfur, 
and creatine. However, when the same protocol was applied 
to patients with long bone fractures, he discovered a larger 
increase in the aforementioned substances in particular nitro-
gen (as urea), although calcium excretion did not increase 
much more. With the recognition that these intracellular 
losses were in excess of those accountable by the primary 
injury alone, he concluded that there was a generalized reac-
tion occurring within the body, which caused breakdown of 
lean tissue (particularly muscle) and simultaneous fever [6]. 
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Later he described and correlated these catabolic changes 
with increased oxygen consumption, and the concept of ebb 
and flow was established relating to a decrease and increase 
in metabolic activity, respectively, and has more recently 
been described [7].

With advances in our understanding and measurement of 
the physiological changes that occur perioperatively, many 
of these stress response changes have been clearly identified 
and described (Table 14.1, Fig. 14.1). Broadly, the classical 
stress response may be divided into two major components. 
Firstly, there is a systemic neuroendocrine response with the 
concomitant metabolic sequelae. This part of the response is 
characterized by sympathetic nervous system and pituitary 
activation resulting in a large number of predictable meta-
bolic consequences including catabolism, insulin resistance 
(IR), and hyperglycemia. The second major component is 
the inflammatory and immunological changes, initiated from 

Table 14.1 The classical “stress response” to major surgery

Changes Examples
1(a) 
Neuroendocrine

Pituitary and adrenal activation, e.g., ACTH, 
GH, cortisol, adrenaline

1(b) Metabolic 
consequences of 
1(a)

Catabolism and nitrogen loss
Insulin resistance and hyperglycemia
Lipolysis
Sodium and water retention
Potassium loss

2) Inflammatory
(both pro-
inflammatory and 
anti-
inflammatory)

SIRS response
Cytokines production, e.g.:
  Interleukins (especially IL-6, also IL-1, IL-8)
  TNF alpha
  CRP
  Interferons
  VEGF

ACTH adrenocorticotrophic hormone, GH growth hormone, SIRS sys-
temic inflammatory response syndrome, IL interleukin, TNF tumor 
necrosis factor, CRP C-reactive protein, VEGF vascular endothelial 
growth factor
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Fig. 14.1 Surgical stress responses. CRF corticotrophin-releasing fac-
tor, ACTH adrenocorticotrophic hormone, GH growth hormone, IL 
interleukin, TNFα tumor necrosis factor alpha, IGF insulin-like growth 

factor, T3 triiodothyronine. (Adapted with permission from Dr. 
R.  Durai, Slide 14, https://www.slideshare.net/surgerymgmcri/
metabolic-response-to-injury-14-0316)
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macrophages, fibroblasts, and endothelial cells, which results 
in cytokine release such as interleukins (IL), tumor necrosis 
factor (TNF), and interferons (IFNs), which have both local 
and systemic effects, including malaise and fatigue. There 
are both pro-inflammatory and anti-inflammatory pathways 
initiated, with the former more attributed to complications 
and organ dysfunction and the latter involved in postopera-
tive infections [8].

While this distinction between neuroendocrine/metabolic 
and inflammatory is convenient, it does represent an over-
simplification, as there is overlap/interplay between these 
two components. In addition, while the magnitude of the 
measured stress response (vide infra) is broadly proportional 
to the magnitude of surgery, there is an array of other events 
that may magnify this response still further and include star-
vation, infection, hypovolemia, hypothermia, postoperative 
complications such as infections, postoperative nausea and 
vomiting, and sleep disturbances [9].

The stress response has been extensively investigated. 
While its effects are readily understood as an evolutionary 
adaptive process (e.g., such as substrate mobilization and 
conservation of water for an injured animal unable to have 
free access to nutrition and water), there is no doubt that 
viewed within the context of modern perioperative care, it 
confers very little, if any, benefit and with the potential for 
serious harm (Table  14.2). Moreover, as anesthesiologists, 
we are now focusing on long-term outcomes following onco-
logical surgery.

The time course of these changes is variable: it may vary 
over a few hours (e.g., IL-1) to several days, but in uncompli-
cated major surgery, by 72 hours, much of the physiological 
upset has returned to normal. Thus, stress response reduction 
is seen as a key physiological change to both improve recov-
ery and reduce short- and long-term complications.

Assessment of magnitude of the stress response from the 
myriad of physiological changes described above is clearly 
complex. Measurements of neuroendocrine and metabolic 
response metabolic sequelae include either the hormones 
themselves—plasma concentration of cortisol, growth hor-
mone, catecholamines, insulin, etc.—or the other metabolic 
changes, such as hyperglycemia, nitrogen loss, and, in par-
ticular, IR.  Measurement of the inflammatory response 
includes C-reactive protein (CRP), interleukins, and TNF.

 Stress Response Modification: Theory

Given the potential for harm arising from the aforementioned 
changes, it is logical that various ways have been described 
in which the stress response can be reduced, ameliorating 
physiological disturbance and promoting early recovery and 
reduced complications.

 Minimal Invasive Surgery

The magnitude of the stress response is determined by both 
the magnitude of surgery and the surgical approach (open or 
MIS), with both the endocrine/metabolic response and in 
particular the inflammatory response being substantially 
reduced by lesser surgeries and also by MIS [10]. This is 
seen as a major advantage for MIS, but as the choice of the 
surgical route is not controlled by the anesthesiologist and 
will not therefore be considered further here, nor will the 
decision whether or not still use drains, tubes, mechanical 
bowel preparation, etc., all of which may add to stress 
response, but are usually under the direction of the surgical 
team [9] (see Chap. 19).

 Opioids

Studies from 60  years ago demonstrated that opioids may 
modify both diurnal hormonal and metabolic changes in sub-
jects [11], with later studies showing that very-high-dose 
opioids (e.g., 50–100 mcg/kg) may substantially reduce hor-
monal and metabolic responses to surgery, especially pelvic 
and upper abdominal surgery [12]. However, such large 
doses of opioids have no place within modern ERAS pro-
grams, with their principal use where postoperative lung 
ventilation is to be used and so is restricted for specific major 
procedures, e.g., cardiac surgery. Moreover, a major theme 
within ERAS programs is the use of multimodal or balanced, 
opioid-sparing analgesia [13], so while high-dose opioids are 
of great theoretical interest, they are of little practical inter-
est. The introduction of shorter-acting opioids such as remi-
fentanil predictably also lowers the intraoperative adrenal 

Table 14.2 Clinical consequences of unmodified stress responses

Pathophysiology Clinical sequelae
Catecholamine excess Tachycardia, hypertension, 

cardiac ischemia
Nitrogen loss Muscle breakdown

Weakness, poor mobilization
Insulin resistance from pituitary 
and adrenal activation, reduced 
insulin secretion

Hyperglycemia (“diabetes of 
injury”) with its risks:
infections, (surgical site, 
respiratory, urinary) neuropathy, 
AKI, reoperation

Marked inflammatory changes Infection
Organ dysfunction
Cognitive changes
Sleep dysfunction
Immunosuppression with 
potential for:
Possibly reduced long-term 
cancer survival
Possibly a reduction postoperative 
infections

AKI acute kidney injury
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and sympathetic activation in a dose-dependent manner [14], 
but the effects will be transient given the very short half-life 
of remifentanil.

 Neuraxial Blockade

Given the neural pathway involved in neuroendocrine activa-
tion, it is logical that it can be dramatically obtunded by 
comprehensively blocking that pathway to prevent the subse-
quent pituitary and adrenal activation. The most well- 
described approach is neuraxial block (spinal and epidural 
anesthesia) with local anesthetic. Thoracic epidural anesthe-
sia (TEA) holds a unique place within the history of ERAS, 
as it was this technique that was popularized by Kehlet and 
his colleagues more than 20 years ago with some of the first 
papers in this area, with patients undergoing major large 
bowel resection experiencing improved pain control, 
improved mobilization, and shortened ileus [2, 15].

A wealth of data was produced on the impact of neuraxial 
anesthesia on the hormonal and metabolic response to major 
surgery demonstrating that:

• The blockade has to be instituted prior to the start of sur-
gery and continued well into postoperative period (i.e., 
several days) to obtund the responses [12].

• Blockade has to be with local anesthesia—neuraxial 
block with opioids has only minor effects on this process 
(glucose and cortisol) [16].

• If the block becomes ineffective or short-lived—such as a 
spinal anesthetic—the modifying metabolic effects will 
be transient, and the patients will thereafter have a similar 
response to those in whom there was no block [17].

• If the block is started following the surgical stimulus, 
there is some subsequent response modification [16] even 
in patients having TEA started following cardiopulmo-
nary bypass (CPB), which is a major inducer of the stress 
response [18].

• TEA is very effective at obtunding responses for both pel-
vic and lower abdominal surgery but has less of a modify-
ing effect for surgery involving the upper abdomen, 
presumably due to insufficient afferent blockade [16].

• TEA has no consistent effect on the inflammatory 
response as this is principally determined by mechanisms 
from the site of surgery itself, although the complex inter-
play between the two mechanisms may account for some 
the described blunting of the inflammatory response with 
epidurals [19].

However, in the last 10 years or more, there has been an 
abrupt decline in the use of epidurals for major elective sur-
gery due to a number of factors. Firstly, other techniques of 
neural block have been used that provide good analgesia but 

without the side effects of epidurals (vide infra). Secondly, 
the advent of small incision surgery and MIS has rendered 
the use of relatively prolonged (and invasive) TEA not neces-
sary. Finally, while epidurals have been shown to have a 
number of benefits (Table  14.3), their disadvantages are 
increasingly recognized [20].

Thus, while epidurals were viewed as the gold standard 
for major open pelvic abdominal and thoracic surgery, they 
also have numerous disadvantages as shown in Table 14.4.

Epidural failure rates are complex and variable and 
depend on many factors, such as the definition of failure, the 
site of surgery, the dosage and volume of drugs administered, 
as well as problems surrounding their insertion. The range of 
quoted epidural failure rates vary widely between 13% and 
47%, with a large study describing an incidence of 32% for 
thoracic epidurals and 27% for lumbar epidural [21]. While 
the situation may be rectified (e.g., by re-siting or adding 
adjuvants, such as epidural diamorphine), a failed epidural 
leaves the patient in pain and may restrict other options of 
analgesia too (such as systemic opioids) as these drugs can-
not be co-administered if the patient is receiving epidural 
opioids.

Another key area is hypotension, which is related to the 
sympathectomy from neuraxial block. This may be com-
pounded by other factors such as hypovolemia, anti- 
hypertensive medication, and postoperative vasoplegia. 
Historically these patients received copious—even exces-
sive—volumes of intravenous fluids to combat hypotension. 
This may result in large volumes of fluid administered yet 
with little effect on blood pressure while causing edema. For 
many patients the margin of error of fluid overload may be 
small—e.g., 2.5–3 L—and there is general acceptance that 
near-zero fluid balance (and weight gain) should be the target 
[22] with even 1  L of weight gain associated with both 
increased symptoms (16%) and complications (32%) [23] 
and increased length of stay of 1 day [24]. A more logical 
and effective approach is to restore vascular tone with vaso-
active drugs (e.g., phenylephrine or noradrenaline), the safe 

Table 14.3 Advantages of epidurals

Benefits of epidurals
Reduced hormonal and metabolic response to surgery
Superlative, segmental analgesia
Reduction in postoperative thromboembolism
Reduced blood loss

Table 14.4 Disadvantages with epidurals

Concerns within ERAS
Failure rate
Fluid management/hypotension
Reduced mobility (especially lumbar epidurals)
Permanent neurological injury (rare) from coagulopathy/sepsis, 
causing spinal cord compression
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administration of which requires the patient to be cared for 
on a high dependency or intensive care unit (ICU), often with 
intra-arterial blood pressure monitoring [20].

Reduced mobility with epidural analgesia may result 
from low (lumbar) epidurals and high volumes/high concen-
trations of local anesthetic mixtures, which will block both 
motor and proprioception nerve fibers. Early mobilization is 
key postoperatively, and the combination of a patient having 
leg weakness and being attached to a bag of IV fluid will 
significantly impact on the success of any ERAS program.

In addition, although epidurals are widely viewed as rela-
tively safe, permanent neurological damage can occur, due to 
either vertebral canal hematoma, abscess, or direct trauma. 
The NAP3 study highlighted the risks associated with post-
operative epidurals having an incidence of permanent neuro-
logical harm estimated between 1:5700 and 1:12,200 [25].

Thus, while epidurals have a sound theoretical basis in 
reducing the metabolic responses to surgery and historically 
were a cornerstone for ERAS in its early days with primarily 
open surgical techniques, the advent of MIS and appreciation 
of the side effects of epidurals have led to a significant 
decline in their use.

 Stress Response Modification:  
Modern Approach

So, what can the anesthesiologist do to reduce surgical 
stress? In true ERAS fashion, there is no single answer but a 
number of multimodal approaches that the anesthesiologist 
can employ to minimize surgical stress and the physiological 
disruption that in turn prevents early recovery, hospital dis-
charge, and a return to functional normality.

 Preoperatively

 Hydration and Nutrition: Carbohydrate Loading
A generation ago, patients very often arrived to the operating 
room theater both dehydrated and starved for many hours. 
While there were historical reasons for this—it was felt that 
this minimized gastric volume and in turn the risk of pulmo-
nary aspiration of gastric contents—a number of studies 
from the 1980s showed that withholding oral fluids was not 
only unnecessary but that drinking clear fluids up to 2 hours 
preoperatively had no deleterious effect on both the volume 
and the pH of gastric contents [26, 27]. However, this did not 
address the consequences of withholding calories to patients, 
who, even if they were not dehydrated, were often catabolic 
and ketotic prior to surgery itself. Given the further major 
metabolic changes occurring following the surgery, a logical 
approach was to ensure metabolic homeostasis by feeding 
and thus prepare patients for these changes. Early studies 

examining preoperative intravenous glucose were super-
seded by oral carbohydrates administration, both of which 
produced dramatic metabolic improvements: There were a 
reduction in postoperative IR, reduction in protein loss with 
improved muscle function, and reduced length of hospital 
stay compared to controls. This area has recently been 
reviewed [28–31] (see Chap. 4).

There have been several meta-analyses/reviews of the 
outcomes of carbohydrate loading. Awad et  al. showed 
reduction of postoperative IR and a small but significant 
reduction in LOS for abdominal surgery of 1.08 days (95% 
confidence interval [CI] 1.87–0.29 days), although there was 
no benefit for surgeries with an expected LOS of less than 
2 days nor in patients undergoing orthopedic surgery [32]. 
They also confirmed the reduction of postoperative IR, but 
no changes in hospital complications. A later review 
 published in the Cochrane Database demonstrated a smaller 
reduction in overall LOS (0.3 days, 95% CI 0.56–0.04 days) 
but with a highly significant reduction in LOS of 1.6 days for 
patients undergoing abdominal surgery together with a 
shorter time for passage of flatus (0.39 days, 95% CI 0.70–
0.07 days) with again a reduction in IR and no effect on com-
plications [33]. A very recent study confirmed the benefits of 
carbohydrate loading in terms of LOS compared to fasting 
controls, but was unable to show this difference for those 
patients who received water or placebo [34]. While some 
have criticized the methodology of this review, overall there 
is evidence of reduction in LOS from carbohydrate loading 
(although its exact effect on LOS may be debated). Moreover 
there is no doubt that it is an intervention that produces 
marked and reproducible modifications on the stress response 
markers of major surgery. In addition, early oral nutrition 
will help prevent catabolism postoperatively.

 Prewarming
The concept of prevention of hypothermia is covered below. 
The use of prewarming is growing too and, while not always 
to achieve from a practical perspective, has been shown to 
result in significantly higher temperatures perioperatively 
(see Chap. 17).

 Management of Anxiety
Preoperative anxiety may magnify the stress response, and 
whereas the conventional use of anxiolytics has greatly 
declined, other approaches such as preoperative preparation, 
minimizing fasting, and administering carbohydrates will all 
reduce anxiety and improve patient comfort.

 Intraoperative Management

The anesthesiologist’s role in intraoperative management 
is fundamental. Some of these areas can be divided into 
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protocolized care bundles and represent a standard of care 
undertaken in every patient. Many are simple and merely 
reflect good anesthetic practice but if not undertaken may 
significantly magnify the stress response. These include key 
practices described below.

 Appropriate Intravenous Antibiotics
Perioperative infections, depending on their magnitude, have 
the potential to cause marked organ dysfunction.

 Avoidance of Hypothermia
Measurement of temperature and active avoidance of hypo-
thermia (<36  °C) is fundamental anesthetic practice. Even 
mild hypothermia (with a median temperature of 35.6  °C) 
blood loss was increased by 16% and blood transfusion rate 
by 22%. Not only will hypothermia again magnify aspects of 
the stress response (e.g., excess catecholamines) but cause a 
number of pathophysiological sequelae including vasocon-
striction, increased afterload, myocardial ischemia and car-
diac arrhythmias, surgical site infection, and coagulopathy, 
all with the potential to increase hospital stay. More recently 
the concept of prewarming has been popularized too as 
another method to prevent hypothermia (see Chap. 17).

 Depth of Anesthesia Monitoring
For elderly patients in particular, postoperative inflammatory 
changes in the brain may predispose to both postoperative 
cognitive dysfunction and postoperative delirium, and the 
targeted use of depth of anesthesia monitoring has been 
advocated to keep anesthetic depth to a safe minimum to 
reduce these unwanted effects [35].

 Monitoring of Neuromuscular Block (NMB)
The quantitative monitoring of, and proven reversal from, 
NMB is essential for patients to reduce risks of postoperative 
pulmonary complications, which will magnify the stress 
response [36].

 Intravenous Fluid Management
Fluid management remains probably the most widely cov-
ered topic in the literature but remains a contentious area of 
intraoperative care, and a full debate is outside the scope of 
this chapter (see Chap. 18). While both anesthesiologists and 
intensivists may debate some areas of fluid management, 
there are nevertheless some areas that have general 
agreement:

• Poor fluid administration can be disastrous for ERAS 
patients and will increase both the inflammatory (as mea-
sured by IL-6) [37] and metabolic markers of major 
surgery.

• Both too little fluid (causing a reduction in cardiac output) 
and excess fluid excess (causing edema particularly to the 

lungs but also to an anastomosis) will ultimately impair 
tissue oxygenation, with an increase in complications, 
cost, and LOS [23, 24].

• Many support the use of individualized fluid therapy (e.g., 
goal-directed fluid therapy [GDFT]) to manage fluids, 
especially for higher-risk surgeries and/or patients.

• There is nevertheless a large range in IV fluid regimens 
administered for similar surgery that is personnel- 
dependent [38, 39].

• IV fluid management has changed due to other changes in 
perioperative care. e.g., the use of carbohydrate loading, 
early resumption of postoperative oral fluids (so less IV 
fluids required), MIS surgery (so less bowel handling and 
fluid shifts), and the appreciation that permissive intraop-
erative [40] and postoperative oliguria are acceptable to a 
degree (so less chasing of urine output with IV fluids).

• As a result of changes embedded in ERAS programs, 
GDFT now has less of an impact in improving outcomes 
(historically reduced morbidity, LOS, swifter return of 
bowel function) to perhaps just improving outcomes in 
high-risk patients who require ICU [41].

Areas that are unresolved include:

• Applying conventional fluid management for MIS is con-
tentious as the technique (e.g., pneumoperitoneum) will 
make GDFT difficult to interpret with generally lower 
oxygen deliveries accepted [42].

• The optimal cardiac output monitors/goals, duration of 
therapy, and optimal markers, e.g., lactate and ScvO2.

Thus, intravenous fluid management is a key area that 
may substantially add to perioperative stress if poorly 
executed.

 Analgesia
The provision of perioperative analgesia is at the heart of 
clinical anesthesiology. Poorly executed analgesic programs 
will exacerbate the stress of surgery [5] and lead to other 
undesirable effects such as poor mobilization, respiratory 
effort, prolonged bed rest, and increased length of stay. As 
discussed above, while there are some potent analgesic mod-
ifiers of surgical stress available, they need to be viewed 
within the context of the aims of modern ERAS programs. 
Thus, while in particular epidural anesthesia can dramati-
cally obtund the endocrine and metabolic response to say 
knee or hip surgery, it is not rasion d’etre of ERAS anesthe-
siologists. As we have seen above, the side effects of both 
high-dose fentanyl and TEA have led to their decline, in spite 
of their beneficial effects on the stress response, with remi-
fentanil offering merely transient effects.

So a balance has to be struck: good analgesia, stress 
response modification, and a satisfactory side effect profile.
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Opioids are seen as the gold standard for pain relief after 
major surgery, but for the last 25 years, the understanding is 
that their numerous side effects (Table 14.5) have led to strat-
egies to limit their use, which embodies Kehlet’s concept of 
multimodal, opioid-sparing analgesia [13].

Broadly, analgesia may be classified under three major 
headings:

• Systemic analgesics
• Local anesthetics
• Non-analgesic methods

• Acupuncture
• TENS (transcutaneous electrical nerve stimulation)
• Hypnosis

The last methods will not be considered further here.

Systemic Analgesics
These include opioids, paracetamol, and the anti- 
inflammatory drugs and various more recently popularized 
adjuvants, such as anticonvulsants, lidocaine, etc. Opioids 
have been discussed, and while many patients require opi-
oids, within ERAS, opioid-sparing is practiced so that they 
are titrated to a minimal dose for the shortest period.

Given the central role that inflammation plays within the 
classical stress response, it is logical that both the non- 
steroidal anti-inflammatory drugs (NSAIDs) and steroids 
occupy a key role. NSAIDs form a cornerstone of analgesic 
management, with significant opioid-sparing. There are a 
number of well-documented side effects—in particular, 
upper gastrointestinal (GI) perforation and hemorrhage, 
reduced glomerular filtration rate (GFR) leading to acute 
kidney injury (AKI), bleeding, asthma, and thrombotic 
events. More recently the potential link between NSAIDs 
and both anastomotic breakdown and cancer recurrence has 
been highlighted [43].

But what is their role in reducing the inflammatory 
response of surgical stress? NSAIDs work inhibiting cyclo-
oxygenase (COX), which produces prostaglandin H2 (PGH- 
2) from arachidonic acid. PGH-2 is a metabolite converted 
into prostanoids (prostaglandins, prostacyclins, and throm-
boxanes), which play a central role in inflammation, coagu-

lation, and vascular permeability and tone. There are two 
basic isoforms of cyclooxygenase inhibitors: COX-1 and 
COX-2. The latter have a different side effect profile, as they 
target gastrointestinal cyclooxygenase rather less and may 
offer lower incidences of gastrointestinal ulceration com-
pared with COX-1 inhibitors, although studies have also sug-
gested higher risk of cardiac events in higher-risk patients 
given COX-2 inhibitors [44].

There is a complex interplay between prostanoids, which 
play a key role in inflammation, and the resultant commonly 
measured cytokines such as interleukins, CRP, etc. There is 
little data in this area, but in cardiac surgical patients, intra-
operative parecoxib attenuated the systemic inflammatory 
response associated with CPB during cardiac surgery with a 
marked reduction in concentration of IL-6 and IL-8, with 
peak concentrations of anti-inflammatory cytokine IL-10 
higher than in the parecoxib group [45]. Another study 
showed a significant reduction in IL-6 and CRP following 
parecoxib following percutaneous nephrolithotomy. Pooling 
both the theory and data collected, NSAIDs will certainly 
have a major impact on reducing the inflammatory limb of 
the stress response [46].

The role of preoperative glucocorticoids is very topical 
and has also been extensively investigated. While small 
doses of dexamethasone are regularly administered for 
PONV prophylaxis (see Chap. 21) without ill effect (includ-
ing significant hyperglycemia), the successful use of much 
larger doses of glucocorticoids (both dexamethasone and 
methylprednisolone) has been described. With the apprecia-
tion that a marked inflammatory response may have contrib-
ute to both postoperative pain and organ dysfunction, higher 
doses of glucocorticoids were postulated to be able to mod-
ify this effect, although there was the potential concern for 
complications due to the steroids such as healing, hypergly-
cemia, and infections.

On the face of it, there may seem to be a paradox between 
trying to reduce the hormonal response to surgery (such as 
reduced cortisol) and the co-administration of large amounts 
of steroids. However, early studies in abdominal surgery 
demonstrated that high-dose methylprednisolone (30 mg/kg) 
reduced IL-6, IL-8, and CRP, with a more transient reduction 
in TNF alpha [47], with a later meta-analysis confirming 
both its efficacy and safety [48].

However, it is the inflammatory response in orthopedic 
surgery in particular that has been studied extensively. 
Whereas measured hormonal markers (catecholamine lev-
els) did not appear to have any predictive value on the early 
postoperative course, inflammatory markers were more use-
ful, with IL-6 concentration a unique predictor for time to 
walk 10 and 25 meters and CRP concentrations a unique pre-
dictor for pain on discharge from hospital [49]. The magni-
tude of the inflammatory stress response and its link to 
functional recovery has been a key driver for the administration 

Table 14.5 Adverse effects of opioids

Adverse effects of opioids
Postoperative nausea and vomiting
Constipation and ileus
Respiratory depression and cough suppression
Dysphoria and confusion
Urinary retention
Acute tolerance and hyperalgesia
Long-term dependence
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of methylprednisolone for patients undergoing hip and knee 
arthroplasty, demonstrating a marked reduction in both pain 
and cytokines levels without any apparent increase in com-
plications [50, 51], and will no doubt stimulate further 
research in this area.

Intravenous lidocaine is an agent that has been used for 
many years and known to play a useful analgesic role, pro-
viding opioid-sparing analgesia, a shortened ileus, and inter-
estingly an anti-inflammatory effect too, superior in some 
respects to traditional anti-inflammatory drugs, both NSAIDs 
and steroids [52]. Indeed, some of the benefits of effects of 
epidural lidocaine may be explained by a systemic effect, as 
plasma concentrations of the two are similar [53]. The sus-
tained anti-inflammatory effects of lidocaine are poorly 
understood as they considerably exceed the half-life of the 
drug, but one mechanism seems to relate to the ability of 
lidocaine to prevent priming of polymorphonuclear leuko-
cytes, effectively disabling them from initiating their usual 
release of cytokines and reactive oxygen species [53], via an 
inhibition of G protein signaling [54]. However, although it 
has a marked anti-inflammatory effect, the place of IV lido-
caine is still not certain, with recent reviews questioning its 
effects on pain scores, return of GI function, PONV, and opi-
oid consumption due to generally poor quality of published 
data [55, 56]. In spite of this, there is evidence for procedure- 
specific effects (reducing pain and return of bowel function 
in abdominal procedures) and improving functional outcome 
too in other procedures (spine, prostate, and thoracic surgery, 
but not in total abdominal hysterectomy, total hip arthro-
plasty, or renal surgery) [53]. Overall it is an intriguing mod-
ifier of the inflammatory response, but its true place remains 
to be identified.

Local Anesthetics
The administration of local anesthetics (LA) within the pain 
pathway—from surgical site to neuraxial block—has been 
reviewed in the early part of this chapter. In essence, while 
TEA with LA remains the gold standard for open cavity sur-
gery, as surgical techniques have changed to MIS, the risk- 
benefit has changed favoring other analgesic methods. Spinal 
anesthesia appears to offer a logical analgesic compromise 
by still having an albeit limited effect on the stress response 
vide infra [17], but as a single shot technique would have its 
side effects (such as hypotension and poor mobilization) also 
limited.

Experiences from a range of both open surgery (e.g., joint 
arthroplasty, cesarean delivery) and MIS surgery (laparo-
scopic and robotic surgery for bowel, gynecology, and urol-
ogy) have provided support for this technique. The stress 
response to spinals has not been extensively studied, although 
it was shown that a spinal anesthetic significantly reduced 
(3 hours) glucose and cortisol levels, with no significant dif-
ferences in insulin, interleukins, interferon gamma, TNF 

alpha, or vascular endothelial growth factor (VEGF) [17], 
which is entirely logical given the transient nature of the spi-
nal anesthesia on the neuroendocrine pathway. In addition, 
the success of spinal anesthesia for laparoscopic colorectal 
surgery enabled the first 23-hour stay colectomy paper [57] 
as well as showing that TEA in this group of patients pro-
longed LOS, reduced mobilization, and increased in fluid 
requirements [17].

However, there have been trends in moving away from 
neuraxial blockade completely in open surgery and using 
abdominal wall blocks (e.g., rectus sheath catheters, transver-
sus abdominis plane [TAP] block or LA into the wound 
edges), either as an injection or by infusion, with good suc-
cess for postoperative pain relief. There is very little evidence 
on the impact of these more “peripherally” sited blocks on the 
stress response. Paravertebral blocks  effectively obtund neu-
roendocrine activation as measured by cortisol and glucose 
responses [58, 59]. There is also some blunting of these 
responses with TAP blocks in children undergoing hernia 
repair [60], with predictably very little effect on the interleu-
kin response when rectus sheath block was performed [61], as 
inflammatory activation is not neurally mediated.

 Conclusion

In summary, there is much that the anesthesiologist can do to 
reduce surgical stress. Good protocolized anesthesia and 
attention to nutrition, fluid management, blood loss, and 
avoidance of hypothermia are key. Analgesia can play a 
major role with consideration given to neuraxial block where 
appropriate. The use of systemic analgesic adjuvants to con-
trol inflammation and its sequelae is key—NSAIDS, ste-
roids, and others (e.g., IV lidocaine) are also described. 
Reduction in surgical stress will be minimized by early 
drinking, eating, and mobilization [62], and any strategies 
that permit that will very probably reduce the stress response 
pari passu.

Future developments may take us in a variety of direc-
tions: specific anti-cytokine drugs or perhaps using genomic 
data to predict the type of patients and surgeries in whom a 
specific modification of surgical stress can be linked to 
improved outcome.

References

 1. Engelman RM, Rousou JA, Flack JE III, et al. Fast-track recovery of 
the coronary bypass patient. Ann Thorac Surg. 1994;58(6):1742–6.

 2. Kehlet H, Mogensen T. Hospital stay of 2 days after open sigmoid-
ectomy with a multimodal rehabilitation programme. Br J Surg. 
1999;86(2):227–30.

 3. Vlug MS, Wind J, Hollmann MW, Ubbink DT, Cense HA, Engel 
AF, et al. Laparoscopy in combination with fast track multimodal 

W. J. Fawcett



139

management is the best perioperative strategy in patients undergo-
ing colonic surgery: a randomized clinical trial (LAFA-study). Ann 
Surg. 2011;254:868–75.

 4. Veenhof AA, Vlug MS, van der Pas MH, Sietses C, van der Peet DL, 
De Lange-De Klerk ES, Bonjer HJ, et al. Surgical stress response 
and postoperative immune function after laparoscopy or open sur-
gery with fast track or standard perioperative care: a randomized 
trial. Ann Surg. 2012;255:216–21.

 5. Desborough JP. The stress response to trauma and surgery. Br J 
Anaesth. 2000;85:109–17.

 6. Cuthbertson DP.  Observations on the disturbance of metabolism 
produced by injury to the limbs. QJM. 1932;1:233–46.

 7. Hill GL, Douglas RG, Schroeder D. Metabolic basis for the man-
agement of patients undergoing major surgery. World J Surg. 
1993;17:146–53.

 8. Leliefeld PH, Wessels CM, Leenen LP, Koenderman L, Pillay 
J.  The role of neutrophils in immune dysfunction during severe 
inflammation. Crit Care. 2016;20:73.

 9. Kehlet H, Mythen M. Why is the surgical high-risk patient still at 
risk? Br J Anaesth. 2011;106:289–91.

 10. Watt DG, Horgan PG, McMillan DC. Routine clinical markers of 
the magnitude of the systemic inflammatory response after elective 
operation: a systematic review. Surgery. 2015;157:362–80.

 11. McDonald RK, Evans FT, Weise VK, et al. Effects of morphine and 
nalorphine on plasma hydrocortisone levels in man. J Pharmacol 
Exp Ther. 1959;125:241–7.

 12. Desborough JP, Hall GM. Modification of the hormonal and meta-
bolic response to surgery by narcotics and general anaesthesia. 
Baillière’s Clin Anaesthesiol. 1989;3:317–34.

 13. Kehlet H, Dahl JB.  The value of “multimodal” or “balanced 
analgesia” in postoperative pain treatment. Anesth Analg. 
1993;77:1048–56.

 14. Watanabe K, Kashiwagi K, Kamiyama T, Yamamoto M, Fukunaga 
M, Inada E, Kamiyama Y. High-dose remifentanil suppresses stress 
response associated with pneumoperitoneum during laparoscopic 
colectomy. J Anesth. 2014;28:334–40.

 15. Bardram L, Funch-Jensen P, Jensen P, Kehlet H, Crawford 
ME.  Recovery after laparoscopic colonic surgery with epidural 
analgesia, and early oral nutrition and mobilisation. Lancet. 
1995;345:763–4.

 16. Kehlet H. The modifying effect of general and regional anesthesia 
on the endocrine-metabolic response to surgery. Reg Anesth Pain 
Med. 1982;7(4):S38–48.

 17. Day AR, Smith RV, Scott MJ, Fawcett WJ, Rockall TA. Randomized 
clinical trial investigating the stress response from two different 
methods of analgesia after laparoscopic colorectal surgery. Br J 
Surg. 2015;102:1473–9.

 18. Fawcett WJ, Edwards RE, Quinn AC, MacDonald IA, Hall 
GM.  Thoracic epidural analgesia started after cardiopulmonary 
bypass: adrenergic, cardiovascular and respiratory sequelae. 
Anaesthesia. 1997;52:294–9.

 19. Kuo CP, Jao SW, Chen KM, Wong CS, Yeh CC, Sheen MJ, Wu 
CT. Comparison of the effects of thoracic epidural analgesia and 
iv infusion with lidocaine on cytokine response, postoperative pain 
and bowel function in patients undergoing colonic surgery. Br J 
Anaesth. 2006;97(5):640–6.

 20. Fawcett WJ.  Abdominal (upper GI, colorectal and hepatobiliary) 
surgery. In: Struys M, Hardman J, Hopkins P, editors. The Oxford 
textbook of anaesthesia. 1st ed: Oxford University Press, Oxford, 
UK; 2016. p. 1041–56.

 21. Hermanides J, Hollmann MW, Stevens MF, Lirk P. Failed epidural: 
causes and management. Br J Anaesth. 2012;109:144–54.

 22. Varadhan KK, Lobo DN.  A meta-analysis of randomised con-
trolled trials of intravenous fluid therapy in major elective open 
abdominal surgery: getting the balance right. Proc Nutr Soc. 
2010;69(4):488–98.

 23. Gustafsson UO, Hausel J, Thorell A, Ljungqvist O, Soop M, 
Nygren J. Adherence to the enhanced recovery after surgery pro-
tocol and outcomes after colorectal cancer surgery. Arch Surg. 
2011;146(5):571–7.

 24. Levy BF, Scott MJP, Fawcett WJ, Fry C, Rockall TA. Randomized 
clinical trial of epidural, spinal or patient controlled analgesia for 
patients undergoing laparoscopic colorectal surgery. Br J Surg. 
2011;98:1068–78.

 25. Cook TM, Counsell D, Wildsmith JA.  Major complications 
of central neuraxial block: report on the Third National Audit 
Project of the Royal College of Anaesthetists. Br J Anaesth. 
2009;102:179–90.

 26. Maltby JR, Sutherland AD, Sale JP, Shaffer EA. Preoperative oral 
fluids: is a five-hour fast justified prior to elective surgery? Anesth 
Analg. 1986;65:1112–6.

 27. Phillips S, Hutchinson S, Davidson T. Preoperative drinking does 
not affect gastric contents. Br J Anaesth. 1993;70:6–9.

 28. Ljungqvist O, Thorell A, Gutniak M, Häggmark T, Efendic 
S. Glucose infusion instead of preoperative fasting reduces postop-
erative insulin resistance. J Am Coll Surg. 1994;178:329–36.

 29. Thorell A, Alston-Smith J, Ljungqvist O. The effect of preopera-
tive carbohydrate loading on hormonal changes, hepatic glycogen, 
and glucoregulatory enzymes during abdominal surgery. Nutrition. 
1996;12:690–5.

 30. Svanfeldt M, Thorell A, Hausel J, Soop M, Nygren J, Ljungqvist 
O. Effect of ‘preoperative’ oral carbohydrate treatment on insulin 
action—a randomized cross-over unblended study in healthy sub-
jects. Clin Nutr. 2005;24:815–21.

 31. Fawcett WJ, Ljungvist O. Starvation, carbohydrate loading and out-
come after major surgery. Br J Anaesth Educ. 2017;17:312–6.

 32. Awad S, Varadhan KK, Ljungqvist O, Lobo DN. A meta-analysis 
of randomised controlled trials on preoperative oral carbohydrate 
treatment in elective surgery. Clin Nutr. 2013;32:34–44.

 33. Smith MD, McCall J, Plank L, Herbison GP, Soop M, Nygren 
J. Preoperative carbohydrate treatment for enhancing recovery after 
elective surgery. Cochrane Libr. 2014;8:CD009161.

 34. Amer MA, Smith MD, Herbison GP, Plank LD, McCall JL. Network 
meta-analysis of the effect of preoperative carbohydrate loading on 
recovery after elective surgery. Br J Surg. 2017;104:187–97.

 35. Strøm C, Rasmussen LS, Sieber FE. Should general anaesthesia be 
avoided in the elderly? Anaesthesia. 2014;69:35–44.

 36. Hunter JM. Reversal of residual neuromuscular block: complica-
tions associated with perioperative management of muscle relax-
ation. Br J Anaesth. 2017;119:i53–62.

 37. Noblett SE, Snowden CP, Shenton BK, Horgan AF. Randomized 
clinical trial assessing the effect of Doppler-optimized fluid man-
agement on outcome after elective colorectal resection. Br J Surg. 
2006;93:1069–76.

 38. Lilot M, Ehrenfeld JM, Lee C, Harrington B, Cannesson M, 
Rinehart J.  Variability in practice and factors predictive of total 
crystalloid administration during abdominal surgery: a retrospec-
tive two-center analysis. Br J Anaesth. 2015;114:767–76.

 39. Minto G, Mythen MG.  Perioperative fluid management: science, 
art or random chaos? Br J Anaesth. 2015;114:717–21.

 40. Kunst G, Ostermann M. Intraoperative permissive oliguria – how 
much is too much? Br J Anaesth. 2017;119(6):1075–7.

 41. Rollins KE, Lobo DN. Intraoperative goal-directed fluid therapy in 
elective major abdominal surgery: a meta-analysis of randomized 
controlled trials. Ann Surg. 2016;263:465–76.

 42. Levy BF, Fawcett WJ, Scott MJP, Rockall TA.  Intra-operative 
oxygen delivery in infusion volume optimized patients undergo-
ing laparoscopic colorectal surgery within an enhanced recovery 
programme: effect of different analgesic modalities. Color Dis. 
2012;14:887–92.

 43. Cata JP, Guerra CE, Chang GJ, Gottumukkala V, Joshi GP. Non- 
steroidal anti-inflammatory drugs in the oncological surgical 

14 Anesthetic Management and the Role of the Anesthesiologist in Reducing Surgical Stress and Improving Recovery



140

population: beneficial or harmful? A systematic review of the 
literature. Br J Anaesth. 2017;119:750–64.

 44. Doleman B, Leonardi-Bee J, Heinink TP, Bhattacharjee D, Lund J, 
Williams JP. Pre-emptive and preventive NSAIDs for postoperative 
pain in adults undergoing all types of surgery. Cochrane Database 
Syst Rev. 2018;(3). https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC6517298/.

 45. Wu Q, Purusram G, Wang H, Yuan R, Xie W, Gui P, Dong N, Yao 
S.  The efficacy of parecoxib on systemic inflammatory response 
associated with cardiopulmonary bypass during cardiac surgery. Br 
J Clin Pharmacol. 2013;75:769–78.

 46. Huang Z, Jiang H, Zhao H, Liu Z, Dong Z, Zhu B.  Efficacy of 
parecoxib on the level of IL-6, CRP, and postoperative pain 
relief after percutaneous nephrolithotomy. Int J Clin Exp Med. 
2016;9:19454–60.

 47. Schmidt SC, Hamann S, Langrehr JM, Höflich C, Mittler J, Jacob 
D, Neuhaus P. Preoperative high-dose steroid administration atten-
uates the surgical stress response following liver resection: results 
of a prospective randomized study. J Hepato-Biliary-Pancreat Surg. 
2007;14:484–92.

 48. Srinivasa S, Kahokehr AA, Yu TC, Hill AG.  Preoperative 
glucocorticoid use in major abdominal surgery: systematic 
review and meta-analysis of randomized trials. Ann Surg. 
2011;254:183–91.

 49. Hall GM, Peerbhoy D, Shenkin A, Parker CJ, Salmon 
P.  Relationship of the functional recovery after hip arthroplasty 
to the neuroendocrine and inflammatory responses. Br J Anaesth. 
2001;87(4):537–42.

 50. Lunn TH, Andersen LØ, Kristensen BB, Husted H, Gaarn-Larsen 
L, Bandholm T, Ladelund S, Kehlet H. Effect of high-dose preop-
erative methylprednisolone on recovery after total hip arthroplasty: 
a randomized, double-blind, placebo-controlled trial. Br J Anaesth. 
2012;110(1):66–73.

 51. Lunn TH, Kristensen BB, Andersen LØ, Husted H, Otte KS, 
Gaarn-Larsen L, Kehlet H.  Effect of high-dose preoperative 
methylprednisolone on pain and recovery after total knee arthro-
plasty: a randomized, placebo-controlled trial. Br J Anaesth. 
2010;106(2):230–8.

 52. Cassuto J, Sinclair R, Bonderovic M. Anti-inflammatory properties 
of local anesthetics and their present and potential clinical implica-
tions. Acta Anaesthesiol Scand. 2006;50:265–82.

 53. Dunn LK, Durieux ME. Perioperative use of intravenous lidocaine. 
Anesthesiology. 2017;126:729–37.

 54. Hollmann MW, McIntire WE, Garrison JC, Durieux ME. Inhibition 
of mammalian Gq protein function by local anesthetics. 
Anesthesiology. 2002;97:1451–7.

 55. Weibel S, Jokinen J, Pace NL, Schnabel A, Hollmann MW, 
Hahnenkamp K, Eberhart LH, Poepping DM, Afshari A, Kranke 
P.  Efficacy and safety of intravenous lidocaine for postoperative 
analgesia and recovery after surgery: a systematic review with trial 
sequential analysis. Br J Anaesth. 2016;116(6):770–83.

 56. Weibel S, Jelting Y, Pace NL, Helf A, Eberhart LH, Hahnenkamp K, 
Hollmann MW, Poepping DM, Schnabel A, Kranke P. Continuous 
intravenous perioperative lidocaine infusion for postopera-
tive pain and recovery in adults. Cochrane Database Syst Rev. 
2018;6:CD009642.

 57. Levy BF, Scott MJ, Fawcett WJ, Rockall TA. 23-hour stay laparo-
scopic colectomy. Dis Colon Rectum. 2009;52:1239–43.

 58. Richardson J, Sabanathan S, Jones J, Shah RD, Cheema S, Mearns 
AJ.  A prospective, randomized comparison of preoperative and 
continuous balanced epidural or paravertebral bupivacaine on post- 
thoracotomy pain, pulmonary function and stress responses. Br J 
Anaesth. 1999;83(3):387–92.

 59. O’Riain SC, Buggy DJ, Kerin MJ, Watson RW, Moriarty 
DC.  Inhibition of the stress response to breast cancer surgery 
by regional anesthesia and analgesia does not affect vascular 
endothelial growth factor and prostaglandin E2. Anesth Analg. 
2005;100(1):244–9.

 60. Abu Elyazed MM, Mostafa SF, Abdullah MA, Eid GM. The effect 
of ultrasound-guided transversus abdominis plane (TAP) block 
on postoperative analgesia and neuroendocrine stress response in 
pediatric patients undergoing elective open inguinal hernia repair. 
Pediatr Anesth. 2016;26(12):1165–71.

 61. Purdy M, Kokki M, Anttila M, Aspinen S, Juvonen P, Korhonen R, 
Selander T, Kokki H, Eskelinen M. Does the rectus sheath block 
analgesia reduce the inflammatory response biomarkers’ IL-1ra, 
IL-6, IL-8, IL-10 and IL-1β concentrations following surgery? A 
randomized clinical trial of patients with cancer and benign disease. 
Anticancer Res. 2016;36:3005–11.

 62. Levy N, Mills P, Mythen M. Is the pursuit of DREAM ing (drink-
ing, eating and mobilising) the ultimate goal of anaesthesia? 
Anaesthesia. 2016;71:1008–12.

W. J. Fawcett

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6517298/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6517298/


141© Springer Nature Switzerland AG 2020
O. Ljungqvist et al. (eds.), Enhanced Recovery After Surgery, https://doi.org/10.1007/978-3-030-33443-7_15

Analgesia During Surgery (Medications)

Hans D. de Boer

 Introduction

The concept of balanced general anesthesia, which consisted 
of unconsciousness, analgesia, and relaxation, the compo-
nents of the “triad of anesthesia,” was first described by Cecil 
Gray in 1946 and was a big step forward in anesthesia and 
perioperative care [1]. Before this change in conceptual strat-
egy, general anesthesia was performed using high doses of 
hypnotics or inhalation gases, which resulted in hemody-
namic suppression and dangerous deep levels of anesthesia 
with concomitant morbidity and mortality [2, 3]. However, 
even with these high doses of anesthetic drugs, suppression 
of noxious stimuli was difficult. Therefore, the introduction 
of balanced anesthesia using different drugs to reach each 
desired goal was the first step in the development of multi-
modal analgesic and general anesthesia techniques. 
Introduction of synthetic opioids in general anesthesia 
resulted in more hemodynamic stability and less histamine 
release, which improved the balanced anesthesia technique 
[4]. For a long time, high-dose opioids were regarded as the 
cornerstone of hemodynamic stability and perioperative 
analgesia, helping improve anesthesia and surgical out-
comes. However, high-dose opioids during anesthesia alone 
have many postoperative side effects, such as postoperative 
nausea and vomiting (PONV), respiratory depression, delir-
ium, hyperalgesia, sedative effects, and delayed recovery [5]. 
In modern anesthesia, besides opioids, additional antinoci-
ception strategies such as neuraxial blockade, locoregional 
techniques, and non-opioid additive drugs are available to 
achieve this goal. Intraoperative nociception management is 
essential to enhanced recovery after surgery (ERAS) path-
ways in order to anticipate and reduce postoperative side 
effects of anesthesia drugs in relation to early recovery after 

surgery [6]. In this chapter the intraoperative management of 
analgesia during surgery is outlined and discussed. Neuraxial 
or locoregional techniques will be discussed in Chap. 16.

 Pain Pathways in the Context of Analgesia 
During Anesthesia

The classical components of the triad of anesthesia—hypno-
sis, muscle relaxation, and analgesia—are part of the concept 
of balanced anesthesia. Pain pathways within the context of 
analgesia during anesthesia and postoperative pain manage-
ment need to be evaluated. In fact, antinociceptive strategies 
should ideally be included in the intraoperative period already 
and be a continuum postoperatively in order to have adequate 
postoperative pain relief and improved outcome [7].

In order to optimize and understand intraoperative anal-
gesia management, a more detailed overview on pain physi-
ology and pain pathways is important. Nociception induced 
by surgery is a complex and multifactorial process [8, 9]. 
The nociceptive system consists of the nociceptors and the 
ascending and descending nociceptive pathways [8–10]. The 
nociceptors are nerve cell endings located in viscera and 
peripheral tissue that initiate nociception (primary pain). 
After surgical incision, tissue damage leads to cell disruption 
and a release of a variety of chemical mediators such as cyto-
kines, potassium, adenosine, bradykinin, and many others 
[11, 12]. This first step leads to activation and sensitization 
(peripheral sensitization) of peripheral nociceptors to 
mechanical stimuli [13]. These activated primary afferent 
neurons, part of the peripheral nervous system, have cell 
bodies located in the dorsal root ganglia of the spinal cord. 
The ascending nociceptive pathway sends nociceptive stim-
uli from the peripheral area up to the spinal cord to the brain-
stem (midbrain and medulla), the amygdala, the thalamus, 
and the sensory cortices [13].

The descending nociceptive pathway modulates stimuli 
from supraspinal levels (sensory cortex) and projects to the 
hypothalamus and amygdala and synapses in specific areas 
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in the medulla. This pathway is activated by ascending noci-
ceptive pathways and is able to upregulate or downregulate 
nociceptive information. As a result of derangements, which 
can occur in both ascending and descending nociceptive 
pathways at any and all levels, chronic pain can be generated 
after initially acute pain post-surgery [13].

After local tissue injury as a result of the incision, many 
different cascades are activated that lead to the release of 
neurotransmitters, stress hormones, catecholamines, inflam-
mation products, and many other nociceptive-related prod-
ucts. This leads to a disbalance in sympathetic and 
parasympathetic outflow, neuroinflammation, and a situa-
tion of whole end-organ dysfunction [11, 12]. Intraoperative 
nociception is a complex and multifactorial process that 
cannot easily be modulated by the application of the classi-
cal triad of anesthesia: hypnosis, muscle relaxation, and 
analgesia. As understood from the aforementioned nocicep-
tive pathways, multiple target areas can be identified upon 
which antinociception can be applied in order to block or 
mitigate nociceptive signaling processing and transmission. 
The scientific rationale for a multimodal or more precise 
multitarget analgesia approach is based on the multifactorial 
nature and complexity of the nociceptive pathways that are 
activated due to surgery [11–13]. Multimodal or multitarget 
analgesia to control nociception with different classes of 
drugs will be the future in anesthesia and ERAS pathways in 
order to prevent nociceptive stimuli affecting the central 
system, reduce surgical stress, and prevent postoperative 
pain developing (Table 15.1) [11–13]. In the next section, 
the intraoperative multimodal analgesia management is 
discussed.

 Intraoperative Multimodal Analgesia 
Management

 Opioid Analgesics

Opioids have been the cornerstone for perioperative analge-
sia for decades. In 1932 pethidine was synthesized and was 
the first synthetic opioid used during anesthesia in 1949 [3]. 
In the early 1960s, fentanyl was introduced in clinical anes-
thesia allowing for better cardiovascular stability and to 
improve balanced anesthesia [4]. In the last 50 years, several 
synthetic opioids were developed, which have been used or 
are still in use in anesthesia practice [13].

Opioids can be classified as naturally occurring (mor-
phine, codeine, or papaverine), semisynthetic (heroine), or 
synthetic (e.g., phenylpiperidine series: meperidine, fen-
tanyl, sufentanil, alfentanil, and remifentanil) [13]. Today, 
the most commonly used perioperative opioids are (among 
others) fentanyl, sufentanil, alfentanil, and remifentanil [13].

The mechanism of action of opioids is well understood, 
and opioids bind to several classes of opioid receptors in 
many areas (central and peripheral) in the human body, but 
mainly in the brainstem and spinal cord [13, 14]. Binding to 
these opioid receptors results in a direct disruption (inhibi-
tion) of ascending transmission of nociceptive information 
from the spinal cord dorsal horn and to activate pain control 
circuits that descend from the midbrain, through the rostral 
ventromedial medulla, to the spinal cord dorsal horn [13, 
14]. The inhibition is achieved by lowering the conductance 
of voltage-gated calcium channels and opening the  potassium 
channels, which is described in the previous section [13].

Table 15.1 Antinociceptive drugs for multimodal strategies

Antinociceptive drugs Mechanism of action Comments
Paracetamol Unknown. Possible inhibition (central) of COX- 

mediated prostaglandin production
High-quality evidence of effectiveness when given 
intravenously

NSAIDs Inhibition of COX enzymes to reduce inflammatory 
cytokines and chemokines

Potential issues such as renal dysfunction

Opioids Opioids bind to several classes of opioid receptors in 
many areas (central and peripheral) in the human body

In multimodal antinociceptive strategies, opioids have a 
less important position
Potential issues such as OIH, side effects, and opioid 
addiction

Ketamine Acts on multiple receptors: NMDA, opioid, and 
monoaminergic receptors
Main mechanism of action: antagonist for the NMDA 
receptors

Opioid-sparing effects and improved analgesia. In 
combination with magnesium, increased cardiovascular 
stability

Magnesium Antagonist for NMDA receptors Potential risk in patients with AV conduction diseases and 
interaction with muscle relaxation

Lidocaine Binds to and blocks the sodium channel Moderate-quality evidence of reduced pain
Opioid-reducing

Beta-blocker The exact mechanism of action is unknown Data available that beta-blockers decrease opioid 
consumption and reduce pain scores

Dexmedetomidine/
clonidine

α(alpha)2 adrenergic agonist Sedative effects and hypotension can occur

Dexamethasone Reduction of the inflammatory response to surgery Consider effects on immune function

COX cyclooxygenase, NMDA N-methyl-D-aspartate, NSAIDs non-steroidal anti-inflammatory drugs, OIH opioid-induced hyperalgesia
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However, the classic μ(mu)-receptor agonists (opioids) 
cannot be regarded as specific for pain circuits or blocking 
the nociceptive stimulus. Therefore, these μ(mu)-receptor 
agonists (opioids) are responsible for many unwanted side 
effects, such as nausea and vomiting, ileus, urinary retention, 
ventilator depression, hyperalgesia, and the more recently 
described opioid addiction, which is pandemic in many parts 
of the world [13, 15].

Opioid analgesics are the oldest kind of analgesics used 
during classic balanced anesthesia and thought to be the best 
solution to modulate and block the sympathetic activation 
and parasympathetic inactivation as result of surgery [11, 
13]. The use of short-acting general anesthetic drugs in an 
opioid-sparing ERAS pathway allows rapid awakening with 
minimal residual effects. When indicated, short-acting opi-
oids such as fentanyl, alfentanil, sufentanil, or remifentanil 
infusions—if opioids are required—minimize residual 
effects at the end of anesthesia [7, 11–13]. However, intraop-
erative nociception through the administration of non-opioid 
analgesics versus opioid analgesics will be the future in order 
to achieve minimal postoperative residual effects as well as 
side effects and improve outcomes. In the next section, non- 
opioid drug strategies to understand multimodal analgesia 
will be discussed.

 Non-opioid Additives Within the Context 
of Multimodal Anesthesia

 Lidocaine
Lidocaine (2-(diethylamino)-N-(2,6-dimethylphenyl)acet-
amide) is an amino-amide local anesthetic drug, which was 
first synthesized in 1934 [16]. Lidocaine is widely used in 
clinical anesthesia and has analgesic, anti-hyperalgesic, and 
anti-inflammatory effects [16].

Lidocaine is a weak base that binds to plasma protein 
(e.g., albumin) and undergoes hepatic metabolism up to 
90%, which results in some active metabolites [16]. 
Lidocaine is eliminated by the kidney [16]. The half-life of 
lidocaine is around 1.5–2  hours when a bolus is adminis-
tered, while the half-life could be increased by 3 hours when 
administrated intravenously [16]. When lidocaine is admin-
istrated for longer than 24 hours, accumulation takes place, 
and therefore the intravenous doses should be decreased 
accordingly. Plasma lidocaine concentrations achieved are 
similar to those when running an epidural infusion (approxi-
mately 1  μ[mu]M) [17]. Toxicity is related to the plasma 
concentration and appears to be rare, but monitoring in the 
postoperative period is important [16, 17].

The antinociceptive effects of lidocaine are accomplished 
by binding to the sodium channels, thereby blocking the 
voltage-gated sodium influx required to induce and sustain 
action potentials [16, 17]. Blocking the voltage-gated sodium 

channels is most likely not the only underlying mechanism 
of action, which is complex and not fully understood. 
Another possible mechanism contributing to antinociception 
is the anti-inflammatory property of lidocaine, which results 
in a reduction in the release of pro-inflammatory cytokines 
(interleukine-1β[beta], TNF-α[alpha]) by reducing neutro-
phil activation [17]. More research in this field is needed in 
order to understand this interesting area of antinociception of 
lidocaine.

Intravenous lidocaine has been investigated extensively 
in the recent years [17]. Many well-designed clinical trials 
and meta-analyses have confirmed the efficacy of intrave-
nous lidocaine in terms of significant pain reduction and 
reduction in opioid consumption within the first 24 hours 
postoperatively, although some have questioned the quality 
of the evidence [16, 17]. Furthermore, intravenous lido-
caine administrated in major abdominal surgery showed 
reduction in postoperative ileus, time to the first bowel 
movements, and postoperative nausea and vomiting [7, 
16–18]. In a recent clinical comparison of intravenous and 
epidural local anesthetic for major abdominal surgery, no 
significant difference between both techniques could be 
found [16–18]. The efficacy of intravenous lidocaine was 
also confirmed in a recent review that evaluated the neuro-
inflammation response in perioperative and chronic neuro-
pathic pain [16, 18].

The recommended dose of lidocaine during the periopera-
tive period is 1–2 mg/kg as a bolus dose. This can be fol-
lowed by a continuous infusion of 1–2  mg/kg/h lidocaine 
administered for 24–48 hours postoperatively, which is usu-
ally recommended [16, 17]. However, in recent meta- 
analyses, the length and doses of continuous intravenous 
administration of lidocaine are discussed. In long surgical 
procedures, the dose of lidocaine by continuous infusion 
might need to be reduced progressively, 50% every 6 hours, 
as the period of the surgical procedure is longer [17]. This 
idea is based on the half-life of lidocaine and its metabolites, 
as described previously. The length of lidocaine continuous 
infusion varies in literature, but it is now recommended to 
stop this just before discharge to the ward as there is no ben-
efit in prolonged administration beyond the recovery room 
[17]. Lidocaine is an effective drug additive and has clear 
analgesic benefits and enhances recovery after surgery, 
thereby improving outcome.

 Ketamine
Ketamine, a phencyclidine derivative, was first used in 
humans in 1965 and released on the market in 1970; it is still 
used in clinical anesthesia, emergency medicine, and pain 
medicine [19]. Nowadays, the S(+)-isomer of ketamine (ket-
anest) is used in clinical practice, which is 3–4 times more 
potent as an analgesic. Furthermore, this S-isomer has a 
rapid onset (1–2 minutes), a relatively rapid offset even after 
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intravenous administration of several hours, fewer psycho-
mimetic side effects, and a faster clearance (elimination half- 
life 4–6 hours, clearance 12–17 ml/kg/min) [19].

Ketamine acts upon multiple receptors, such as N-methyl- 
D-aspartate (NMDA), opioid, and monoaminergic receptors 
[13, 19]. However the most important mechanism of action 
of ketamine is acting as an antagonist for the NMDA gluta-
mate receptors located on peripheral afferent nociceptive 
neurons synapsed in the dorsal horn of the spinal cord. 
Inhibition of these receptors results in a reduction of input to 
the gamma-aminobutyric acid-ergic (GABAergic) system, 
which leads to excitatory activity in the limbic system and 
cortex, which leads to unconsciousness and antinociception 
at the spinal cord level due to inhibition of acetylcholine 
release [13]. However, the analgesic effects of ketamine 
may arise from multiple pathways and the opioid μ(mu)-
receptor activity of the S-isomer of ketamine may account 
for analgesic effects as well. Ketamine affects the connec-
tivity in brain areas resulting in decreased connectivity in 
the areas responsible for the perception and affective pro-
cessing of pain.

Ketamine is now mainly used for antinociception in the 
perioperative setting or in pain medicine [13]. It usually does 
not have cardiorespiratory effects and has potential effects to 
preserve the autonomic reflexes and cardiac function. 
Ketamine has shown positive results in opioid tolerance and 
hyperalgesia [13, 18, 19]. Ketamine administered in small 
doses decreased the postoperative analgesic consumption by 
33%. In several meta-analyses it was shown that ketamine in 
doses up to 60  mg perioperatively resulted in an overall 
decrease in opioid consumption, improved postoperative 
analgesia, and a decrease in opioid-induced side effects such 
as postoperative nausea and vomiting, postoperative ileus, 
and urinary retention [5]. It has been shown that the action of 
the combination of ketamine and magnesium could be com-
plementary during general anesthesia regarding antinocicep-
tion and cardiovascular stability. Ketamine can be 
administered as a bolus dose at induction of 0.5–2 mg/kg or 
maintained by continuous infusion in a rate of 30–90 μ(mu)
g/kg/min [19].

Ketamine in low doses is an important drug additive in 
general anesthesia in ERAS pathways and shows benefits 
and improved outcome regarding a decreased opioid intake 
and lower postoperative pain scores, which enables early 
mobilization.

 Alpha-2 Agonists
In the early 1960s, the first alpha-2 (adrenergic) agonist, 
clonidine, was developed and successfully introduced as an 
antihypertensive drug [20]. However, it was only during the 
1980s that clonidine was first used in anesthesia in order to 
reduce sedative and analgesic requirements [18, 20]. In the 
late 1980s, a more specific alpha-2 (adrenergic) agonist, 

dexmedetomidine (elimination half-life 2–3  hours, clear-
ance 10–30  ml/kg/min), was introduced in anesthesia in 
veterinary medicine, which showed even more potent 
effects than clonidine [13, 18, 20]. Alpha-2 agonists such as 
clonidine and dexmedetomidine belong to the family of 
imidazolines and bind to both imidazolines and adrenergic 
receptors [13]. Binding to the alpha-2 adrenergic receptor 
results in an activation of inhibitory G-proteins and a 
decrease in cyclic adenosine monophasphate (cAMP) [18, 
20]. The effect of alpha-2 agonists is sympatholysis result-
ing in sedation and low blood pressure, which is caused by 
binding to the alpha- 2a receptors. Binding to the alpha-2b 
receptors will result in a transitory increase in blood pres-
sure caused by direct vasoconstriction [13, 18, 20]. Alpha-2 
receptors are located in the central nervous system (CNS) 
in the noradrenergic nuclei (locus coeruleus) and are part of 
the neural pathways of sleep. Alpha-2 adrenergic receptor 
agonists, such as dexmedetomidine, induce sedation in 
lower doses, but with increasing dose, they may induce an 
anesthesia state [18, 20].

Analgesia induced by alpha-2 agonists is related to opioid 
receptors, and the most important site of action is on the spi-
nal level [13, 18, 20]. In healthy volunteers, dexmedetomi-
dine showed comparable analgesic effects to that of opioids. 
In several studies, dexmedetomidine showed the opioid- 
sparing effects up to 24 hours postoperatively [13, 18, 20]. 
Moreover, the frequency and intensity of postoperative pain 
were lower. Furthermore, there is an indication that alpha-2 
agonists reduced postoperative nausea and vomiting, but the 
mechanism behind this is not clear [20].

Alpha-2 agonists, in particular clonidine, are associated 
with an increased risk of hypotension and bradycardia [18, 
20]. However, no effects on myocardial infarction in patients 
under non-cardiac surgery were shown. Another concern was 
the sedation effect of dexmedetomidine postoperatively, 
which possibly delayed the recovery time. However, when 
dexmedetomidine was administered perioperatively, a reduc-
tion in time to spontaneous ventilation and tracheal extuba-
tion were found. Furthermore, a reduction in recovery time 
was observed [13, 18, 20].

Typical doses of dexmedetomidine administration for 
sedation and analgesia are 0.5–1.0 μ(mu)g/kg as a loading 
dose and a maintenance infusion of 0.2–0.7 μ(mu)g/kg/min 
[20]. Clonidine is mainly used as a bolus dose of 150–
300 μ(mu)g at induction of anesthesia [13, 20]. However, as 
dexmedetomidine is more target specific and can be titrated 
to effect, it is the preferred drug as an adjunct during 
anesthesia.

Alpha-2 agonists are interesting drug additives that have 
analgesic effects and therefore opioid-sparing effects. When 
used in multimodal anesthesia strategies, alpha-2 agonists 
showed benefits in ERAS pathways in a variety of surgical 
procedures.
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 Magnesium
Magnesium is an important cation involved in many physio-
logical processes in humans, which regulates voltage- 
dependent Na+, K+, and Ca2+ channels [13, 18, 19]. Therefore, 
magnesium is an ideal antiarrhythmic drug, which prolongs 
the AV-node conduction leading to stable heart rates and is 
used frequently in cardiology [18]. Furthermore, magnesium 
is used in obstetrics to treat hypertensive crisis in preeclamp-
sia and mediated by blocking calcium channels [18].

In clinical anesthesia and pain medicine, magnesium has 
shown antinociceptive effects. Magnesium blocks the 
NMDA receptors and inhibits the glutamatergic synapses, 
leading to antinociceptive effects—especially in combina-
tion with ketamine as this combination of drugs provides 
improved postoperative analgesia [18, 19]. Furthermore, 
magnesium alone potentiates the effects of hypnotics and 
reduces the hemodynamic variability during surgery and 
reduces the opioid consumption postoperatively.

The induction dose of magnesium when multimodal 
anesthesia is applied is up to 40 mg/kg and can be continued 
by intravenous administration of 8 mg/kg/h, which signifi-
cantly reduces the intraoperative and postoperative fentanyl 
requirement [19]. It should be recognized that high doses of 
magnesium may lead to decreased AV conduction, heart 
block, and possibly cardiac arrest [19].

Magnesium is an effective drug additive to general anes-
thesia, used not only to reduce hemodynamic variability dur-
ing surgery but also to improve postoperative analgesia.

 Beta-Blockers
Beta-adrenergic blockade is well-known and an important 
mechanism for reducing morbidity and mortality in patients 
with hypertension and heart failure [21–24]. Esmolol has 
been used for these indications, but esmolol has shown 
opioid- reducing effects and might have effects on nocicep-
tive modulation as well [21–24]. Although esmolol has not 
shown direct analgesic or anesthetic properties, recent stud-
ies suggest that esmolol has antinociceptive and postopera-
tive opioid-sparing effects, but also is associated with a 
decrease in length of hospital stay [21–24].

The mechanism of action of esmolol remains unclear, and 
this drug should be used with care as bradycardia and hypo-
tension may occur. However, several hypotheses are suggested 
regarding its mechanism of action [21–24]. One interesting 
hypothesis is that esmolol blocks the neuronal inflow into the 
CNS on the brainstem level. Beta blockade might also regulate 
hippocampal activity during stress, as increased hippocampal 
activity is observed during stress imaging [21–24]. Activation 
of hippocampal beta-adrenergic receptors may play a role in 
nociception, whereas blockade of these receptors should 
decrease the contribution of such beta-adrenergic activation to 
the nociceptive process, leading to less pain and opioid con-
sumption. Beta blockade also decreases, in a dose-dependent 

manner, the pro- inflammatory cytokine interleukin-6 (IL-6) 
and C-reactive protein (CRP) release in serum and reduces 
postoperative pain and opioid consumption. However, the 
exact mechanism is not clear [21–24].

In a previous study it was shown that beta blockade did not 
alter the hormonal stress response to surgery, but patients on 
beta blockade showed improved hemodynamic stability peri-
operatively and directly postoperatively. Furthermore, these 
patients needed less fentanyl intraoperatively, had lower pain 
scores, and required less analgesics in the post- anesthetic care 
unit (PACU), which resulted in improved recovery after sur-
gery. Another study reported that patients undergoing abdom-
inal total hysterectomy who received esmolol as a bolus dose 
of 0.5 mg/kg followed by infusion of 0.05 mg/kg/min before 
anesthesia induction showed a reduction in administration of 
fentanyl and inhalational anesthetics, a reduction in hemody-
namic responses, and a reduction in morphine consumption 
for the first three postoperative days [21–24].

Beta blockade is an interesting and promising drug additive, 
which demonstrates a reduction in postoperative pain scores 
and opioid consumption. However, as data is sparse, more 
research is needed in order to understand the exact mechanism 
of action of beta blockade in relation to antinociception.

 Dexamethasone
Acute inflammation induced by tissue damage due to surgery 
is a major factor contributing to the development of postop-
erative pain. Tissue injury induced by surgical procedure is 
associated with an increased serum level of pro- inflammatory 
cytokines such as IL-6, tumor necrosis factor-alpha 
(TNFα[alpha]), and anti-inflammatory IL-10 [13, 25–27]. 
Furthermore, the preservation of the monocyte function is 
affected negatively as reflected by lower levels of human leu-
kocyte antigen-DR (HLA-DR) isotope expression on mono-
cytes [54]. The systemic acute inflammatory reaction and 
massive release of cytokines are responsible for acute post-
operative pain [7, 11, 25–27].

The pain relief properties of dexamethasone are well- 
known in patients with metastatic bone, visceral, and neuro-
pathic pain [25–27]. Although analgesic mechanism of 
dexamethasone is still unclear, it seems that a decrease in 
cyclooxygenase and lipoxygenase production, via inhibition 
of peripheral phospholipase, might play a key role [25–27].

Dexamethasone is the glucocorticoid of choice as it has 
less mineralocorticoid effects, has a longer half-life, and is 
more potent [27]. Many publications have reported the 
reduction of incidence of postoperative pain, opioid con-
sumption, and postoperative nausea and vomiting [25–27].

Dexamethasone should be dosed 0.1 mg/kg up to 8 mg as 
a single dose at induction of anesthesia. Higher doses are not 
recommended as these are associated with an increased 
blood glucose level during the first 24  hours after bolus 
injection [27]. The intravenous single-dose dexamethasone 
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will lead to a decrease in total postoperative consumed anal-
gesic, fatigue, and nausea and vomiting [27].

Dexamethasone is an effective and easy-to-administer 
drug, and even a single intravenous dose can reduce postop-
erative pain and opioid consumption.

 Conclusion

Pain pathways in the context of analgesia or antinociceptive 
strategies during anesthesia are very complex. Perioperative 
analgesia in relation to the postoperative pain management 

should ideally be included in the intraoperative period 
already and be a continuum postoperatively in order to have 
adequate postoperative pain relief and improved outcome. 
Multimodal analgesia strategies to control nociception intra-
operatively with different classes of drugs will be the future 
in anesthesia and ERAS pathways in order to prevent noci-
ceptive stimuli affecting the central system, reduce surgical 
stress, and prevent postoperative pain developing. 
Intraoperative multimodal analgesia, including opioid and 
non-opioid additives within the context of multimodal anes-
thesia management, is a key component of an ERAS path-
way (see Fig. 15.1).

Fig. 15.1 Multimodal 
analgesia mode of action Perception: acetaminophen, alpha-2 agonists, 

COX-2 inhibitors, NMDA antagonists, opioids
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consumption. However, the exact 
mechanism is not clear.
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Regional Anesthesia Techniques 
for Abdominal Operations

Tonia M. Young-Fadok and Ryan C. Craner

 Introduction

Operations in the abdominal cavity are associated with a 
unique set of challenges. First and foremost they must deal 
with the underlying pathology and utilize whatever size inci-
sion is appropriate for that particular patient, whether open 
or minimally invasive. An additional challenge is the need to 
monitor and optimize gastrointestinal (GI) function after any 
operation on the abdominal cavity. Although the GI tract can 
develop ileus after any operation, particularly involving opi-
ate medications or immobility, this is a particularly predomi-
nant feature after abdominal procedures.

In the past, regional anesthesia techniques for abdominal 
surgery were performed by anesthesiologists. This remains 
true of neuraxial techniques such as epidural and spinal anal-
gesia, which are unique to that specialty. The availability of 
these techniques, however, varies depending on institutional 
expertise. With the advent of enhanced recovery after sur-
gery (ERAS) and the emphasis on multimodality pain man-
agement, to improve patient care and to reduce opioid use, 
there has been a surge of interest among both anesthesiolo-
gists and surgeons in performing regional abdominal wall 
blocks, which can be divided into neuraxial and abdominal 
wall blocks.

 Basics: Dermatomes

It is important for the surgeon and anesthesiologist to be 
aware of the level of anesthesia needed for particular proce-
dures, and an understanding of dermatomes is vital. A der-
matome is the area of skin innervated by sensory fibers from 
a single spinal nerve. Important landmarks to remember are 
the fourth thoracic (T4) dermatome corresponds to the level 
of the nipples, the sixth thoracic (T6) dermatome the xiphoid, 
and the tenth thoracic (T10) dermatome the umbilicus 
(Fig. 16.1). To achieve surgical anesthesia for a given proce-
dure, the extent of spinal anesthesia must reach a certain der-
matomal level; for example, for upper abdominal surgery, 
the upper extent of analgesia must reach T4; for most abdom-
inal procedures with incisions in the upper abdominal wall, it 
must reach T6; and in procedures where the incisions are all 
below the umbilicus, T10 is sufficient.

 Neuraxial Anesthesia

 Spinal Anesthesia

Spinal blocks may be used to avoid general anesthesia or in 
conjunction with it. Administration of local anesthetic (LA) 
with or without opioid in the subarachnoid space and into the 
cerebrospinal fluid (CSF) has long been used to provide sur-
gical anesthesia while avoiding general anesthesia in opera-
tions where the incision is at or below the level of the 
umbilicus. This includes urological, gynecological, obstet-
ric, and lower abdominal and perineal general surgery, in 
addition to lower limb vascular and orthopedic surgery. In 
the parturient pregnant patient, spinal anesthesia avoids 
potential complications associated with general anesthesia 
including the risks of airway management, intraoperative 
awareness, and aspiration events. A recent Cochrane review 
showed no evidence that regional anesthesia was superior to 
general anesthesia with regard to major maternal or neonatal 
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outcomes [1], spinal anesthesia remains preferred in obstet-
rics due to safety, reliability, and patient expectations.

Spinal anesthesia is also used in combination with general 
anesthesia to ameliorate the perceived risks of either 
approach alone. In patients undergoing upper abdominal 

procedures, spinal anesthesia may not prevent vagal reflexes 
and pain from traction on upper abdominal organs. Indeed, 
the motor and sensory block required to permit surgical 
manipulation of upper abdominal structures limits the safety 
of spinal anesthesia for those procedures. A spinal block 
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with dermatomal spread above the level of T-4-T6 derma-
tome results in intercostal and abdominal muscle weakness 
that may cause respiratory insufficiency as well as hypoten-
sion, bradycardia and possible asystole due to blocking of 
efferent sympathetic fibers [2]. However, spinal anesthesia in 
conjunction with general anesthesia has been used in surgery 
above the umbilicus, or in surgery where the incisions are 
below the umbilicus, but there is laparoscopic or manual 
manipulation of upper abdominal organs.

 Anatomy
The vertebral column contains 33 vertebrae: 7 cervical, 12 
thoracic, 5 lumbar, 5 fused sacral, and 4 fused coccygeal seg-
ments. Three membranes protect the spinal cord: the pia 
mater, arachnoid mater, and dura mater (Fig. 16.2). The sub-
arachnoid space is the space between the pia mater and 
arachnoid, contains the CSF and spinal nerves, and is the 
target for spinal anesthesia. The subdural space lies between 
the arachnoid mater and dura mater and is the target for epi-
dural blocks.

 Equipment and Technique
The posterior midline approach is the commonest for placing 
a spinal [3]. The preferred position is to have the patient sit-
ting, leaning forward to arch their lower back out. The decu-
bitus position is an alternative but can introduce a lateral 
curve to the lumbar spine. The midline is identified by pal-

pating the spinous processes and feeling for the soft area 
between the spinous processes to identify the interspace. The 
iliac crests are at the level of the L4 spinous process or the 
interspace between L4 and L5 vertebrae. An intercristal line 
can be drawn between the iliac crests to help locate this inter-
space. Either the L3–L4 interspace or the L4–L5 interspace 
is used to introduce the spinal needle. Because the spinal 
cord commonly ends at the L1–L2 level in 95–100% of 
patients, it is conventional not to attempt spinal anesthesia at 
or above the L3–L4 level.

In this position the needle traverses the skin, subcutane-
ous fat, supraspinous ligament, interspinous ligament, liga-
mentum flavum, dura mater, subdural space, arachnoid 
mater, and subarachnoid space.

The final choice of injectate is beyond the scope of this 
chapter, but there are basic principles to consider. The choice 
of local anesthetic is based on potency, onset, and duration of 
anesthesia and potential side effects. Potency is related to 
lipid solubility, duration is affected by protein binding, and 
onset is related to the amount of LA available in base form. 
The three most important adjustable factors determining 
spread of LA are baricity of the solution, position of the 
patient during and just after injection (gravity), and dose and 
volume of the anesthetic injected. Other variables include 
patient height, decreased cerebrospinal fluid (e.g., from 
increased intra-abdominal pressure due to pregnancy and 
obesity), site of injection, and needle bevel direction.
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In addition, there are other medications that produce 
anesthesia and analgesia while limiting side effects. 
Local anesthetics and/or opioids +/− other adjuncts are 
used, including vasoconstrictors, opioids, α(alpha)2-
adrenergic agonists, and acetylcholinesterase inhibitors, 
to enhance analgesia while reducing the motor blockade 
produced by LA.

 Pros and Cons
Use of spinal anesthesia requires knowledge of indications 
and contraindications, plus an ability to weigh the risks and 
benefits of the procedure [3]. Absolute contraindications are 
patient refusal, infection at the site of injection, ongoing 
hypovolemia, allergy, and increased intracranial pressure. 
Relative contraindications include coagulopathy, previous 
spinal surgery, sepsis, fixed cardiac output, and indetermi-
nate neurological disease. Major complications include 
direct needle trauma, infection with abscess or meningitis, 
vertebral canal hematoma, spinal cord ischemia, cauda 
equina syndrome, arachnoiditis, peripheral nerve injury, total 
spinal anesthesia, cardiovascular collapse, and death. 
Fortunately these are all extremely rare. Moderate complica-
tions include failed spinal and post-dural puncture headache. 
Minor complications are common and include nausea and 
vomiting, mild hypotension, shivering, itch, transient mild 
hearing impairment, and urinary retention.

 Evidence
Within the context of early enhanced recovery protocols 
(ERP) and open surgery, epidural anesthesia rather than 
patient-controlled analgesia (PCA) was preferred to avoid 
systemic narcotics and their potential detrimental effects on 
bowel function [4]. With the more widespread use of lapa-
roscopy, this notion was challenged. Levy at al. randomized 
99 patients to receive epidural, spinal, or patient-controlled 
analgesia, in the setting of fluid-optimized patients in an 
enhanced recovery program [5]. The median length of hospi-
tal stay (LOS) was 3.7 days following epidural analgesia – 
significantly longer than that of 2.7 and 2.8 days for spinal 
analgesia and PCA, respectively (p = 0·002 and p < 0·001). 
There was also a slower return of bowel function with epi-
dural analgesia than with spinal analgesia and PCA.  Pain 
scores were higher in the PCA group in the early postopera-
tive period. The authors concluded that spinal analgesia was 
the mode of choice, compared with epidurals or PCAs, but 
further studies including comparison with abdominal wall 
blocks were required to delineate the role in laparoscopic 
colorectal surgery within an ERP.

Another randomized controlled trial (RCT) compared 
spinal anesthesia vs. PCA, again within an enhanced recov-
ery program [6]. Fifty patients were randomized either to a 
spinal mixture of bupivacaine and morphine or to a morphine 
PCA group. Postoperative opioid consumption in the spinal 
group was significantly less over the first three postoperative 

days (p < 0.001). There were no differences between the two 
groups in other outcomes (return of bowel function and 
dietary intake, readiness to hospital discharge, and LOS). 
The authors concluded that spinal anesthesia was associated 
with less opioid consumption but had no other advantages 
over systemic opioids.

Conversely, Koning et al. performed a RCT of 56 patients 
who received either single-shot intrathecal bupivacaine/mor-
phine or a sham procedure, and both arms had access to PCA 
postoperatively [7]. Patients in the spinal group had shorter 
LOS (median 3 vs. 4  days, p  =  0.044) and a significant 
decrease in opioid use and lower pain scores on the first post-
operative day.

A retrospective analysis of 541 colorectal patients in an 
enhanced recovery program analyzed 7 protocol elements, 
including single-injection intrathecal hydromorphone- 
bupivacaine- clonidine immediately before general anesthe-
sia [8]. Patients undergoing the spinal block had a median 
LOS of 3.2 days vs. 3.7 days vs. those who had contraindica-
tions to the block (p = 0.008). Use of less than 30 mg oral 
morphine equivalents (OME) in the first 48 hours was pre-
dictive of early discharge (odds ratio 2.0), and multivariable 
logistic regression showed that use of intrathecal analgesia 
was associated with OME <30 mg.

The original ERAS® guidelines [4] noted that a regional 
anesthetic block in addition to general anesthesia can mini-
mize postoperative intravenous opiates, allowing rapid 
awakening, early enteral intake, and mobilization. The 
guidelines are often misquoted for recommending epidurals 
for pain management. The actual recommendation was that 
mid-thoracic epidural blocks using local anesthetics and 
low-dose opioids should be considered for open surgery, and 
in laparoscopic surgery, spinal analgesia or morphine PCA is 
an alternative to epidural anesthesia. In the more recent 2018 
guidelines [9], the modified recommendation suggests avoid-
ing opioids with multimodal analgesia including spinal/epi-
dural analgesia or transversus abdominis plane (TAP) blocks 
when indicated.

In summary, while epidurals continue to have a role in 
open complex operations, they appear to be less beneficial in 
the case of laparoscopic surgery performed within enhanced 
recovery programs, where spinal analgesia can be consid-
ered if expertise is available.

 Epidural Anesthesia

Epidural anesthesia is another type of neuraxial anesthesia 
that is based on anesthetizing the spinal nerve roots that tra-
verse the subdural space, i.e., the potential space between the 
ligamentum flavum and dura mater. In the perioperative set-
ting and in specific cases such as lower extremity, pelvic, or 
lower abdominal surgery, it can be used as the primary anes-
thetic. It is less often used in laparoscopic cases due to the 
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same limitations as noted previously for spinal anesthesia 
but can be a useful tool in addition to general anesthesia for 
many abdominal and thoracic operations. In addition, epi-
dural analgesia can be an effective way to assist in manage-
ment of postoperative surgical pain. Much of the discussion 
that follows is based on the intraoperative and postoperative 
use of an epidural catheter for pain management.

 Anatomy
See section “Anatomy” under section “Neuraxial Anesthesia”.

 Equipment and Technique
In the perioperative setting, epidural anesthesia is commonly 
performed at the thoracic or lumbar vertebral levels. Unlike 
spinal anesthesia where analgesia is achieved at the level of 
injection and below, epidural anesthesia is limited to the der-
matomal levels near the area of epidural insertion with the 
block density and cephalad and caudad spread being based 
on the volume and dosage of local anesthetic administered. 
For use of an epidural for postoperative pain management, a 
catheter is placed in the epidural space to allow for continu-
ous infusion of local anesthetic with or without opioid.

After careful patient selection and informed consent, the 
patient is positioned in a manner that optimizes the chance of 
a straight path between the inferior and superior spinous pro-
cess. This often involves flexion of the spine and may be 
done in the sitting or lateral decubitus position. Once the 
landmarks are identified by palpation or using ultrasound 
(US), the area is prepped using antiseptic solution including 
chlorhexidine or betadine. Spinal nerve irritation has been 
reported with exposure to chlorhexidine, so adequate time 
must pass for the solution to dry. Lidocaine is then infiltrated 
in the area of epidural insertion to anesthetize the skin and 
subcutaneous tissues. In a standard adult kit, a 17- or 
18-gauge hollow needle is included; many commercial types 
are available. These needles have a curved tip to assist in 
advancement of a catheter once the needle is in position. Two 
anatomic approaches are utilized, either the midline or para-
median technique, with the latter being more often used in 
thoracic epidurals or in patients who are unable to flex the 
spine. The details of these approaches are beyond the scope 
of this text. For the midline approach, once the needle is 
engaged with the ligamentum flavum, a special loss-of- 
resistance (LOR) syringe filled with air or saline is attached. 
This syringe is often made of glass and allows a low resis-
tance between the barrel and plunger of the syringe to allow 
a more tactile response as the ligamentum flavum is pene-
trated. The loss-of-resistance technique is completed with 
gentle advancement of the needle/syringe together while 
depressing the plunger awaiting the loss of resistance where 
the air or saline is injected freely, presumably into the epi-
dural space. Once this occurs the epidural catheter included 
in the kit is advanced and ultimately positioned with 4–6 cm 
of catheter in the epidural space. A test dose of 3 mls of local 

anesthetic with epinephrine (usually 1.5% lidocaine with 
1:200,000 epinephrine) is injected to assess for inadvertent 
intrathecal (progressive weakness below level of injection 
including legs/feet) or intravascular (tachycardia/hyperten-
sion from epinephrine effect) placement.

 Pros and Cons
In open surgery the benefits of epidural analgesia include 
improved pain scores at rest and with movement and reduced 
requirement of other analgesics. It has also been shown to 
reduce pulmonary complications, reduce rates of ileus, and 
decrease the surgical stress response [10]. These benefits are 
not reliably seen in laparoscopic surgery.

The risks of epidural analgesia include block failure, 
hypotension, motor weakness, urinary retention, or epidural 
hematoma. The 3rd National Audit Project (NAP3) study 
reports that epidurals can cause permanent injury or death in 
somewhere between 1 in 5800 and 1 in 12,200 cases [11]. To 
avoid or reduce the risk of complications, careful patient 
selection must be employed including perioperative antico-
agulation management, fastidious insertion technique, and 
proper postoperative management.

 Evidence
The impact of epidurals on metabolism has been mainly 
shown for open surgery. Epidural blockade with local anes-
thetics – before, during, and after surgery – reduces neuroen-
docrine and catabolic responses to surgery [12], such as 
attenuation of insulin resistance [13], and minimizes protein 
breakdown [14]. Epidural anesthesia has also been associated 
with reduction in proinflammatory cytokines and inflamma-
tory markers after major abdominal surgery [15, 16].

The gold standard in open colorectal surgery is thoracic 
epidural analgesia (TEA) (T7–T10). Several RCTs and meta-
analyses have shown improved pain control compared with 
systemic opioids [17, 18]. Although widely performed, lum-
bar epidural blockade is less effective, with insufficient upper 
abdominal sensory block and increased lower extremity motor 
block and urinary retention [12]. TEA may also improve post-
operative outcomes in open surgery. A multicenter RCT 
assessing TEA plus general anesthesia on 30-day morbidity or 
mortality in high-risk patients after major open gastrointesti-
nal surgery did not show any benefit [19]. However, subse-
quent meta-analyses have shown that TEA results in earlier 
recovery of bowel function after colorectal surgery [20–22] 
and reduces respiratory [22, 23] and cardiovascular complica-
tions [22]. There is, however, a higher risk of postoperative 
arterial hypotension and urinary retention [22].

The analgesic benefits are not seen in patients undergoing 
laparoscopic colorectal surgery [24] where epidurals may 
increase LOS.  A meta-analysis including five RCTs of 
patients undergoing laparoscopic colorectal surgery treated 
with an ERAS protocol did not demonstrate the same bene-
fits [25]. TEA has no impact [26] or even delays [24, 25, 27] 
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hospital discharge in patients undergoing laparoscopic 
colorectal surgery, possibly due to a higher incidence of 
hypotension, urinary retention, or motor blockade [24, 28]. 
TEA might still be valuable in patients with chronic pain, 
opioid-dependent patients, or patients with a high risk of 
conversion to an open operation.

An epidural infusion mixture of local anesthetic and lipo-
philic opioids provides better analgesia than either alone [17, 
18, 29]. TEA is best if initiated before surgery and continued 
in the intraoperative and postoperative period, for 
48–72 hours [30] to reduce systemic opioids. One major dis-
advantage is high epidural failure rates of 22–32%. Use of 
epidurals also requires a postoperative pain team.

There are several reports of association between epidural 
anesthesia and improved survival after cancer surgery [31, 
32], but results for this outcome are mixed [33]. The onco-
logic impact of epidurals on colorectal cancer recurrence and 
metastasis [34, 35] requires further investigation, especially 
in the context of an ERAS program.

 Abdominal Wall Blocks

 Paravertebral

Paravertebral blocks are mentioned for the sake of complete-
ness. Thoracic paravertebral blocks (TPVB) have been used 
for unilateral anesthesia and analgesia for thoracic and some 
thoracolumbar procedures, such as thoracotomy, thoracoab-
dominal esophageal surgery, cholecystectomy, and renal sur-
gery. However, the technique has only gained traction in 
general surgery for unilateral breast surgery and herniorrha-
phy. This results from the unilateral and highly dermatome- 
dependent nature of the technique, which involves injecting 
local anesthetic alongside the thoracic vertebra close to 
where the spinal nerves emerge from the intervertebral fora-
men. The injectate has variable spread, and potentially 
requires multiple levels of infiltration, especially if larger 
dermatomal areas are to be anesthetized. For the thoracic 
dermatomes, the path of approach of the injectate needle 
needs to be inserted at the level of the chosen vertebral pro-
cess and then “walked off” the transverse process of the ver-
tebra above, all while making sure that the depth of the 
needle’s approach is monitored in order to avoid pneumotho-
rax [36]. Ultrasound assisted or ultrasound guided paraverte-
bral block has improved the safety and efficacy of the 
paravertebral block [37]. A recent single institution review of 
ultrasound guided TPVB for breast surgery reviewed 1427 
injections with complications occurring in six patients 
including bradycardia and hypotension (n  =  3), vasovagal 
episode (n = 1) and possible local anesthetic toxicity (n = 2). 
There was no incidence of accidental pleural puncture or 
symptomatic pneumothorax [38]. The arguments against this 

approach for an abdominal operation include the risk of 
inadvertent pleural puncture, which although rare, still can 
occur if the needle is not visualized throughout the proce-
dure. This is in addition to discomfort during the procedure 
as the local anesthetic is administered. Also, depending on 
the area of the surgical field and laterality, multiple bilateral 
injections may be required.

 Quadratus Lumborum

Quadratus lumborum (QL) blocks belong to a group of four 
blocks that are defined by where the injectate is deposited 
relative to the anatomy of the QL muscle. These blocks have 
been classified as QL 1 (lateral), QL 2 (posterior), QL 3 
(anterior or transmuscular QL also known as TQL or tequila 
block!), and QL IM (intramuscular).

 Anatomy
The quadratus lumborum muscle is a quadrilateral-shaped 
muscle of the posterior abdominal wall. Its origin is along 
the posterior aspect of the iliac crest, and it inserts superiorly 
onto the 12th rib and medially onto the transverse processes 
of L1–L4 vertebrae. The QL muscle is between the anterior 
and middle layers of the thoracolumbar fascia (Fig.  16.3). 
The psoas muscle is anterior to the QL muscle, and the erec-
tor spinae muscle is posterior.

 Equipment and Technique
The lateral decubitus position provides the best access and 
visualization of the neuraxial structures. A low frequency (5- 
to 2-MHz) curved array ultrasound transducer, commonly 
used in the operating room for central line placement, can be 
used. A 22-gauge needle is used, although some sources 
advise a peripheral nerve stimulator to prevent needle 
advancement if the needle is too deep and is adjacent to the 
lumbar plexus.

For the anterior/transmuscular QL, the transducer is 
placed on the patient’s flank just cephalad to the iliac crest. 
The “shamrock sign” is identified, whereby the transverse 
process of the L4 vertebra is the stem, and the three leaves of 
the trefoil are the erector spinae posteriorly, QL laterally, and 
psoas major anteriorly. The needle is advanced through the 
QL muscle, and the injection target is the fascial plane 
between the QL and psoas major muscles (Fig. 16.3).

For the lateral or QL 1 block, the transducer is placed in 
the midaxillary line and moved posteriorly until the transver-
sus abdominis aponeurosis is seen. The needle is aimed deep 
to this aponeurosis, and the injectate is deposited between 
the aponeurosis and superficial to the transversalis fascia at 
the lateral border of the QL muscle (Fig. 16.3). Spread in this 
plane involves the lateral cutaneous branches of the iliohypo-
gastric, ilioinguinal, and subcostal nerves (T12–L1).
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In the posterior or QL 2 block, the transducer is placed in 
the midaxillary line and moved posteriorly until the lateral 
interfascial triangle (LIFT), which encapsulates the paraspi-
nal muscles, is reached. The middle layer of the thoracolum-
bar fascia (TLF) separates the QL and erector spinae muscles. 
The tip of the needle is advanced until it is inside the middle 
layer of the TLF near the LIFT (Fig.  16.3). The extent of 
analgesia is similar to the anterior or TQL block, but the 
onset is more rapid.

 Pros and Cons
The QL 1 or lateral QL block reliably covers T10–L1 and is 
likely similar to the “posterior” TAP block. Both the poste-
rior/QL 2 and the anterior/QL 3/transmuscular QL blocks 
cover the dermatomes from T4 to T12/L1 and affect the ante-
rior and lateral cutaneous branches of the nerves. Hence 
these two blocks are preferable for abdominal procedures 
where the incision(s) extend above and below the umbilicus. 
QL blocks may provide visceral analgesia due to their para-
vertebral and possibly epidural spread.

There are several potential drawbacks to these blocks. QL 
1 and QL 2 blocks are considered to require intermediate 
ultrasound and proprioceptive skills, whereas QL 3 requires 
advanced skills. The requirement for ultrasound and the need 
to change the lateral decubitus position of the patient to per-
form bilateral blocks increase procedure time. There is also 

the potential for injury to the kidney or lumbar vessels. 
Lower extremity weakness occurs in just 1% of lateral/QL1 
blocks, in 19% of posterior/QL2 blocks, and in up to 90% of 
anterior/QL3 blocks.

 Evidence
Carline et al., in a cadaver dye study, showed that anterior/
transmuscular/QL 3 blocks more consistently blocked 
lumbar nerve roots than lateral/QL1 and posterior/QL2 
blocks [39]. In another cadaver dye study, Adhikary et al. 
showed dye staining of the upper lumbar plexus in 70% of 
specimens [40].

These anatomic studies correlate with the findings of a 
large retrospective study of 2382 patients, performed by 
Ueshima et al. [41] The rates of quadriceps muscle weakness 
varied dramatically depending on the type of block: 1% in 
lateral QL, 19% in the posterior QL, 90% in anterior/trans-
muscular QL, and 0% in intramuscular QL.

There are no randomized controlled trials comparing one 
type of QL block with another. There are RCTs comparing 
QL blocks with either sham blocks or TAP blocks.

Blanco et al. randomized 50 patients following Cesarean 
section to a QL block (in this case QL 2/posterior) with 
0.125% bupivacaine versus the same QL block performed 
with normal saline. The study patients used less morphine and 
had lower visual analogue scale (VAS) scores at 6 and 12 hours 
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External oblique muscle
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Fig. 16.3 Quadratus lumborum blocks (QLB). TLF thoracolumbar fascia. (© NYSORA. Reproduced by permission)
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but not at 24 hours [42]. This group reported the initial ultra-
sound-guided QL block in 2007, which described deposition 
of local anesthetic adjacent to the anterolateral aspect of the 
QL muscle. They showed that local anesthetic spread occurred 
into the thoracic paravertebral space, similar to spread after the 
original tap block, which described injection in the triangle of 
Petit [43]. However, the injectate was noted to spread anteri-
orly in the TAP plane after midaxillary and anterior subcostal 
approaches to TAP blocks. The difference in local anesthetic 
spread likely explains the improved extent and duration of 
analgesia after a QL block compared with TAP block.

These authors performed additional magnetic resonance 
imaging (MRI) studies using two different blocks: the origi-
nal anterolateral one and a second one, QLB2, posterior to 
the muscle [42]. MRI showed that the injection posterior to 
the QL muscle, between the QL and latissimus dorsi mus-
cles, resulted in more predictable spread of injectate into the 
paravertebral space. This also had better ultrasound images, 
was easier to perform because of a more superficial injection 
site, and was potentially safer because the needle tip was 
separated from the peritoneum, reducing the risk of bowel 
injury. The authors subsequently abandoned the anterolateral 
approach to use the posterior block.

Krohg et al. randomized 40 elective C-section patients to 
either lateral QL block or sham injection with saline and 
found reduced opioid consumption and low analgesics scores 
in the treatment arm [44].

In an RCT of 76 elective C-section patients randomized to 
posterior QL versus TAP, the treatment arm used signifi-

cantly less morphine at 12, 24, and 48 hours after delivery 
[45]. Another RCT of posterior QL versus TAP randomized 
53 children undergoing unilateral inguinal hernia repair or 
orchiopexy surgery. In the QL group, the number of patients 
requiring analgesia in the first 24  hours was significantly 
lower [46].

In summary, the posterior QL/QL 2 block produces better 
extent of abdominal analgesic coverage than the lateral/QL 1 
block and is technically less difficult, safer, and produces a 
far lower rate of lower extremity weakness than the anterior/
transmuscular/QL 3 block.

 Transversus Abdominis Plane

Transversus abdominis plane, or TAP, blocks have become 
widely adopted. Unfortunately they have also become widely 
adapted, and in the process, certain versions have become a 
less effective rendition of the original block.

 Anatomy and History of Use (and Misuse)
The anterolateral abdominal wall contains three muscles and 
their fascial coverings (Fig. 16.4a, b). From external to inter-
nal, these are the external oblique (EO), internal oblique 
(IO), and transversus abdominis (TA) muscles. The correct 
TA plane is the plane superficial to/on top of/external to the 
transversus abdominis muscle and below the fascia beneath 
the IO muscle (Fig. 16.5). On the surface of the TA muscle, 
and adherent to it, the intercostal, subcostal, and L1 segmen-

a b

Fig. 16.4 (a) Abdominal wall muscles. (b) Anterolateral abdominal wall muscles. EO external oblique, IO internal oblique, TA transversus 
abdominis
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tal nerves communicate to form the upper and lower TAP 
plexuses, which innervate the anterolateral abdominal wall 
[47]. Since nerves originating from the T6 to L1 spinal roots 
run in this plane and supply sensory nerves to the anterolat-
eral abdominal wall, local anesthetic spread in this plane 
theoretically provides analgesia to the anterolateral abdomi-
nal wall. A complete blockade of the TA plane requires anes-
thesia of both the upper plexus (T6–T9), with a subcostal or 
rectus block, and the more widely performed block of the 
lower TAP plexus (T10–L1).

It is helpful to be aware of the history of TAP blocks, how 
the block is being performed, and who is doing it, to under-
stand the rather disparate versions of TAP blocks that have 
been disseminated and popularized:

• Classic TAP – Posterior  – The earliest report of a TAP 
block was by Rafi who described a landmark-defined 
approach via the Triangle of Petit; this is now referred to 
as a posterior approach [43]. A “2-pop” technique was 
described, with the pops attributable to traversing the apo-
neuroses of the EO and IO muscles.

• Ultrasound TAP – Lateral – With the interest generated 
by ERAS, the opioid epidemic, and multimodality anal-
gesia, in addition to more widely available compact 
mobile ultrasound devices in the OR, TAP blocks became 
technically easier and safer to perform, initially by anes-
thesiologists. The classic block used landmarks that are 
absent in about 17% of patients – and obscured by adipos-
ity in many of the remainder! Hence anesthesiologists 
used ultrasound to confirm the correct plane and to avoid 
entering the peritoneal cavity. The use of US allowed a 
midaxillary block between the costal margin and iliac 

crest, where three layers of fascia must be traversed to 
reach the correct plane on the surface of the TA muscle, 
but with US the “2-pop” technique was not necessary, as 
the correct plane could be visualized. Also the block could 
be performed with the patient supine, i.e., the position 
used for the operation. This lateral TAP block, between 
the IO and TA muscles, should reach intercostal nerves 
T10–T11 and the subcostal nerve T12. The L1 segmental 
nerves in the TAP are not covered by the lateral TAP 
block and require an anterior TAP block medial to the 
anterior superior iliac spine.

• Lap TAP  – Anterior  – Surgeons became aware of TAP 
blocks and the “2-pop” technique and realized that in 
laparoscopic cases (and also open), the most feared com-
plication of TAP blocks (i.e., injury of abdominal organs) 
could be avoided as the tip of the needle is seen if it passes 
too far through the abdominal wall. Thus the “Lap TAP” 
was developed. Two adjustments in technique, however, 
rendered the block less effective: relying on “2 pops” 
meant the tip of the needle is now in the IO muscle above 
the fascia rather than on top of the TA muscle, and the 
constraints of the drapes mean that the block is generally 
given in the anterior axillary line rather than the midaxil-
lary line.

• Subcostal Block – The limitation of the aforementioned 
TAP blocks is that the upper level of analgesia is T10, the 
umbilicus, so upper abdominal incisions are not covered. 
The subcostal approach to the TA plane addresses the 
intercostal nerves T6–T9 between the posterolateral rec-
tus abdominis sheath and the anteromedial extent of the 
transversus abdominis muscle.

• Rectus Muscle Block – This is also an attempt to produce 
analgesia of the T6–T9 nerves, but within the rectus 
sheath, after the nerves have exited the TA plane and 
course between the upper rectus muscle and the posterior 
rectus sheath. This can be performed with US or as a 
semi-blind, laparoscopic visualized approach.

 Equipment and Technique

• Classic TAP – The classic TAP block, introduced by Rafi 
in 2001, was a landmark-guided technique via the 
Triangle of Petit, or lumbar triangle, to achieve a field 
block [43]. It described the injection of local anesthetic in 
the plane between the IO aponeurosis and TA muscle 
within the borders of the triangle of Petit, a specific region 
in the lateral abdominal wall in the midaxillary line, 
where the base of the triangle is formed by the iliac crest, 
the anterior margin is the edge of the external oblique 
muscle, and the posterior margin is the latissimus dorsi. In 
this triangle, in order to reach the surface of the TA where 
the nerves interweave, an external needle is passed 

Fig. 16.5 Injection in transversus abdominis plane (TAP). EO external 
oblique, IO internal oblique, TA transversus abdominis
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through the skin and subcutaneous tissue, and then “2 
pops” are felt as the two aponeuroses of the external 
oblique (EO) and internal oblique (IO) muscles are tra-
versed. This is a blind technique.

• US TAP  – Typically a mobile compact US unit and a 
22-gauge needle, spinal needle, or nerve stimulator nee-
dle are used. The TAP is accessed in the midaxillary line, 
between the costal margin and iliac crest, and a 2–5 ml 
bolus of saline is used first to confirm correct placement 
prior to injection of local anesthetic (Fig.  16.5). The 
“2-pop” technique is not necessary as the plane is con-
firmed by US.

• Lap TAP – With increased use by anesthesiologists, there 
was a concomitant surge of interest among surgeons 
using the “2-pop” technique intraoperatively. 
Unfortunately, the technique was popularized without 
awareness of an important detail: The “2-pop” technique 
is only applicable in the Triangle of Petit. Surgeons tend to 
perform the technique in the anterior axillary line, limited 
by the surgical drapes, and so three fascial layers need to 
be traversed to reach the surface of the TA muscle.

Although this author no longer supports the use of the 
blind Lap TAP because of the potential misunderstanding 
of the original technique described above, the following 
technique has been widely disseminated. With the patient 
prepped and draped for an abdominal operation, a point 
halfway between the costal margin and iliac crest/anterior 
superior iliac spine is identified in the anterior axillary 
line. A 22G needle is “blunted” by tapping it against a hard 
surface. This forms a slight burr at the tip of the needle and 
introduces the sensation of resistance as it passes through 
fascia. The needle is then advanced through the skin (a 
major “pop” but not one of the two counted) and then 
experiences two further pops. Based on the 2-pop tech-
nique, this is when the local anesthetic is injected. As seen 
in the diagram of the three abdominal wall muscles, this 
technique when performed outside of the Triangle of Petit 
traverses the fascia superficial to the EO and then the fas-
cia external to the IO, leaving the tip of the needle in the IO 
muscle, and not on the surface of the TA muscle. This 
likely explains the high rate (up to 35%) of deposition of 
dye in the IO in studies of the blind technique [48] but not 
why patients also seem to gain some benefit from this 
approach. One may surmise that there is local anesthetic 
effect across the fascia on the surface of the TA muscle.

• Subcostal/Upper TAP – The upper anterior part of the TA 
muscle lies posterior to the lateral edge of the upper rectus 
abdominis muscle and can be visualized by US beneath 
the costal margin (Fig. 16.6). A linear US transducer is 
placed beneath the costal margin to identify the rectus 
muscle and then is moved laterally to visualize where the 
lateral edge of the muscle and posterior rectus sheath 
overlap the transversus abdominis muscle. The target is 

the spread of local anesthetic between the posterior rectus 
sheath and the anterior margin of the transversus abdomi-
nis muscle. This approach anesthetizes the intercostal 
nerves T6–T9.

• Rectus Block – A simple version of blocking the upper 
abdominal wall nerves is to encounter them after they 
transition from the surface of the TA muscle to the pos-
terior aspect of the upper rectus muscle, anterior to the 
posterior rectus sheath. This approximates the effect of 
the subcostal block. Under US visualization, the needle 
is advanced to the posterior aspect of the rectus muscle, 
anterior to the rectus sheath (Fig.  16.7). In the blind/
laparoscopic visualized approach, after the skin there is 
one “pop” through the anterior rectus fascia before tra-
versing the muscle and meeting some resistance from 
the posterior fascia, which should not be traversed. As 
the depth of the rectus muscle is highly variable, this 
approach is best performed under US guidance for accu-
rate injection.

 Pros and Cons
Potential injuries are related to completely blind TAP 
blocks, where the tip of the needle traverses the abdominal 
wall beyond the parietal peritoneum and can theoretically 
injure bowel. This is unlikely when performed with US by 
an experienced clinician. Under laparoscopic visualiza-
tion, it can be determined when the tip of the needle has 
passed beyond the innermost fascia and entered the pre-
peritoneal area or the peritoneal cavity and can be adjusted. 
The needle can be withdrawn slightly, but it remains an 
educated guess whether the tip is on the surface of the TA 
muscle unless this is observed by US. One study, using dye 
injectate followed by dissection, indicated that the blind 
technique results in deposition in the correct plane in only 
23% of cases. The most common incorrect plane is within 
the IO muscle [48] – likely a result of the “2-pop” tech-
nique without understanding of the three fascial entities 
that need to be traversed when outside the Triangle of 
Petit.

The nature of the injectate determines when the block 
should be performed – at the beginning versus the end of 
the case. Shorter-acting local anesthetics, of 2–8  hours 
duration, may be best deployed at the end of the case. If an 
institution has access to liposomal local anesthetic prepara-
tions, which can last up to 72  hours, this is likely best 
injected at the beginning of the case to minimize intraop-
erative opioid use.

 Evidence
A systematic review and meta-analysis of 51 RCTs of TAP 
blocks evaluated the role of TAP vs. various control groups 
[49]. TAP block vs. placebo reduced pain scores and mor-
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phine consumption after gynecological surgery, appendec-
tomy, inguinal surgery, bariatric surgery, and urological 
surgery. When compared with intrathecal morphine, how-
ever, TAP blocks had less analgesic efficacy.

There are two Cochrane systematic reviews of TAP 
blocks. Hamilton et al. identified trials of liposomal bupiva-
caine peripheral nerve block for the management of postop-
erative pain up to January 2016 that were randomized, 
double-blind, placebo- or active-controlled clinical trials of a 
single dose of liposomal bupivacaine administered as a 
peripheral nerve block in adults undergoing elective surgery 
at any surgical site [50]. There were insufficient data to per-
form a meta-analysis. Of four published studies, only two 
investigated liposomal bupivacaine TAP block. The authors 
concluded there is a lack of data to support or refute the use 
of liposomal bupivacaine administered as a peripheral nerve 
block for the management of postoperative pain.

An earlier inconclusive Cochrane review included RCTs 
of abdominal surgery comparing TAP or rectus sheath block 
with no TAP or rectus sheath block; placebo; and systemic, 
epidural, or any other analgesia [51]. They found five studies 
assessing TAP blocks: three used US guidance, and two used 
loss-of-resistance/landmark methods. There was limited evi-
dence that TAP block reduces opioid consumption and pain 

scores after abdominal surgery when compared with no 
intervention or placebo.

Since the most recent Cochrane review in 2016, a search 
for RCTs with full text in Core Clinical journals produced 
five studies: three in Cesarean delivery/hysterectomy, one for 
donor nephrectomy, and the other in laparoscopic colectomy. 
The latter was a small study randomizing 27 patients in each 
arm undergoing bilateral TAP block plus rectus sheath block, 
comparing a control group receiving levobupivacaine in 
saline versus a study group receiving levobupivacaine in 
low-molecular weight dextran [52]. The intervention arm 
decreased the risk of levobupivacaine toxicity while provid-
ing better analgesia. This study highlights the use of adju-
vants in addition to local anesthetics, to improve the spread 
and duration of blocks and minimize potential side effects.

An additional search of evidence for TAP blocks pro-
duced 325 results, of which 123 were listed as randomized 
controlled trials. The studies vary widely, including different 
techniques (blind vs. US guided), injectate composition and 
volumes, comparison groups (wound infiltration, spinal, pla-
cebo, etc.), and procedures ranging from Cesarean delivery, 
through colorectal surgery to ovariectomy in cats! The 
underwhelming quality of the studies in the two Cochrane 
trials and lack of consensus regarding approach belie the zeal 

Fig. 16.6 Rectus subcostal muscles. TA transversus abdominis Fig. 16.7 Rectus muscle
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with which many surgeons and anesthesiologists perform 
these blocks. There is considerable room for research to opti-
mize this approach.

 Transversalis Fascia

A blind Lap TAP in the anterior axillary line is easy, safe, 
and quick to perform by surgeons. An US-guided TAP block, 
performed more posteriorly in the midaxillary line with visu-
alization of the correct plane, appears to be more effective 
but takes longer and requires US experience. A quadratus 
lumborum block is effective, is posterior, is closer to the ori-
gin of the nerve roots, but also requires US, and the anatomy 
is more complex. In the quest to develop a simple, safe, 
effective block, the fascial planes between the US TAP and 
the lateral QL blocks have been re-evaluated.

 Anatomy
The fascia on the peritoneal cavity side of the TA muscle is 
the transversalis fascia (Fig. 16.8). This continues its course 
posteromedially and becomes continuous with the fascial 
planes around the QL muscle. This fascia can easily be 
accessed more posteriorly than an US TAP, by the surgeon 
operating in the abdominal cavity (either laparoscopically or 
open), as far posteriorly as the lateral peritoneal reflections, 
i.e., where the retroperitoneal fat covering the kidneys and 
psoas muscles extends to the posterolateral abdominal side 
wall (Fig. 16.9).

 Equipment and Technique
A laparoscopic decompression needle with a beveled tip is 
attached at its hub to connector tubing and then to a 20 ml 

injection syringe. The tubing prevents movement of the tip as 
the syringe is exchanged. Under direct visualization, the 
transversalis fascia (TF) is identified just caudad to the costal 
margin (i.e., more cephalad than the usual TAP block), right 
before it becomes hidden under retroperitoneal fat at the lat-
eral peritoneal reflection of the colon. Using a lower quad-
rant port on that side, the needle is aligned slightly obliquely 
to the fascia with the bevel facing medially and advanced 
under the fascia. This can often be felt as a slight “click.” As 
the injectate is delivered, there should be no bleb in the pari-
etal peritoneum, but a slight swelling of the TF may be 
noticed.

 Pros and Cons
The procedure is as quick and simple as a Lap TAP, but the 
plane is more accurately accessed (see below) as the bevel 
of the needle approximates the course of the fascia rather 
than being perpendicular to it. No US experience is 
required, and the tip of the needle is visualized until it 
passes beneath the fascia, so there is no risk of injury to 
intra-abdominal organs. There has been no evidence of leg 
weakness with this technique, unlike some of the QL block 
approaches.

 Evidence
Data from sequential PDSA (Plan, Do, Study, Act) cycles, as 
part of a quality improvement project, were presented at a 
national peer-reviewed meeting [53]. The TF block reduced 
opioid consumption by 70% compared with the Lap TAP 
block, and PCA devices were eliminated for elective surgery. 
Cadaver studies comparing this TF block with US TAP show 
improved spread of injectate both posteriorly and also in the 
cephalad/caudad directions.

Peritoneum
External oblique

Transversalis fascia
Internal oblique

Renal fascia
Transversus abdominis

Kidney
Psoas major

Anterior layer of TLF
Subcutaneous fascia
Quadratus lumborum

Latissimus dorsi
Middle layer of TLF

Erector spinae
Posterior layer of TLF

Fig. 16.8 Transversalis 
fascia anatomy. TLF 
thoracolumbar fascia.  
(© NYSORA. Reproduced 
by permission)
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 Conclusion

Regional anesthesia techniques now allow combinations of 
techniques beyond general anesthesia versus neuraxial anes-
thesia, i.e., either spinal or epidural. The pressure to mini-
mize or even completely avoid opioids postoperatively and 
preferably also intraoperatively has led to investigation of 
alternative abdominal wall analgesia techniques. This 
requires an emphasis not just on pain management intraop-
eratively, to allow an operation to be performed, but fore-
thought regarding pain management postoperatively, which 
is an opportunity to use different modalities in conjunction, 
obviating the need for opioids and optimizing the patient’s 
recovery.
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Prevention of Intraoperative 
Hypothermia

William J. Fawcett

 Introduction

The maintenance of normothermia is a key physiological 
process, and while there are normal cyclical temperature 
variations that occur in relation to menstrual and circadian 
cycles as well as in the ageing process [1, 2], many of the 
enzymatic processes and other cellular functions have a nar-
row range of temperature for optimal function. Under nor-
mal circumstances, a finely tuned system of temperature 
sensation, central integration, and effector mechanisms are 
in place to preserve temperature homeostasis, but patients 
undergoing surgery, either under general anesthesia or 
regional anesthesia (and particularly both), are prone to 
hypothermia, with a number of adverse sequelae. Temperature 
loss and inadvertent hypothermia (IPH) are an ever-present 
risk for patients undergoing anything more than the most 
minor surgery, and it is essential that steps are taken to accu-
rately measure temperature, prevent hypothermia, and 
restore normal core body temperatures.

The prevention of IPH, defined as a temperature of 
<36 °C, is a fundamental standard of care for all patients 
undergoing surgery [3] as normal body temperature is cru-
cial to optimize critically temperature-dependent cellular 
activities [2]. Patients who experience IPH have the poten-
tial for a number of adverse outcomes, as shown in 
Table 17.1 [2–5].

IPH is common, even when forced air warmers (vide 
infra) are employed, affecting about two-thirds of patients 
45 minutes after induction (<36.0 °C), with nearly a third of 
patients reaching a core temperature <35.5 °C, although tem-
peratures did rise thereafter, reaching an average final tem-
perature of 36.3 °C [3]. The impact of preventing hypothermia 
for the shorter procedures and its impact on outcome is 
largely unknown [6]. IPH needs to be distinguished from 

induced hypothermia (or targeted temperature management), 
which has been variously described for cardiac, neurosur-
gery, out- of- hospital cardiac arrests, neonatal ischemic 
encephalopathy, and head injures [5]. The aim of this chapter 
is to provide a wide cover on this topic with particular rele-
vance to enhance the understanding on how patients can lose 
heat during surgery and the pathophysiology of its impact as 
well as recommendations to avoid hypothermia.

 Why Patients Lose Heat

The usual thermoregulatory processes to control core body 
temperature are finely tuned to within a few tenths of a 
degree. The process whereby this occurs is a classic exam-
ple of a physiological negative homeostatic feedback mech-
anism [1]. Afferent sensors in the skin and central nervous 
system (particularly the family of transient receptor poten-
tial [TRP] protein ion channels) input to a central regulator 
(principally the hypothalamus but other areas of the central 
nervous system too including the spinal cord), and then 
effectors mechanisms restore deviations in temperature to 
normal via behavioral and autonomic responses (such as 
shivering arteriovenous vasoconstriction) [2]. A key area of 
this process is that the threshold activations for sensors, 
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Table 17.1 Consequences of hypothermia [2–5]

Consequences of hypothermia
Coagulopathy (especially reduced platelet function)
Increased blood loss and increased blood transfusion requirements
Increase in surgical site infections (SSIs)
Delayed drug biotransformation
Prolonged recovery from anesthesia
Increased in myocardial complications related arrhythmias, 
increased systemic vascular resistance, and myocardial workload
Magnified stress response
Reduced blood flow to viscera (liver and kidney)
Increased hospital length of stay
Patient discomfort
Shivering with increased oxygen requirements
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effectors, and central regulation work within very narrow 
margins. In addition, brown fat in neonates and infants pro-
vides non-shivering thermogenesis, whereby oxidative 
metabolism is uncoupled from adenosine triphosphate 
(ATP) production, and energy is expended in the form of 
heat; but this process is of thought to be of minor relevance 
in adults [1, 2].

Both general and neuraxial anesthesia impair these finely 
tuned processes. For general anesthetics there is a dose- 
dependent reduction for both shivering and vasoconstriction, 
such that the latter is not activated until 34 °C or lower. This 
is the major effect, rather than impairment of vasoconstric-
tion or shivering. Neuraxial anesthesia also has marked 
effects on thermoregulatory control mechanisms at various 
points of the pathway from reduced neural input, reduced 
central (hypothalamic) threshold activation, and inhibition of 
neurally mediated effector responses (shivering and vaso-
constriction), with greater dermatomal block heights produc-
ing correspondingly more thermoregulatory impairment than 
lesser degrees of block [7].

The effects of general anesthesia and neuraxial anesthesia 
are generally considered to have an additive effect [8]. In 
addition to the above, volitional behavioral responses trig-
gered by changes in temperature have a very important effect 
on thermoregulatory control in humans and are clearly not 
available to surgical patients. Patients undergoing surgery 
under sedation alone or with peripheral nerve blocks are usu-
ally able to maintain their body temperature unaided.

 Temperature Distribution

Classically, body heat distribution is divided between two 
compartments: a core (or central) compartment and periph-
eral (or shell) compartment (Fig. 17.1) [1, 9]. The former is 
much more constant in temperature, whereas the latter areas 
are somewhat cooler, with temperature varying much more 
to ensure core temperature stability. In the early stage of sur-
gery, there is redistribution of core heat to the periphery; 
later there is a phase of linear heat loss. Finally, the plateau 
phase occurs, when the peripheral vasoconstriction threshold 
is triggered to limit further heat loss [4].

 Temperature Measurement

An accurate measurement of core temperature is vital for 
patients undergoing major surgery. “True” core measure-
ments may be obtained from pulmonary artery catheter 
(almost obsolete), nasopharynx at 10–20 cm depth, esopha-
gus, and tympanic membrane [2]. However, for some patients 
these may not be practical, and other methods are therefore 
used such as axillary, urinary catheter, rectal, and skin tem-

perature measurements. All methods have their limitations. 
A commonly used method is skin temperature, which is a 
peripheral measurement, and this may include an algorithm 
that adds a constant to allow an assessment of core tempera-
ture. More recently, the zero heat-flux (deep forehead) ther-
mometry has been popularized and is recommended, with 
more than 500 patients from 7 studies confirming its reliabil-
ity [10, 11]. This is a noninvasive measurement of core body 
temperature with a reported accuracy of ±0.2 °C between 31 
and 37 °C [12, 13].

 Maintaining Normothermia

Temperature measurement should begin preoperatively and 
continue well into the postoperative period. Induction of 
anesthesia should not commence if the patient’s temperature 
is <36 °C, and they should receive active warming if from the 
start of the procedure the duration of anesthesia is expected 
to be >30 minutes [10].

There are many methods described to prevent periopera-
tive hypothermia. These include passive insulation, ensuring 
the ambient temperature should be at least 21 °C while the 
patient is exposed and prior to active warming starting [10], 
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Fig. 17.1 Comparison of core body temperature: unanesthetized vs. 
anesthetized. (Adapted from Ref. [10])
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warming of intravenous (IV) and any irrigation fluids 
 (particularly if administered in volumes in excess of 1 liter/
hour), warming and humidification of anesthetic gases, and, 
most importantly, body warming devices.

Intravenous fluid warming is usually undertaken with an 
in-line fluid warmer, with irrigation fluids warmed in a 
warming cabinet. A Cochrane review of the effects of warm-
ing IV and irrigation fluids analyzed 24 studies and 1250 
participants. While warmed IV fluids kept the patient about 
0.5 °C warmer perioperatively and reduced shivering, there 
was no demonstrable benefit for warming irrigation fluids. In 
addition, the authors questioned how clinically meaningful 
these results were when other methods were used alongside 
as there is likely to be a ceiling effect [14]. Nevertheless, 
warming of both intravenous and irrigation fluids is widely 
regarded as a standard of care to prevent IPH.

Forced-air body warming devices have become a key area 
in the prevention of IPH. The large surface area of the skin 
provides an efficient and safe way for these devices to both 
transfer heat to the body and reduce heat losses. This occurs 
in relation to the body surface area covered, so that lower 
body blankets and surgical access blankets provide improved 
temperature control compared to upper body blankets alone. 
Great care must be exercised to minimize accidental thermal 
injury to patients and the correct use of antimicrobial filters 
to prevent infection. Other types of body warming devices 
include resistive heating (a low-voltage electric current 
passed through a semiconductor, thus generating heat). 
Generally, these devices may provide broadly similar results 
to forced-air warming devices but have the potential to be 
cheaper, more energy efficient, and quieter. Circulating water 
mattresses are less efficient than forced-air body devices, but 
circulating water garments are very efficient at achieving 
higher core temperatures. Finally, negative-pressure water 
warming devices, by improving skin perfusion and mechani-
cally distending subcutaneous blood vessels, may prove to 
be useful too [15].

In addition, attention has focused on warmed and humidi-
fied CO2 used for insulation for patients undergoing laparo-
scopic surgery, which may contribute to hypothermia. 
Demonstrated to be moderately effective, a recent meta- 
analysis of 13 studies showed that the use of warmed and 
humidified CO2 was associated with a significant increase in 
intraoperative core temperature (mean change 0.3 °C) [16]. 
However, a more detailed Cochrane review looked at 22 
studies with 1428 participants and, while confirming the 
preservation of temperature and demonstrating a reduced 
post-anesthesia care unit (PACU) stay, commented that the 
data was heterogeneous and when low-risk-of-bias studies 
only were included, the PACU stay was not significantly 
reduced [17]. As there was no improvement in patient out-
come as well as other areas such as a reduction in lens fog-
ging, its use was not supported [18].

 Prewarming

A logical area to minimize IPH is the use of prewarming. 
Recent reviews supported this idea, with significantly higher 
temperatures demonstrated perioperatively [18, 19] unless 
this would delay emergency surgery, although the practicali-
ties of this may not be easy to overcome. It is superior in 
combination with intraoperative warming, compared to 
intraoperative forced-air warming alone [6].

 Conclusion

Reliable core temperature monitoring should be undertaken 
in all patients undergoing major surgery or surgery expected 
to be in excess of 30 minutes, and methods to actively warm 
patients to avoid IPH should be employed. Particular atten-
tion should be paid to patients at higher risk of IPH or its 
sequelae, including American Society of Anesthesiologists 
(ASA) class 2–5 patients, those with preoperative hypother-
mia, those undergoing combined regional and general anes-
thesia and major surgery, and those at risk of cardiovascular 
complications [10].
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Perioperative Intravenous Fluid 
Therapy in ERAS Pathways

Katie E. Rollins and Dileep N. Lobo

 Introduction

Perioperative fluid management has been identified as one 
of the key components of enhanced recovery after surgery 
(ERAS) pathways, with excessive fluid administration 
associated with increased morbidity [1–3] and mortality 
[4] over a range of surgical specialties. The aims of ERAS 
pathways are to minimize surgical stress, maintain nor-
mal physiological function, and optimize patient recovery 
after surgery [5, 6]. Excessive fluid administration results 
in interstitial tissue edema, reduced gastrointestinal func-
tion, and impaired anastomotic healing, whereas sub-opti-
mal fluid resuscitation results in tissue hypoperfusion and 
hypoxia, which can also result in reduced postoperative 
gastrointestinal function and anastomotic complications [3, 
7]. Previous evidence has demonstrated that the adminis-
tration of every additional individual liter of intravenous 
fluid on the day of surgery results in a 16% increased risk 
of postoperative symptoms delaying recovery from surgery 
and a 32% increase in postoperative morbidity [8]. The aim 
of this chapter is to provide an overview of the evidence 
with particular relevance to the published consensus state-
ments and guidance specific to the perioperative infusion of 
intravenous fluid as part of an ERAS pathway [9, 10].

 Preoperative Fluid Therapy

In an ERAS pathway, the importance of reaching the anes-
thetic room in a hydrated, euvolemic state with correction 
of any electrolyte imbalances is emphasized. This is mostly 
achieved by minimizing preoperative starvation periods, as 
per current guidance [11, 12], of 6 hours for solid food and 
2  hours for clear fluids including carbohydrate drinks and 
avoidance of mechanical bowel preparation (MBP) to reduce 
the incidence of preoperative fluid and electrolyte deficits. 
A Cochrane systematic review and meta-analysis of 38 ran-
domized controlled trials (RCTs) [13] found that a shortened 
fluid fast did not significantly alter the incidence of aspira-
tion, regurgitation, or related postoperative morbidity when 
compared with starvation from midnight prior to surgery. 
Historically, prolonged fasting was recommended to reduce 
the incidence of pulmonary aspiration and associated mor-
bidity and mortality; however, this has been documented as a 
risk of approximately 1 in 7000, 1 in 1700, and 1 in 100,000, 
respectively [14]. (See Chap. 4)

The concept of oral carbohydrate loading remains a contro-
versial topic, despite good basic science evidence that this inter-
vention reduces perioperative insulin resistance, which results 
in increased glucose levels, hyperglycemia, and decreased 
glycogen storage, which can lead to muscle degradation [15]. 
A carbohydrate load has been shown to convert the metabolic 
state of the patient from fasting to fed, and evidence suggests 
that this is safely tolerated up to 2 hours prior to induction of 
anesthesia. Despite this good body of evidence, the benefits 
associated with carbohydrate loading in the clinical setting 
have not proven as conclusive [16–19]. (See Chap. 4)

MBP is historically associated with large fluid and elec-
trolyte losses [20, 21] and patient dissatisfaction [22], and 
there are large meta-analyses that support a lack of clini-
cal benefit associated with MBP alone [23, 24]. The topic 
of MBP in combination with oral, nonabsorbable antibiot-
ics (OAB) therapy is currently very much in flux. There 
is increasing evidence that the combination of MBP and 
OAB is associated with a significant reduction in the risk of 
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 surgical site infection and possibly anastomotic leak rates 
[25, 26]. However, modern, isosmotic mechanical bowel 
preparations are associated with reduced physiological con-
sequences when compared with older hyperosmotic solu-
tions [27] as they do not induce a shift in fluid toward the 
bowel lumen. MBP in the form of polyethylene glycol and 
OAB can be successfully administered as part of an ERAS 
pathway [28] without deleterious effects, so this remains a 
topic up for debate. The current practice for preoperative 
fluid therapy in ERAS pathways aims to avoid intravenous 
infusion unless this is absolutely necessary to render the 
patient euvolemic prior to anesthetic. A study comparing 
preoperative fluid management in patients undergoing elec-
tive colectomy within an ERAS pathway versus traditional 
care found those managed within an ERAS pathway were 
significantly less likely to be fluid responsive following 
induction of anesthesia [29].

 Intraoperative Fluid Therapy

In the setting of ERAS pathways, intraoperative fluid ther-
apy aims to optimize cardiac function, tissue perfusion, and 
intravascular volume without creating fluid and salt over-
load, which is associated with prolonged hospital length of 
stay (LOS), postoperative morbidity, and delay in return of 
gastrointestinal function. This cardiovascular optimization 
should be achieved using an individualized approach rather 
than a proscriptive, one-size-fits-all methodology. Generally, 
intraoperative fluid therapy aims for near-zero-balance of 
both water and salt content and is based on maintenance fluid 
infusion in combination with “fluid challenges” to guide 
additional fluid replacement. The aim of infusion of main-
tenance fluid is to replace direct losses from the body in the 
form of diuresis and both sensible and insensible losses. In 
major abdominal surgery, insensible losses are elevated, with 
evidence estimating these to be approximately 0.5–1 ml/kg/h 
[30], although this varies greatly according to the degree of 
exposure of the viscera to the operating room environment. 
The typically quoted figure for infusion of maintenance fluid 
is 1–3 ml/kg/h and is generally provided as a balanced crys-
talloid solution to minimize salt overload [31]. Excessive 
intraoperative fluid administration results in damage to the 
endothelial glycocalyx, release of atrial natriuretic peptides, 
and elevated intravascular hydrostatic pressure [32], with 
resultant impaired gastrointestinal function and increased 
postoperative morbidity. On the other hand, inadequate 
intraoperative fluid therapy of just 10–15% of the circulating 
blood volume results in a documented fall in perfusion of 
the splanchnic circulation, and this hypoperfusion frequently 
outlasts the period of hypovolemia [33]. Splanchnic hypo-
perfusion then leads to mucosal acidosis [34] and impaired 
gastrointestinal function, increased rates of anastomotic 

complications, and postoperative morbidity [35]. Therefore, 
a near-zero-balance approach to intraoperative fluid therapy 
is key to optimizing postoperative outcomes.

The most commonly utilized method to guide intraopera-
tive fluid bolus therapy is with goal-directed fluid therapy 
(GDFT), which uses “fluid responsiveness” to a set fluid 
bolus, typically 200–250 ml, to guide ongoing fluid therapy. 
This aims to optimize the patient’s stroke volume on their 
individual Frank-Starling curve. An improvement in stroke 
volume exceeding 10% indicates the requirement for an 
additional fluid bolus, whereas responsiveness less than 10% 
suggests adequate cardiac contractility and optimization, 
and that maintenance of the background fluid infusion is 
currently sufficient. This method uses hemodynamic moni-
toring, which can be performed in a number of ways such as 
transesophageal Doppler, lithium dilution techniques, cor-
rected flow time, and stroke volume variation monitoring. 
The evidence for GDFT is currently mixed. Evidence from 
a number of randomized controlled trials [36] initially sug-
gested a statistically significant benefit in terms of hospital 
length of stay and postoperative morbidity rates, which led 
to this technology being recommended as a standard of care 
by the UK National Institute for Health and Care Excellence 
(NICE) [37]. However, several meta-analyses have cast 
doubt upon the perceived benefits of GDFT in perioperative 
fluid management [38–40], particularly when administered 
as part of an ERAS pathway [41]. A recent meta-analysis 
including 23 studies has generated interesting results [41]. 
Overall, GDFT was associated with a significant reduction 
in morbidity (risk ratio [RR] 0.76, 95% confidence interval 
[CI] 0.66 to 0.89, p = 0.007), hospital LOS (mean difference 
−1.55 days, 95% CI −2.73 to −0.36, p = 0.01), and time 
to passage of feces (mean difference −0.90 days, 95% CI 
−1.48 to −0.32  days, p  =  0.002). However, no difference 
was seen in mortality, return of flatus, or incidence of post-
operative ileus. If patients were managed within an ERAS 
pathway, the only significant reductions were in intensive 
care LOS (mean difference −0.63 days, 95% CI −0.94 to 
0.32, p < 0.0001) and time to passage of feces (mean dif-
ference −1.09 days, 95% CI −2.03 to −0.15, p = 0.02). If 
managed in a traditional care setting, a significant reduction 
was seen in both overall morbidity (RR 0.69, 95% CI 0.57 
to 0.84, p = 0.0002) and total hospital LOS (mean differ-
ence −2.14, 95% CI −4.15 to −0.13, p = 0.04). Emerging 
evidence has suggested that GDFT may be more beneficial 
in high-risk patient populations [42]. However, this is yet to 
be well established, with a large, multicenter, randomized 
controlled trial [43] recruiting 734 high-risk patients under-
going major gastrointestinal surgery comparing cardiac 
output-guided hemodynamic therapy demonstrating no sig-
nificant difference in the incidence of a composite outcome 
of 30-day moderate or major complications and mortality 
(relative risk [RR] 0.84, 95% CI 0.71 to 1.01). However, 
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when these data were included within a systematic review 
and meta-analysis within the same paper, the intervention 
was associated with a significant reduction in the incidence 
of complications (RR 0.77, 95% CI 0.71 to 0.83) but a 
nonsignificant reduction in hospital or 30-day mortality. A 
consensus statement has been produced by the Enhanced 
Recovery Partnership [10], which recommends that periop-
erative fluid therapy should by individually tailored to the 
patient, anesthetist, and surgical procedure dependent upon 
risk. However, they provide a list of cases in whom GDFT 
should be provided from the outset, including major surgery 
with a 30-day mortality exceeding 1%; major surgery with 
anticipated blood loss exceeding 500 ml; and major intra-
abdominal surgery and intermediate surgery, described as 
cases with a mortality rate exceeding 0.5% in high-risk 
patients, classified as those aged over 80 years or those with 
a history of left ventricular failure, myocardial infarction, 
stroke, or peripheral arterial disease. This is further rein-
forced by the American Society for Enhanced Recovery 
(ASER) and Perioperative Quality Initiative (POQI) joint 
consensus on perioperative fluid therapy within an ERAS 
pathway for patients undergoing colorectal surgery [9]. This 
weighs up the fact that although GDFT is unlikely to be 
associated with any significant risk to patients, it is asso-
ciated with a not insignificant cost. The suggestion of this 
consensus is that minimally invasive cardiac monitoring 
devices may be utilized dependent upon patient- and proce-
dure-specific risks.

A proposed alternative to GDFT is that of aiming for 
“near-zero fluid balance” as initially proposed by Brandstrup 
et al. [44] who found that in a randomized controlled trial, 
restrictive intravenous fluid administration that aimed for 
zero weight gain versus standard intravenous fluid resulted in 
a significant reduction in postoperative complications (33% 
versus 51%, p = 0.014) and cardiopulmonary complications 
(7% versus 24%, p = 0.007), with no harmful adverse effects 
observed. Furthermore, several studies have compared GDFT 
versus zero-balance fluid therapy and have demonstrated no 
difference in postoperative surgical outcomes [29, 45]. The 
recently published “Restrictive versus Liberal Fluid Therapy 
for Major Abdominal Surgery” (RELIEF) trial [46] com-
pared restrictive and liberal fluid therapy intraoperatively to 
24  hours post-op in patients undergoing major abdominal 
surgery at high risk of complications, finding that restrictive 
therapy was associated with a significantly increased risk of 
acute kidney injury (8.6% vs. 5.0%, p < 0.001) as well as 
requirement for renal replacement therapy (0.9% vs. 0.3%, 
p = 0.048). This did not result in a difference in the primary 
outcome measure of disability- free survival at 1 year (81.9% 
vs. 82.3%, p = 0.61).

The Enhanced Recovery Partnership has created a list 
of aims of fluid management for the end of surgery [10], as 
detailed in Table 18.1.

 Postoperative Fluid Therapy

In the postoperative setting, within an ERAS pathway, 
patients should be encouraged to commence oral fluid intake 
followed by solid food as soon as possible, typically the day 
after surgery. If the patient is able to tolerate oral intake, intra-
venous fluid supplementation should be discontinued, with it 
being restarted only if clinically indicated. In the absence of 
excessive surgical losses but a requirement for maintenance 
fluid, a physiological fluid infusion should be administered, 
at a rate of 25–30 ml/kg per day with less than 70–100 mmol 
sodium per day, along with potassium supplements [47]. If 
this volume is not exceeded, hyponatremia is very unlikely to 
occur [48, 49]. Any ongoing losses such as excessive vomit-
ing, high nasogastric (NG) drainage, or high stoma losses 
should be replaced on a like-for-like basis for what is being 
lost in addition to the maintenance requirement. Evidence 
originating from centers that do not continue “maintenance” 
fluid therapy once the patient is able to tolerate independent 
oral intake has demonstrated this to be associated with a sig-
nificant reduction in hospital length of stay [50]. The aim 
of postoperative fluid therapy is to maintain the patient in 
as near a state of zero-balance as possible, both in terms of 
fluid volume and electrolyte balance. Electrolyte balance is 
a particular issue in the postoperative setting due to evidence 
of impaired sodium and chloride excretion following surgery 
[48]. It has been hypothesized that postoperative morbidity 
has a U-shaped relationship to postoperative fluid volumes 
infused [51]. A meta-analysis that compared “fluid balance” 
versus “imbalance” perioperative fluid therapy in patients 
undergoing elective open abdominal surgery [2] found those 
in the “balanced” group developed fewer complications (RR 
0.59, 95% CI 0.44 to 0.81, p = 0.0008) and had an overall 
shorted hospital length of stay (weighted mean difference 
−3.44, 95% CI −6.33 to −0.54, p = 0.02).

Postoperative analgesia in the ERAS setting is frequently 
provided in the form of a thoracic epidural (TEA). However, 
TEA is associated with cardiodepressant effects as well 
as arterial and venous vasodilatation [52], both of which 
result in hypotension as a consequence of “relative hypo-
volemia” due to circulating volume redistribution. Careful 
thought must be given to the patient’s fluid balance status, as 
euvolemic patients with a TEA who are hypotensive will not 
benefit from additional fluid therapy [53], and this runs the 

Table 18.1 Aims of enhanced recovery-based fluid management  – 
from the Enhanced Recovery Partnership consensus statement [10]

Patient’s core temperature is normal (circa 37 °C)
No evidence of hypovolemia, tissue hypoperfusion, or hypoxia
No evidence of hypervolemia or excess fluid (“zero balance”)
Hemoglobin ≥70 g/L
No clinically significant coagulopathy
Minimal use of vasopressors
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risk of fluid overload and the resultant increased incidence 
of postoperative morbidity. The management of TEA-related 
hypotension should include consideration of slowing the rate 
of the TEA as well as low-dose catecholamine infusion to 
reduce sympathetic blockade and improve intravascular tone 
(Fig. 18.1).

 Urine Output

There is good evidence to support the assertion that intraop-
erative oliguria, defined as <0.5 ml/kg/h [54] or <500 ml in a 
24-hour period, is a normal physiological “stress” response 
to both anesthesia and surgery, which results in retention of 
salt and water for the maintenance of intravascular volume. 
This is particularly common in the first 48  hours follow-
ing surgery. Therefore, the presence of intra- and early post 
operative oliguria in isolation should not trigger fluid admin-
istration, particularly in the absence of other signs of tissue 
hypoperfusion such as tachycardia, hypotension, low central 
venous pressure, and capillary refill time. Careful clinical 
assessment of the patient’s fluid status is key to the manage-
ment of postoperative oliguria and should be undertaken in 
a serial manner rather than a static assessment. The use of 
invasive cardiovascular monitoring such as a CVP line and 
urinary catheter may also assist in the assessment of fluid 
balance. Excessive fluid administration in a patient who is 
oliguric but not in a state of fluid deficit results in expansion 
of the circulating blood volume as well as the interstitial fluid 
volume. The metabolic response to surgery also results in 
an impaired ability to excrete sodium, thus exacerbating the 
expanded interstitial fluid volume and resulting in increased 
postoperative morbidity. The management of a postoperative 
surgical patient with oliguria is governed by repeated clinical 

assessment, fluid resuscitation if indicated, and assessment 
of the cause for oliguria (Fig. 18.2). It should be noted, how-
ever, that anuria is always pathological until proven other-
wise and should always be taken seriously.

A recently published post hoc analysis of the RELIEF 
(Restrictive Versus Liberal Fluid Therapy for Major 
Abdominal Surgery) trial [55] demonstrated that in a 
cohort of 2444 patients, intraoperative oliguria had a low 
predictive value for acute kidney injury (AKI). This adds 
further weight to a meta-analysis of 15 studies that found 
that intraoperative fluid restriction was associated with an 
increased incidence of oliguria, but not in the incidence 
of AKI [56]. More recent studies advocate increasing the 
threshold for diagnosis of oliguria to 0.3 ml/kg/h, suggest-
ing that this level has a stronger association with the inci-
dence of AKI [57].

 Types of Fluid

Much research has been conducted into the best solution for 
perioperative infusion in terms of both maintenance and to 
a lesser degree bolus fluid. The infusion of large volumes 
of 0.9% saline has been demonstrated to be associated with 
hyperchloremic acidosis due to its supranormal levels of 
both sodium and chloride, which appears to affect renal 
function adversely due to a reduction in urinary water and 
sodium excretion resulting in reduced renal blood flow, 
30-day mortality, and prolonged hospital length of stay [58]. 
A recent cluster-randomized, multiple-crossover trial con-
ducted in critically unwell patients [59] comparing infusion 
of balanced crystalloids versus saline found that the balanced 
group had a lower rate of the composite outcome of death 
from any cause, new renal replacement therapy, or persis-
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tent renal dysfunction. However, a similar trial conducted 
in  noncritically unwell adult patients receiving intravenous 
fluid therapy in the emergency department found no dif-
ference between those receiving balanced crystalloids and 
saline in hospital-free days—although balanced crystalloids 
were associated with a significant reduction in the incidence 
of major adverse kidney events occurring within 30 days of 
admission (4.7% vs. 5.6%, adjusted odds ratio 0.82, 95% CI 
0.70 to 0.95, p = 0.01). Specific to the surgical literature, a 
recent meta-analysis of nine RCTs in adult patients undergo-
ing nonrenal surgery found that patients in the saline group 
had a significantly lower postoperative pH (mean differ-
ence 0.05; 95% CI: 0.04 to 0.06; p < 0.001; I2 = 82%) and 
base excess (mean difference 2.04; 95% CI: 1.44 to 2.65; 
p < 0.001; I2 = 87%) as well as a significantly higher chlo-
ride level (mean difference −4.79; 95% CI: −8.13 to −1.45; 
p = 0.005; I2 = 95%) [60]. A recent double-blind comparison 
of normal saline versus balanced crystalloids [61] in patients 
undergoing major abdominal surgery found that normal 

saline was associated with an increased risk of vasopressor 
support (97% versus 67%, p = 0.033) but no difference in 
the rate of unplanned intensive care unit admissions. Hence, 
there has been increasing focus upon the use of more “bal-
anced” crystalloid solutions in both the maintenance and 
bolus setting.

In terms of the intraoperative fluid of choice for bolus 
administration, historically colloids were utilized most 
frequently due to their perceived benefit in terms of intra-
vascular fluid expansion. However, increasing evidence sur-
rounding the fluid of choice for bolus administration has 
suggested no significant benefit of colloids over balanced 
crystalloid solutions [62–64]. Many of the initial studies sur-
rounding GDFT utilized synthetic colloids, most commonly 
hydroxyethyl starch (HES); however, there is currently a 
moratorium placed upon the use of HES due to three stud-
ies originating from the critical care literature that suggested 
HES was associated with a significantly increased risk of 
renal replacement therapy or mortality [65–67].
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 Conclusion

Perioperative fluid therapy within an ERAS setting is a key 
determinant of surgical outcome. Delivery of the patient to 
the anesthetic room in a hydrated, euvolemic state combined 
with a careful zero-balance approach to water and salt admin-
istration in the intra- and postoperative setting and judicious 
use of goal-directed fluid therapy in high-risk patient or pro-
cedure groups are all key to optimizing patient outcomes. The 
literature currently supports the increasing administration of 
balanced crystalloids over colloids or unbalanced crystal-
loids; however, this is not incontrovertibly established.
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ERAS and Minimally Invasive  
Surgical Techniques

Daniel White and Timothy A. Rockall

 Introduction

Enhanced recovery after surgery (ERAS) is a well- established 
multimodal pathway of perioperative care that has been 
proven to improve the quality of recovery, reduce complica-
tions, and reduce length of hospital stay (LOS) in many areas 
of surgery. Simultaneous with the introduction of ERAS 
pathways have been the introduction and expansion of mini-
mally invasive techniques (MIS) for surgery that in many 
cases have become standard practice. These minimally inva-
sive techniques have become embedded in many ERAS pro-
tocols because of the obvious benefits in reducing access 
trauma, reducing pain and therefore requirement for opiate 
analgesia, minimizing fluid shifts, and reducing complica-
tions such as ileus, blood loss, pulmonary complications, and 
wound infections. Minimally invasive surgery is both an 
important pillar of ERAS in many specialties and an enabler 
of many of the other components of ERAS such as fluid 
management, analgesia, and mobilization. The multimodal 
nature of ERAS protocols means that it is not always possi-
ble to demonstrate that individual components result in sig-
nificant patient benefit, even when increased compliance 
overall is associated with better outcomes. Minimally inva-
sive surgery, however, is consistently an independent factor 
for improved outcome. Minimally invasive surgery and 
ERAS methodology can be seen as synergistic methods of 
optimizing outcomes after surgery.

In some specialties, there are an increasing number of differ-
ent techniques and different technologies evolving to achieve a 

minimally invasive approach. In some cases, they may promote 
or enable a minimally invasive technique where traditional lapa-
roscopic techniques are considered difficult to learn, have a high 
conversion rate, or are not widely applicable. They may there-
fore be considered as enabling technologies to allow wider 
adoption of minimally invasive surgery. In other circumstances, 
new technologies or techniques attempt to reduce the number or 
size of ports required, thus reducing access trauma even further. 
And in some circumstances, they are promoted as methods of 
improving dexterity and precision and thus improve specimen 
quality and reduce complication rates. In reality, there is very 
little evidence in any field of superiority of one minimally inva-
sive surgical technology over another. When subjected to ran-
domized controlled trials (RCTs) and in the context of ERAS, 
the important element is probably the avoidance of open surgery 
rather than the use of any specific minimally invasive technique. 
The aim of this chapter is to provide a broad cover on the appli-
cation of MIS across the various specialties and explore the evi-
dence of the potential benefits of MIS toward attenuation of 
surgical stress response within the context of ERAS.

 Background to Minimally Invasive Surgery

The widespread introduction of laparoscopy into surgery has 
been the singular revolutionary change in surgical technique 
in the last 100 years. It has transformed the way we operate 
and has transformed outcome and recovery for many com-
mon surgical operations. Although to many the improve-
ments were immediately both dramatic and obvious, it did 
not prevent an abundance of skepticism for nearly every 
operation into which the technology was introduced. This 
prompted research including randomized clinical trials to try 
and prove the superiority, or more commonly a lack of infe-
riority, of one technique over another. It is unlikely, however, 
that these trials or their results really had any significant 
impact in slowing down the uptake of operations such as 
laparoscopic cholecystectomy. Other more complex opera-
tions have been introduced more gradually. With the 

19

D. White 
Department of Colorectal Surgery, Royal Surrey County Hospital 
NHS Trust, Guildford, Surrey, UK 

T. A. Rockall (*) 
Department of Surgery, Minimal Access Therapy Training Unit 
(MATTU), Royal Surrey County Hospital NHS Trust,  
Guildford, Surrey, UK

Department of Colorectal Surgery, Royal Surrey County  
Hospital NHS Trust, Guildford, Surrey, UK
e-mail: t.rockall@nhs.net

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-33443-7_19&domain=pdf
mailto:t.rockall@nhs.net


176

 evolution of robotic surgery, this pattern has re-emerged, and 
despite a lack of randomized trials to support the technology, 
in 2003 only 1.8% of prostatectomies were performed robot-
ically, rising to 85% by 2013 in the United States and more 
than 5000 robotic systems currently in use [1].

Common abdominal operations such as cholecystectomy, 
appendicectomy, fundoplication, inguinal hernia repair, and 
even colorectal resection as well as less common operations 
such as adrenalectomy are being performed with hospital 
stays of less than 24 hours. There are few if any reports in the 
literature of this being achievable with open techniques in 
cholecystectomy, colorectal resection, fundoplication, or 
adrenalectomy.

 Cholecystectomy

The first laparoscopic cholecystectomy was performed in 
1987 by Mouret and is now the principal method in developed 
countries. An operation that was associated with significant 
postoperative pain and an average of 1 week in hospital has 
been transformed into a day case procedure for uncompli-
cated cases [2]. An early publication looking at 356 patients 
demonstrated a median stay of 3 days for laparoscopic com-
pared to 7.5 days converted and 9.5 days open with return to 
work of 21 days, 42 days, and 56 days, respectively [3].

Hesitancy in the uptake of new technology is common, 
with concerns regarding safety, re-training, surgical outcomes, 
and costs. Hesitancy for cholecystectomy was more related to 
the apparent rise in bile duct injury than any real doubt sur-
rounding its ability to improve recovery. Some authors ques-
tioned its superiority over the concept of “mini” or “small 
incision open” cholecystectomy, but a randomized controlled 
trial of laparoscopy versus mini laparoscopic cholecystectomy 
as early as 1994 showed a hospital stay reduction of 2 days, 
return to work reduced by 1 week, and similar complications 
in each group [4]. A systematic review showed that both lapa-
roscopic and mini cholecystectomy were better than open but 
was unable to differentiate outcomes between laparoscopic 
and mini cholecystectomy [5]. A meta-analysis of mini chole-
cystectomy and laparoscopic cholecystectomy including 2032 
cases revealed similar outcomes and a reduced hospital stay of 
0.37 days [6]. The wound infection rate in open cholecystec-
tomy was three times that of the laparoscopic approach. A 
Cochrane review of 38 trials including 2338 cases comparing 
open and laparoscopic revealed a 3-day shorter hospital stay 
and reduced convalescence time with no significant differ-
ences in mortality, complications, or operative time. It does 
appear that mini cholecystectomy can be performed with simi-
lar results to laparoscopic cholecystectomy, but while laparos-
copy is a suitable technique for patients with even the most 
challenging body habitus, mini cholecystectomy can be diffi-
cult and not universally applicable.

The vast majority of cholecystectomy operations are under-
taken using standard laparoscopic techniques with three or 
four ports. Other methods of minimally invasive cholecystec-
tomy such as single-incision laparoscopic surgery (SILS) or 
natural orifice transluminal endoscopic surgery (NOTES) 
have been introduced. However, few complex NOTES cases 
have been performed, with no rigorous studies, and the main 
consensus is that although enthusiasm for the concept is high, 
the technical restrictions and abilities of the equipment and 
platform negate major use for anything other than very basic 
procedures. It can be concluded that there are no adequately 
powered studies to assess the safety of these techniques, and 
evidence would suggest that for SILS the time taken is longer, 
the blood loss is greater, and the failure rate is significant, 
although some authors have reported an improved quality of 
life for single-incision laparoscopic surgery [7, 8]. Randomized 
trials in this area are sparse, with one published RCT showing 
equivalence of robotic and four-port technique, with one other 
still recruiting [9]. Retrospective data have thus far shown no 
advantages of robotic surgery in cholecystectomy but have 
again shown elevated costs. A meta-analysis of robotic cases 
compared to standard 4-port technique comprising 1400 cases 
did show equivalence in the 2 methods [10].

 Colorectal Resection

Colorectal surgery has been introduced into mainstream 
practice at a much slower rate than, for example, cholecys-
tectomy despite the first operations being performed as early 
as 1991. This is a reflection of its complexity, a lack of lapa-
roscopic skills among traditionally open colorectal surgeons, 
concerns about oncological safety, and undoubted resistance 
from an establishment of conservative surgeons. Prior to the 
introduction of laparoscopic surgery, hospital stay following 
colorectal resection in the United Kingdom was 12.8 days on 
average. Length of stay for selected patients has been 
reported as low as 23 hours in the United Kingdom, with fur-
ther randomized trials, such as RecoverMI, planned to assess 
the safety of a 23-hour discharge [11, 12]. There were a num-
ber of trials, such as CLASICC, COST, and COLOR, that 
were in many ways imperfect but nevertheless served to 
demonstrate a lack of disadvantage – oncological or other-
wise. The contrary is in fact demonstrated with both COLOR 
II and work by Day et al. showing a possible survival advan-
tage to laparoscopic surgery [13–15]. The largest trials 
reporting a failure to achieve non-inferiority of laparoscopic 
surgery compared to open are ACOSOG Z0651 and 
ALaCaRT [16, 17].These studies used a composite measure 
of quality, using positive circumferential margins, distal mar-
gin negativity, and completeness of total mesorectal excision 
(TME). They have reported their survival outcomes showing 
that although histologically there seemed to be a concern, 
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this did not translate into any oncological/survival disadvan-
tage at 3 years. A summary of pertinent trials is provided in 
Table 19.1.

Initial National Institute for Health and Care Excellence 
(NICE) guidance published in 1999 on this health technol-
ogy determined that laparoscopic surgery for colorectal can-
cer should not be performed in the United Kingdom unless 
patients were being recruited to a trial (CLASICC was 
recruiting at that time). This reflected a lack of evidence in its 
favor at that time. The technology was revisited in 2006 
when all the available evidence was reassessed, and the guid-
ance published at that time was that laparoscopic surgery 
should be offered to suitable patients with colorectal cancer 
on the basis of patient benefit and minimal health economic 
disadvantage. There was recognition at that time that cer-
tainly in the United Kingdom the volume of surgery could 
not be delivered by suitably trained surgeons, and so adher-
ence to the guidance was waived for a total of 4 years during 
which time there was significant investment into laparo-
scopic training [18].

As technology has advanced, robotic surgery and transanal 
surgery have entered the debate. Robotic colorectal surgery 

with the Intuitive DaVinci system was first performed as early 
as 2001 and described in the literature in 2003 [19]. Similarly 
to the evolution of laparoscopic surgery, robotic surgery has 
its critics. Concerns seemed validated by early review in the 
United States showing that the majority of work was done in 
low-volume centers, leading to higher complication rates, 
longer lengths of stay, increased costs, and poorer oncologi-
cal outcomes [20]. More recently a UK review concluded that 
for right hemicolectomy, rectal cancer, and ventral mesh rec-
topexy, there are potential, as yet unproven advantages. 
Performing an intracorporeal anastomosis for right hemico-
lectomy may allow a smaller incision with reduced risk of 
incisional hernia and less pain and possibly provide a higher 
lymph node yield. A meta-analysis of seven studies in 2017, 
containing just one randomized study, demonstrated equiva-
lent LOS, lower blood loss (an insignificant 19 ml), elevated 
costs, and elevated operating time, despite not including setup 
time, which is a major component to consider [21]. Further 
trials are ongoing, but no superiority has been demonstrated 
over laparoscopic methods.

Some believe there is a stronger case for robotics in rec-
tal cancer surgery because of the technical challenges of 

Table 19.1 Trials comparing laparoscopic and open surgery

Name Population Design Primary outcome Findings
ACOSOG 
Z0651

Stage 2/3 rectal cancer, all 
neoadjuvant therapy
n = 486

Non- 
inferiority 
RCT

CRM <1 mm, distal margin 
<1 mm, TME completeness

2015 – open resection superior for 
primary outcome. Non-inferiority NOT 
demonstrated
2018 – no significant difference in DFS 
and recurrence rates

ALaCaRT T1–T3 rectal adenocarcinoma 
within 15 cm of anal verge
n = 475

Non- 
inferiority 
RCT

CRM < 1 mm, distal margin 
<1 mm, TME completeness

2015 – non-inferiority not demonstrated
Long-term results awaited

CLASICC Colorectal cancer including rectal 
cancer (excluding transverse colon 
tumors only)
n = 794

RCT Circumferential, longitudinal, 
and high-tie mesenteric 
resection margins
3-year disease-free survival, OS 
and local recurrence

Laparoscopic surgery safe compared to 
open surgery
Unable to support use of laparoscopic 
surgery
Higher CRM positivity in laparoscopic 
group (p = 0.45)
Not significant

COLOR 1 Colorectal cancer (excluding 
tumors below peritoneal reflection)
n = 627

RCT 3-year cancer-free survival Earlier recovery of bowel function 
(−1.0 days), less analgesia, shorter LOS 
(−1.1 days),
less blood loss (175 ml vs 100 ml)
No difference in overall morbidity or 
mortality

COLOR 2 Rectal cancer
(Tumor within 15 cm of anal verge)
n = 1044

Non- 
inferiority 
RCT

Locoregional recurrence at 
3 years

Disease-free survival (74.8% vs 70.8%) 
and overall survival (86.7 vs 83.7%) 
higher in laparoscopic group
Non-inferiority demonstrated

COREAN T3 N0–N2, rectal cancer without 
metastases. All underwent 
neoadjuvant therapy
n = 340

Non- 
inferiority 
RCT

3-year cancer-free survival Involvement of the circumferential 
resection margin did not differ between 
groups

RCT randomized controlled trial, CRM circumferential margin, TME total mesorectal excision, DFS disease-free survival, OS overall survival, 
LOS hospital length of stay
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operating in a narrow pelvis and the oncological importance 
of producing a high-quality specimen while minimizing col-
lateral damage. A 2018 review reporting outcomes from 14 
retrospective studies and case-matched series with more 
than 22000 cases of robotic rectal surgery concluded lower 
conversion rates, improved TME specimen quality with 
fewer positive circumferential margins (CRM), and shorter 
lengths of stay [22]. Despite the perceived oncological 
advantages, no benefit in disease-free or overall survival has 
been demonstrated. ROLARR, one of the few well-run mul-
ticenter randomized studies comparing laparoscopic and 
robotic surgery, reported in 2017 concluding no advantage 
from robotic surgery [23]. While there remains a debate 
regarding the role of robotics in rectal cancer, there remains 
no high-quality evidence to substantiate its widespread 
adoption and in particular no evidence that it contributes to 
the recovery of the patient within ERAS over standard lapa-
roscopic surgery [24].

Several systematic reviews of the transanal approach 
to rectal cancer reveal no difference in specimen qual-
ity or anastomotic leak rates compared to laparoscopic 
and open surgery [25–28]. A large prospective registry of 
cases has revealed anastomotic failure rates and specimen 
quality not dissimilar to databases of standard laparos-
copy [29]. A randomized trial for the transanal approach 
(COLOR III) has been initiated [30]. Again there is no 
evidence that the approach contributes to better recovery 
after surgery.

 Upper Gastrointestinal Cancer

Entering both thoracic and abdominal cavities to perform 
complex surgery on the foregut leads to a large systemic 
inflammatory response and so minimizing the surgical 
insult has an important potential role in ERAS for these 
patients. A standard Ivor Lewis esophagectomy carries 
high morbidity and mortality, and the benefits of minimally 
invasive surgery are well demonstrated here. An open-label 
study showed a 20% reduction in pulmonary complications 
with a minimally invasive approach with no significant det-
riment to oncological outcomes [31]. The ROBOT trial 
comparing robotic- assisted minimally invasive esophagec-
tomy (RAMIE) to open surgery has reported and shown 
less morbidity, namely, reduced atrial fibrillation and pul-
monary complications, and significantly less pain with no 
oncological detriment [32]. It has been criticized, however, 
for a very high complication rate in both groups and a pos-
sible lack of robotic experience in the surgical cohort. 
Certainly, further studies are needed to justify this approach, 
but the potential benefit given the magnitude of the surgical 
insult is clear to see.

 Hepatobiliary

Pancreatic surgery is a challenging minimally invasive oper-
ation. Despite a laparoscopic approach becoming the default 
in many areas of surgery, pancreatoduodenectomy due to its 
retroperitoneal location, intimate relationship with major 
vessels, and challenging anastomotic techniques remains an 
open procedure in most institutions, although a laparoscopic 
approach is well established in a few large-volume centers 
with excellent results [33]. A 2017 meta-analysis compared 
outcomes of laparoscopic surgery with open. From more 
than 3000 cases, they concluded that laparoscopic pancre-
atoduodenectomy is associated with less blood loss, faster 
postoperative recovery, shorter length of hospitalization, 
and no increase to operation time, but, as is often the case, 
the quality of data is low, and more randomized studies are 
needed to substantiate these findings [34]. A smaller series 
reviewed robotic outcomes versus open with the same con-
clusions [35].

Liver resection for both primary and secondary tumors, 
such as colorectal liver metastases, is increasingly performed 
with a minimally invasive approach. A meta-analysis of more 
than 1000 patients showed no detriment to oncological out-
comes for hepatocellular carcinoma (HCC) at 1, 3, or 5 years 
and in fact a survival advantage for colorectal liver metastases 
at 3 years [36]. A consensus statement in 2015 from Japan 
stated that smaller surgery should now be performed by a 
minimally invasive approach, but larger resections remain at 
the discretion of the surgeon [37]. The ongoing ORANGE II 
trial should help this decision-making further, comparing 
open and laparoscopic hemihepatectomy within an enhanced 
recovery setting [38]. Few randomized robotic studies exist; 
however, a case-matched series showed a higher completion 
rate of pure minimally invasive surgery and lower conversion 
rate with robotic resection when compared to a standard lapa-
roscopic approach. The operative time, as is common, was 
significantly higher in the robotic group [39].

 Enhanced Recovery in the Era of Minimally 
Invasive Surgery

Although increasing compliance is shown to improve out-
comes with respect to the multiple elements of an enhanced 
recovery protocol (Fig. 19.1, Table 19.2) [40], minimally inva-
sive surgery is one of the few elements that is independently 
predictive of improved outcome when measured by postopera-
tive hospital stay (Fig. 19.2a–c) [41–43]. Others include pre-
operative carbohydrate loading and goal-directed intravenous 
(IV) fluids [44]. Minimally invasive surgery is the only ERAS 
factor to independently demonstrate a reduction in the stress 
response. A review of ERAS implementation sustainability 
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ERAS

Preoperative:
• Preadmission counseling
• Fluid and carbohydrate loading
• No prolonged fasting
• No/selective bowel preparation
• Antibiotic prophylaxis
• Thromboprophylaxis
• No premedication

Postoperative:
• Mid-thoracic epidural anesthesia/analgesia
• No nasogastric tubes
• Prevention of nausea and vomiting
• Avoidance of salt and water overload
• Early removal of catheter
• Early oral nutrition
• Non-opioid oral analgesia/NSAIDs
• Early mobilization
• Stimulation of gut motility
• Audit of compliance and outcomes

Intraoperative:
• Short-acting anesthetic agents
• Mid-thoracic epidural anesthesia/
  analgesia
• No drains
• Avoidance of salt and water overload
• Maintenance of normothermia
  (body warmer/warm IV fluids)

Fig. 19.1 22 ERAS elements

Table 19.2 ERAS® Society guideline elements for colonic resections

Element Target effect and/or comment
Preadmission
Cessation of smoking and excessive intake of alcohol Reduce complications
Preoperative nutritional screening and, as needed, assessment and 
nutritional support

Reduce complications

Medical optimization of chronic disease Reduce complications
Preoperative
Structured preoperative information and engagement of the patient and 
relatives or caretakers

Reduce anxiety, involve the patient to improve compliance with 
protocol

Preoperative carbohydrate treatment Reduce insulin resistance, improve well-being, possibly faster 
recovery

Preoperative prophylaxis against thrombosis Reduce thromboembolic complications
Preoperative prophylaxis against infection Reduce infection rates
Prophylaxis against nausea and vomiting Minimize postoperative nausea and vomiting
Intraoperative
Minimal invasive surgical techniques Reduce complications, faster recovery, reduce pain
Standardized anesthesia, avoiding long-acting opioids Avoid or reduce postoperative ileus
Maintaining fluid balance to avoid over- or underhydration, administer 
vasopressors to support blood pressure control

Reduce complications, reduce postoperative ileus

Epidural anesthesia for open surgery Reduce stress response and insulin resistance, basic postoperative 
pain management

Restrictive use of surgical site drains Support mobilization, reduce pain and discomfort, no proven 
benefit of use

Removal of nasogastric tubes before reversal of anesthesia Reduce the risk of pneumonia, support oral intake of solids

(continued)
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Table 19.2 (continued)
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Fig. 19.2 Reductions in complications and shortened LOS with (a) 
increasing compliance (association between adherence to the enhanced 
recovery after surgery protocol and postoperative outcomes. 
∗Statistically significant at p < 0.05) and (b) post-implementation of 
ERAS (APR indicates abdominoperineal resection; LAR, low anterior 
resection; LOS, length of stay. ∗Statistically significant at p < 0.05).  

(a, b Reprinted with permission from Gustafsson et  al. [41]). (c) 
Maintenance of effects post-implementation, despite poorer compli-
ance. Median LOS per hospital in the pre-implementation, implementa-
tion, and post-implementation phases of ERAS (2 hospitals reached the 
same result; those findings are shown as one line). (c Reproduced with 
permission from Gillissen et al. [43])

Element Target effect and/or comment
Control of body temperature using warm air flow blankets and warmed 
intravenous infusions

Reduce complications

Postoperative
Early mobilization (day of surgery) Support return to normal movement
Early intake of oral fluids and solids (offered the day of surgery) Support energy and protein supply, reduce starvation- induced 

insulin resistance
Early removal of urinary catheters and intravenous fluids (morning after 
surgery)

Support ambulation and mobilization

Use of chewing gums and laxatives and peripheral opioid-blocking agents 
(when using opioids)

Support return of gut function

Intake of protein and energy-rich nutritional supplements Increase energy and protein intake in addition to normal food
Multimodal approach to opioid- sparing pain control Pain control reduces insulin resistance, supports mobilization
Multimodal approach to control of nausea and vomiting Minimize postoperative nausea and vomiting and support energy 

and protein intake
Prepare for early discharge Avoid unnecessary delays in discharge
Audit of outcomes and process in multiprofessional, multidisciplinary 
team on a regular basis

Control of practice (a key to improve outcomes)

Reprinted with permission from Ljungqvist et al. [40]
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showed the lasting effects of ERAS implementation, as despite 
a slight reduction in compliance across the ten selected units, 
90% of units preserved the improvements seen in postopera-
tive outcomes. This chapter will now address the evidence for 
minimally invasive surgery by reviewing two trials that have 
been specifically designed to look at this issue of relative influ-
ence of ERAS and MIS on recovery after colorectal surgery: 
in the Netherlands, the LAFA trial [45], and in the United 
Kingdom, the EnRol trial [46].

 LAFA: Perioperative Strategy in Colonic 
Surgery – Laparoscopy or Fast-Track 
Multimodal Management Versus  
Standard Care

The objective of this Dutch trial was to try and discern 
whether fast-track/enhanced recovery protocols or laparo-
scopic surgery or both together were the preferred manage-
ment for optimal outcome after colonic resection for bowel 
cancer. Three research questions were posed by the trial so 
that hospital stay, quality of life, and cost analysis were to be 
made for each group.

The design was a multicenter randomized controlled trial 
undertaken in seven Dutch hospitals with a 2 × 2 balanced 
factorial design. A recruitment of 400 patients was calculated 
to give a greater than 95% chance of detecting a hospital stay 
reduction of 1  day. Adult patients, aged between 40 and 
80 years, with colorectal cancer requiring a segmental colec-
tomy were randomized to receive open surgery or laparo-
scopic surgery and standard care or fast-track care by protocol 
in a separate enhanced recovery environment. Patients and 
nursing staff were blinded to the type of surgical intervention 
by the use of abdominal bandages to obscure the incision(s). 
There were defined discharge criteria for all groups.

The primary endpoint was hospital stay. The secondary 
endpoints were quality of life at 2 and 4 months postopera-
tively, measured using the Short Form Health Survey (SF- 
36) and Gastrointestinal Quality of Life Index (GIQLI) 
forms. Also cost, morbidity, 30-day mortality, patient satis-
faction, and readmission rates were recorded. Analysis was 
on an intention to treat basis.

The results revealed that for the primary endpoint of post-
operative hospital stay:

• Patients receiving laparoscopic surgery and fast-track 
care, the post-op stay was 5 (4–7) days

• Patients receiving laparoscopic surgery and standard care, 
the post-op stay was 6 (4–8.5) days

• Patients receiving open surgery and fast-track care, the 
post-op stay was 6 (4.5–10) days

• Patients receiving open surgery and standard care, the 
post-op stay was 7 (6–10.5) days

There was no difference in any of the secondary out-
comes. Regression analysis showed that only laparoscopic 
surgery was an independently predictive factor for improved 
outcome by these criteria.

The conclusion of the authors was that the optimal inter-
vention of segmental colectomy for cancer was a combina-
tion of laparoscopy and a fast-track protocol. In the event of 
open surgery being necessary, this was best carried out in a 
fast-track environment.

 EnROL: A Multicenter Randomized Trial 
of Conventional Versus Laparoscopic Surgery 
for Colorectal Cancer Within an Enhanced 
Recovery Program

This was a phase III multicenter randomized controlled trial 
of colorectal cancer resection with adult patients randomized 
between open and laparoscopic surgery, all of whom were 
managed within an enhanced recovery pathway. Of the 202 
patients recruited at 12 UK hospitals, all had significant 
experience in colorectal laparoscopy (>100 colectomies and 
>50 total mesorectal resections). The nature of the surgery 
was blinded to the patient and the caregivers in the same way 
as the LAFA trial. The primary outcome is physical fatigue 
as measured by the physical component of the 
Multidimensional Fatigue Inventory (MFI-20). Secondary 
endpoints include length of stay, complications, readmis-
sions, reoperations, quality of life, cosmesis, costs, and other 
components of the MFI-20.

Analysis shows that total hospital stay was reduced from 
7 to 5 days for colonic resection and from 8 to 5 days for 
rectal resection when managed laparoscopically within an 
enhanced recovery pathway. The conclusion is that laparos-
copy is an additional advantage to recovery for patients with 
colorectal cancer managed within ERAS.

Almost all the published work looking at this subject 
deals with colorectal resection, where enhanced recovery is 
most developed and where there has been a rapid expansion 
in laparoscopic approach. Some other areas of surgery have 
also been subject to investigation, for example, the previ-
ously described Dutch study (ORANGE II) looking at out-
comes following laparoscopic versus open left lateral liver 
resection within an ERAS whose primary endpoint is func-
tional recovery.

For laparoscopic sleeve gastrectomy, a randomized con-
trolled trial of ERAS versus open surgery, which included 
an additional comparison with historical controls, showed a 
1-day stay for laparoscopy versus 2-day stay for standard 
care and a 3-day stay for historical controls [47]. The reduc-
tion in hospital stay for the enhanced recovery group was 
statistically significant, and there was no increase in 
morbidity.
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Nonrandomized evidence in other areas of surgery 
include comparisons of outcomes against matched historical 
controls for ileocecal resection, which confirms a reduction 
of hospital stay by integrating ERAS into the laparoscopic 
management of Crohn’s disease [48]. A large study of 
colorectal resection (n = 806) comparing outcomes of open 
and laparoscopic resection, all managed within ERAS, 
revealed 3.9  days versus 8.4  days in favor of the laparo-
scopic group [49].

Clearly this nonrandomized data has inherent bias that 
needs to be taken into account when analyzing the 
literature.

To date, ERAS guidelines for colon, rectum, liver, gyne-
cology, bariatric, and pancreatic surgery have been pub-
lished. Evidence of significant benefit of an ERAS program 
have been demonstrated in liver, pancreas, bariatric, colon, 
and rectal surgery [50–54]. Both the ERAS program and 
laparoscopic surgery aim to reduce complications and 
improve the quality and rapidity of recovery after surgery. 
An important synergistic value of both laparoscopy and 
ERAS applied together was published in 2012, suggesting 
that laparoscopy should be integrated into an ERAS program 
whenever possible.

 Physiological Consequences of Minimally 
Invasive Surgery

The stress response in surgery is directly proportional to the 
insult of cellular injury. Cellular injury can occur in various 
ways such as the abdominal wall incision, handling of the 
bowel, retraction, thermal injury, and dissection. The dura-
tion of the inflammatory response can be attenuated, how-
ever, by enhanced recovery and is certainly shortened by 
minimally invasive surgery [55]. C-reactive protein (CRP) 
is commonly used as a marker of surgical stress, but inter-
leukin- 1 and interleukin-6 have been shown to be a more 
useful, though a less readily available, measure [56]. 
Minimally invasive platforms such as robotic surgery and 
laparoscopic surgery allow for smaller incisions, less bowel 
handling, accurate dissection, and reduced blood loss. Blood 
loss has time and time again been proven to be significantly 
lower in laparoscopic surgery than open surgery, and evi-
dence suggests robotic surgery may offer a minor additional 
benefit [24].

Blood is not simply red cells but also plasma and proteins; 
therefore, losing blood affects not only the cardiac output but 
also the acid base balance. In addition, metabolically healthy 
patients undergoing surgery develop net losses of nitrogen of 
40–80 mg, equivalent to 1.2–2.4 kg of skeletal muscle. This 
loss of muscle is often sufficient for a diagnosis of sarcope-
nia, a pathological loss of skeletal muscle with physical det-
riment  – another growing field of interest in predicting 

surgical and oncological outcomes [57]. Minimizing blood 
loss, and subsequently maintaining a more stable acid base 
balance, and losing less protein are some of the numerous 
benefits of minimally invasive surgery. Evidence tells us that 
although surgical approach has a key role in limiting the det-
rimental effects of surgery, via enhanced recovery with pre-
operative carbohydrate loading, good analgesia, and early 
postoperative feeding, the catabolic effects of surgery can be 
largely avoided even in open surgery [58].

Of course not all elements of minimally invasive surgery 
are desirable, namely, the effects of pneumoperitoneum and 
often a steep head-down position. Raised intra-abdominal 
pressures lead to reduction in preload and increase in aortic 
afterload. The degree of effect is governed by the fluid status 
of the patient and is therefore again minimized by adherence 
to enhanced recovery principles, such as avoiding bowel 
preparation and prolonged starvation. A prolonged period of 
head-down position can lead to cerebral edema and airway 
edema, making extubation more difficult. Longer procedures 
with large volumes of carbon dioxide insufflated through the 
abdominal cavity can lead to an acidosis.

One final key benefit of minimally invasive surgery is the 
potential to reduce gastrointestinal ileus. As previously 
stated, inflammation is reduced with a minimally invasive 
approach. All inflammation leads to increased bowel perme-
ability, and reduced inflammation combined with fluid opti-
mization leads to earlier return of GI function in almost all 
studies that document this outcome.

 Conclusion

The focus on the different minimally invasive approaches is 
on improving the cancer-related outcomes, reducing the 
morbidity of pelvic surgery, and reducing conversion rates. 
However, all have a similar capacity to reduce the trauma 
and immunological impact of surgery compared to an open 
approach. Minimally invasive surgery is both an important 
enabling technology for many of the elements of ERAS and 
an independent predictor of good outcome [42]. It indepen-
dently has the capacity to reduce complications, which is the 
ultimate goal of an ERAS program. MIS enables reduced 
pain and opiate requirement, early mobilization, less impact 
on fluid shifts, and reduced ileus.

A minimally invasive approach to surgery has clear 
advantages for improved and more rapid recovery, reduced 
general complications, and reduced wound-related compli-
cations including incisional hernia and fewer adhesions. It is 
also an enabler for successful administration of many of the 
major components of ERAS, such as opiate-sparing analge-
sia and optimized fluid therapy.

Historically, as was the case with laparoscopy and now 
with robotic and transanal surgery, we are on the learning 
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curve for implementation, with no substantial evidence for 
one technology over another. We may well be in a transition 
where new evidence is about to reshape the landscape for 
what is considered the best minimally invasive approach, but 
it does not appear to be the case that laparoscopy can be 
proven inferior to any of the new technologies with the con-
fidence that is necessary. As further data emerges, it is likely 
that a tailored rather than blanket approach will be applied 
for patients most suited to each technology, with a difficult 
balance of patient wishes against oncological outcomes. 
Qualitative data is ever increasing and will be vital in the 
decision-making consultation.
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Tubes and Drains: Current Updates 
on Evidence on Their Role  
Within Recovery

Gloria Salvo and Pedro T. Ramirez

 Introduction

The principles of enhanced recovery after surgery (ERAS) 
programs are based on the implementation of a number of 
guidelines in the perioperative period in order to improve the 
overall physical and functional recovery of patients. 
Compliance with such implementation has been shown to 
improve such outcomes. In an effort to establish ERAS pro-
grams, groups should develop strategies within their multi-
disciplinary team in order to be certain that all parameters in 
the ERAS guidelines are applied [1, 2].

Current ERAS guidelines emphasize the importance of 
avoiding routine nasogastric intubation and further suggest 
that nasogastric tubes inserted during surgery should be 
removed before reversal of anesthesia. In addition, the same 
guidelines strongly recommend that peritoneal drainage not 
be recommended routinely including in patients undergoing 
bowel surgery or lymphadenectomy, as in the setting of can-
cer surgery.

In this chapter, we provide a detailed analysis of the evi-
dence thus far published in the literature on the utility and 
indications of nasogastric tubes and peritoneal drains with an 
emphasis on the supportive evidence for the discontinuation 
of the routine use of such tubes and drains. Our aim is to 
demonstrate that there is no current indication for the routine 
use of tubes or drains in the setting of an ERAS program.

 Nasogastric Tubes

Nasogastric decompression was routinely used for many 
years for the purposes of evacuating gas and liquid from the 
stomach for therapeutic, as in patients with distention and 
vomiting, or for diagnostic purposes, as in the case of gastro-

intestinal bleeding (Fig. 20.1). At the turn of the twentieth 
century, it became increasingly used in most major abdomi-
nal surgeries in order to prevent the consequences of postop-
erative ileus. Levin initially introduced this principle in 1921, 
[3] and its use was then popularized by Wangensteen and 
Paine [4] during the 1930s in the treatment of acute intestinal 
obstruction and postoperative ileus. The proposed rationale 
in the use of nasogastric intubation is that it decreases nau-
sea, vomiting, and gastric distension after surgery. Others 
have also proposed that it decreases wound and respiratory 
complications, such as pulmonary aspiration and pneumo-
nia, and that it also reduces the incidence of anastomotic 
leaks after gastrointestinal surgery [5]. However, this prac-
tice has been increasingly challenged over the last several 
years, and, in fact, many have proposed that routine use of 
nasogastric tubes is no longer warranted.

A previously published Cochrane Review by Verma and 
Nelson [6] investigated the efficacy of routine nasogastric 
decompression after abdominal surgery. In this study, the 
investigators included patients having abdominal surgery of 
any type—emergency or elective—who were randomized 
prior to the completion of the operation to receive a nasogas-
tric tube and keep it in place until intestinal function had 
returned versus those receiving either no tube or early tube 
removal in surgery, in recovery, or within 24 hours of sur-
gery. The investigators excluded patients who underwent 
laparoscopic abdominal surgery and patient groups having 
gastric decompression through gastrostomy. The authors 
included a total of 37 studies that met eligibility criteria 
encompassing 5711 patients: 2866 randomized to routine 
tube use and 2845 randomized to selective or no tube use. 
Patients not having routine tube use had an earlier return of 
bowel function (p < 0.00001), a decrease in pulmonary com-
plications (p  =  0.09), and an insignificant trend toward 
increase in risk of wound infection (p  =  0.39) and ventral 
hernia (0.09). Interestingly, the rate of anastomotic leaks was 
no different between groups (p  =  0.70). The investigators 
noted that vomiting seemed to favor the routine use of naso-
gastric tube but at the expense of increased patient  discomfort. 
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The length of hospital stay was shorter when no tube was 
used and no adverse events specifically related to the tube 
insertion (direct tube trauma) were reported in that study. In 
their conclusion, the authors remarked that routine nasogas-
tric decompression does not accomplish any of its intended 
goals and should be abandoned.

This review drew some very important conclusions as it 
pertains to each of the proposed benefits of nasogastric intu-
bation, and the following section will highlight some of these 
findings with a particular emphasis of time to flatus, pulmo-
nary complications, wound infection, anastomotic leak, inci-
sional hernia, length of stay, and adverse events:

• Time to flatus – There was no benefit to nasogastric suc-
tion in hastening return of gastrointestinal function as 
measured by time to flatus. In fact, the authors described 
that there was an opposite effect with significant benefit 
when no tube was used. In evaluating only patients having 
colon surgery, an earlier return of bowel function was 
seen in patients who had no tubes placed. Similarly, there 
was no benefit of nasogastric tube placement in patients 
having gastric resection [6].

• Pulmonary complications  – In a subgroup analysis of 
studies evaluating patients who underwent colon surgery, 
there was no difference in pulmonary complications when 
comparing patients who had nasogastric tube placement 
versus those who did not. In addition, among individuals 

who had upper gastrointestinal surgery, the risk of pulmo-
nary complications was lower in patients who did not 
have nasogastric tube placement [6].

• Wound infections – Routine use of nasogastric decom-
pression did not impact the rate of wound infection, and 
this included patients who only had upper gastrointestinal 
surgery [6].

• Anastomotic leak – The rate of anastomotic leak was no 
different among patients with or without nasogastric 
drainage. This included patients who only had colon sur-
gery [6].

• Incisional hernia – Although the number of studies is lim-
ited in evaluating this outcome, there is no evidence that 
placement of nasogastric drainage impacts the rate of 
ventral incisional hernias [6].

• Length of hospitalization – The majority of studies in this 
meta-analysis showed that patients who did not undergo 
placement of nasogastric drainage usually had a shorter 
length of hospital stay [6].

• Adverse events – The rate of adverse events from nasogas-
tric tube placement remains very low, although events 
such as intracranial insertion and esophageal perforations 
have been reported [6].

When considering the subject of nasogastric drainage, 
many would question whether in certain circumstances this 
practice may provide a benefit given unique surgical  scenarios 
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or disease sites. The goal of this next section of the chapter is 
to specifically address the published data pertaining to what 
most would consider the most pertinent circumstances.

 Esophageal Surgery

The routine use of nasogastric tubes has been abolished in 
most types of gastrointestinal surgery after the introduction of 
ERAS programs. A study by Giacopuzzi et al. [7] evaluated 
the feasibility of ERAS for esophagectomy. In that study, the 
authors showed that there was an improvement in the ERAS 
group in terms of earlier extubation, earlier intensive care unit 
discharge (p < 0.01), earlier thoracic drain, urinary catheter 
(p < 0.01), nasogastric tube removal (p = 0.02), earlier mobi-
lization (p  <  0.01), and earlier resumption of oral feeding 
(p  <  0.01). However, in the setting of esophagectomy, this 
remains a topic of debate. Esophagectomy is considered to be 
different from other types of upper gastrointestinal surgery 
because of the use of gastric conduit to restore gastrointesti-
nal continuity. Therefore, the concern is that fluid accumula-
tion and gastric distention might increase the risk of aspiration 
and anastomotic leaks when the gastric conduit is not rou-
tinely decompressed postoperatively.

Recently, Weijs et al. [8] performed a systematic review 
and meta-analysis to determine the effect of routine nasogas-
tric decompression on anastomotic leakage, aspiration pneu-
monia, mortality, and recovery. In total, seven comparative 
studies were included, four randomized controlled trials and 
three retrospective trials. The authors found no difference in 
anastomotic leakage, pneumonia, or mortality between rou-
tine nasogastric decompression and early removal of the 
nasogastric tube after esophagectomy.

Data from a single-center, prospective randomized con-
trolled trial evaluated the effect of conventional versus early 
nasogastric tube removal on postoperative complications 
after esophagectomy. A total of 80 patients took part in this 
study. In the conventional nasogastric tube removal group, 
the tube was removed on postoperative day 7, while in the 
experimental group, the tube was removed on postoperative 
day 1. The authors found that the incidence of postoperative 
major complications such as pneumonia, anastomotic leak-
age, recurrent nerve palsy, gastrointestinal bleeding, and 
nasogastric tube reinsertion rate was not different between 
the groups. Hence, showing that nasogastric tubes can be 
removed earlier than conventional methods.

 Gastric Surgery

Postoperative nasogastric or nasojejunal decompression 
after gastrectomy for gastric cancer has been used exten-
sively in the past. The proximal anastomoses (esophagojeju-

nal, gastrojejunal, or gastroduodenal) and the duodenal 
stump pose a possible risk for early postoperative fistula 
formation. In addition, radical gastrectomies with lymph 
node dissection performed for gastric cancers may impact 
gut motility after surgery. Therefore, the rationale for place-
ment of nasogastric or nasojejunal intubation is based on the 
potential decrease in postoperative ileus, gastric distension, 
or leakage from the duodenal stump. In a recent meta- 
analysis by Wang and colleagues [9], the authors evaluated 
the necessity of routine nasogastric decompression after 
radical gastrectomy for gastric cancer. In this review, the 
authors only included prospective randomized trials where 
outcome measures included time to first flatus, time to start-
ing oral diet, anastomotic leakage, pulmonary complica-
tions, wound dehiscence, length of hospital stay, morbidity, 
and mortality. A total of 8 randomized controlled trials were 
included in the study totaling 1141 patients: 570 patients 
receiving nasogastric or nasojejunal decompression and 571 
patients who did not. When stratified by the type of gastrec-
tomy or gastrojejunostomy, no significant differences were 
noted in anastomotic leakage, pulmonary complications, 
wound dehiscence, morbidity, and mortality. The authors 
did find that the group without nasogastric tube placement 
had a shorter time to oral diet (p < 0.001) and a marginally 
shorter end of hospital stay (p = 0.05). Also, the group with-
out nasogastric drainage had significantly shorter time to 
first flatus (p  =  0.001), especially with Roux-en-Y recon-
struction (p = 0.0002). In this study, the authors concluded 
that routine nasogastric decompression appears to be unnec-
essary after gastrectomy for gastric cancer, irrespective of 
the extent of resection, and the type of digestive 
reconstruction.

 Liver Surgery

The value of routine nasogastric decompression after elec-
tive hepatectomy remains a topic of debate. Pulmonary 
complications are common after hepatic surgery and thus 
the interest in this particular surgery lies in whether naso-
gastric decompression could reduce the risk of such compli-
cations. In a recent study by Ichida et  al. [10], the 
investigators studied 210 consecutive patients undergoing 
hepatectomy who were randomized either receive nasogas-
tric tube draining (N  =  108) or none (N  =  102). In those 
receiving a nasogastric tube, the drain was left in place after 
surgery until the patient passed flatus or stool. The investi-
gators found that there was no difference between the groups 
in terms of overall morbidity (34.3 vs. 35.3%; p  =  0.99), 
incidence of pulmonary  complications (18.5 vs. 19.5%, 
p  =  0.84), frequency of postoperative vomiting (6.5 vs. 
7.8%, p  = 0.70), time to start of oral intake (3 vs. 3days, 
p  =  0.69), or postoperative hospital stay (19 vs. 18  days, 
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p = 0.37). The authors concluded that nasogastric decom-
pression after elective hepatectomy does not appear to have 
any advantages.

 Colon and Rectal Surgery

The routine use of nasogastric drainage after elective colon 
and rectum surgery has been advocated as a way to decrease 
air and fluid accumulation and decompress the gastrointesti-
nal tract in order to prevent abdominal distension, nausea, 
and vomiting and to promote the recovery of gastrointesti-
nal function and decrease hospital stay. In a prior meta-anal-
ysis totaling 1416 patients, the authors noted that although 
patients with nasogastric tube placement had less vomiting 
(p < 0.00001), they did experience higher rates of pharyngo-
laryngitis (p  <  0.00001) and more respiratory infections 
(p  =  0.004). They noted no statistically significant differ-
ences in nausea, wound infection, or intestinal obstruction. 
Thus concluding that nasogastric tube drainage should not 
routinely be recommended after elective colon or rectum 
surgery [11].

 Abdominal Drains

Surgeons have historically advocated the use of abdominal 
drains for three primary reasons: first, to allow continuous 
drainage from an abscess, until complete obliteration of the 
cavity; second, to provide a path of least resistance to the 
exterior of the abdominal cavity, as in the case of directing 
the course of a potential fistula with the goal of sealing it 
from the general peritoneal cavity; and third, to evacuate 
blood and serum. There are a number of drains that are cur-
rently used in the abdominal cavity and these include, but are 
not limited to, simple conduit (Penrose drain, corrugated 
drains, and simple tube drains), suction drains, or sump 
drains (double-lumen systems) [12]. The next section of the 
chapter will focus on specific surgeries of the abdominal cav-
ity and address the literature pertaining to such procedures 
and outcomes of routine use of abdominal drainage in such 
settings.

 Pancreatic Surgery

Pancreatic surgery is commonly performed to treat a number 
of pancreatic and extra-pancreatic diseases, including pan-
creatic cancers, chronic pancreatitis, and biliary and duode-
nal malignancies. The current mortality rates are low, often 
referenced as less than 5%; however, overall morbidity 
remains high, ranging from 30% to 60% [13]. The most com-
mon complications documented after pancreatic surgery 

include delayed gastric emptying (19–23%), pancreatic fis-
tulae (2–30%), intra-abdominal abscess (9–10%), wound 
infections (5–15%), and postoperative bleeding (1–8%) [14, 
15]. In an effort to reduce postoperative complications after 
pancreatic resections, prophylactic drains have been tradi-
tionally placed in order to avoid accumulation of bile, pan-
creatic juice, or blood, which might require additional 
procedures. There are a number of reasons for placement of 
abdominal drains after pancreatic resections, and these 
include (1) drainage of established intra-abdominal collec-
tions (bile, pancreatic juice, or pus); (2) prevention of further 
fluid accumulation; and (3) identification and monitoring of 
any fistula or bleeding [16]. Recently, there has been increas-
ing debate regarding the efficacy of routine abdominal drains 
after pancreatic surgery. Many surgeons argue that abdomi-
nal drains may fail to reduce postoperative complications 
because a drain may become sealed off and ineffective within 
a few days after pancreatic surgery. In addition, one might 
argue that the drain itself may act as a foreign body, and may 
interfere with wound healing and the drainage tube also 
potentially creates a pathway for contamination, thus increas-
ing the risk of postoperative infectious complications. Even 
more concerning, abdominal drainage after pancreatic sur-
gery may be associated with rare complications, such as 
bowel perforation, hernia, and bleeding.

In a recent Cochrane systematic review, Zhang and col-
leagues [17] assessed the benefits and harms of routine 
abdominal drainage after pancreatic surgery, compared the 
effects of different types of surgical drains, and evaluated the 
optimal time for drain removal. They included all random-
ized controlled trials that compared abdominal drainage ver-
sus no drainage in patients undergoing pancreatic surgery. 
They also included randomized trials that compared different 
types of drains and different schedules for drain removal. 
The authors included 4 studies with 1110 participants, who 
were randomized to the drainage group (N = 560) and the no 
drainage group (N = 550) after pancreatic surgery. There was 
no difference in mortality at 30 days between groups (1.5% 
with drains versus 2.3% with no drains; risk ratio [RR] 0.78, 
95% confidence interval [CI] 0.31 to 1.99). The rate of intra- 
abdominal infection was similar between the groups (7.9% 
versus 8.2%; RR 0.97, 95% CI 0.52 to 1.80), or additional 
radiological interventions for postoperative complications 
(10.9% versus 12.1%; RR 0.87, 95% CI 0.79 to 2.23). The 
rate of wound infection was also very similar between the 
groups (9.8% versus 9.9%; RR 0.98, 95% CI 0.68 to 1.41). 
There was no difference in morbidity (61.7% versus 59.7%; 
RR 1.03, 95% CI 0.94 to 1.13) or length of hospital stay (MD 
−0.66 days, 95% CI −1.60 to 0.29) between groups. Health- 
related quality of life was measured with the  pancreas- specific 
quality-of-life questionnaire (Functional Assessment of 
Cancer Therapy–Pancreatic Cancer [FACT-PA]), a scale of 
0–144 with higher values indicating a better quality of life. 
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Drain use led to similar quality of life scores, measured at 
30  days after pancreatic surgery, when compared with no 
drain use (105 points versus 104 points). When considering 
the types of drains used, the authors included one trial involv-
ing 160 participants, who were randomized to the active 
drain group (N = 82) and the passive drain group (N = 78) 
after pancreatic surgery. An active drain led to similar mor-
tality at 30 days (1.2% with active drain versus 0% with pas-
sive drain) and morbidity (22.0% versus 32.1%; RR 0.68, 
95% CI 0.41 to 1.15), when compared with a passive drain. 
Lastly, in evaluating the timing of drain removal, the authors 
included one trial involving 114 participants, who were ran-
domized to the early drain removal (N  =  57) and the late 
drain removal (N = 57) after pancreatic surgery. There was 
no mortality in either group. Early drain removal was shown 
to slightly reduce morbidity (38.6% with early drain removal 
versus 61.4% with late drain removal; RR 0.63, 95% CI 0.43 
to 0.93), length of hospital stay (MD −2.10 days, 95% CI 
−4.17 to −0.03; 21.5% decrease of an “average” length of 
hospital stay), and hospital costs (MD −EUR 2069.00, 95% 
CI −3872.26 to −265.74; 17.0% decrease of “average” hos-
pital costs). The authors concluded that it was unclear as to 
whether routine abdominal drainage has any impact on the 
reduction of mortality at 30 days or on postoperative compli-
cations after pancreatic surgery.

 Gallbladder Surgery

Cholecystectomy is currently considered the best treatment 
option for patients with symptomatic gallstones. Drains have 
been used after this procedure on a routine basis for the pur-
pose of detecting early bile/blood leak and to allow the CO2 
insufflation used during laparoscopy to escape in order to 
decrease shoulder pain and postoperative nausea and 
vomiting.

A recent study evaluated the benefits or potential harms of 
routine abdominal drainage in uncomplicated laparoscopic 
cholecystectomy [18]. A total of 1831 participants were ran-
domized to drain (915 participants) versus “no drain” (916 
participants) in 12 trials. Nine trials included patients under-
going elective laparoscopic cholecystectomy exclusively. 
The average age of participants in the trials ranged between 
48 years and 63 years. There was no significant difference 
between the drain group (1/840) (adjusted proportion: 0.1%) 
and the “no drain” group (2/841) (0.2%) (RR 0.41; 95% CI 
0.04 to 4.37) in short-term mortality. There was no signifi-
cant difference between the drain group (7/567) (adjusted 
proportion: 1.1%) and the “no drain” group (3/576) (0.5%) 
in the proportion of patients who developed serious adverse 
events (RR 2.12; 95% CI 0.67 to 7.40) or in the number of 
serious adverse events in each group: drain group (12/646) 
(adjusted rate: 1.5 events per 100 participants) versus “no 

drain” group (6/640) (0.9 events per 100 participants; rate 
ratio 1.60; 95% CI 0.66 to 3.87). There was no significant 
difference in the quality of life between the two groups (one 
trial; 93 participants; SMD 0.22; 95% CI −0.19 to 0.63). The 
proportion of patients who were discharged as day- procedure 
laparoscopic cholecystectomy seemed significantly lower in 
the drain group than the “no drain” group (one trial; 68 par-
ticipants; drain group 0/33 [adjusted proportion: 0.2%] ver-
sus “no drain” group 11/35 [31.4%]; RR 0.05; 95% CI 0.00 
to 0.75). There was no significant difference in the length of 
hospital stay between the 2 groups (5 trials; 449 participants; 
MD 0.22 days; 95% CI −0.06 days to 0.51 days). There was 
no significant difference in the return to normal activity and 
return to work between the groups in one trial involving 100 
participants. The authors concluded that there is no evidence 
to support the routine use of drain after uncomplicated lapa-
roscopic cholecystectomy.

 Bariatric Surgery

Gastrointestinal leaks remain one of the primary concerns 
after bariatric surgery, resulting in substantial morbidity for 
patients. Several studies have reported on the incidence of 
gastrointestinal leak after gastric bypass and sleeve gastrec-
tomy to be as high as 5.6% and 2.4%, respectively [19, 20]. 
Given the fact that mortality after leak has been reported to 
be up to 17%, with leaks at the jejunojejunostomy being the 
most morbid, surgeons continue to strive to find solutions in 
order to decrease the rate of this complication [21].

Given the paucity of data on the subject of routine drain-
age after bariatric surgery, Doumouras and colleagues [22] 
compiled information from all hospitals in the United States 
that participated in the 2015 Metabolic and Bariatric Surgery 
Accreditation and Quality Improvement Program. Only 
patients undergoing sleeve gastrectomy or gastric bypass 
were included in the analysis. The main outcomes of interest 
were anastomotic leak, reoperation, all-cause mortality, read-
mission, and mortality. A total of 142,631 patients were 
included in the analysis. The authors found that after adjust-
ing for major clinical variables, the odds of anastomotic leaks 
increased by 30% with the placement of a drain (odds ratio 
[OR]: 1.30, 95% CI: 1.067–1.57, P = 0.01) while the odds of 
reoperation increased by 17% (95% CI: 1.06–1.30; P = 0.01). 
The odds of all-cause morbidity increased 19% (95% CI: 
1.14–1.25, P < 0.01), and odds of readmission were signifi-
cantly higher (OR: 1.12, 95% CI: 1.06–1–19, P < 0.01). The 
odds of mortality did not change significantly with the place-
ment of a drain. The study provided no evidence that routine 
drainage is beneficial to patients  undergoing bariatric surgery, 
and that, in fact, it may be associated with an increase in 
major morbidity and thus the use of drainage should be 
restricted to only very select, high-risk patients.
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 Colorectal Surgery

The use of drains after colorectal surgery has been a subject 
of debate for several decades. In 2004, the Cochrane 
Collaboration performed a review of the literature on pro-
phylactic use of drains in colorectal surgery [23]. A total of 
1140 patients from 6 randomized studies were included 
comparing drains vs. no drains after anastomosis in elective 
colorectal surgery. The primary objective was to determine 
impact of drains on clinical anastomotic leakage. The study 
showed an overall mortality of 3% in the patients who had 
drains compared with 4% in those without drains. In addi-
tion, the study showed that extra-abdominal complications 
were noted in 7% in the drainage group compared to 6% for 
the non-drainage group.

One might argue that prophylactic drainage may offer a 
benefit in the setting of low pelvic anastomosis. After a 
mesorectal resection, raw surfaces may secrete serous or 
hemorrhagic fluid into the dependent cavity of the pelvis. In 
a study by Yeh et al. [24], the authors prospectively evaluated 
978 patients who underwent a low anterior resection with the 
objective of determining if prophylactic pelvic drainage 
impacted rates of anastomotic leak. Their results showed that 
the clinical anastomotic leak rate was 2.8% and that routine 
use of pelvic drainage was not justified and should be 
discouraged.

 Gynecologic Surgery

 Pelvic and/or Para-aortic Lymphadenectomy
Pelvic and/or para-aortic lymphadenectomy continues to be 
performed in certain settings in the surgical management of 
patients with gynecologic malignancies. However, the proce-
dure may be associated with a significant risk of lymphocyst 
formation in the retroperitoneal space. Although frequently 
asymptomatic, lymphocysts can lead to leg edema, ureteral 
obstruction, pelvic pain, deep vein thrombosis, ileus, sec-
ondary infection, and fistula. Peritoneal drainage of the oper-
ative field had been advocated for many years in the field of 
gynecologic oncology as a strategy to prevent lymphocyst 
formation and febrile morbidity; however, as there was an 
increase in the tendency to leave the peritoneum open and 
allow for transperitoneal resorption of lymph fluid through-
out the abdominal cavity, this policy has been challenged, 
and routine drainage is no longer considered a standard of 
care.

The European Organization for Research and Treatment 
of Cancer-Gynecological Cancer Group (EORTC-GCG) 
performed a prospective multicenter randomized trial in 
Europe to compare the incidence of lymphocyst formation 
and postoperative morbidity between two groups of patients 
who underwent radical hysterectomy and pelvic lymph node 

dissection [25]. Patients were randomized to either pelvic 
drainage or no drainage. The pelvic peritoneum was left 
open in all patients and the vaginal cuff was closed. In the 
drainage arm, 2 passive or active suction drains were placed 
in the retroperitoneal fossa and inserted via the vagina or the 
abdominal route, according to institutional policy. Drains 
were removed when fluid loss was less than 50  mL in 
24 hours. At 1 and 12 months postoperatively, imaging was 
performed by ultrasound or computed tomography (CT) 
scan. A total of 234 patients were randomized with a median 
follow-up of 13.3  months. Altogether, lymphocysts were 
found in 30.8% of patients in the drains group and in 37.6% 
of patients in the no-drains group. Symptomatic lymphocysts 
were seen in 5.9% of patients in the drains group versus 
0.9% in the no-drains group (p = 0.06). The presence of met-
astatic nodes was not related to the incidence of lympho-
cysts, and neither was the number of lymph nodes removed. 
The authors concluded that drains might be safely omitted 
after radical hysterectomy and pelvic node dissection.

In a recent Cochrane systematic review by Charoenkwan 
et al. [26], the authors assessed the effects of retroperitoneal 
drainage versus no drainage after pelvic lymphadenectomy 
on lymphocyst formation and related morbidities in women 
with gynecologic cancer. The review included 4 studies with 
571 women. Regarding short-term outcomes (within 4 weeks 
after surgery), retroperitoneal drainage was associated with a 
comparable rate of overall lymphocyst formation when all 
methods of pelvic peritoneum management were considered 
together (2 studies; 204 women; RR 0.76, 95% CI 0.04 to 
13.35; moderate-quality evidence). When the pelvic perito-
neum was left open, the rates of overall lymphocyst forma-
tion (1 study; 110 women; RR 2.29, 95% CI 1.38 to 3.79) 
and symptomatic lymphocyst formation (2 studies; 237 
women; RR 3.25, 95% CI 1.26 to 8.37) were higher in the 
drained group. At 12 months after surgery, the rates of over-
all lymphocyst formation were comparable between the 
groups (1 study; 232 women; RR 1.48, 95% CI 0.89 to 2.45; 
high-quality evidence). However, there was a trend toward 
increased risk of symptomatic lymphocyst formation in the 
group with drains (1 study; 232 women; RR 7.12, 95% CI 
0.89 to 56.97; low-quality evidence). Based on these find-
ings, the authors concluded that placement of retroperitoneal 
tube drains has no benefit in the prevention of lymphocyst 
formation after pelvic lymphadenectomy in women with 
gynecological malignancies. When the pelvic peritoneum is 
left open, the tube drain placement is associated with a higher 
risk of short- and long-term symptomatic lymphocyst 
formation.

 Bowel Resection for Tumor Cytoreduction
Another potential scenario in gynecologic oncology where 
the routine placement of abdominal drains has been ques-
tioned is after large bowel resection in the setting of tumor 

G. Salvo and P. T. Ramirez



191

reductive surgery for advanced ovarian cancer. In a study 
published by Kalogera et al. [27], the authors retrospectively 
evaluated whether placement of suction drains decreased 
morbidity following anastomotic leaks. A total of 43 patients 
met inclusion criteria. The authors found no convincing evi-
dence that routine prolonged pelvic drainage after large 
bowel resection yielded better outcomes in terms of shorter 
length of stay, earlier time to chemotherapy, or type of inter-
vention required for management of anastomotic leak.

 Groin Lymphadenectomy
The standard treatment for patients with early stage vulvar 
cancer consists of wide local excision of the tumor with a 
sentinel lymph node dissection. However, in certain settings, 
surgeons are still performing a complete inguinofemoral 
lymphadenectomy. Unfortunately, a complete lymphadenec-
tomy has significant short- and long-term complications 
such as wound breakdown, wound infection, and formation 
of lymphoceles. In addition, for a number of patients, long- 
term complications such as lymphedema and cellulitis/ery-
sipelas may significantly impact quality of life.

Many surgeons elect to drain the groin in order to prevent 
lymphocyst formation despite a lack of evidence to support 
this practice. In a recent study by Pontre et  al. [28], the 
authors retrospectively investigated whether groin drains 
after inguinofemoral lymphadenectomy were associated 
with reduced postoperative morbidity in women undergoing 
surgery for vulvar cancer. A total of 71 patients were 
included, and inguinal drains were used in 67% of these 
patients, while the rest did not have their wounds drained. 
The most common postoperative complications recorded 
were wound infection (59.2%), groin lymphocyst (32.4%), 
and cellulitis (25.4%). Compared with patients in whom 
inguinal drains were placed, those in the “no drain” group 
had a significantly lower incidence of postoperative groin 
cellulitis (8.7% vs. 25.4%; P = 0.039). No significant differ-
ences were observed between patients in the “drain” and “no 
drain” groups in lymphocyst formation, wound infection, 
return to the operating room, duration of hospital stay, read-
mission post-discharge, and lower-limb lymphedema. The 
authors concluded that in patients undergoing inguinofemo-
ral dissection for primary vulvar cancer, postoperative cel-
lulitis occurred less frequently in patients without an inguinal 
drain and that the incidence of other postoperative complica-
tions was no different whether or not a drain was used.

 Cesarean Delivery
Cesarean section is the most common operation performed 
on women worldwide. In this operation, it is not uncommon 
that surgeons may opt to use a sub-rectus drain or a subcuta-
neous drain in order to remove blood and serous fluid, given 
that accumulation of these may cause postoperative pain by 
irritation of the peritoneal lining or lead to bacterial infec-

tion. However, a drain may be ineffective if the blood clots, 
and patients may also find it uncomfortable and inconve-
nient. Many surgeons would argue that drains are not neces-
sary because the peritoneum heals very rapidly and reabsorbs 
blood in this process; therefore, this issue has been a topic of 
debate among many.

To this end, Gates and Anderson [29] compared the effects 
of using a wound drain with not using such a drain at the time 
of Cesarean delivery. In addition, in this Cochrane Review, 
the authors evaluated the impact of different types of drains 
on maternal health and healthcare resources. The authors 
included 10 trials that recruited a total of 5248 women and 
found no evidence of a difference in the risk of wound infec-
tion, other wound complications, febrile morbidity, or pain 
in those who had wound drains compared with those who did 
not. The study concluded that the routine use of wound 
drains at the time of Cesarean section does not confer any 
substantial benefit to the patient.

 Conclusion

In this chapter, we have reviewed the literature on the role of 
nasogastric tube decompression after abdominal surgery and 
the role of routine drainage of the abdominal cavity after 
numerable abdominal and pelvic surgeries. The results are 
very convincing by demonstrating that routine use of either 
nasogastric tubes or abdominal drains was not associated 
with a decrease in postoperative nausea or vomiting, time to 
return of normal bowel function, pulmonary complications, 
length of hospital stay, wound infection, anastomotic leak, 
lymphoceles, or lymphocysts. In fact, several studies showed 
a higher rate of postoperative complications and periopera-
tive morbidity, including a decrease in patient satisfaction 
and quality of life.

To this end, routine use of nasogastric drainage or abdom-
inal drainage should be avoided when implementing an 
ERAS program. In addition, efforts should be made to assure 
that all members of the team maintain a consistent and high 
level of compliance with this important item in the guide-
lines in order to achieve the greatest level of success reflected 
in patient outcomes.
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Management of Postoperative Nausea 
and Vomiting (PONV)
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 Introduction

In the recent years perioperative care has undergone major 
changes and improvements. On the one hand, pharmacologi-
cal developments and improved technical interventions have 
been introduced to speed up recovery and render surgery less 
invasive. On the other hand, some interventions that had 
been applied for years have been critically questioned and 
assessed using the principles of evidence-based medicine. 
This has led to a stepwise reduction of preoperative and peri-
operative interventions, which means that patients are no 
longer exposed to unnecessary tubes, drains, excessive salt 
and fluid load, aggressive bowel preparation methods, and 
monitoring that impaired their homeostasis and may exert a 
negative influence on the recovery process. Apart from tech-
nical developments, effective pharmaceutical agents became 
available to minimize side effects in conjunction with anes-
thesia and thus facilitated the introduction of the enhanced 
recovery after surgery (ERAS) concept.

The current chapter is dedicated to the management of 
PONV. Emphasis is put on the principles of pharmacologi-
cal prevention and treatment, a tailored approach to adjust 
the current available armamentarium to the individual 
patient, as well as the need for a multimodal approach in 
order to effectively decrease the occurrence of PONV in 
high-risk patients.

 Pharmacological Interventions to Facilitate 
Enhanced Recovery

The importance of pharmacological interventions in the con-
text of ERAS perioperative care results from the fact that 
pharmacological agents play the major role in coping with 
undesirable effects of surgical procedures and anesthesia, 
such as pain and postoperative nausea and vomiting (PONV), 
which are important factors delaying the ambulation of 
patients and the transfer to the ward [1].

Although anesthesia can be safely administered also with 
older drugs, there is a growing awareness of the fact that 
newer drugs allow a more precise titration of anesthesia, thus 
leading to a more predictable anesthesia and a faster recov-
ery, irrespective of the surgical procedure performed. For 
these reasons, newer and more expensive drugs have proved 
to be cost-efficient and favorably accomplish the existing 
armamentarium of available pharmacological agents. The 
trend in healthcare settings to apply activity-based pricing 
leads to that fact that from an integrated approach costly 
drugs may be applied with less overall costs.

 Importance of Effective Antiemetic 
Prevention and Therapy in Enhanced 
Recovery

During the last two decades there have been considerable 
achievements regarding the management of postoperative 
nausea and vomiting. PONV must no longer constitute a “big 
problem” in the perioperative setting, even if inhalational 
anesthesia is used for maintenance, which notably increases 
the risk for PONV [2]. Since PONV may lead to significant 
delay during recovery and may even account for unantici-
pated hospital admissions after scheduled ambulatory sur-
gery [3], it needs to be addressed in every ERAS protocol. 
Otherwise convalescence might be impaired, time to oral 
intake is prolonged, and a timely postoperative ambulation 
might become impossible for the patient. In summary, 
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 recovery of the functions of daily living may be delayed. 
There is increasing evidence that even the most promising 
antiemetic drugs if used as single prevention reduce PONV 
no more than approximately 30 relative percent [4, 5]. In 
addition, PONV can occur in up to 80% of patients at risk 
[4]. Therefore, multimodal drug prevention of PONV is indi-
cated, especially if an increased risk is present.

Although the available screening tools based on estab-
lished risk factors in order to elucidate which patient is at 
risk for PONV are by no means perfect with respect to its 
accuracy, they may guide antiemetic use and help to custom-
ize an antiemetic protocol [6–8].

The action of drugs can be considered to be independent 
without relevant interaction between classes of drugs (main 
receptor target). A combination of molecules with established 
and comparable efficacy will therefore result in addition of 
effect. Apart from established interventions, such as the use of 
a total intravenous anesthesia with propofol instead of inhala-
tional agents for the maintenance of anesthesia, and the omis-
sion of nitrous oxide, 5-HT3 receptor antagonists (e.g., 
ondansetron), dimenhydrinate, transdermal scopolamine 
(hyoscine) or butyrophenones (droperidol or haloperidol), as 
well as dexamethasone or Neurokinin(NK)-1 antagonists (e.g. 
aprepitant) and potentially newer drugs just about to enter the 
market (e.g., amisulpride) should be available as prophylactic 
intervention [38]. Since most of these interventions are not 
associated with relevant costs and are not associated with 
major adverse effects (some agents in fact show desirable side 
effects, e.g., dexamethasone that acts as a co-analgesic and 
positively affects patient’s mood), in some settings fixed mul-
timodal prevention seems to be advisable rather than a strictly 
tailored approach [7]. This led to the adoption of a fixed com-
bination of antiemetics in addition to maintenance of anesthe-
sia using propofol in some fast-track protocols. Overall, the 
major factor to dramatically decrease an institutional PONV 
incidence is to apply enough antiemetics to patients [9].

 Basic Pathophysiology of Postoperative 
Nausea and Vomiting

Vomiting may be viewed as a protective reflex that removes 
incorporated toxins from the gastrointestinal tract. The actual 
vomiting act is preceded by paresis of the gastrointestinal 
tract in order to slow down the absorption of toxins contained 
therein. The accompanying nausea also prevents further food 
intake. A fierce, retrograde giant contraction from the end of 
the jejunum then conveys the intestinal and gastric contents 
orally. By relaxing the proximal sections of the stomach and 
simultaneously turning on the abdominal press, the contents 
of the stomach are finally expulsed outward.

This complex extraneous reflex is coordinated by brain 
sections between the nucleus tractus solitarius and the olive. 
This zone receives neuronal impulses mainly from vagal 
afferents of the gastrointestinal tract, from the equilibrium 

system (sense of balance), and the area postrema. Located at 
the bottom of the fourth ventricle in the lower part of the 
rhomboid fossa, this part of the brain is functionally located 
outside the blood-brain barrier and can fulfill the function of 
a chemoreceptor for circulating substances in the blood. The 
transmission of emetogenic impulses to the emesis control 
center involves a large number of different neurotransmit-
ters. Dopamine (via D2 receptors), serotonin (via 5-HT3 
receptors), histamine (mainly via H1 receptors), and acetyl-
choline (muscarinic ACh receptors) play an important role in 
these emetic pathways (Fig. 21.1) [10, 11].

The emesis control center is also modified by dampening 
neural influences. These are mediated by numerous other 
receptors (including GABA-B, 5-HT1A, ghrelin, and can-
nabinoid receptors, and some other receptors and receptor 
subtypes).

Even with this very basic view of neurophysiology, 
it becomes clear that in order to achieve a satisfactory 
reduction of PONV, there cannot be one “magic bullet” 
to cope with PONV.  Rather a multimodal approach is 
required in order to leapfrog toward a PONV-free hospi-
tal [12, 13].

 Risk Factors

In adult patients, the following PONV risk factors (Fig. 21.2) 
have a clinical meaningful impact on the occurrence of 
PONV [8, 12]:

• Patient-specific risk factors such as female gender, non- 
smoking status, history of PONV or motion sickness, as 
well as younger age

• Risk factors in conjunction with the anesthetic proce-
dure, such as the use of nitrous oxide or volatile inhaled 
anesthetics and postoperative opioid administration

• Surgical risk factors such as duration and type of surgery

Overall, the impact of the surgical procedure itself has 
been overestimated in the past. In fact, the patient- and 
anesthesia- related factors play a more important role [14]. 
However, clustering patients beyond the risk to be expected 
based on the patient population and patient-related risk 
factors yielded an increased risk associated with thyroid 
surgery or on patients undergoing strabismus surgery.

 Basic Measures Against Postoperative 
Nausea and Vomiting

Based on these risk factors, an expert group recommends 
so- called basic measures for PONV prophylaxis, which are 
essentially based on the avoidance of avoidable risks, for 
example, avoiding nitrous oxide and volatile inhaled anes-
thetics, and using propofol for anesthesia induction and 
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maintenance, and performing small interventions in 
regional anesthesia instead of general anesthesia, thus lim-
iting the need for postoperative opioid therapy. In this con-
text, multimodal postoperative pain therapy using 
non-opioid analgesics and wound infiltration plays an 
important role, as there is a clear association between the 
postoperative opioid requirement and the PONV incidence 
[15]. In this respect, techniques of peripheral regional anal-
gesia play an important role in the prevention of PONV.

 Specific Measures of Postoperative Nausea 
and Vomiting Prophylaxis

For a specific pharmacological PONV prophylaxis, the fol-
lowing options are available and clinically well established 
(Fig. 21.3a, b):

 Dexamethasone

The dexamethasone dose recommended for PONV is 4–8 mg 
and should ideally be given immediately after the anesthetic 
induction, as an antiemetic effect is expected to occur after 
90 minutes at the earliest [16, 17]. Higher doses of glucocorti-
coids may lead to an increase in blood sugar levels postopera-
tively and impair glucose tolerance in the postoperative period. 
However, recent data showed that this is not a relevant clinical 
problem if relatively low dosages are used (e.g., 4 mg of dexa-
methasone). Nevertheless, it should be avoided to give repeti-
tive doses over a series of days, e.g., due to the need for 
repetitive surgical procedures (wound revisions). Its use in 
patients with type 2 diabetes mellitus or metabolic syndrome 
is subject to a case-by-case decision. However, it must be kept 
in mind that so far no negative effect of single corticosteroid 
doses on wound healing could be found [18, 19].
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Several studies have provided clear evidence that there is 
no increased risk for wound infections or wound healing dis-
orders in a single-dose perioperative administration [18, 20]. 
Also fears that corticosteroids could promote intraoperative 
spread of tumor cells could be refuted [21] so that dexameth-
asone (as well as other steroids) can also be used in oncologi-
cal surgery—provided there is no increased risk of tumor 
lysis syndrome [22].

 5-HT3 Receptor Antagonists

This substance group is also referred to as “setrons” and 
includes, e.g., ondansetron, granisetron, tropisetron, ramose-
tron, and palonosetron (the latter is not approved for PONV 
but is a drug with an extraordinary long half-life) [23, 24].

All setrons should be given just before the end of surgery. 
Only palonosetron can be applied at anesthesia induction 
due to its long duration of action of at least 36 hours. Setrons 
may prolong QT intervals. This is particularly important 
when using high doses for chemotherapy-induced nausea 
and vomiting (CINV), but seems less of a problem for the 

lower dosage required for the PONV indication. However, 
the effect should be known if these substances are combined 
with other QT-prolonging medications. The effectiveness of 
all setrons is largely comparable. Due to the longer duration 
of action, however, granisetron and palonosetron may exert a 
more pronounced effect in the late postoperative phase [25].

 Neurokinin-1 Receptor Antagonists (NK-1-RA)

Neurokinin-1 receptor antagonists (NK-1-RA) include the 
substances aprepitant, casopitant, fosaprepitant, and rolapi-
tant, of which currently only aprepitant is market-approved 
for PONV. This, however, is true only for the indication of 
CINV in conjunction with antineoplastic chemotherapies. 
Aprepitant is only available for oral application and can 
therefore be given in high-risk patients for PONV as part of 
premedication [26]. With fosaprepitant, a water-soluble pro-
drug is available that can be administered intravenously. This 
drug is used in some clinics (off-label) as a rescue antiemetic 
for patients in whom the conventional drugs have not suffi-
ciently protected against the occurrence of PONV.

Metoclopramide
Scopolamine

Droperidol

Setrons,
e.g.,

Ondansetron

Dimenhydrinate

Dexamethasone

Palonosetron

Aprepitant

TIVA

Antiemetic
Portfolio 

Fig. 21.3 (a) Portfolio of the 
armamentarium to cope with 
PONV

P. Kranke et al.



199

 Butyrophenones

Butyrophenones include droperidol and haloperidol and other 
less-well-known drugs [27, 28]. Droperidol is used for PONV 
prophylaxis in a dosage of 0.625–1.25 mg intravenous (IV). It 
should be administered about 30 minutes before the end of 
surgery and is equally effective as the 5-HT3 antagonists. 
Droperidol also extends the QT interval, with the usual low 
dosage for PONV being even less dangerous than the QT pro-
longation of ondansetron. The combination of droperidol and 
ondansetron does not further increase QT time compared to 
single drug use. Alternatively, haloperidol can also be used in 
PONV (off-label), in a dose range of 0.5–1 mg. To minimize 
potential side effects, such as QT prolongation or extrapyra-
midal symptoms, it is usually recommended not to exceed a 
dose of 1 mg. However, haloperidol is not approved for this 
indication and therefore should not be used for primary pro-
phylaxis. Amisulpride is a drug currently about to enter the 
market. It acts on dopamine 2/dopamine 3 (D2/D3) receptors 
and so far has not been associated with QT-prolongation and 
adverse neurological side effects based on the investigations 
published so far [29, 30]. Parkinson’s disease represents an 
absolute contraindication for all dopamine antagonists.

 Metoclopramide

Metoclopramide (MCP) is a weaker central dopamine-2 
receptor antagonist with minimal effects on the 5-HT3 recep-
tor. It accelerates gastric emptying and small intestinal pas-
sage. In a meta-analysis it could be shown that 10 mg MCP 
has only a limited effect on PONV; for higher dosages such as 
25 and 50 mg, however, a meaningful effect could be detected 
[31, 32]. However, some regulaory entities recommend single 
doses not to exceed 10 mg and daily doses not to exceed 30 mg 
in adults. Following metoclopramide administration, as with 
the potent butyrophenones, extrapyramidal motor symptoms 
may occur. In addition, rapid IV administration may lead to 
lower blood pressure. Therefore, higher doses should best be 
administered via an infusion. Finally, MCP inhibits pseudo-
cholinesterase, thus prolonging the action of succinylcholine 
and mivacurium. As already stated for the more potent D2 
receptor antagonists, Parkinson’s disease represents an abso-
lute contraindication for this substance.

 Dimenhydrinate

Dimenhydrinate is an antihistamine acting via the histamine- 1 
subtype. The recommended dosage is 1 mg/kg [33]. In clinical 
practice, typically the content of an ampoule (62 mg) is admin-
istered in adult patients. Dimenhydrinate regularly causes 
drowsiness and fatigue and should be used reluctantly in older 
patients due to the concomitant anticholinergic effects. In con-
trast, the substance in children (together with dexamethasone) 

is often the treatment of choice, not least because of the flexible 
application as juice, (sustained- release) tablet, or suppository.

 Scopolamine

Scopolamine acts as an anticholinergic and is typically used as 
a transdermal therapeutic system in motion sickness (“scopol-
amine plaster”) because of its very short plasma half-life, but 
can also be used for PONV prophylaxis [34, 35]. Due to the 
diffusion of the active substance through the skin, the scopol-
amine patch should be applied on the evening before the pro-
cedure or at least a few hours prior to anesthesia induction. 
Typical side effects are common and include dry mouth, dizzi-
ness, and fatigue in addition to blurred vision (especially when 
the patient displaces even small amounts of the drug into the 
eye), so patients with scopolamine patches are not fit to drive.

 Indication for Antiemetic Prophylaxis

PONV impacts negatively the postoperative period—both in 
terms of subjective patient comfort and in terms of delays in 
postoperative convalescence. Increasingly, PONV is viewed as 
an avoidable side effect of surgery and anesthesia. Consequently, 
there is a trend toward routine, multimodal antiemetic prophy-
laxis. In view of the favorable side effect profile of the available 
antiemetic measures, a liberal prophylactic strategy can be justi-
fied (Fig. 21.4) [36]. Economic concerns have to be answered in 
such a way that there is probably no comparable intervention in 
modern medicine that can bring such a quality of life benefit to 
the patient with such low resource consumption. In addition, the 
processes in the postoperative period, both in the recovery room 
and especially on the peripheral care unit, are greatly simplified 
if PONV is avoided. In terms of a risk-to-benefit analysis, it has 
to be taken into account that an episode of nausea/vomiting 
leads to an average staff retention cost of about 18 € [37].

Accordingly, the importance of scoring systems in decid-
ing whether prophylaxis should be carried out is increasingly 
taking a back seat in favor of liberal, general prophylaxis. 
Nevertheless, it is important to continue to make an individ-
ual assessment of the PONV risk in order to carry out 
extended therapy in high-risk patients, e.g., as add-on based 
on a general and routinely applied multimodal prophylaxis.

For clinical reasoning and for the sake of simplicity, it is 
reasonable to ascribe all presented antiemetic interventions a 
relative risk reduction of about 30%. With an increased risk of 
PONV in the presence of three risk factors (PONV risk ~60%), 
the administration of one single effective antiemetic will reduce 
the risk of PONV to 42% (60% − [0.3 ∗ 60%]). This simple 
calculation clearly highlights that any single prophylaxis is 
insufficient in high-risk patients. In a more detailed evaluation 
and taking into account the confidence of the evidence, differ-
ences between the substances and drug classes do exist, which 
may constitute the basis of a more tailored approach [38].
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Our preferred option is to grant every patient a double 
antiemetic prevention—e.g., by administration of dexameth-
asone (4–8 mg) plus a “setron” (e.g., ondanseton 4–8 mg)—
and then to adapt this general regimen in accordance to 
specific considerations, e.g., by adding a total intravenous 
anesthesia or additional pharmacological prophylaxis in case 
TIVA is not feasible.

 Therapy of Nausea and Vomiting as well 
as Discomfort After Discharge

Depending on the vigor with which PONV is already treated 
prophylactically intraoperatively, the residual incidence of 
nausea and vomiting in the recovery room and after transfer 
of the patient to the peripheral wards will vary. Although 
there is an increasing assertion to perform a liberal prophy-
laxis, there will always be patients who still have PONV 
symptoms postoperatively. This may be due to a pharmaco-
logical prophylaxis that is too short-lived for the individual 
case, or simply due to a decrease in antiemetic protection in 
the later postoperative phase with concomitant trigger com-
ing into play, e.g., opioids. The following principles apply to 
the treatment of these (residual) complaints:

• The therapy of PONV can be applied with the same drugs 
that are already discussed for prophylaxis.

• PONV therapy should be given as a combination therapy, 
i.e., at least as a two-drug combination from different 
pharmacological groups, if a subsequent PONV episode 
should be thoroughly avoided.

• PONV therapy should primarily be performed with drugs 
that have not been previously used for prevention in a 
single patient.

• Drugs from the drug group that have been previously 
administered should only be repeated if the time interval 
suggests a decrease in the initial effect.

• PONV therapy tends to require lower doses than those 
used for prophylaxis. However, practical considerations 
definitely support the use of “standard doses” for the pro-
phylaxis and therapy of PONV.

Ultimately, the therapy of PONV is a secondary prophy-
laxis, because after an emetic event the probability of a recur-
rence is extremely high. There is only limited  antiemetic 
therapy that can be administered to an ambulatory patient after 
discharge. Therefore, secondary prophylaxis must be particu-
larly consistent and effective in these patients. Risk factors for 
a delayed occurrence of PONV are fairly similar to those of the 
predictive scores and include the following circumstances:

• Female gender
• PONV history
• Age <50 years

• Opioids used in the recovery room
• Occurrence of PONV in the recovery room

This score has been developed for outpatient procedures 
and helps in the decision for secondary prophylaxis or in the 
ambulatory setting to determine which drug, for example, an 
oral/sublingual antiemetic (e.g., ondansetron orodispersible 
tablet), should be prescribed. It further highlights the impor-
tance of effective therapy and secondary prevention if further 
treatment is impaired or limited, e.g., due to ambulation.

 Conclusion

The choice of anesthetic technique and the pharmacological 
agents should be tailored to the needs of the patient as well as 
the type of procedure being performed as ERAS. The univer-
sally applicable goal for pharmacotherapy in enhanced recov-
ery, which is valid for every class of intervention, is as follows: 
easy to use, associated with minimal side effects, maintaining 
homeostasis, allowing for a predictable onset and offset, and 
minimal impairment of recovery and function.

The pivotal role played by the anesthesiologist in facilitat-
ing the recovery process following surgical procedures has 
assumed increased importance in the concept of an enhanced 
recovery program. One of these important pillars that anes-
thesia could add to a working ERAS concept is a sufficient 
protection against the occurrence of PONV and a most effi-
cient handling of PONV, if—despite prevention—it should 
occur in the postoperative period.

Since the antiemetic substances are without any doubt 
among the best-tested substances, it would be a missed 
chance if these agents are not being sufficiently used in order 
to improve a patient’s wellbeing and speed up recovery.
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Early Oral Nutrition

Fabian Grass and Martin Hübner

 Introduction

Three decades ago, postoperative starvation was common 
practice after most types of digestive surgical procedures. In 
particular, gastric decompression was performed until reso-
lution of postoperative ileus [1]. This dogma was challenged 
with new evidence on the healing process of intestinal anas-
tomoses, with increased collagen deposition and strength 
through early feeding [2, 3]. Further, a beneficial effect on 
wound healing was noticed [4]. A thorough first meta- 
analysis provided interesting new data suggesting a reduc-
tion in infectious complications, anastomotic leak rates, 
wound infection, and length of hospital stay, however, with 
an increased risk of vomiting among early fed patients [5]. 
Early enteral nutrition was part of the first published 
enhanced recovery series by Kehlet et  al. of eight patients 
undergoing colonic resections [6]. Early feeding was com-
bined with epidural analgesia, mobilization, and minimally 
invasive surgery to provide a “stress-free” surgical experi-
ence. Further studies confirmed these results, with early 
postoperative resumption of normal diet as an indispensable 
component of all early multimodal pathways [7–10].

The concept of early enteral resumption of nutrition has to 
be considered as part of a more global strategy, which aims to 
face increased metabolic demands and catabolism during sur-
gery [11]. A comprehensive nutritional strategy needs to be 
launched preoperatively. Early screening for malnutrition and 
nutritional conditioning are mandatory (preoperative optimi-

zation). Omission of preoperative fasting—allowing a normal 
meal the evening before surgery and free liquids and carbohy-
drate loading until 2 hours prior to surgery—further contrib-
utes to decrease surgical stress. This approach allows keeping 
glucose levels stable by minimizing insulin resistance [12]. 
Early resumption of nutrition combined with stringent periop-
erative fluid management and early mobilization are thus a 
logical continuation of events. Noteworthy, several studies 
demonstrated a decline in postoperative nutritional status 
despite preoperative treatment in low- and high-risk patients, 
emphasizing the importance of early resumption of diet and 
timely launch of nutritional support if needed [13–15].

This chapter addresses the question why early enteral 
nutrition should be standard of care by reviewing available 
evidence according to type of surgery. Further, type of nutri-
tion and criteria for nutritional supplementation in the post-
operative period including enteral (tube feeding) and 
parenteral nutrition are reviewed.

 Safety of Early Resumption of Diet

Oral nutrition including clear liquids can be initiated safely 
and immediately after surgery. This implies retrieval of naso-
gastric tubes by the end of the procedure, which has repeat-
edly been shown to be safe regardless of the type of surgery 
and even protective against pharyngeal and respiratory 
adverse events [16, 17]. A meta-analysis of randomized con-
trolled trials of 2009 yielding 1173 patients did not find any 
drawback of early enteral nutrition [18]. Instead, a trend 
toward decreased postoperative medical and surgical com-
plications and length of stay was observed. Even though the 
mechanism was not clear, early enteral nutrition within 
24 hours was also associated with decreased mortality. The 
authors concluded that keeping patients “nil by mouth” is 
without any benefit and patients should be allowed to drink 
upon full recovery from anesthesia. Noteworthy, early post-
operative feeding was also associated with increased vomit-
ing [18]. A more recent randomized trial found a low residual 
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diet to be more efficient compared to clear fluids in prevent-
ing nausea and promoting return of bowel function after 
colorectal surgery [19]. However, further ileus-preventing 
mechanisms within an enhanced recovery pathway helped to 
face these drawbacks of earlier experience [20].

 Evidence in Surgical Subspecialties

 Colorectal Surgery

The best evidence in favor of early resumption of enteral 
nutrition is available for patients undergoing colorectal sur-
gery [21]. A systematic review of 14 randomized controlled 
trials described early enteral feeding after elective proce-
dures, with 12 studies reporting almost exclusively or exclu-
sively on patients undergoing lower gastrointestinal (GI) 
surgery. Seven studies reported adequately on the random-
ization process, whereas in the remaining studies the method 
of randomization was either unclear or not stated at all. 
Studies were heterogeneous regarding inclusion criteria, 
feeding policies, and reported outcomes. Most outcomes 
failed to reach statistical significance, but mortality and 
length of stay were decreased in the early feeding group. A 
further meta-analysis of 15 studies described a significant 
reduction of postoperative complications in the early feeding 
group, with no negative impact on anastomotic dehiscence or 
resumption of bowel function [22]. Individual randomized 
trials concluded that there was no reason to withhold early 
oral intake, since it was well tolerated without increasing 
rates of postoperative ileus, providing adequate ileus- 
preventing measures [23, 24]. The most recent meta-analysis 
providing data on 7 studies and 587 patients undergoing 
exclusively colorectal resections confirmed these results 
[25]. Hospital stay and total postoperative complications 
were decreased, while no significant impact on anastomotic 
dehiscence, pneumonia, or rate of nasogastric tube reinser-
tion was noticed.

Also less compelling than for colorectal surgery, the con-
cept of early enteral nutrition embedded in an enhanced recov-
ery pathway applies also for other types of surgery [26, 27].

 Upper Gastrointestinal Surgery

A landmark randomized trial by Lassen et al. including 447 
patients demonstrated feasibility of normal food at will after 
major upper GI surgery [26]. In particular, functional recov-
ery, major complications, and length of stay were decreased 
in the group, which tolerated normal food at will from the 
first day after surgery, as compared to the “nil by mouth” and 

tube feeding groups. A recent meta-analysis showed further 
improved cellular immunity and decreased postoperative 
complications in gastric cancer patients undergoing major 
resections [28]. The meta-analysis of Willcutts et al. came to 
similar conclusions [29]: Early oral feeding was associated 
with shorter hospital stay, while no increase in relevant com-
plications was observed. For esophageal cancer patients 
undergoing esophagectomy, improved nutritional parameters 
at the eighth day were observed in the early oral nutrition 
groups, and pulmonary complications and anastomotic leaks 
were decreased compared to patients receiving parenteral 
nutrition. Further studies on esophagectomy patients con-
firmed safety and feasibility of early enteral nutrition, by 
emphasizing in particular a restorative effect on intestinal 
barrier function postoperatively [30]. Early oral intake as 
part of standardized care pathways has also been recom-
mended and endorsed by several societies after bariatric sur-
gery [31–33]. As a common conclusion of most studies on 
upper GI surgery, early feeding is feasible and safe. However, 
more evidence particularly in the field of esophageal surgery 
is warranted.

 Pancreatic Surgery

In particular after pancreaticoduodenectomy, the evidence is 
ambiguous. Malnutrition is preponderant among patients 
with pancreatic cancer, and morbidity rates of up to 40% 
after major pancreatic surgery, including specific complica-
tions such as delayed gastric emptying (DGE), request thor-
ough identification and timely support of patients at 
nutritional risk [27, 34, 35]. Early normal diet according to 
tolerance is safe and feasible, according to several random-
ized trials and systematic reviews [26, 36–38], even in the 
presence of delayed gastric emptying or pancreatic fistulae 
[27, 39]. Hence, early normal diet at will and according to 
tolerance should be encouraged [40]. A combined approach 
of early enteral nutrition with parenteral nutrition might have 
to be considered in some patients unable to cover their needs 
by the enteral route alone [41]. In this latter study, patients 
with a combined nutritional strategy presented with lower 
infectious complications, reduced rate of gastric emptying, 
and improved liver function compared to the comparative 
group receiving solely parenteral nutrition. However, a 
recent randomized study showed an increased postoperative 
complication rate including pancreatic fistulae and discour-
aged early enteral nutrition through a nasojejunal tube. 
Hence, an individual approach based on patients’ nutritional 
status, disease presentation, and expected postoperative 
course should guide postoperative support strategies when 
normal diet at will is not sufficient.
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 Hepatic Surgery

In the multicenter trial of Lassen et  al., 66 patients under-
went liver surgery, with the aforementioned beneficial out-
comes in the early nutrition group confirming its safety after 
major hepatic resections [26]. A randomized controlled trial 
by Hendry et  al., combining early oral administration of 
nutritional supplements with administration of laxatives, 
accelerated bowel recovery, however, without shortening 
hospital stay [42]. These results of accelerated functional 
recovery in early fed patients were confirmed by a meta- 
analysis, which further demonstrated decreased infection 
rates and improved immune competence and concluded 
early enteral nutrition to be safe after liver resection [43].

 Nutritional Supplementation Strategies

As discussed above, free diet should be aimed for starting 
from the first postoperative day. The amount of oral initial 
intake should be tailored to individual tolerance, since 
resumption of a normal everyday diet by the second postop-
erative day may not be an achievable goal for every patient 
[22, 44, 45]. Hence, energy needs might not be covered by 
free diet alone, since oral intake was shown to rarely exceed 
1200–1500 kcal per day [46]. Oral nutritional supplements 
(ONS), in particular immunonutrition, may thus need to be 
considered to cover additional metabolic needs. According 
to recent European Society for Clinical Nutrition and 
Metabolism (ESPEN) guidelines [47], perioperative nutri-
tional supplementation should be initiated if it is anticipated 
that patients are:

• Unable to eat for more than 5 days after surgery
• Unable to maintain above 50% of recommended intake 

for more than 7 days

Enteral nutritional support needs further strong consider-
ation in patients at severe nutritional risk, which has been 
defined as follows by the ESPEN working group (2006):

• Weight loss >10–15% within 6 months
• Body mass index <18.5 kg/m2

• Nutritional Risk Score (NRS 2002) >5
• Hypoalbuminemia (<30 g/L) with no evidence of hepatic 

or renal dysfunction

All parameters reflect undernutrition and disease- 
associated catabolism [48–50].

In all patients fulfilling the aforementioned criteria, nutri-
tional therapy should be started independently of the type of 
surgery, and the enteral route should always be preferred 
(Fig. 22.1) [47]. Early tube feeding with standard whole pro-

tein formulas, either through a nasojejunal tube or a catheter 
jejunostomy for long duration, has to be considered within 
24 hours of surgery in patients undergoing head and neck sur-
gery or severely traumatized or brain injured patients [51, 52]. 
Several historical and more recent large-scale randomized 
controlled studies confirmed the superiority of the enteral 
route in preventing infectious complications, length of stay, 
and costs across all types of surgery [13, 48, 53–55]. Regarding 
the postoperative situation, the European and American guide-
lines [47, 56] recommend initiating postoperative nutritional 
supplementation within 24 hours. This is even more important 
considering that postoperative nutritional status deteriorates 
despite nutritional supplementation [15].

 Postoperative Immunonutrition

The evidence regarding immune-enhanced nutrition (argi-
nine, glutamine, omega-3 fatty acids, and nucleotides) is 
somewhat ambiguous [47, 57]. While a beneficial effect on 
postoperative outcome was repeatedly shown in patients 
undergoing major cancer surgery, studies differed consider-
ably regarding regimens, control groups, and outcomes, and 
a recent study revealed potential industry bias [58]. Further, 
the optimal timing could not be defined beyond doubt [59]. 
As a general rule, preoperative supplementation for 5–7 days 
should be considered in patients at nutritional risk according 
to standard definitions or screening tools, i.e., Nutritional 
Risk Score (NRS) or Malnutrition Universal Screening Tool 
(MUST) [50, 60]. However, more recent evidence also sup-
ports the administration of postoperative immunonutrition 
[46, 59, 61, 62]. While a randomized controlled trial of Klek 
et  al. failed to demonstrate any clear advantage of routine 
postoperative immunonutrition [63], two recent studies by 
Moya et  al. showed a significant decrease of medical and 
surgical infectious complications [64, 65]. Because of its 
cost-efficiency compared to parenteral administration, 
enteral immunonutrition was endorsed by recent ESPEN 
recommendations based on the principle of no harm [47] and 
has to be strongly considered in malnourished patients 
undergoing cancer surgery [66].

 Parenteral Nutritional Supplementation

The following contraindications to enteral nutritional support 
may warrant the use of parenteral support strategies [47]:

• Ileus
• Severe shock
• Intestinal ischemia
• High-output fistula
• Severe intestinal hemorrhage
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Chen et al. presented a meta-analysis of randomized con-
trolled trials to confirm safety and efficacy of parenteral 
nutrition [67]. Interestingly, an effect on leukotriene synthe-
sis in patients with fish-oil-supplemented parenteral nutrition 
was observed. These findings were confirmed more recently 
in severely ill intensive care unit patients, especially regard-
ing a modulated postoperative immune response [68–70].

As a common conclusion, postoperative parenteral nutri-
tion should only be considered in patients who cannot be 
adequately fed enterally or who present the aforementioned 
contraindications [47].

 Conclusion

There is overwhelming evidence to support early resumption 
of a normal enteral diet, which should be the standard of care 
after most types of surgery. Specific criteria upon nutritional 
screening should guide clinicians in deciding whether nutri-
tional support is warranted, especially in malnourished and 
cancer patients. The enteral route should always be the first 
choice; however, parenteral nutrition might be indicated in 
some circumstances when enteral supplementation is not 
feasible or sufficient.

+

+
+

+
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–

–

–

All patients before major surgery

Routine nutritional screening by validated screening tool (ie, NRS)
If severe malnutrition is suspected: additional screening by specialized nutritionist

Severe malnutrition?
Major upper GI 
cancer surgery?

NRS ³ 3?

3 x 
No?

Postpone surgery
Oral/enteral nutrition

2 weeks pre-op

Consider 5–7 days preoperative oral nutritional 
supplement (ie, immunonutrition)

Surgery within enhanced recovery protocols if available
Consider placement of percutaneous or nasoenteral nutritional catheters if

-    prolonged postoperative fasting or
-    insufficient food intake probable

High probability of 
-    prolonged postoperative fasting

-    insufficient postoperative food intake

Consider preferentially enteral, or if contraindicated
parenteral nutrition, until sufficient food intake is assured

Early post-op feeding within enhanced
recovery protocols if available,

consider oral supplements

Fig. 22.1 Suggested 
treatment algorithm for 
nutritional support of surgical 
patients. NRS Nutritional 
Risk Score, GI 
gastrointestinal
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Early Ambulation and Physiotherapy 
After Surgery

Thomas W. Wainwright and Louise Burgess

 Introduction

Physiotherapists play an important role within the surgical 
multidisciplinary team by encouraging early ambulation and 
promoting a return to function for patients. Early ambulation 
is an important contributor to the prevention of early postop-
erative complications such as respiratory infections [1] and 
venous thromboembolism [2] within ERAS pathways. 
Following surgery, patients often have impaired muscle 
function, either due to inhibition as a result of pain and swell-
ing or atrophy due to immobility and bed rest. Unimpaired 
muscle function is essential to enable a patient to complete 
activities such as walking, rising from a chair, or climbing 
stairs. These activities are important functional tasks that 
allow for physical independence and are often essential in 
fulfilling discharge criteria from hospital. Therefore, the 
inability to complete activities of daily living postoperatively 
can delay early postoperative recovery and the achievement 
of discharge criteria, as well as impacting on return to func-
tion following discharge. Thus physiotherapists play an 
essential role in an ERAS surgical pathway. This chapter will 
discuss the role of early ambulation and postoperative phys-
iotherapy within Enhanced Recovery After Surgery (ERAS) 
pathways across the surgical specialties.

 Early Ambulation

Early postoperative ambulation is a fundamental principle of 
good physiotherapy practice and is important physiologi-
cally, to prevent pulmonary and hemodynamic complica-
tions postsurgery and to accelerate the achievement of 
discharge criteria. Prolonged bed rest after surgery is believed 
to be an important risk factor of postoperative complications 

and morbidity; therefore, enforced early ambulation is 
strongly recommended by the ERAS Society, across a num-
ber of surgical subspecialties [3–13]. Definitions of early 
ambulation can vary between healthcare providers. However, 
generally, mobilizing a patient involves activities such as sit-
ting, standing, walking, or passive exercises performed by a 
physiotherapist, initiated on the day of surgery, with the aim 
of preventing muscular and cardiovascular deconditioning 
and complications attributed to immobility [14]. Early ambu-
lation has been shown to reduce the length of stay following 
major surgery and to decrease the rate of postoperative pul-
monary complications, venous thromboembolism, and infec-
tion [15]. Extended or incomplete postoperative recovery 
often increases medical costs and can be associated with a 
sustainable indirect burden to patients [14], creating a strong 
case for implementing early mobilization as part of postop-
erative care.

However, the research evidence to support the implemen-
tation of early ambulation among the majority of ERAS 
guidelines is reported as low by the Grading of 
Recommendations Assessment, Development, and 
Evaluation (GRADE) criteria, due to the use of extrapolated 
data from other surgical procedures, the weak directly proven 
causal effect, or there being limited or poor methodological 
supporting studies [3–13]. Poor compliance to ERAS proto-
cols is mostly observed in the postoperative period [16], and 
despite the widely recognized importance of early ambula-
tion as part of ERAS programs, it is also often found that 
adherence to early ambulation remains low [14]. The reported 
barriers to early ambulation are wide ranging and may 
include patient, structural, and cultural factors. However, 
such barriers may also have potential solutions that could be 
implemented to increase compliance (Fig. 23.1). While some 
deviations from the standardized pathway may occur due to 
medical necessity, it should be recognized that a quarter of 
noncompliance cases are reported to be amendable [16]. It 
has been reported that the achievement of early ambulation 
requires substantial time for hospital staff, and therefore the 
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lack of available manpower and the requirement of patient 
and family involvement are reported to be barriers to compli-
ance [17].

 Early Ambulation in Surgical (Nonorthopedic) 
Pathways

There is emerging but limited evidence for early ambulation 
in surgical pathways. Regardless of the techniques used to 
facilitate ambulation, avoiding bed rest is reported to be an 
essential factor in preventing postoperative complications, 
improving functional capacity, and reducing length of hospi-
tal stay in patients after cardiac surgery [18]. Early ambula-
tion programs based on supervised exercises are feasible for 
patients undergoing major elective abdominal oncology sur-
gery and are also reported to improve functional capacity 
[19]. The beneficial effects of early postoperative ambulation 
are well established in colorectal pathways, with improved 
adherence to a standardized ERAS protocol, including early 

mobilization (patients to be out of bed for 2 hours on the day 
of surgery and for 6 hours per day until discharge [20]) asso-
ciated with improved clinical outcomes, indicating a dose- 
response relationship [21]. Early ambulation is feasible in 
patients following gastrointestinal surgery and is encouraged 
for reducing postoperative pulmonary complications [22]. 
Torres Lacomba et  al. [23] report the effectiveness of an 
early physiotherapy intervention for women who had breast 
cancer surgery for preventing secondary lymphedema for at 
least 1  year after surgery. The patients received manual 
lymph drainage, massage of scar tissue, and progressive 
active- and action-assisted shoulder exercises and were com-
pared to those receiving educational strategy only. Early 
ambulation is also recommended in ERAS Society guide-
lines for rectal/pelvic [11], pancreatic [6], liver [13], and 
head and neck surgeries [8]; however, there is a need for pro-
spective studies to establish the “dose” of mobilization.

An ERAS pathway for patients undergoing pancreatico-
duodenectomy [24] reports those receiving ERAS care to 
have an earlier recovery of mobilization, oral feeding, gut 

Fig. 23.1 Early mobilization infographic
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mobility, and an earlier suspension of intravenous fluids. 
However, adherence to postoperative early ambulation tar-
gets was reported to be just 47%. A subgroup analysis high-
lighted that 71% of those with early postoperative low 
compliance with ERAS pathways had complications, 
emphasizing the need for adherence to programs.

Interestingly, an investigation into the reasons for non-
compliance to ERAS protocols in colorectal surgery reports 
compliance to mobilization on the day of surgery to be 
around 40%, although approximately 93% of the cases of 
noncompliance were justified due to medical necessity [16]. 
Similar values are reported by Gustafsson et al. [21], whereby 
only 48.4% of all colorectal patients included within their 
study were out of bed for 2 hours on the day of surgery and 
27.5% were out of bed for 6 hours after postoperative day 1. 
Early ambulation compliance has been compared between 
colorectal patients receiving standard ERAS care and those 
on a facilitated mobilization ERAS pathway [14]. A health-
care professional visited the patient on the day of surgery to 
reinforce their mobilization goals and to assist with the trans-
fer to a chair, and then three times per day from postoperative 
day 1 to 3 (or discharge) to reinforce mobilization goals, 
assist with transfer, and walk with the patient. Self-reported 
day of surgery mobilization was recorded as 36% for patients 
receiving usual ERAS care and 72% for patients on a facili-
tated mobilization program; however, in this study, adher-
ence to mobilization did not improve patient outcomes.

Slightly better compliance is reported within a 6-year tho-
racic ERAS program, with 61.5% of patients achieving their 
target goal of a 250-foot assisted ambulation within 1 hour of 
extubation [25]. The target goal was achieved at a greater 
rate in the late patient group (72%) compared to the patients 
within the first 2  years of the program (37%), which the 
researchers attribute to the impact of the learning curve and 
protocol adoption over time. Family engagements, setting 
rigorous expectations and collaboration from nursing, anes-
thesia, and administration staff were reported to be important 
factors to successful compliance [25]. Better compliance to 
early ambulation is also reported within an enhanced recov-
ery after liver resection program [26], whereby 77.6% 
patients managed to sit out of bed on postoperative day 1 and 
79.3% started walking with the assistance of a physiothera-
pist by day 2. Achieving early ambulation and early removal 
of urinary catheters were important factors in achieving a 
successful ERAS pathway and early discharge following 
liver surgery; however that success required the avoidance of 
postoperative complications [26].

Although actual compliance rates are not reported, early 
ambulation and preoperative carbohydrate drinks were the 
only individual elements of an ERAS protocol for resection 
for primary lung cancer that were predictive of reduced mor-
bidity or length of stay [27]. Elements of the ERAS pathway 

that positively influenced early ambulation were reported to 
be postoperative nausea and vomiting control, avoidance of 
epidural analgesia, a standardized analgesia regime with 
avoidance of opiates where possible, and avoidance of fluid 
overload [27].

There is a strong, theoretical case for implementing early 
ambulation following major surgery, and regardless of the 
techniques used as mobilization (i.e., moving from a supine 
position to upright sitting, standing, and walking postures), 
avoiding bed rest is reported to be an essential factor in pre-
venting postoperative complications, improving functional 
capacity, and reducing length of stay in hospital. Despite 
this, actual reported compliance to ambulation protocols is 
low, and a greater adherence to programs may demonstrate 
additional benefits for patients and healthcare providers. 
Further future research to elucidate the physiological bene-
fits of early ambulation and its effect on reducing morbidity 
postoperatively may help to increase compliance to early 
mobilization protocols.

 Avoidable Common Barriers to Early 
Mobilization

In order to achieve early, postoperative ambulation, it is first 
important to identify the reasons why it is not currently 
occurring, and the barriers within the given context. Ensuring 
that patients ambulate following surgery requires multidisci-
plinary support and interdisciplinary collaboration in order 
to address one or a combination of patient, structural, or cul-
tural barriers to early ambulation. While some patients are 
unable to mobilize early, due to a justifiable medical reason, 
many potential barriers to early mobility protocols can be 
controlled. For example, in a context where patients refuse to 
mobilize due to a lack of confidence or due to anxiety, a com-
prehensive preoperative education or empowerment session 
could be delivered to set ambulation expectations and indi-
vidual goals. Similarly, preoperative screening for frailty, 
delirium, anemia, and poor nutritional status can help to 
identify patients with a known higher risk of delayed 
ambulation.

Postoperatively, acute pain is one of the major causes that 
affects recovery after surgery, and therefore choosing a mul-
timodal, opioid-sparing analgesic regime in combination 
with regional nerve blocks or wound infiltration may provide 
a faster recovery and enable early ambulation [28]. In addi-
tion, the early removal of drains and catheters is also a sup-
porting element of ERAS pathways that can facilitate early 
ambulation. Implementing small organizational changes, 
such as providing patients with comfortable chairs, walking 
frames, and ambulation diaries, can also increase motivation 
to mobilize.
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 Early Ambulation in Orthopedic (Hip and Knee 
Replacement) Surgery

The benefits of early postoperative ambulation are better 
established for orthopedic patients. There is evidence that 
ambulation on the day of surgery as part of an ERAS path-
way reduces length of stay [29, 30], along with the incidence 
of thromboembolic complications [31] and need for blood 
transfusion [32], and does not increase the risk of postopera-
tive complication or adverse events [33]. For example, a pro-
spective cohort study (n = 136) [34] investigating the effect 
of physiotherapy on length of stay for hip and knee replace-
ment patients found that patients who received physiother-
apy on the day of surgery had a shorter hospital stay than 
those having physiotherapy the following day 
(2.8 days ± 0.8 days vs 3.8 days ± 1.7 days).

Since early ambulation is essential, factors that prevent its 
occurrence—such as pain and the problem of early postop-
erative orthostatic intolerance—are important. Optimal pain 
management is a prerequisite for early ambulation. While the 
often-favored nerve-blocking techniques may provide pain 
relief, more simple systemic techniques such as the combi-
nation of a Cox-2 inhibitor, with paracetamol, and high-dose 
preoperative glucocorticoid administration can provide anal-
gesia, a reduction in fatigue, and no motor block, thereby 
improving the early recovery profile of the patient and 
enabling an optimal start for the functional recovery [35].

While pain may be managed effectively in most patients 
(except for certain high-pain responders: pain catastrophiz-
ers, preoperative opioid users, sensitized patients), the prob-
lem of orthostatic intolerance is yet to be solved. Data show 
that an undesirable shift in autonomic nervous system func-
tion toward increased parasympathetic function and loss of 
sympathetic stimulation especially to the lower legs occurs 
[36], and techniques to mitigate the problem, such as opti-
mized fluid management, have not worked. The use of drugs 
such as midodrine needs further study [36].

 Early Ambulation and Physiotherapy for ERAS 
Patients Within the Intensive Care Unit

A patient may be admitted to an intensive care unit (ICU) 
after elective major surgery if they require postoperative sup-
port either due the complexity of surgery or because of coex-
isting medical conditions. ICU admission is not always 
required among all major surgeries that adopt ERAS princi-
ples, with orthopedic procedures generally being the most 
well tolerated by patients and consequently rarely requiring 
ICU admission [37]. ERAS guidelines highlight that gyneco-
logic, cardiac, pancreaticoduodenectomy, colorectal, hepatic, 
and head and neck cancer patients may require a transfer to 
an ICU, depending upon their condition following surgery.

The role of physiotherapy within ERAS and rehabilitation 
following intensive care is important. There is limited 
research available that focuses on the effect of an ERAS pro-
gram on outcomes for patients discharged from an ICU fol-
lowing elective major surgery; however, this cohort may 
have the most to gain from a multimodal approach that inte-
grates evidence-based interventions. Critical care physio-
therapists adopt roles that assimilate strongly with key ERAS 
principles, and they can play a vital role in ensuring patients 
remain on track with their ERAS pathway while in an 
ICU.  The aim of physiotherapy treatment provided within 
ICU can be broadly separated into two: interventions to 
improve respiratory function and early initiation of the reha-
bilitation process.

Patients in an ICU may require mechanical ventilation to 
help their breathing; however, this can lead to pulmonary 
complications. Respiratory physiotherapy involves early 
ambulation or mobilization where possible, the repositioning 
of patients within bed to optimize respiratory function, and 
the utilization of manual techniques or the manipulation of 
ventilator settings to clear lung secretions that build up 
within the lungs, when mobility and consequently deep 
breathing are limited. This helps to reduce the risk of pulmo-
nary issues. The early initiation of the rehabilitation process 
may focus on maintaining range of joint motion to prevent 
contractures, depending on the length of ICU stay, and exer-
cises to reduce muscle atrophy due to immobility. As soon as 
the patient is able, the physiotherapist will progress mobili-
zation activities to sitting, standing, and then walking, in 
order to facilitate their transfer out of ICU and their first 
steps to regaining full physical function. Patients can become 
weak quickly, and the use of exercises, electrical stimulation, 
and ambulation practice can reduce muscle atrophy and joint 
stiffness that may occur.

Despite the publication of safety recommendations and 
clinical practice guidelines, the implementation of early 
mobilization remains a challenge for patients admitted to 
ICU following surgery [38]. As with early ambulation in the 
general ward, barriers are reported to be related to unit cul-
ture, a lack of resources, prioritization, and leadership [39]. 
Better adherence to sedation and mobilization protocols, 
clinical leadership, and increased staff resources and training 
can help to address both clinical and logistical factors that 
preclude early ambulation in a high-dependency setting [38]. 
In addition, reorganizing management practices and devel-
oping strategies to encourage interdisciplinary collaboration 
will likely facilitate compliance to mobility protocols in this 
context.

Once patients are transferred from the ICU, providing a 
more intense, coordinated rehabilitation program for patients, 
delivered by a specialized physiotherapist and supported by 
a multidisciplinary team, is hypothesized to improve recov-
ery [40]. Logistical factors must also be considered, so that 
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there are an adequate number of well-informed physiothera-
pists who are able to utilize a standardized rehabilitation pro-
gram and ERAS pathway documentation [41].

 Postoperative Physiotherapy

The future focus of ERAS pathways is not only to accelerate 
the achievement of discharge criteria but also to consider 
how a patient can return to normal function and physical 
activity quicker following surgery. Therefore, it is important 
to consider which modalities of physiotherapy and rehabili-
tation can be effective within the postoperative stage (during 
hospital admission and after discharge) of ERAS pathways. 
The role of prehabilitation is examined in Chap. 10 within 
this textbook. Although early ambulation is well established 
in ERAS pathways, debate remains regarding what is the 
optimal postoperative physiotherapy regime for accelerat-
ing achievement of discharge criteria and return to function 
following surgical procedures. There is currently no firm 
evidence base for a single type of exercise-based physical 
rehabilitation to enhance postoperative recovery in the 
“average” patient, and evidence is limited across all 
specialties.

 Postoperative Physiotherapy in General 
Surgery

ERAS is well established in improving patient outcomes and 
reducing hospital costs following general surgical proce-
dures; however, the current evidence for postoperative phys-
iotherapy interventions tested within ERAS cohorts is poor, 
and there is a pressing need to highlight and expose this [42]. 
There is evidence that the implementation of individualized 
perioperative training is tolerable and worthwhile [43]; how-
ever, the effectiveness of postoperative physiotherapy is still 
under debate. In fact, the current evidence base for postop-
erative physiotherapy within general ERAS pathways is lim-
ited to just one high-quality randomized controlled trial 
(RCT) specific to cystectomy [44].

The study compared standard fast-track surgery (n = 57) 
to fast-track surgery with the addition of an exercise-based 
intervention (n = 50), following radical cystectomy [44]. 
The postoperative intervention included early ambulation, 
set goals for mobilization and walking, an exercise-based 
intervention, and a physical therapy twice a day for the 
first 7 postoperative days, followed by a standardized 
supervised progressive muscle strength and endurance 
training program. The progressive exercise program was 
performed for two 30-minute sessions a day, supervised by 
a specialist physiotherapist, and was documented by 
patients in diaries. The authors found that postoperative 

mobilization was significantly improved by walking dis-
tance (P ≤  0.001), and the ability to perform functional 
activities was improved by 1 day (P ≤ 0.05). The median 
length of stay was 8 days in both groups (P = 0.68), and 
there were no significant differences between treatment 
groups in severity of complications.

A secondary analysis by the same authors on their previ-
ously completed RCT found no overall impact on global 
health-related quality of life (HRQoL) following the inter-
vention but significant and positive impacts of HRQoL 
aspects related to bowel management and respiratory func-
tion (improvement to dyspnea [P  <  0.05], constipation 
[P  <  0.02], and abdominal flatulence [P ≤  0.05] scores), 
highlighting the benefits of multimodal rehabilitation, 
including physical exercises in fast-track radical cystectomy. 
In contrast, the standard care group reported reduced symp-
toms in sleeping patterns (P ≤ 0.04) and clinically relevant 
differences in fatigue, body function, and role function [45].

It is not surprising that historical evidence for postopera-
tive physiotherapy from across surgical specialties in non- 
ERAS cohorts is better established. While this evidence is 
valid, patients are now recovering much quicker postsurgery 
with ERAS, and as such the ability to mobilize patients early 
is markedly different than historical care and in non-ERAS 
cohorts. Therefore, we cannot be sure that the same physio-
therapy interventions will be effective or required for both 
cohorts, as there will be physical and logistical differences 
between patients. An aim of ERAS is to reduce the surgical 
stress response for the patient, and most studies do not con-
sider the multimodal approach (including regional anesthe-
sia, minimally invasive surgical techniques, early feeding, 
and multimodal opioid-sparing analgesia) that may impact 
postoperative outcomes.

Related research has proposed the use of supervised phys-
iotherapy to accelerate recovery from surgery, including 
complex rehabilitation programs [46], aerobic training [47, 
48], weight loss and diet interventions [49], stretching [50–
52], and lymphatic drainage techniques [53]. Such ingredi-
ents of a multifactorial physiotherapy program should be 
trialed within suitable cohorts of ERAS patients so that intra-
operative procedures and the individual pathophysiology of 
the procedure in which it is being tested can be considered.

 Postoperative Physiotherapy in Orthopedic 
(Hip and Knee Replacement) Surgery

Evidence-based interventions applied before and after total 
hip and knee replacement (THR/TKR) have been previously 
investigated, and although evidence suggests high-volume, 
preoperative exercise may enhance postoperative recovery, it 
has been difficult to demonstrate superiority of one type of 
exercise over another [54].

23 Early Ambulation and Physiotherapy After Surgery



216

Following THR and TKR, increased early loss of lower 
leg muscle function (30–80% after THR and TKR, respec-
tively) can lead to delayed post-discharge recovery. 
Progressive strength [55] and higher intensity rehabilitation 
training programs [56] can help to ameliorate postoperative 
deficits in muscle strength. However, the underlying mecha-
nisms for this reduced muscle function are still to be under-
stood, and further research is required to instruct the choice 
of effective rehabilitation techniques [54]. Despite signifi-
cant efforts to improve rehabilitation, the use of preoperative 
exercise, traditional physiotherapy regimes, and earlier initi-
ated and more intense postoperative strengthening regimes 
have all been found to have a limited effect in the “average” 
patient [57, 58]. Home-based exercise or community-based 
intervention classes—supported by new technologies, such 
as wearable activity trackers—to support exercise compli-
ance and improve the cost-effectiveness of postoperative 
rehabilitation may have a greater benefit to patients [54].

Future work should therefore consider which therapeutic 
interventions are effective, and for which groups of patients. 
Preoperative characterization of patients at risk of a delayed 
recovery due to their pain status, frailty, psychological status, 
socioeconomic status, and unrealistic expectations of recov-
ery should be pursued. In this context, functional outcome 
measures should be used—given the discrepancies seen 
when patient-reported outcome measures (PROMs) are com-
pared to objective measures of functional performance and 
physical activity—in the early recovery phase [59] and in the 
longer term [60].

 Conclusion

Recovery of a patient’s physical fitness within the postopera-
tive period is important to reduce the likelihood of poor func-
tional outcomes and postoperative complications and should 
be a focus of future service development and research within 
ERAS. All patients could benefit from personalized, physio-
therapy care plans in the days and weeks following surgery; 
however, this may not be economically feasible. Therefore, it 
is not only important to ensure that the physiotherapy that is 
delivered postoperatively contains the optimal ingredients 
for recovery but also to analyze economic and clinical out-
comes, so that those patients who need rehabilitation are tar-
geted. As such, there is a need to identify high-risk adults or 
those with a need to regain a required level of function (those 
returning to work or sport), so that individualized, high- 
intensity rehabilitation programs can be created.
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Postoperative Multimodal  
Pain Management

Hans D. de Boer

 Introduction

In the past 40 years, the knowledge and management of acute 
postoperative pain have been improved significantly. Many 
strategies have been developed and employed that led to the 
development of national and international clinical practice 
guidelines for management of acute postoperative pain [1]. 
Despite these efforts, the prevalence of postoperative pain 
remains high, as at least half of the patients report moderate- 
to- severe pain at the time of discharge [1].

Knowledge of the neurobiology of nociception is essen-
tial in order to understand the pathophysiological changes 
induced by surgery. Nociception induced by surgery is a 
complex and multifactorial process, as surgery results in tis-
sue injury with consequent release of histamine and inflam-
matory mediators such as peptides (e.g., bradykinin), lipids 
(e.g., prostaglandins), neurotransmitters (e.g., serotonin), 
and neurotrophins (e.g., nerve growth factor). These media-
tors activate peripheral nociceptors, which initiate transduc-
tion and transmission of nociceptive information to the 
central nervous system (CNS) [1, 2]. A more detailed over-
view on pain physiology and pain pathways is provided in 
Chap. 15.

In ERAS pathways adequate postoperative pain relief is, 
together with all other ERAS elements, important in order to 
improve the quality of perioperative care and reduce postop-
erative length of hospital stay [3, 4]. Adequate management 
of postoperative pain leads to attenuating surgical stress and 
maintaining postoperative physiological functions. In fact, 
antinociceptive strategies should ideally be initiated in the 
intraoperative period already and be a continuum postopera-
tively in order to have adequate postoperative pain relief and 
improved outcome [3, 5]. Furthermore, opioid-sparing anal-
gesic strategies—including regional analgesia techniques as 

part of multimodal, evidence-based, and procedure-specific 
multimodal pain management—should be implemented as a 
standard of care [3, 5, 6].

 Acute and Chronic Effects  
of Postoperative Pain

Postoperative pain may lead to a delay in postoperative 
recovery. Moreover, when postoperative pain is not treated 
adequately, it results in undesired acute and chronic effects. 
Reduction of nociceptive input to the central nervous system 
by adequate perioperative analgesia results in improved 
recovery and reduction of complications and length of hospi-
tal stay [1, 3–6].

 Acute Effects of Pain

Local tissue injury as a result of the surgical incision results 
in activation of different cascades leading to the release of 
neurotransmitters, stress hormones, catecholamines, and 
inflammation products and many other pain-induced related 
products [1, 2]. This leads to a disbalance in sympathetic and 
parasympathetic outflow, neuroinflammation, and a situation 
of whole body end-organ dysfunction [5, 6]. Sympathetic 
activation increases the oxygen consumption and may 
decrease the myocardial oxygen supply through coronary 
vasoconstriction, which increases the risk of the develop-
ment of myocardial ischemia and infarction [1, 2, 5, 6]. 
Furthermore, the sympathetic activation delays the return of 
gastrointestinal motility, which may result in postoperative 
ileus [5]. As understood from the nociceptive pathways 
described in Chap. 15, multiple target areas can be identified 
on which antinociception can be applied in order to block or 
mitigate nociceptive signaling processing and transmission 
[2, 7]. The scientific rationale for a multimodal or more pre-
cise multitarget analgesia approach is based on the multifac-
torial nature and complexity of the nociceptive pathways that 
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are activated by surgery [2, 7]. The large variety of patho-
physiologic responses initiated and maintained by nocicep-
tive input are among others responsible for acute postoperative 
pain [2, 7]. Uncontrolled postoperative pain is detrimental, 
which contributes to increased complications and even mor-
bidity and mortality [1]. Besides the neuroendocrine stress 
response, which affects the central nervous system, other 
areas of the body are affected as well. The metabolic response 
may lead to hypercoagulability, which consists of enhanced 
coagulation, inhibition of fibrinolysis, increased platelet 
activity, and plasma viscosity [2, 3, 5]. This state of hyperco-
agulability increases the risk of myocardial ischemia and 
infarction, vascular graft failure, and deep venous thrombo-
sis. Furthermore, hyperglycemia as a result from the surgical 
stress response leads to impaired wound healing, catabolic 
state, and depression of the immune function [2, 5]. Another 
important negative effect of the stress response to postopera-
tive pain is an impaired respiratory function [1, 5, 6]. 
Especially in upper abdominal and thoracic surgery, spinal 
reflexes are inhibited leading to a decrease in phrenic nerve 
activity [1, 5]. Furthermore, when patients suffer from pain 
postoperatively, insufficient respiration and inadequate 
cough function increase the risk for postoperative pulmonary 
complications [1, 5]. Therefore, attenuation of postoperative 
pain is essential in order to facilitate enhanced recovery after 
surgery (ERAS) and to reduce perioperative complications 
and morbidity and mortality.

 Chronic Effects of Pain

Acute and uncontrolled postoperative pain may lead to 
chronic postoperative pain. Chronic postoperative pain is not 
very well recognized as the incidence of chronic postopera-
tive pain resulting from surgery is high, 10–65%. Of these 
patients, 2–10% experience severe chronic postoperative 
pain [1]. Therefore, poorly treated postoperative pain is a 
predictive factor in the development of chronic postoperative 
pain.

Although we know that the transition from acute to 
chronic postoperative pain occurs very fast, the mechanism 
of action is poorly understood [1, 5]. The severity of acute 
postoperative pain is an important predictor of chronic post-
operative pain, but other factors—such as type of surgery, 
areas of postoperative hyperalgesia, and ongoing nociceptive 
stimuli, which can begin perioperatively and continue long 
into the postoperative recovery period—are important to rec-
ognize as risk factors for development of chronic postopera-
tive pain. Therefore, adequate control of acute postoperative 
pain by applying postoperative multimodal analgesia is 
important to prevent chronic postoperative pain [1, 2, 7–9]. 

Furthermore, adequate pain control is essential in enhanced 
recovery pathways in order to reduce complications and 
morbidity and mortality and maybe even to improve the 
long-term outcome [1, 9] (Fig. 24.1).

 Preventive Analgesia

Preventive analgesia, previously called preemptive analge-
sia is a antinociceptive treatment or intervention that pre-
cedes a surgical intervention leading to surgical stress 
(incisional and inflammatory injury) and that attenuates 
pain from high-intensity nociceptive stimuli before, during, 
and after induction of the surgical stress [1, 9]. In fact, the 
goal of preventive analgesia is to attenuate afferent input 
produced by the peripheral nervous system that can alter 
peripheral and central sensory processing. This surgical 
stress due to tissue injury induces changes in the peripheral 
afferent neuron and spinal cord, which results in an 
extended period of excitability [1, 5, 7, 8]. This hypersensi-
tive state, which can exist from days to months, will lead to 
acute postoperative pain and eventually, when not treated 
adequately, chronic pain after surgery. Therefore, central 
sensitization and excitability can develop after surgery in 
patients without a history of preoperative pain [2, 7, 8]. 
However, when a patient may already have acute or chronic 
pain developed, central sensitization is already existing 
before surgery. These particular patients with preexisting 
pain may have even more intense pain in the postoperative 
period and are prone to develop chronic postoperative pain 
[1, 2, 8]. There are two phases in which the noxious stimuli 
are responsible for the hypersensitive state: the primary 
phase in which the noxious stimuli are related to the surgi-
cal injury, e.g., tissue injury, and the secondary phase in 
which the ongoing noxious stimuli are produced by the 
release of various different chemical mediators, including 
stress mediators and inflammatory mediators, from dam-
aged tissue. The secondary phase can begin during surgery 
but can extend long into the postoperative period and lead 
to postoperative pain. The duration of the postoperative 
recovery period depends upon various factors, such as type 
and length of surgery, comorbidities, immunological status, 
nutritional status, and psychological profile [3, 5, 6]. 
Therefore, it is important to treat the two phases to prevent 
unrestricted afferent input that causes central sensitization 
and concomitant postoperative acute and chronic pain after 
surgery. Although several experimental studies support the 
concept of preventive analgesia, the results of human stud-
ies are inconsistent. Further dedicated studies are needed to 
investigate blockage of all the noxious stimuli within mul-
timodal analgesia strategies.
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 Multimodal Pain Management Strategies

The scientific rationale for a multimodal or more precise mul-
titarget analgesia approach is based on the multifactorial nature 
and complexity of the nociceptive pathways that are activated 
by surgery [5–10]. Multimodal or multitarget analgesia to con-
trol nociception with different classes of drugs, each acting on 
one or more targets (see Fig. 24.1), will be the future in anes-
thesia and ERAS pathways in order to prevent nociceptive 
stimuli affecting the central nervous system, reduce surgical 
stress, and prevent postoperative pain developing [2, 7–10]. In 
this manner the antinociceptive benefits of controlling acute 

postoperative pain can be optimized. Moreover, adequate treat-
ment of acute postoperative pain allows for better control of the 
postoperative pathophysiology and facilitates enhanced recov-
ery, early mobilization, early nutrition, and reduction of length 
of stay (LOS) [2–9]. Widespread implementation of multi-
modal pain management requires a multidisciplinary approach 
and a change in traditional care [3–7]. However, the combina-
tion of these pain management strategies, together with the 
other enhanced after surgery elements, has the potential to 
reduce complications, improve outcomes, and reduce morbid-
ity and mortality [3–6]. In the next sections, a more detailed 
overview is given on different drugs that can be used in postop-
erative multimodal pain management.

Perception: acetaminophen, alpha-2 agonists, 
COX-2 inhibitors, NMDA antagonists, opioids

Dorsal root

Dorsal root ganglion

Peripheral nerve

Descending modulation: acetaminophen, anticonvulsants,
neuraxial opioids, NMDA antagonists

Transmission: alpha-2 agonists, COX-2 inhibitors,
local anesthetics, opioids

Transmission:
Anticonvulsants,
local anesthetics

Transduction:
COX-2 inhibitors, local anesthetics,
NSAIDs

Spinal
cord

Magnesium: The mechanisms of ketamine- 
and magnesium-induced antinociception 
are produced primarily by blockade of 
glutamatergic receptors in the spinal cord 
and in arousal projections emanating from 
the brainstem.

Beta blockers: Beta blockade decreases,
in a dose-dependent manner, the 
proinflammatory cytokine IL-6 and 
CRP release in serum and reduces
postoperative pain and opioid 
consumption. However, the exact 
mechanism is not clear.

Nociceptive
input

Surgical trauma
or tissue injury

Nociception

Fig. 24.1 Multimodal 
analgesia mode of action
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 Opioid Analgesia

Opioids remain an important cornerstone for the treatment of 
postoperative pain and are the most frequently prescribed 
class of drugs globally [1, 9]. However, it is also recognized 
that opioids are related to undesirable side effects and drug 
abuse problems. Opioids produce a reliable pain relief in sur-
gical and nonsurgical patients. Furthermore, opioids are an 
integral part of a multidisciplinary approach to management 
of acute and chronic postoperative pain [1, 2, 7, 9]. However, 
opioid-sparing or even opioid-free techniques are important 
in enhanced recovery pathways to allow patients to recover 
early and to reduce complications related to opioid use [2, 3, 
7, 10, 11].

Opioids generally exert their analgesic effects mainly 
through μ(mu)-receptors in the CNS, although opioids may 
also act at peripheral opioid receptors [1, 9, 12–14]. 
Moreover, it was shown [9–14] that opioids target multiple 
classes of opioid receptors in the periaqueductal gray, spinal 
cord, amygdala, rostral ventral medulla, and cortex [9, 12–
14]. Binding to these receptors prevents or disrupts informa-
tion transmission in the nociceptive systems by blocking the 
afferent nociceptive input into the spinal cord and enhancing 
descending inhibition of nociceptive input starting in the 
central nervous system [9, 12–14]. This results in a decrease 
of the nociceptive information processing and subsequently 
a decrease in postoperative pain.

A theoretical advantage of opioid analgesics is that there 
is no analgesic ceiling. Opioids can be administered by the 
subcutaneous, transcutaneous, transmucosal, or intramuscu-
lar route, but the most common routes of postoperative sys-
temic opioid analgesic administration are oral and intravenous 
[1, 9]. Opioids can also be administered via specific ana-
tomic sites such as the intrathecal or epidural space, which 
will be described in another section of this chapter. Serum 
drug concentrations may exhibit wider variability, particu-
larly in intravenous and intramuscular routes of adminis-
tration [1, 9]. Generally, postoperatively opioids are 
administered parenterally for the treatment of moderate-to- 
severe postoperative pain, as these routes provide a more 
rapid and reliable onset of analgesic action than the oral 
route does. Moreover, parenteral opioid administration may 
be necessary in patients who are unable to tolerate oral intake 
postoperatively. However, in enhanced recovery pathways, 
the patient is allowed to restart oral intake soon after surgery, 
and therefore the transition from parenteral to oral adminis-
tration of opioids is the next step. Furthermore, patient- 
controlled analgesia (PCA) has become a standard technique 
in the clinical treatment of acute postoperative pain [1, 9]. 
These PCA systems allow patients to self-administer prede-
termined doses of morphine and to record patient usage dur-
ing the previous period in order to optimize the analgesic 
effects [1, 9]. A disadvantage of this method is that patients 

are not able to mobilize, which is the goal of enhanced recov-
ery pathways. The most frequently used opioids in the post-
operative setting are, among others, morphine and 
hydromorphone for parental use and oxycodone, oxymor-
phone, and buprenorphine for oral use [9].

Opioids in general, but also in the perioperative setting, 
are related to well-known undesirable side effects, such as 
nausea and vomiting, ileus, constipation, respiratory depres-
sion, bladder dysfunction, pruritus, sedation, addiction, and 
opioid-induced hyperalgesia, which may delay recovery and 
contribute to morbidity and mortality [15–20]. Therefore, 
opioids in the setting of postoperative multimodal pain man-
agement should be limited or even avoided in enhanced 
recovery pathways in order to improve outcomes and reduce 
complications and morbidity and mortality. Recently, there 
has been an increasing interest in trialing novel drugs such as 
tapentadol that are agonists of the μ(mu)-opioid receptor and 
as a norepinephrine reuptake inhibitor [21]. It is similar to 
tramadol in its dual mechanism of action, namely, its ability 
to activate the μ(mu)-opioid receptor and inhibit the reuptake 
of norepinephrine. Unlike tramadol, it has only weak effects 
on the reuptake of serotonin and is a significantly more 
potent opioid with no known active metabolites. More con-
clusive evidence is needed to prove its potential benefits in 
reducing the negative effect of opioids while maintaining a 
potent analgesic efficacy.

 Non-opioid Analgesia

Opioids are the most commonly used drugs for postoperative 
pain management. However, the well-known opioid-related 
side effects—such as nausea, vomiting, respiratory depres-
sion, and constipation, which accompany the use of opi-
oids—are often undesirable [9, 15–19]. Non-opioid drugs 
are therefore important in postoperative multimodal pain 
management strategies.

 Acetaminophen

Acetaminophen is a basic part of postoperative multimodal 
pain management and used widely [1–3, 6, 9]. The precise 
mechanism of action remains unclear, but acetaminophen 
produces inhibition on the central prostaglandin synthesis 
and at a lesser extent on the peripheral prostaglandin synthe-
sis [9]. Acetaminophen is analgesic and antipyretic but is not 
anti-inflammatory. The analgesic activity is additive to other 
analgesic drugs, such as nonsteroidal anti-inflammatory 
drugs (NSAIDs) and opioids. Acetaminophen can be admin-
istered easily by oral or intravenous routes. However, as 
acetaminophen is associated with liver toxicity, it is recom-
mended that the total dose should not exceed 4000 mg daily. 
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However, acetaminophen is probably one of the safest and 
most cost-effective non-opioid analgesic drug and should 
always be part of multimodal postoperative pain manage-
ment [1, 9].

 Nonsteroidal Anti-inflammatory Drugs

Nonsteroidal anti-inflammatory drugs are a diverse group of 
compounds with analgesic, antipyretic, and anti- 
inflammatory activity. They are probably the oldest and most 
successful analgesic drugs known in medicine for the treat-
ment of pain, fever, and inflammation [1, 9]. NSAIDs are 
also vital and key opioid-sparing components in multimodal 
analgesia [7, 9]. The primary mechanism of action by which 
NSAIDs exert their analgesic effect is through prostanoid 
production from arachidonic acid by either reversible or irre-
versible acetylation (inhibition) of cyclooxygenase (COX) 
enzymes. Cyclooxygenase and synthesis of prostaglandins 
are important mediators of peripheral sensitization and 
hyperalgesia. Cyclooxygenase presents in two forms: COX- 
1, which is necessary for normal homeostatic processes in 
several organs (platelet aggregation, hemostasis, and gastric 
mucosal protection), and COX-2, which is induced by proin-
flammatory stimuli and cytokines, causing fever, inflamma-
tion, and pain [1, 9, 22–24].

NSAIDs, including the available selective COX-2 inhibi-
tors, given alone generally provide effective analgesia for 
mild-to-moderate pain. NSAIDs are also traditionally con-
sidered a useful adjunct to opioids for the treatment of 
moderate- to-severe pain. NSAIDs may be administered 
orally or parenterally. They are particularly useful as com-
ponents of a multimodal analgesic regimen by producing 
analgesia through a different mechanism than that of opi-
oids or other analgesic drug additives [1, 9, 22–24]. 
However, there is still debate whether NSAIDs are associ-
ated with an increased incidence of anastomotic leakage, 
but literature shows inconclusive evidence to avoid NSAIDs 
in colorectal surgery patients other than the regular contra-
indications [3, 25].

Perioperative use of NSAIDs is associated with potential 
side effects, including impaired hemostasis, worsening renal 
dysfunction, and gastrointestinal hemorrhage. Inhibition of 
COX and the formation of prostaglandins cause many of 
these side effects [1, 9]. Decreased hemostasis from NSAID 
use is due to platelet dysfunction and inhibition of thrombox-
ane A2 (generated by COX-1), an important mediator of 
platelet aggregation and vasoconstriction. COX-2 drugs that 
do not affect platelet aggregation can be used if surgeons are 
concerned for bleeding [1, 9]. NSAIDs are useful as compo-
nents of a multimodal analgesic strategy; however, in patients 
with comorbidities, evaluation should be performed regard-
ing potential contraindications.

 Gabapentinoids

Pregabalin and gabapentin are analogues of gamma- 
aminobutyric acid (GABA) and are anti-epileptic drugs that 
have gained interest for preventive analgesia in the periop-
erative setting. These drugs exert their analgesic effects by 
interaction with the α(alpha)2-δ(delta) subunit of the cellular 
calcium channels and inhibit calcium influx and release of 
neurotransmitters [1, 9]. Oral pregabalin has more bioavail-
ability than gabapentin, but oral gabapentin improves the 
analgesia and reduces opioid intake and opioid-related side 
effects. Several studies in which the use of gabapentin was 
compared with placebo showed a significant reduction in 
morphine consumption postoperatively [1, 9]. In these stud-
ies it was also shown that the pain scores in the first 24 hours 
were reduced, with the greatest effect within the first hour 
postsurgery. These drugs may reduce the incidence of post-
operative neuropathic and chronic pain. However, gabapenti-
noids increase the incidence of side effects such as 
postoperative sedation and dizziness. Gabapentinoids can be 
considered as part of multimodal postoperative pain 
management.

 Ketamine

Ketamine is a well-known drug that is used as an intraopera-
tive analgesic additive and described in Chap. 15. However, 
ketamine can also facilitate analgesia in the postoperative 
period, by attenuating central sensitization. Ketamine can be 
administered intravenously (bolus of patient controlled), 
intramuscularly, or orally [1, 2, 9, 26]. Ketamine has been 
shown to reduce postoperative opioid consumption and post-
operative nausea and vomiting (PONV) [1, 2, 9, 26].

A potential concern is the impact of ketamine on the cog-
nitive level of patients with the use of perioperative ketamine 
infusions. However, these effects are rarely seen for analge-
sic doses [1, 9]. Ketamine can be considered as part of mul-
timodal approach to postoperative pain management.

 Tramadol

Tramadol is a weak synthetic opioid, acting centrally on the 
μ(mu)-receptor and thereby inhibiting the reuptake of sero-
tonin and norepinephrine [1, 9]. Tramadol is effective in 
treating mild-to-moderate postoperative pain. The analgesic 
effects are comparable to those of ibuprofen, codeine, and 
aspirin [1, 9]. Combinations of tramadol with drugs such as 
acetaminophen and NSAIDs are effective and reduce the 
incidence of tramadol-induced side effects. Tramadol can be 
administered intravenously (PCA) and results in similar 
pain scores when compared with that from intravenous PCA 
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opioids. Tramadol for postoperative analgesia shows some 
advantages compared with opioids: a relative lack of respi-
ratory depression, major organ toxicity, depression of gas-
trointestinal motility, and a low risk for abuse [1, 9]. 
However, tramadol also has some undesired side effects (up 
to 6%), such as dizziness, drowsiness, sweating, nausea, 
vomiting, dry mouth, and headache [1, 9]. Tramadol can be 
used in multimodal postoperative pain management but may 
not be the first-choice drug.

 Epidural Analgesia

Analgesia provided by an indwelling epidural catheter is a 
safe and effective technique for management of acute post-
operative pain [1, 3, 9]. However, epidural analgesia incor-
porates a wide range of options in terms of the choice of 
drugs (opioids and additives) administered and the level of 
epidural catheter placement, onset, and duration of the peri-
operative use. Opioids have routinely been used to control 
postoperative pain mainly in the intravenous route. However, 
opioids either as single injection or continuous infusion are 
effective in controlling postoperative pain and regarded as 
superior to that with systemic opioids alone [3]. Although 
postoperative epidural analgesia has been the gold standard 
in open thoracic and abdominal surgery, epidural analgesia is 
nowadays not recommended in laparoscopic procedures 
within enhanced recovery after surgery pathways anymore 
[3]. However, in other surgical specialties, epidural analgesia 
deserves a place in the management of postoperative pain, 
which is described in the many different enhanced recovery 
after surgery protocols published.

Opioids administered in the epidural space, either alone 
or in combination with local anesthetics, provide analgesia 
via the cerebrospinal fluid and via supraspinal or systemic 
analgesia [1, 9]. Opioids diffuse through the spinal meninges 
into the cerebrospinal fluid and produce analgesia on the spi-
nal level. Opioids bind to spinal opioid receptors located at 
specific areas in the dorsal horn of the spinal cord, and these 
locations provide the basis for selective opioid analgesia in 
the cerebrospinal fluid. Opioids may also be absorbed into 
the plasma and redistributed to the brain stem via the blood-
stream and produce analgesia on the supraspinal level [1, 9].

In common practice, postoperative continuous epidural 
infusions of opioids are combined with the administration of 
local anesthetic drugs. The combination of opioids with local 
anesthetics is more effective in analgesia than opioids alone 
[27, 28]. The exact location and mechanism of action of 
epidural- administered local anesthetics remain unclear. 
However, potential sites of action include spinal nerve routes, 
dorsal root ganglion, or the spinal cord [9].

Thoracic epidural analgesia (at level T7–T10) remains the 
gold standard in patients undergoing open colorectal and 

thoracic surgery. Several randomized controlled trials and 
meta-analyses have demonstrated superior analgesia com-
pared with patients receiving systemic opioids. Lumbar epi-
dural blockade is not recommended, as this results in an 
insufficient upper sensory block covering the surgical inci-
sion, lack of blockade of sympathetic fibers, and risk of 
lower limb motor block and urinary retention [29]. These 
benefits of epidural analgesia have not been demonstrated in 
patients undergoing laparoscopic colorectal surgery, and epi-
dural analgesia results even in increased LOS in patients 
undergoing minimally invasive surgery [30]. Moreover, 
using multimodal analgesia techniques, such as intravenous 
lidocaine, spinal analgesia, abdominal trunk blocks, intra-
peritoneal local anesthetic, or continuous wound infusion of 
local anesthetics, has been shown to provide adequate anal-
gesia, similar to those obtained with epidural analgesia [31]. 
Additional epidural analgesia might still be valuable in 
patients with chronic pain, in patients in whom the conver-
sion rate to open surgery is high, or in other surgery subspe-
cialties as described in the enhanced recovery after surgery 
pathways protocols [3, 9].

Because of its preemptive analgesic effect, epidural anal-
gesia should be initiated before the start of surgery and con-
tinued in the intraoperative and postoperative period up to a 
maximal 72 hours, depending on the local agreement of the 
protocol.

A disadvantage of the use of thoracic epidural analgesia is 
the primary epidural failure rates that continue to remain 
high in some reports (ranging between 22% and 32%). 
Additional methods to correctly identify the epidural space 
(i.e., epidural stimulation or wave form analysis) and increase 
the success rate of epidural blocks can be employed [32, 33].

Besides pain control, it is well established that epidural 
blockade with local anesthetics, initiated before and contin-
ued during and after surgery, is a successful technique to 
minimize the neuroendocrine and catabolic response to sur-
gery [29]. Epidural blockade leads to blockage of surgical 
stress, resulting in attenuation of insulin resistance and mini-
mizing postoperative protein breakdown, which is important 
as together with early feeding the nitrogen balance is normal-
ized and protein synthesis facilitated [3] However, these data 
on metabolic effects have been mainly shown for open sur-
gery, and data for laparoscopic surgery are yet to be found.

The choice of opioid varies, but in clinical practice lipo-
philic opioids (e.g., fentanyl, sufentanil) are preferred in 
order to allow rapid titration of analgesia. Use of hydrophilic 
opioids (morphine and diamorphine) as part of a local anes-
thetic–opioid epidural analgesic regimen may also provide 
effective postoperative analgesia but is mainly used as the 
opioid of choice for spinal administration. The choice of 
local anesthetic for continuous epidural infusion also varies. 
In general, bupivacaine, ropivacaine, or levobupivacaine are 
chosen because of the differential and preferential clinical 
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sensory blockade with minimal impairment of motor func-
tion. The optimal local anesthetic and opioid dose that pro-
vides the lowest pain scores with the fewest medication-related 
side effects is unknown, and further investigation is needed 
to determine this optimal dose. The addition of adjuvant 
drugs such as alpha2-adrenergic agonists (clonidine or dex-
medetomidine) or N-methyl-D-aspartate (NMDA) antago-
nists (ketamine) has been suggested to enhance analgesia 
while minimizing opioid side effects [9]. However, addi-
tional safety and analgesic data are needed.

Side effects related to the use of epidural analgesia are the 
typical side effects seen after the administration of systemic 
opioids: respiratory depression (incidence 0.1–0.9%), nau-
sea and vomiting (incidence 45–80%), pruritus (incidence up 
to 60%), and urinary retention (incidence 70–80%). 
Furthermore, a disadvantage of this invasive technique is the 
primary failure rates that continue to remain high in litera-
ture (22–32%). Additional methods to correctly identify the 
epidural space (epidural stimulation or wave form analysis) 
and increase the success rate of epidural blocks can be 
employed [1–3, 9].

The use of epidural analgesia in enhanced recovery after 
surgery pathways may also contribute to improved non- 
analgesic outcome. Several publications have shown benefits 
including acceleration of the recovery of bowel function 
after colorectal surgery [34–36] and reduction of the risk of 
respiratory [36, 37] and cardiovascular complications [36]. 
To the contrary, postoperative arterial hypotension, urinary 
retention, and motor blockade may require additional post-
operative care and delay hospital discharge [36]. The impact 
of epidural analgesia on colorectal cancer recurrence and 
metastasis [38, 39] remains to be investigated further, espe-
cially in the context of an ERAS program.

 Spinal Analgesia

As part of postoperative multimodal pain management, spinal 
analgesia can be used as an adjunct for general anesthesia in 
laparoscopic procedures. The efficacy of spinal anesthesia/
analgesia is high, and this technique has a relatively low com-
plication profile [40]. Opioid receptors exist in specific areas 
in the dorsal horn of the spinal cord, and these locations pro-
vide the basis for selective opioid analgesia in the cerebrospi-
nal fluid. Intrathecal opioids are blocking the transmission of 
substance P, a process that is mediated by gamma-aminobu-
tyric acid presynaptically and by glycine postsynaptically. 
Spinal analgesia has been used in enhanced recovery after 
surgery protocols in order to facilitate fast recovery after lapa-
roscopic colorectal surgery by minimizing opioid consump-
tion [9, 41]. When compared with epidural anesthesia, the 
patient can be mobilized sooner and is at less risk of hypoten-
sion and fluid overload, which results from the sympathetic 

block induced by continuous thoracic epidural analgesia and 
is frequently seen [30]. Spinal analgesia can be applied with a 
combination of local anesthetic such as bupivacaine (0.5%) 
and long-acting opioids (morphine or diamorphine) and is 
used with the total volume dosing of no more than 2.0 ml to 
avoid high spinal block. Furthermore, in addition to the local 
anesthetic effect, spinal analgesia techniques have been 
shown to reduce the endocrine-metabolic stress response but 
only for the duration of action of the local anesthetic where-
after it returns to levels of controls [42]. The addition of a 
long-acting opioid has the benefit of reducing morphine 
requirements postoperatively by up to sixfold, with the ability 
to mobilize patients immediately after surgery once the motor 
block has worn off [43]. Although recovery was earlier in 
patients using morphine alone, no benefits have been shown 
regarding length of hospital stay [43].

Numerous studies have been published that have used 
other adjuncts in combination with opioids and with or with-
out local anesthetics in order to improve analgesia while 
minimizing the effects of intrathecal opioids. Alpha2- 
adrenergic agonists such as clonidine or dexmedetomidine 
may increase the antinociceptive threshold by activating 
descending noradrenergic pathways in the spinal cord [3, 9]. 
However, no conclusive data have been published regarding 
these adjuncts in enhanced recovery pathways.

The recommended doses used are lower than the com-
monly used doses in clinical practice: 100–150 μ(mu)g of 
morphine or 300–500  mcg of diamorphine [9]. The main 
concern of using intrathecal opioids is that the incidence of 
(delayed) respiratory depression is no greater than when 
given by other routes [9]. Therefore, frequent monitoring of 
vital signs in patients who have received intrathecal opioids 
is recommended. Furthermore, patients should be assessed 
for other adverse reactions such as nausea, vomiting, pruri-
tus, urinary retention, and sedation of intrathecal opioids [1, 
9]. These side effects can be easily treated with the currently 
available pharmacological drugs. Intrathecal opioids have 
been shown to be safe and effective in postoperative pain 
management.

 Surgical Site Infiltration and Locoregional 
Techniques

As the role of epidural analgesia within the setting of 
enhanced recovery pathways has been questioned, especially 
with regard to laparoscopic operations, alternatives are dis-
cussed [29, 31, 44–47]. Some of these possible alternatives 
are local anesthetic wound infiltration and local anesthetic 
abdominal wall blocks, as a component of multimodal anal-
gesia [31, 44–46].

Surgical site infiltration technique for the abdominal wall 
would consist of the administration of local anesthetic into 
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the peritoneal, musculofascial, and subdermal tissue planes 
at closure of the surgical wound. However, ideally, cutaneous 
and subcutaneous infiltration with local anesthetics should 
be performed preincision for preventive analgesia. Infiltration 
of the fascial plane with local anesthetic infusion through 
catheters has been reported to improve pain relief, reduce 
opioid requirements, and improve postoperative outcome [4, 
20, 22, 31]. The subdermal tissue can be infiltrated to block 
the nociceptive input from the peripheral nerve endings. In 
open abdominal hysterectomy through a horizontal incision, 
it was found that surgical site infiltration (peritoneal, muscu-
lofascial, and subdermal planes) provided superior postop-
erative analgesia compared to bilateral transversus abdominis 
plane blocks [27, 31]. Surgical site infiltration or more spe-
cific port-site local infiltration with local anesthetics does 
appear to reduce postoperative pain compared with placebo. 
However, as limited data are available, further well-designed 
studies are necessary to assess the analgesic efficacy of the 
proposed infiltration technique.

Locoregional techniques for abdominal surgery such as 
transversus abdominis plane (TAP) blocks are the most 
widely studied (see Chap. 16). TAP blocks were first described 
in 2001 as the classic landmark-based technique, but since 
then multiple variations have been described, including two-
point, four-point, ultrasound-guided, and laparoscopic-visu-
alized blocks. TAP blocks provide adequate pain relief to the 
anterior abdominal wall from T10 to L1 and have been clearly 
demonstrated to provide an opioid-sparing approach in 
colorectal surgery [48, 49]. As TAP blocks only provide anal-
gesia reliably below the umbilicus, subcostal and rectus 
blocks are to be added in order to cover the upper abdomen.

Initial studies up to early 2016 on TAP blocks found no 
comparisons with other methods of analgesia and limited 
evidence of reduced opioid use [50]. More recent studies 
indicated the benefits of TAP blocks in abdominal surgery in 
multiple specialties including gynecologic, general, bariat-
ric, transplant, [51–55], and colorectal surgery with less 
postoperative opioid consumption and faster recovery of the 
gastrointestinal tract function and patient recovery [56, 57]. 
Drawback of abdominal blocks is the short duration as bupi-
vacaine and ropivacaine used in traditional TAP blocks have 
a short half-life (8–10  hours) [58], and therefore infusion 
catheters can be used to prolong the duration [55]. As part of 
postoperative multimodal pain management, surgical site 
infiltration and abdominal wall blocks can be used.

 Conclusion

Postoperative analgesia resulting in adequate pain control is 
essential in enhanced recovery pathways. Opioid avoiding or 
sparing techniques in most types of surgery are associated 
with early mobilization, fast return of bowel function, fewer 

complications, and a reduction in LOS. Therefore, the key is 
to avoid opioids when possible and apply multimodal anal-
gesia in combination with spinal/epidural analgesia (in open 
surgery) when indicated. The benefit of using a multimodal 
approach to postoperative pain management is based on the 
concept that several multiple pain-reducing mechanisms 
will improve pain control while avoiding the side effects of 
each drug.
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Nursing Considerations  
During Patient Recovery

Basile Pache, Valérie Addor, and Martin Hübner

 Introduction

The patient is in the center of the enhanced recovery after 
surgery (ERAS) care. The nursing team working bedside 
plays a crucial role in the implementation of the enhanced 
recovery program and maintaining daily ERAS routines.

The aim of this chapter is to summarize the current evi-
dence on the important role of nursing in ERAS care and to 
describe the different facets of perioperative nursing. 
Previous chapters have covered the role of ERAS nurses in 
preoperative patient education and nutrition. Therefore, 
emphasis in this chapter is on nursing at the surgical ward.

 Current Evidence

The unique function of the nurse is to assist the individual, 
sick or well, in the performance of those activities contribut-
ing to health or its recovery, as written by Henderson [1]. 
Nurses are in a privileged position to be the frontline health-
care providers.

 What Makes the Difference with Standard 
Care? – A Shift of Activities!

In the traditional care scheme, the patient was prepared for 
digestive surgery with oral bowel cleansing, fasting, and pre-
operative sedation. In the postoperative period, most patients 
were kept bedbound for up to a week. The main nursing tasks 
included feeding, administration of medications, and man-
agement of catheters, drains, intravenous infusions, and 
nasogastric tubes. Oral nutrition was started only after signs 
of bowel recovery (first stool/flatus), typically 3–5 days after 
surgery.

Within ERAS care, the typical patient is mobilized and 
starts on oral intake, often within a few hours after surgery. 
This paradigm shift involves increasing the range of respon-
sibilities for the nurse to include not just traditional care but 
also educational, motivational, and various monitoring 
activities.

It is of particular importance that nurses are made aware 
of their role in the ERAS care pathway, since compliance 
with ERAS care elements is closely associated with improved 
clinical outcome [2]. Therefore, education of the nursing 
staff is crucial for successful implementation of 
ERAS. Explanation of the process, with a proof of outcomes 
of the institutional results by regular feedback, can convince 
even staff members who may be reluctant to change about 
the potential impact and benefits of ERAS.  In a study by 
Roulin et al., nurses were less reluctant to change practice 
following ERAS implementation compared to surgeons [3]. 
Furthermore, by having the nurses “on board,” continuity of 
care was maintained also during the weekends, when often 
weekday routines otherwise fail [4].

Beyond the basic ERAS knowledge and skills, specific 
knowledge of ERAS-related nursing has to be acquired 
[5], and a protocol alone is not enough to successfully 
implement an ERAS program, as shown by Maessen et al. 
[6] Unfortunately, there are only a few studies assessing 
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specifically the effects of nursing in ERAS care. Published 
 evidence is mostly based on focus groups and qualitative 
surveys [7–11].

An effective postoperative management starts with an 
efficient preoperative patient education. The main aim of this 
education is the empowerment of the patient. Intensive pre-
operative preparation has been shown to have a number of 
benefits, including reduced postoperative pain and anxiety, 
increased knowledge of self-care and management of com-
plications, and reduced hospital stay [12–14]. A qualitative 
investigation exploring experience and opinions of caregiv-
ers stressed the importance of good interdisciplinary collab-
oration [15].

 Clinical Pathways

The transfer from guidelines to practice can be facilitated by 
employing standardized patient pathways—so-called clini-
cal pathways. They provide a structured framework for the 
care processes in the busy day-to-day practice and help 
reduce variability and redundancy in clinical care for all 
caregivers including nurses, surgeons, and anesthesiologists. 
This is of particular importance in teaching institutions with 
frequent staff changes and a high number of inexperienced 
junior staff rotating through as part of their training. Clinical 
pathways are a “working canvas” that sometimes needs to be 
adjusted to the patient’s condition [3]. Planned patient path-
ways have shown to reduce morbidity, complications, and 
costs [16].

 Reasons for Non-compliance 
with the Protocols

The success of ERAS protocols relies on the actual applica-
tion of the pathway as a whole [2] and not only for some 
selected items [17]. Non-compliance is therefore a constant 
concern and may have several reasons. In a study conducted 
by Roulin et al. [3], the nurses were responsible for causing 
14% of the deviations in compliance with individual care 
items. Surgeons and anesthetists were responsible for 21% 
and 34% of the deviations for non-compliance, respectively. 
However, 78% of these deviations were classified as medi-
cally justified.

Despite the fact that most of the important items (mobi-
lization, weighing, nutrition, education) are prescribed or 
requested by medical staff, the application of such items 
relies upon the nurses in day-to-day practice. It is always 
useful to audit these processes to help implementation but 
also sustainability of improvements. There are several 
ways to audit (as described elsewhere). The ERAS® 
Society has developed the ERAS Interactive Audit System 

(EIAS) to complement and mirror the guidelines that the 
Society develops and updates. This system captures pro-
cess measures and outcomes so they can be audited 
together.

 Nursing Workload

ERAS care can be demanding and involves new care items 
for the nursing staff [18]. Interestingly, nursing time spent 
per patient and day was shorter for ERAS patients in one 
study (Fig. 25.1) [19]. This can be explained by the fact that 
many of the traditional nursing work chores have become 
partially obsolete for ERAS patients who take a more active 
part in their recovery process and thereby gain independence 
much faster than they used to do. Early concerns that the 
additional activities associated with enhanced recovery path-
ways would increase the workload for nurses have not been 
demonstrated to be true in the literature [20]. Another con-
cern that early discharge with ERAS may impact negatively 
on patient’s satisfaction and views about nursing care could 
not be confirmed [21]. A cohort study in colorectal surgery 
measured a decrease in nursing workload with implementa-
tion of ERAS [19]. Interestingly, it also showed that an 
increased compliance with ERAS protocol was significantly 
correlated with decreased nursing workload. This can be 
explained by optimization and standardization of postopera-
tive care. A study specifically focused on workload and ward 
environment of a gynecology unit showed a reduction in 
total time used in nursing activities per stay compared to 
prior to ERAS implementation [22]. Another gynecology 
study showed that due to shorter hospital stay, perioperative 
counseling and education—although it was recognized as a 
key element—might be neglected due to the short time of 
hospitalization [23].
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 Nurses on the Surgical Ward

The specific roles of nurses within ERAS care are summa-
rized in Fig. 25.2.

ERAS items related to the nurse’s role in preoperative 
care are summarized below. These include:

• Preoperative nutrition: In order to decrease insulin resis-
tance and its negative impact, carbohydrate loading is rec-
ommended the evening prior to surgery and again 2 hours 
before surgery. Nurses should pay particular attention and 
give enough information to the patient in order to under-
stand the importance of the carbohydrate drinks. 
Furthermore, correct timing and good planning are cru-
cial, especially for patients not being operated as the first 
patient on the list.

• Time can be gained by omission of typical care items 
within traditional care schemes. One example is oral 
bowel preparation, which also causes dehydration that 
may affect anesthesia management during surgery and 
also recovery after surgery [24]. Similarly, traditional pre-
operative long-acting sedative preoperative medication 
may also delay postoperative recovery [25].

• Thrombo-prophylaxis with low-molecular-weight hepa-
rin (LMWH) together with sequential compression 
devices and mobilization should be started already in the 
preoperative setting.

• A reminder of the postoperative recovery process is use-
ful to complement prior detailed information provided by 
the dedicated ERAS nurse.

ERAS items related to the nurse’s role in postoperative 
care include some of the following:

• Nurses are often the frontline providers to assess and 
diagnose fluid overload by monitoring patient weight 
development and bringing this to the attention of the med-
ical staff. Skilled nurses are able to minimize patient harm 
by reducing fluid overload, limit unnecessary intravenous 
fluid administration, and encourage patients to resume 
oral fluid and diet intake shortly after surgery.

• Nurses are also actively involved to ensuring efficient 
and timely pain management. It is important for nurses to 
be aware of the advantages of good pain management in 
improving many aspects of the patient’s care, such as 
early mobilization, respiratory physiotherapy, early 
intake of food and drinks, and overall well-being [26]. 
The nurse should proactively and regularly assess pain 
and act accordingly.

• Postoperative nausea and vomiting (PONV) has been 
reported to occur in up to 27% of patients [27, 28]. 
Routine PONV prophylaxis should be standard of care. 
Careful attention by the nurse is therefore mandatory to 
administer the medications according to the patient care 
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pathway. Additional medications might need to be pro-
vided on demand if prophylaxis is insufficient. Opioids 
should be avoided or minimized, due to their side effects 
causing nausea and vomiting and their potential impact 
disturbing bowel function. Mobilization stimulates gut 
motility and relieves symptoms of nausea and vomiting. 
Chewing gum has been proven to provide some beneficial 
effect on return of gut motility and should therefore be 
made accessible to the patient [29].

• Bed rest and postoperative pain are major sources of pul-
monary complications. They both induce reduced ventila-
tion, with atelectasis and subsequent potential pulmonary 
superinfection. Nurses must encourage early mobilization 
and teach patients how to use incentive spirometry, 
although its usefulness is still debated.

• Patient mobilization is a cornerstone of ERAS care. It 
does require full participation from the patient, not just 
from the nurses and the nurse’s aides. The ERAS guide-
lines suggest getting the patient out of bed on the day of 
surgery. On postoperative day 1, the patient should be 
encouraged to stand up and walk and spend at least 
4–6 hours out of bed. Patients should be encouraged to 
have their meals served out of bed sitting on a chair at the 
table or in a dedicated dining room in order to promote 
mobilization.

• Weight measurement sometimes remains one of the most 
difficult goals to achieve in ERAS. The reasons are mul-
tiple. Sometimes it may be lack of motivation and infor-
mation on the importance to monitor such data and 
training of nursing staff when patients are in ancillary 
units.

 ERAS-Specific Education

Education is an important part of nursing within ERAS care. 
Information does not only concern the care pathway but 
should also cover discharge planning and set expectations 
for recovery. The clinical nurse specialist (CNS) role is 
expanding across various specialties, as summarized below.

• Colorectal surgery: In addition to the holistic manage-
ment of cancer patients by the CNS, a patient undergoing 
colorectal surgery with a probability of stoma creation 
should have the benefit of preoperative education from 
dedicated stoma nurses. Postoperatively, stoma nurses 
will work together with the other ward nurses to ensure 
the patient correctly manages the stoma during their hos-
pital stay and reaches a level of confidence in managing it 
prior to discharge.

• Gynecology: Assessment of self-perception and psycho-
logical impact after surgeries that often involve removing 
organs related to womanhood.

• Head and neck surgery or breast reconstruction: Flap 
monitoring [30, 31].

• Liver, pancreatic, and stomach surgery: Postoperative 
glycemic control [32].

• Esophagectomy and gastrectomy: The CNS plays an 
important role in the management of upper gastrointesti-
nal surgery patients. They are the contact access to 
patients prior to admission, and they visit patients during 
their hospital stay. Nurses at the ward ensure that patients 
receive multiple small meals, with cautious increase in 
food intakes according to tolerance [33, 34].

Of note, sometimes it can be challenging to find the equi-
librium between providing all essential information on one 
hand and avoiding overwhelming the patient with too much 
information on the other hand. This may be counterproduc-
tive for the patient’s comprehension of specific items [35]. 
Nursing assistants may also contribute to communicating 
recommendations and helping with prescribed therapies in 
the daily practice and can help encourage patient mobiliza-
tion, fluid intake, and daily weight monitoring—emphasiz-
ing a multidisciplinary approach to ERAS care.

 Discharge Planning

Since time to discharge is usually reduced with ERAS, 
nurses should ensure the patient is ready for early discharge. 
Nurses are often asked to provide an assessment of the 
patients’ ability to take care of themselves prior to leaving 
hospital. Together with the patient, they shall explore the pit-
falls that may arise after the return to normal life.

Patient must meet certain discharge criteria before being 
allowed to leave the hospital. Medical discharge criteria include 
sufficient oral intake, adequate pain control (on oral medica-
tions), and adequate mobilization level. Bowel recovery is no 
longer a mandatory requirement for safe discharge [36].

The nurse, case manager, and other members of the care 
team need to ensure that the patient has hospital contact 
information in case of an emergency or if questions related to 
their surgery and follow-up arise after discharge. The patient 
should have adequate information and understanding of (1) 
pain management; (2) nutrition; (3) how to deal with nausea/
vomiting; (4) bowel movement, diarrhea and constipation; 
(5) wound management; and (6) information about going 
back to work, returning to physical activities, restarting 
home medication, and the ability to drive and travel.

Nurses play an important role in the follow-up after dis-
charge. In many hospitals, there is a nurse-led telephone 
follow-up service that helps maintain contact with recently 
discharged patients. A study of more than 200 patients within 
4 weeks of discharge from the hospital showed that despite a 
quicker return home, the majority of patients were coping 

B. Pache et al.



233

well and many of the concerns reported were easily addressed 
over the telephone [37]. Therefore, it is crucial that patients 
and their families are aware that they will have access to the 
members of their healthcare team, especially when they are 
discharged early from the hospital.

A study assessing effect of communicated discharge infor-
mation on surgical patients found that those who received 
information preoperatively were less likely to access a health 
facility than those who had not. This could lead to less unnec-
essary utilization of healthcare resources and greater patient 
satisfaction. Smartphone and other electronic applications are 
a popular new way of communicating with patients before 
and after hospitalization. The impact of these new communi-
cation techniques is currently being investigated.

 Future and Development

Nurses will remain key players in ERAS care. ERAS sus-
tainability over time will rely on various key factors. Positive 
feedback to the nurse’s team will enhance team building and 
enhance compliance with ERAS protocols [38].

It is also important to audit nurses’ performance and help 
them improve their roles as frontline healthcare providers 
constantly interfacing with patients. This will hopefully lead 
to better compliance and better data collection.

ERAS teaching should be an integral part of the nursing 
undergraduate curriculum. On surgical wards, nurses should 
be familiarized with various ERAS guidelines, evidence sup-
porting clinical practices, and implementation initiatives.

 Conclusion

Nurses are important members of the team taking care of the 
surgical patient. They can help ensure compliance with 
ERAS pathways, participate in patient-centered care, and 
help coordinate care among the different members of the 
team. Continuous education of nurses in all aspects of surgi-
cal care and ERAS is critical to the overall goals of quick 
patient recovery.
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Long-Term Outcomes Related to ERAS

Ismail Gögenur and Rasmus Peuliche Vogelsang

 Introduction

The vast majority of literature concerning enhanced recovery 
after surgery (ERAS) focuses on short-term outcomes after 
surgery. Fewer studies describe intermediate outcomes such 
as recovery after discharge, and very few publications report 
the long-term effects of ERAS on patient-related outcomes 
such as quality of life, organ-specific quality of life, and—in 
patients undergoing cancer surgery—oncological outcomes. 
A major part of the literature concerning ERAS has been in 
patients undergoing cancer surgery. The potential drivers in 
the perioperative period that affect the possibility of having 
adjuvant oncological treatment and long-term poorer onco-
logical outcomes are not described in detail in the literature. 
It has been shown that some elements of the perioperative 
pathway, including the surgical approach and anesthetic 
care, may in fact have a substantial impact on long-term 
oncological and other recovery-related outcomes [1–3].

In most specialties where surgery is performed in a patient 
with cancer, there are no radiological or biochemical signs of 
residual disease after the primary removal of the tumor. 
Although this is the case, one out of three patients will, 
depending on the primary tumor, have recurrence within a 
few years [4]. This is obviously due to residual micrometa-
static disease [5]. Recent studies indicate that even brief 
exposure, such as the choice of the anesthetic method during 
surgery (inhalational anesthesia vs. total intravenous anes-
thesia), may have an effect on both long-term oncological 

and overall survival [6, 7]. It has been long known that the 
occurrence of perioperative events, such as receiving a blood 
transfusion or having an infectious episode in the postopera-
tive period, renders the patient to high risk of recurrence [8–
10]. The key drivers behind this are believed to be suppression 
of the adaptive immune system and production of systemic 
and local prometastatic factors in the days after surgery. 
Thus, elements of the surgical stress response—release of 
pro-inflammatory mediators such as interleukin (IL)-6, 
tumor necrosis factor (TNF)-alpha, vascular endothelial 
growth factor (VEGF), and matrix metallopeptidase 
(MMP)-9—will result in a prometastatic phenotype [11]. 
There is a clear dose-response relationship with respect to 
the risk of having a poorer oncological outcome. The lowest 
risk is in the patient undergoing minimally invasive surgery 
without postoperative complications. The highest risk is in 
the patient undergoing major open surgery, suffering from 
postoperative infectious complications, and having reopera-
tions [12, 13]. Studies have also confirmed that across surgi-
cal disciplines, there is a significant impact on overall 
survival whether a patient suffers from a postoperative com-
plication or not [14, 15].

As the individual components of ERAS as well as the 
general implementation of ERAS lead to fewer infectious 
and overall complications [16], ERAS may result in improved 
oncological outcomes. The focus of this chapter is to present 
the literature describing the important components within 
the implementation of a full ERAS protocol and the indi-
vidual components of ERAS on long-term patient outcomes 
with special emphasis on long-term oncological outcomes.

 The Association Between the Surgical Stress 
Response and Long-Term Oncological 
Outcomes

The surgical stress response includes a complex pattern of 
changes all directed toward repair and recovery after the sur-
gical trauma. In recent years, it has been suggested that the 
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surgical stress response in patients undergoing oncological 
surgery may lead to a series of endocrine, metabolic, 
 inflammatory, and immunological changes that may have an 
effect on long-term oncological outcomes [5, 11] (Fig. 26.1).

The development of cancer is the result of a series of 
genetic mutations, and the metastatic process is a late occur-
ring event where a complementary cascade of genetic 
changes enables the tumor cells to disseminate from the pri-
mary tumor [17, 18]. Subsequent entry into the vascular or 
lymphatic circulatory system, survival in the circulation, 
adherence to a pre-metastatic niche, and establishment of 
malignant growth at a distant site is the result of subsequent 
mutational changes. The exposure of factors that may stimu-
late the metastatic process of tumor cells located in the sys-
temic and/or lymphatic vasculature, or at other distant sites, 
may render the patient susceptible to the development of 
clinical metastases. The surgical stress response includes 
several of these stimulatory factors, and there is apparently a 
dose-response relationship, with increased surgical stress 
response leading to a higher risk of a prometastatic pheno-
type [5, 11]. One of the pioneering studies within this field 
was by Tsuchiya et al. who demonstrated this in an experi-
mental study including colon cancer cells injected into mice 
in relation to different levels of surgical stress [19]. Mice 
were injected with colon cancer cells, and the outcomes of 
interest were systemic stress response markers such as IL-6 
and microscopically evaluated pulmonary metastases. The 
mice were divided into five groups: (1) untreated controls; 
(2) mice only exposed to anesthesia; (3) mice undergoing 
laparotomy, (4) laparotomy and appendectomy; and finally 
(5) laparotomy, appendectomy, and left hepatic lobectomy. 
The authors showed that there was a clear relationship 
between the enhancements of metastases in proportion to the 
increase in surgical stress. The metastatic enhancement was 
dependent on the levels of matrix metalloproteinases. Several 
other studies have demonstrated this association in different 
experimental models and different cancers [20–24].

One of the important factors ensuring metastatic growth is 
perfusion to the metastatic niche. This is stimulated by tumor 
cells secreting vascular endothelial growth factor. Several 
studies in humans undergoing cancer surgery have shown an 
increase in VEGF in the postoperative period [25–27]. This is 
an essential process in wound healing. The secretion of VEGF 
is dependent on the magnitude of surgery, as shown in several 
clinical studies including randomized clinical trials (RCTs) 
where open surgery results in higher postoperative VEGF val-
ues when compared with the corresponding laparoscopic pro-
cedure [28]. It is hypothesized that this may translate into 
improved long-term oncological outcomes. Meta-analyses of 
RCTs have not shown an overall survival benefit in patients 
undergoing laparoscopic colon cancer surgery compared with 
the corresponding open procedure [29]. However, a positive/
preventive effect has been shown in a few studies [30, 31]. In 
an RCT by Lacy and colleagues, a survival benefit was proven 
in the subgroup of patients with stage III colon cancer under-
going laparoscopic surgery compared with the patients under-
going open surgery [32].

A hypothesis could, therefore, be that by reducing the sur-
gical trauma through minimally invasive surgery in an ERAS 
setting, the prometastatic milieu in the postoperative period 
may be abolished. However, in a recent trial including six 
patients undergoing minimally invasive surgery for colon 
cancer in an ERAS setting, it was shown that this was not the 
case [33]. The authors performed whole blood transcrip-
tional profiling including more than 30,000 genes at 5 time 
points in the perioperative period and demonstrated that 
there was a substantial suppression of the adaptive immune 
system, which is necessary for cytotoxic activity toward 
tumor cells, and at the same time there was a massive upreg-
ulation of genes involved in the prometastatic process [33]. 
Apparently, even in state-of-the-art minimally invasive sur-
gery and ERAS, there may still be a promotion of the meta-
static process and immune suppression, potentially leading 
to increased risk of metastases.

Surgery

Postoperative complications
• Infection
• Bleeding → Transfusion
• Reoperation

Delay in
chemotherapy

Surgical stress response
• Endocrine/metabolic
  ↑Adrenergic, ↑Insulin resistance
• Inflammation
 ↑IL-6, ↑IL-1, ↑TNFα,↑VEGF, ↑IL-10
• Cytotosic immune response
  ↓CD8, ↓NK-cell, ↓HLA-DR

Residual tumor cells
↑Proliferation
↑Adhesion
↑Migration

↑Recurrence risk

Fig. 26.1 The effects of 
surgery and perioperative 
stress on cancer recurrence. 
Abbreviations: IL-6 
interleukin 6, IL-1 interleukin 
1, TNFα (alpha) tumor 
necrosis factor alpha, VEGF 
vascular endothelial growth 
factor, IL-10 interleukin 10, 
CD8 cluster of differentiation 
8, NK cell natural killer cell, 
HLA-DR human leukocyte 
antigen DR subtype
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 Overall Effect of ERAS on Oncological 
Outcomes

In this section, we will examine the long-term oncological 
benefits of ERAS adherence and potential benefits based on 
reduced overall complication rates.

 Long-Term Oncological Benefits of ERAS 
Adherence

A major discussion is concerned with what are the key ele-
ments of ERAS and how should adherence to ERAS be evalu-
ated [34]. This is described in detail elsewhere in the book. 
One approach to this has been by Gustafsson et al. [35] who 
investigated how the adherence of certain elements of ERAS 
in the preoperative and intraoperative periods was associated 
with long-term oncological outcomes. In more than 900 
patients, the authors investigated the impact of compliance 
with ERAS protocols on short-term outcomes. They showed 
that adherence to ERAS for more than 70% of the key ele-
ments investigated was associated with shorter hospital length 
of stay (LOS) and reduced postoperative symptoms and com-
plications [35]. The number of patients having complications 
in the low adherence group was 42% compared with 31.5% in 
the high adherence group. It was also demonstrated that 
adherence to preoperative and intraoperative ERAS elements 
was associated with improved inflammatory stress response 
demonstrated by C-reactive protein (CRP) concentrations. In 
the follow-up paper, the author group investigated the impact 
of ERAS adherence on long-term oncological outcomes and 
demonstrated a dramatic effect on cancer-specific mortality 
[3]. A high adherence to ERAS (>70%) resulted in an 85.4% 
colorectal cancer (CRC)-specific 5-year survival compared 
with 78.7% in the low adherence group [3]. Other studies 
have shown similar effects on immediate postoperative out-
comes after cancer surgery, although without long-term onco-
logical follow-up [36, 37].

In a study by Arrick et al., 12 components of ERAS were 
examined in 495 consecutive major colorectal surgical 
patients compared with a pre-ERAS cohort of 99 patients. It 
was shown that in the group of patients with more than 75% 
process adherence, there was a significant reduction in the 
complication rate and mean LOS [36].

 Benefits Based on Reduced Overall 
Complications

The primary underlying hypothesis concerning the positive 
effects of ERAS on long-term oncological outcomes is based 
on the benefits of associated outcomes in the short-term 
period after surgery. It is believed that the ERAS-associated 

reduced complication rate may be the primary driver. 
However, there are also studies confirming that ERAS by 
itself, when added to minimally invasive surgery, may result 
in improved immune functions in the postoperative period. 
Thus, in the LAFA-trial (LAparoscopy and/or FAst track 
multimodal management versus standard care), this was spe-
cifically examined in patients undergoing non-metastasized 
colon cancer surgery [38, 39]. Biomarkers indicating level of 
immune response—systemic human leukocyte antigen-DR 
isotype (HLA-DR) expression, CRP, and IL-6—were exam-
ined 1, 2, 24, and 72 hours after surgery. This was a four-arm 
RCT including patients undergoing laparoscopic or open 
surgery with or without ERAS. It was shown that the immune 
function demonstrated by the HLA-DR in patients undergo-
ing laparoscopic surgery with ERAS was the highest com-
pared with the other groups, indicating a preserved cellular 
immune response [39].

As previously mentioned, one of the primary drivers of 
improved oncological outcomes after surgery in an ERAS 
setting may be due to reduced postoperative complications. 
Recently an important outcome was introduced in the mea-
surement of quality of perioperative care in patients undergo-
ing oncological surgery. This is the so-called RIOT concept, 
which indicates the return to intended oncological therapy 
[1]. This quality metric is a novel and very useful metric as it 
encompasses an important outcome that can be directly 
related to surgical and perioperative care. The concept 
includes two components, with one component representing 
whether the patient did or did not start intended oncological 
therapy after surgery and the second being the time between 
surgery and initiation of oncological therapy (Fig. 26.2).

There is an obvious survival benefit for patients receiving 
adjuvant chemotherapy, making the first component of RIOT 
clinically relevant. The second component indicating time to 
chemotherapy is meaningful as there are several publications 
demonstrating that long-term oncological outcomes improve 
as the time to chemotherapy is reduced. In a pioneering study 
within this field, Aloia and coworkers investigated RIOT in 
patients undergoing surgery for colorectal hepatic metasta-
ses [1]. They identified a baseline RIOT rate of 75% with a 
median RIOT time of 42 days. After implementing an ERAS 
pathway (including minimally invasive surgery), there was a 
dramatic increase in the RIOT rate to 95% [1].

As stated previously, there is a clear dose-response rela-
tionship between the severity of postoperative complications 
and the disease-free survival, recurrence rate, and overall 
survival after oncological surgery. In a publication from 
Delaney and coworkers from the Cleveland Clinic in the 
United States, this was demonstrated in a cohort of patients 
undergoing colorectal cancer surgery in an ERAS setting. 
The authors showed that any postoperative complication 
reduced overall survival (66% vs. 77%), disease-free sur-
vival (53% vs. 70%), and cancer-specific survival (81% vs. 
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87%) and increased cancer recurrence (19% vs. 15%) [12]. 
There was an obvious dose-response relationship showing 
gradually poorer oncological outcomes as the severity of 
complications increased. In a meta-analysis of randomized 
trials involving ERAS protocols, it was shown that imple-
mentation of ERAS resulted in a reduction in major hospital- 
associated infections (lung infections, urinary tract infections, 
and surgical site infections). The risk ratio was thus 0.38 
(95% confidence interval [CI] 0.23–0.61) for lung infection, 
0.42 (95% CI 0.23–0.76) for urinary tract infection, and 0.75 
(95% CI 0.58–0.98) for surgical site infections [16].

 Individual Component of ERAS and Long- 
Term Oncological Outcomes

 Minimally Invasive Surgery and Long-Term 
Oncological Outcomes

Reducing the surgical trauma by minimally invasive surgery 
may result in long-term oncological improved outcomes 
based on the effect on the surgical stress response and on the 
reduced morbidity within 30 days after surgery. Several stud-
ies have shown that both within and outside an enhanced 
recovery program, minimally invasive surgery results in 
improved immune function: lower IL-6 and VEGF levels and 
higher insulin-like growth factor-binding protein 3 
(IGFBP- 3), natural killer (NK) cell, and HLA-DR concen-
trations. Meta-analyses including different oncological sur-
geries demonstrate that minimally invasive surgery reduces 
complications, intraoperative bleeding, and infectious com-
plications [40–42]. In an RCT including 219 patients, it was 
shown that patients undergoing laparoscopic colectomy with 

Union for International Cancer Control (UICC) stage III dis-
ease had improved long-term survival. Recently it was also 
shown in patients with esophageal cancer that a hybrid pro-
cedure with open thoracic and minimally invasive abdominal 
procedure resulted in improved both short-term and long- 
term outcomes compared with the corresponding totally 
open procedure [43]. The disease-free survival did not reach, 
though, statistical significance. In a registry-based study, 
including only patients with UICC stage III colon cancer, it 
was also shown that the number of patients initiating chemo-
therapy within 4 weeks after laparoscopic surgery was statis-
tically significantly higher in minimally invasive compared 
to open surgery [44]. In addition to the advantages due to 
preserved immune function, reduced inflammatory stress 
response, and reduced postoperative complications, mini-
mally invasive hepatic surgery for hepatocellular carcinoma 
(HCC) may even reduce the number of circulating tumor 
cells [45]. There is an apparent imbalance between the strong 
experimental data and the few RCTs showing long-term 
oncological benefits and the meta-analyses demonstrating no 
advantage of minimally invasive surgery on long-term onco-
logical outcomes [46, 47]. This apparent inconsistency may 
be due to the selection of patients where the advantage of 
reduced stress response is lower than the population that is 
usually not included in randomized clinical trials. Subgroup 
analyses investigating frailty, tumor stage, and maybe even 
immune phenotype or microbiome may clarify in the future 
whether certain subgroups of patients may have an even 
higher expected advantage of minimally invasive surgery. 
Future investigation including characterization of the 
immune phenotype of the patient combined with the tumor 
phenotype may in addition result in the identification of 
patient groups that should be offered oncological “inferior 

ERAS with MIS
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Fig. 26.2 Return to intended oncological therapy (RIOT). The perioperative effects of surgery on time to adjuvant oncological treatment in 
patients undergoing standard care and in an enhanced recovery setting. MIS minimally invasive surgery
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surgery” due to a high risk of postoperative complications. It 
could be hypothesized that a patient with an apparently small 
tumor in the colon (clinically UICC stage I colon cancer) 
with a poor immune phenotype or high degree of frailty and/
or comorbidities may benefit from a combined endoscopic- 
laparoscopic procedure with excision of the tumor without 
segmental hemicolectomy. Advantages have been demon-
strated for patients with adenomas, showing that combined 
endoscopic-laparoscopic procedure results in improved 
recovery and reduced complications compared with the cor-
responding laparoscopic procedure with segmental resection 
[48]. Future studies should investigate whether this can be 
demonstrated in oncological patients.

 Analgesia in ERAS Protocols and Long-Term 
Oncological Outcomes

The potential benefits of multimodal analgesia may be 
through its opioid-reducing effect and effects on early mobi-
lization, reduced ileus, or early oral nutrition [49]. In addi-
tion, the individual components of a multimodal analgesic 
regime including epidural blockade or use of nonsteroidal 
anti-inflammatory drugs (NSAIDs) may have a separate 
effect on the metastatic process. As described elsewhere in 
this book, there is substantial evidence supporting the opioid- 
sparing effects of a multimodal analgesic regime. The use of 
morphine has in several studies shown to induce growth pro-
motion and cell migration in tumor cells [50]. Morphine may 
also have a direct effect on the endothelial cells by preparing 
the prometastatic niche. In experimental models, several 
studies have shown that morphine can promote both lung 
cancer and breast cancer metastases [51, 52]. Preliminary 
research has also shown these associations in clinical stud-
ies. This has been demonstrated in patients undergoing anal-
gesic treatment for prostate cancer and lung cancer. A central 
mechanism leading to cancer progression may be the mu 
opioid receptor. The mu opioid receptor is found in many 
non-neuronal tissues including immune cells and tumor 
cells. Thus, a high expression of mu opioid receptor has been 
found in colon cancer and prostate cancer tissues. In addition 
to these effects, morphine may also reduce tumor cell apop-
tosis, promote angiogenesis through VEGF, and suppress 
NK cell activity. A high use of opioids in the perioperative 
period may add to the prometastatic phenotype through 
direct effects on micrometastatic areas, circulating tumor 
cells, and suppressive effects on the cytotoxic immune 
response. Use of opioid-sparing anesthetic/analgesic tech-
niques may result in improved clinical outcomes. This has 
been shown in pioneering studies by Buggy and colleagues 
who, in a retrospective study, reported that the use of para-
vertebral anesthesia significantly improved recurrence-free 
and metastatic-free survival compared with general anesthe-

sia with opioids [53]. In patients undergoing surgery for 
esophageal squamous cell carcinoma, the authors investi-
gated the association between opioid use within a 10-day 
period after surgery and long-term oncological outcomes. In 
a propensity-matched analysis of 285 patients, it has been 
shown that high-dose postoperative opioid use was associ-
ated with a significantly higher hazard ratio for recurrence 
(hazard ratio 2.16; CI 1.58–2.95) [54].

Use of epidural blockade may also per se confer an advan-
tage due to the reduction of the endocrine metabolic stress 
response. In 588 patients undergoing colorectal cancer sur-
gery, it was shown in a Dutch study that the 5-year survival 
rate was 51% in the group treated with epidural analgesia 
compared with 42% in the no-epidural analgesia group. The 
advantage was present after adjusting for confounders and 
was even higher for the elderly patients [55].

The same results were also found in another study of 749 
patients undergoing colorectal cancer surgery where the 
5-year survival rate was 62% in the epidural analgesia group 
compared with 54% in the group without an epidural. Again, 
in a subgroup of patients with higher American Society of 
Anesthesiologists (ASA) class, the 5-year survival was even 
greater [56]. Finally, a survival advantage was also demon-
strated in a randomized trial including 177 patients undergo-
ing colon cancer surgery with epidural analgesia, but this 
result was only seen in the first 1.46 years after surgery [57].

An integrated part of regional blockade is the use of amide 
anesthetics. The effect of amide anesthetics on blocking 
nerve impulse propagation is ideal for treating perioperative 
pain in patients with cancer. The positive effects may be 
through a direct cytotoxic effect of local anesthetics on tumor 
cells including the inhibition of cellular pathways that are 
crucial for tumor progression. Amide anesthetics may in 
addition have a direct cytotoxic immune stimulatory effect. 
Thus, studies have shown that amide anesthetics may pro-
mote NK cell cytolytic activity. In addition, amide anesthet-
ics may block the negative effects of the pro-inflammatory 
stress response by attenuating TNFα (alpha)-induced effects. 
Finally, the effects of amide anesthetics may be on subcel-
lular levels by affecting Akt pathway and production of 
MMP-9 [58]. These aforementioned potential benefits are 
based on experimental studies. Several retrospective studies 
have shown long-term oncological benefits by the use of 
amide anesthetics in patients undergoing surgery for malig-
nant melanoma or breast cancer. Larger prospective trials are 
warranted before definitive conclusions can be made.

NSAIDs are an integral part of a multimodal analgesic 
regimen in many surgical procedures. Depending on the 
COX selectivity, the side effect profile varies considerably. 
In cancer surgery, use of the COX 2 selective NSAIDs, such 
as diclofenac and celecoxib, has proven to increase the risk 
of anastomotic dehiscence [59]. The same effects have not 
been shown in other NSAIDs such as ibuprofen. At the same 
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time, several studies suggest a pronounced anti- inflammatory 
response with the use of NSAIDs and even indicate a lower 
recurrence rate after surgery for breast cancer and hepatocel-
lular carcinoma [60, 61]. The mechanism by which NSAIDs 
reduce recurrence rate is believed to be through inhibition of 
the tumor-associated inflammation and reduction of angio-
genesis and lymph angiogenesis. This is primarily by target-
ing the COX-2 inflammatory pathway, which relies on 
prostaglandins. Prostaglandins have been shown to be essen-
tial for the tumor metastatic process. In addition to the pros-
taglandin inhibition and COX-2 pathway, NSAIDs also 
increase the expression of HLA class I and HLA-DR anti-
gens of cancer cells. In an unpublished study, the use of 
NSAIDs in the immediate postoperative days in patients 
undergoing colorectal cancer surgery has been associated 
with reduced recurrence rate even after controlling for a 
higher risk of postoperative anastomotic leakage. Future 
multimodal prospective RCTs could thus include NSAIDs 
due to their immune modulatory and anti-inflammatory 
effects and direct effects on the tumor microenvironment.

 Antimicrobial Prophylaxis and Mechanical 
Bowel Preparation

Bacteria in the bowel maintain the epithelial mucosal barrier 
function. In addition to this, colonic bacteria also break down 
ingested nutrients that can be more easily absorbed. The 
interaction between the bacteria in the bowel and the immune 
system leads to a maturation and development of both the 
adaptive and innate immune systems. The commensal bacte-
ria also result in a local milieu where colonization from 
pathogenic bacteria is prevented. The surgical stress response 
results in a dramatic change in the gut microbiota with both 
changes in the density of bacteria and function of these. This 
does not only happen in abdominal surgery where bowel 
resection is involved but can also be seen in patients having 
a burn injury. Obviously, a resection of the bowel will also 
result in a significant change in the mucosa-associated bacte-
ria with several hundredfold changes in the abundance of 
specific bacteria such as Shigella and Enterococcus species.

In recent years, there has been a major focus on the effects 
of mechanical bowel preparation and oral antibiotic treat-
ment on the risk of postoperative surgical site infections and, 
secondarily, the risk of cancer recurrence [62]. Pathogens in 
the bowel such as Enterococcus faecalis may, through high 
collagenase activity and through activation of MMP9, be 
leading to tissue breakdown and intestinal inflammation. 
Secondarily, the E. faecalis may also have an effect on the 
macrophages related to tissue healing, which might induce 
epithelial to mesenchymal transition in tumor cells and 
thereby a prometastatic phenotype.

Recent major registry-based studies indicate that a combi-
nation of mechanical bowel preparation and oral antibiotics 
may reduce the anastomotic leak rate [63]. It has been shown 
that combination treatment with mechanical bowel prepara-
tion and antibiotics reduces significantly the content of 
enterobacterial species. This may be associated with reduced 
systemic inflammation and secondarily reduced risk of 
recurrence. As mechanical bowel preparation also leads to a 
higher risk of perioperative dehydration in specific patient 
groups, it should be investigated further in the future which 
patients should be offered mechanical bowel preparation and 
oral antibiotics before cancer surgery.

 Perioperative Fluid Management

Fluid management is a central component of ERAS. Goal- 
directed fluid therapy (GDFT) is aimed towards giving the 
right amount of fluid at the right time in the perioperative 
setting. Both too liberal and too restrictive fluid therapy strat-
egies may have negative consequences. The right amount of 
fluid therapy including type and timing has to be based on a 
dynamic understanding of the hemodynamics in the periop-
erative period. By the use of minimally invasive techniques, 
cardiac output can be measured in the perioperative period 
leading to an optimized fluid therapy. Both arterial line- 
based pulse contour analysis and Doppler flow-based tech-
nologies may be used. The aim is to obtain the ideal perfusion 
at all times and thereby oxygen delivery.

The beneficial effects on long-term oncological outcomes 
have been demonstrated in the study by Gustafsson et  al. 
where patients receiving less than 3000 milliliters of fluids 
on the day of surgery had reduced cancer-specific death rates 
compared with the group receiving more than 3000 millili-
ters [64]. The significant difference was maintained after 
multivariate adjustments.

It is hypothesized that in oncological surgery, benefi-
cial long-term effects of goal-directed fluid therapy may 
be related to reduced postoperative complications and, in 
particular, reduced infectious complications. However, in 
the context of overall management using ERAS protocols, 
GDFT may not have as much a benefit as in traditional 
care pathways [65]. By preventing systemic inflammation 
and suppression of the adaptive immune system, an opti-
mized fluid therapy may translate into improved long-
term oncological outcomes. Finally, GDFT may also 
remove the necessity to give patients postoperative trans-
fusions, leading again to a theoretical benefit on the long-
term oncological outcomes. However, recent major 
randomized clinical trials have not demonstrated the same 
effects. Subgroup analyses including only oncological 
patients should be performed in order to identify certain 
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patients in specific high risk of recurrence who may ben-
efit from an intervention with GDFT.

 Early Oral Intake

Nutrition in patients scheduled for major surgery is a sub-
stantial challenge. In various reports, it has been shown that 
one out of three patients scheduled for oncological surgery is 
malnourished. The background for this malnutrition and 
weight loss is due to the catabolic effects of the tumor, tumor- 
induced anorexia, mechanical obstruction of the GI tract by 
the tumor, and reduced oral intake due to pain and anxiety. 
There is no gold standard for nutritional assessment even if 
there exist more than 30 nutritional risk assessment tools. 
However, it is important to have a thorough assessment of 
the patient’s nutritional status. The surgical stress response 
leading to pain, postoperative nausea and vomiting, immobi-
lization, and bowel dysmotility and placement of nasogastric 
tubes due to traditional practice may all compromise oral 
nutrition after surgery leading to an even higher risk of post-
operative complications, which may subsequently translate 
into poor oncological outcomes.

Randomized clinical trials including patients with ovarian 
cancer and major gastrointestinal surgery indicate that early 
oral feeding may translate into a reduced risk of postopera-
tive complications and improved immune response. In 143 
patients undergoing surgery for ovarian cancer, early oral 
postoperative feeding was associated with reduced postop-
erative complications and infectious complications com-
pared with traditional oral feeding [66]. No differences were 
found in other short-term outcomes such as analgesic treat-
ment, nausea, and vomiting. In an RCT of patients undergo-
ing major gastric intestinal surgery, indicators of immune 
response (measurement of subpopulations of lymphocytes) 
were measured in patients receiving a nasogastric tube with 
early enteral nutrition compared with water. The authors 
showed a preserved adaptive immune response with a higher 
number of NK cells and larger expression of HLA-DR in the 
early feeding group [67]. Both these results indicate that 
early nutrition may, through reduced complications and 
improved immune response, result in improved long-term 
oncological outcomes.

 Overall Effect of ERAS on Patient-Reported 
Outcomes

The complexity of surgery differs across surgical domains, 
disease, and most importantly the phenotype of surgical 
patients. Little knowledge has been reported on proper vali-
dated patient recovery measures and quality of life in 
patients undergoing surgery in ERAS settings [68, 69]. 

Identification of useful core, generic recovery parameters 
has so far been unsuccessful, and none have reached con-
sensus in the broader surgical community, reflecting the 
issues of transferability and comparability across surgical 
disciplines [70].

In 2018, the Standardized Endpoints in Perioperative 
Medicine Initiative published a systematic review and con-
sensus statement on patient comfort outcomes in clinical tri-
als within the ERAS setting [71]. Outcome measures 
included pain intensity (at rest and during movement) at 
24 hours postoperatively, nausea and vomiting (0–6 hours, 
6–24 hours, and overall), one of two measures of quality-of- 
recovery (QoR score or QoR-15), time to gastrointestinal 
recovery, time to mobilization, and sleep quality. These end-
points should be incorporated in the design of surgical clini-
cal trials in order to support future benchmarking and 
provide the groundwork for data pooling, meta-analyses, 
and exploration of long-term impact. Although very impor-
tant for future work and understanding of perioperative 
pathophysiological dynamics, none of the proposed end-
points directly cover long-term outcome measures beyond 
30  days after surgery. ERAS is indeed a well-established 
generic approach proven instrumental for optimal surgical 
recovery, but patient-centered recovery outcomes may not 
be considered generic or transferrable across surgical proce-
dures. Furthermore, the value of the proposed outcomes 
may change over time according to the different stages of 
the recovery process and disease in question. In this per-
spective, little is actually known about what matters most to 
patients long term. Interestingly and very importantly in this 
context, discrepancy between objective measures and 
patient- reported outcomes (PROs) has shown to differ sub-
stantially [72].

Few properly designed studies have investigated the 
recovery of patients in the ERAS setting. Furthermore, stud-
ies do often not include validated techniques. The informa-
tion on long-term post discharge recovery is of increasing 
importance as convalescence from surgery has shifted to the 
outpatient setting, as time in hospital has decreased dramati-
cally in the past decades. As an example, the pioneering 
work by Henrik Kehlet revealed that acute postoperative pain 
was accompanied by persistent pain in 10–50% of patients 
following common types of surgery [73]. Specifically for 
colorectal cancer patients, the incidence of chronic pain has 
been described as high as 17% of patients undergoing major 
colorectal cancer surgery [74].

A recent study by Deiss et al. investigated PROs at 6 months 
after colorectal cancer surgery in an ERAS setting [75]. A total 
of 324 consecutive patients were included in the study. In total, 
19% of patients reported persistent surgical pain, 20% of 
patients reported readmission, and 14% of patients reported 
less than complete satisfaction with their hospital stay. Of the 
patients reporting pain, 63% of patients reported taking medi-
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cation, more than half of whom were taking opioids. The 
authors did not identify any association between preoperative 
pain levels and 6-month outcomes, nor were preoperative pain 
levels associated with higher postoperative pain levels. Of the 
patients reporting less than complete satisfaction with their 
hospital stay, postoperative pain and the occurrence of postop-
erative complications were the most prominent reasons. Shida 
et al. evaluated the QoR-40 questionnaire in a Japanese cohort 
of patients undergoing primary colorectal cancer resection 
using an extensive local ERAS protocol [76]. The QoR-40 is a 
5-point Likert scale patient-rated questionnaire designed to 
measure across five dimensions of patient recovery. The 
authors investigated quality of recovery (QoR) at POD 1, 3, 6, 
and 30 days after surgery compared with a baseline preopera-
tive status. A total of 90 consecutive patients were enrolled in 
the study with a mean age of 67.7 years. As for other studies 
within the ERAS literature, laparoscopic surgery was only 
applied in under half of the cases, and the study presented a 
median length of stay of 7.8 days. Across all five dimensions, 
patients’ QoR scores decreased at POD 1 but recovered at 
POD 30, including dimensions of physical comfort and pain. 
The authors identified patients of young age and rectal tumor 
location as risk factors of poor recovery. The surgical approach 
being either laparoscopic or open did not influence early 
recovery after ERAS surgery.

Jakobsen et  al. investigated the effect of ERAS imple-
mentation on convalescence after colonic surgery compared 
with conventional care in a Danish cohort of patients [77]. 
The main outcomes included fatigue, need for sleep, instru-
mental activities of daily living (IADL), basic activities of 
daily living (BADL), need for social and home care, contact 
with general practitioners, and readmission rate. The study 
was performed in a prospective, controlled, non-randomized 
interview-based design comparing outcomes in 194 patients 
undergoing open colonic surgery. Patients undergoing 
colonic resection in the fast-track program regained func-
tional capabilities earlier, with less fatigue and need for sleep 
compared with conventional care. The patients subjected to 
fast-track surgery were discharged earlier than using conven-
tional postoperative care, but the authors found no difference 
in need for home care, social care, or general practitioner 
(GP) visits. In spite of higher readmission rates (20% vs. 
10%) in the fast-track group, the total mean hospital stay was 
shorter in the ERAS group (4.2 days vs. 8.3 days).

 Organ-Specific Interventions in an ERAS 
Setting

Postoperative recovery after ERAS surgery constitutes a 
complex set of outcomes, which needs further investigation 
and consensus clarification—preferably in the context of 
specific diseases and surgical procedures using modern 

updated techniques. Organ-specific interventions deserve 
mentioning and may confer excellent strategies toward 
improvement of outcome after surgical procedures as there is 
currently a clinical need for stratified perioperative interven-
tions according to patient phenotype.

 Postoperative Pulmonary Complications

Postoperative pulmonary complications (PPCs) are frequent 
complications encountered after major abdominal surgery. 
The reported incidence of PPC is more than 10% after non- 
cardiac surgery [78]. Among other factors, prior medical his-
tory of chronic obstructive pulmonary disease (COPD), 
smoking history, duration of surgery, age, and high ASA 
class status are risk factors for PPC.

In 2018, Boden et al. published the results of a pragmatic 
multicenter randomized placebo controlled trial investigat-
ing the effect of preoperative physiotherapeutic interventions 
prior to surgery [79]. The authors compared preoperative 
physiotherapeutic education and training against standard 
care. A total of 441 patients were randomized to preoperative 
30 minutes face-to-face physiotherapy education and train-
ing sessions within 4 weeks of surgery. The primary outcome 
included PPCs within 14 postoperative days or hospital dis-
charge. From postoperative day 7 and onward, the assessors 
evaluated PCC only in clinical suspected cases. Overall, 20% 
of all patients experienced PPC. The intention to treat analy-
sis showed an absolute risk reduction of 15% (95% CI; 
7–22%, p = 0.001) when adjusted for differences in baseline 
variables. The number needed to treat was 7 (95% CI; 5–14). 
Secondary outcomes included postoperative infectious pul-
monary complications. Hospital-acquired pneumonia was 
halved in the physiotherapy group compared with standard 
care. The number needed to treat was 9 (95% CI; 6–21). The 
authors found no difference in hospital length of stay, 
unplanned readmissions, or length of stay in intensive care 
units. PPC was associated with increased mortality at all 
time points after surgery. Subgroup analysis identified pre-
operative physiotherapy as a main driver of better postopera-
tive short-term outcome after colorectal cancer surgery. A 
post hoc per protocol subgroup analysis indicated a 12-month 
survival benefit in participants educated by an experienced 
physiotherapist. The results of the study are in line with pre-
vious findings. A previous Swedish trial found a similar 
reduction in PCC of 78% after abdominal surgery [80].

 Myocardial Injury After Non-cardiac Surgery 
(MINS)

Myocardial injury after non-cardiac surgery (MINS) is a sig-
nificant clinical finding after CRC surgery [81]. MINS is 
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associated with mortality after surgery due to major vascular 
complications. Patients diagnosed with cardiovascular dis-
ease going into surgery have a higher risk of MINS. Recently 
the MANAGE (Management of Myocardial Injury After 
Noncardiac Surgery) trial, a multicenter international RCT, 
investigated the impact of twice daily 110  mg dabigatran 
compared with a placebo [82]. The primary endpoint was 
occurrence of major vascular complications (vascular mor-
tality, nonfatal myocardial infarction, nonhemorrhagic 
stroke, peripheral arterial thrombosis, amputation, and 
symptomatic venous thromboembolism) up to 2 years after 
randomization (postoperative MINS after surgery). Safety 
outcomes included a composite of life-threatening, major 
critical organ bleeding. A hazard ratio (HR) of 0.72 (95% CI; 
0.55–0.93, p = 0.0115) was found in the dabigatran group. 
The safety outcomes were not statistically significant, HR 
0.92 (95% CI; 0.55–1.53, p  =  0.76). Among patients with 
MINS, dabigatran 110  mg twice daily lowered the risk of 
major vascular complications, with no significant increase in 
major bleeding. An estimated 8 to 10 million people develop 
MINS each year, making this condition a potential major 
driver of postoperative adverse outcomes and a potential tar-
get for perioperative interventions [83]. Most ERAS proto-
cols are developed on a one-size-fits-all backbone, which 
does not take individual needs into consideration. Stratified 
perioperative treatment alongside the fundamental principles 
of ERAS using, e.g., early mobilization, no excess use of 
drains, and early feeding should call for investigations. 
Adding dabigatran and preoperative physiotherapy counsel-
ing may improve patient outcomes dramatically. However, 
the important patient identification tools are missing, and 
current protocols do not consider organ-specific targeting.

 Conclusion

A multitude of factors in the perioperative period has an 
impact on short- and long-term outcomes after oncological 
surgery. These factors are both unmodifiable patient-related 
risk factors and modifiable factors related to surgical 
approach and perioperative treatment protocols. There are 
apparently essential elements in the ERAS approach that 
may have instrumental effects on long-term oncological out-
comes. Important aspects are the magnitude of adherence to 
ERAS, anesthetic modality, analgesic treatment, and magni-
tude of surgery. There is ample experimental evidence and 
limited clinical observational studies supporting this. The 
high-quality clinical evidence, however, is generally lacking. 
Within the next few years, the results from major multi- 
institutional and multinational randomized clinical trials 
examining anesthetic modality may help us better under-
stand the importance of the intraoperative exposure of the 
oncological patient to different stressors, such as choice of 

intravenous or inhalational anesthesia. In general, there is a 
need for greater understanding of the individual risk factors 
for the patient scheduled for oncological therapy in order to 
tailor the right treatment protocol for the right patient at the 
right time by the right team.
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Postoperative Ileus: Prevention 
and Treatment

Alfred Adiamah and Dileep N. Lobo

 Introduction

Postoperative ileus (POI) is the transient cessation of gut 
motility after surgery. The original Greek derivative of ileus, 
εἰλεός (eileós), describes “intestinal twisting” and is more 
synonymous with classical descriptions of volvulus and 
intussusception [1]. However, modern usage refers to the 
paralysis of gastrointestinal (GI) motility rather than a 
mechanical obstruction [2]. POI commonly occurs after gas-
trointestinal surgery but is also reported in other types of sur-
gery (including orthopedic, gynecological, and urological 
surgery) [3–6]. It is associated with increased patient mor-
bidity, length of hospital stay (LOS), and hospital costs [7–
9]. Some studies have reported an increase in 30-day 
readmission rates [10] in patients who develop POI.  A 
nationwide population study from the United States found 
that POI occurred after up to 19% of abdominal operations, 
leading to a prolonged mean LOS (11.5 days vs. 5.5 days) 
and costing substantially more ($18,877 vs. $9460) per 
patient who develops POI. The total estimated annual cost of 
POI to the US health economy was estimated as $1.46 billion 
[7]. Therefore, approaches to prevent and treat POI have 
been research priorities, especially in the era of enhanced 
recovery after surgery (ERAS).

 Definitions

In classical literature, the sine qua non of ileus was defined 
by the clinical triad of abdominal pain, obstipation, and vom-
iting—symptoms present in most causes of bowel obstruc-
tion as well [1, 2]. Current definitions require a postoperative 
period, the absence of a mechanical obstruction, and an 
expanded scope of symptoms that includes abdominal dis-
tension, abdominal pain, nausea, vomiting, obstipation, and 
an intolerance to fluids [2].

Intra-abdominal surgery, and in particular surgery involv-
ing mobilization and resection of the bowel, is expectedly 
associated with a transient period of impaired gastrointesti-
nal tract motility—a so-called physiological ileus [2, 11]. 
This period of transient physiological cessation of gut motil-
ity appears to be a part of the physiological response to the 
stress of surgery. The duration of this physiological ileus var-
ies and reportedly lasts up to 24 hours in the small bowel, 
24–48 hours in the stomach, and 48–72 hours in the colon 
[11, 12]. Duration of symptoms longer than 3–5 days would 
be atypical for physiological ileus. Therefore, persistence of 
symptoms at 3 days for laparoscopic surgery and 5 days for 
open surgery—in the absence of a mechanical cause, or overt 
postoperative complication such as an anastomotic dehis-
cence or intra-abdominal collection—meets the current defi-
nition of postoperative ileus (Tables 27.1 and 27.2) [2, 11].
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Table 27.1 Definitions of postoperative ileus (POI) [2, 11]

POI Transient cessation of coordinated bowel motility after 
surgical intervention, which prevents effective transit 
of intestinal contents or tolerance of oral intake

Primary 
POI

Occurs in the absence of any precipitating cause

Secondary 
POI

Ileus in the presence of a complication (e.g., sepsis, 
anastomotic leak)

Recurrent 
POI

Is the occurrence of ileus after an apparent resolution 
of the immediate POI

Prolonged 
POI

>3 days for laparoscopic surgery
>5 days for open surgery
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 Pathophysiology

Gastrointestinal peristalsis allows propulsion of intestinal 
contents, while segmentation contractions ensure mixing of 
ingested materials [13]. These motor patterns are achieved 
through coordinated activity between the central and periph-
eral nervous system, with involvement of sensory and hor-
monal networks, smooth muscle cells, and gut flora [11]. 
This complex system of interaction is potentially disturbed 
by the physiological response to surgical stress in primary 
postoperative ileus or to the secondary insults such as 
 collections or anastomotic leak as occurs in secondary POI 
[2, 12]. The overall consequence of a disturbance to any of 
the neuronal, sensory, motor, and hormonal pathways is dis-
organized electrical activity and paralysis of the affected 
intestinal segments [11]. This lack of coordinated electrical 
activity disables the propulsive action of the gut with the 
resultant intraluminal accumulation of gas and fluid—the 
clinical consequences of which are abdominal distention, 
pain and discomfort, nausea and vomiting, and an intoler-
ance to oral intake [11].

Neural reflexes activated during and immediately after 
surgery mediate the first phase of POI. Sympathetic activ-
ity and an increase in adrenergic motor neuronal activity 
following the skin incision lead to the release of 
corticotrophin- releasing factor, which has an inhibitory 
effect on gut motility and precipitates the initial acute 
intestinal paralysis [14]. Noradrenergic pathways are also 
implicated in the initial arrest of peristalsis [15]. However, 
the use of beta-blockers to modulate gut response to 
adrenergic stimulation has not been shown convincingly 
to be beneficial [16].

The inflammatory response to surgery mediates the 
second phase of POI, which is thought to occur 3–4 hours 
after surgical manipulation. The release of cytokines and 
chemokines, which are proinflammatory mediators, 
causes the activation of phagocytes and migration of leu-
kocytes to the muscularis externa [17, 18]. Activated 

phagocytes in turn release hormonal mediators such as 
nitrous oxide and prostaglandins, which directly inhibit 
smooth muscle contractility. Acetylcholine can reduce 
cytokine release by intestinal macrophages [19], and it 
has been proposed as a mechanism of modulating or 
attenuating the inflammatory response to surgery during 
the second phase of POI. Other pathophysiological mech-
anisms include direct bowel handling. Over-manipulation 
of bowel appears to lengthen the duration of POI poten-
tially by increasing the systemic inflammatory response. 
Bowel handling is minimized but not obviated in minimal 
access procedures, and in these instances the incidence 
and duration of POI are also consequently reduced [11].

Electrolyte disturbance is one of the commonly ascribed 
causes of all paralytic ileus and includes hypokalemia, 
hypocalcemia, and hypomagnesemia. Smooth muscle con-
tractility is dependent on extracellular calcium influx 
through voltage-dependent calcium channels whose depo-
larization is intrinsically dependent on potassium. 
However, the state of potassium and its bioavailability are 
linked to magnesium. Therefore, electrolyte disturbances 
of any of these key electrolytes involved in effective 
smooth muscle contractility are implicated in all causes of 
paralytic ileus [20, 21].

The perioperative use of fluids, and in particular crystal-
loids, has shown them to be important mediators of delayed 
gastric motility and function. The mechanisms are not 
entirely clear, but fluid overload induces edema, which at the 
molecular level interferes with the activation of signal trans-
duction and synthetic pathways involved in inducing smooth 
muscle contractility such as activator of transcription-3 and 
NF-kB [21]. Avoidance of salt and water overload is now 
advocated to prevent fluid overload and ensure judicious 
intraoperative fluid administration guided by stroke volume/
cardiac output monitoring [20].

Given the complexity of the pathway that controls peri-
stalsis, it is appreciable that the sympathetic inhibitory 
reflexes—stress responses, inhibitory mediators of the 
inflammatory response, humoral agents, and anesthetic and 
opioid analgesic agents—all to some extent play a role in its 
pathophysiology. This understanding of the complexity of its 
pathogenesis (Fig. 27.1) mandates a polymodal approach to 
its prevention and treatment.

 Risk Factors

Risk factors and possible mechanisms for POI are summa-
rized in Table 27.3 [22–30].

Table 27.2 Sub-classification

Type Definition
1 Affects the entire gastrointestinal tract with nausea, vomiting, 

and a failure to pass flatus or stool
2 Affects the upper gastrointestinal tract with nausea and 

vomiting, but with the presence of colonic activity
3 Manifests as no passage of flatus and/or stool, but with 

tolerance of diet

Reprinted with permission from Bragg et al. [11]
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Histamine 
TNF-α
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Fluid overload

Opioid analgesia
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Vomiting 
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Absolute constipation
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Intestinal edema and
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Activation of opioid
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intestinal motility

Changes in gut
peptides: motilin,
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Fig. 27.1 Schematic diagram showing proposed mechanisms for the pathogenesis of postoperative ileus. (Adapted with permission from [11])

Table 27.3 Risk factors for postoperative ileus

Risk factor Possible mechanisms
Increasing age [22, 23] Reduced overall capacity for the body to recover from surgical insult [23]
Male gender [24] Increased inflammatory response to surgery [25]

Increased pain threshold in males [26], resulting in higher catecholamine release 
[27]

Low preoperative albumin [24] Increased edema and stretch of gut
Acute and chronic opioid use [22, 28] μ(mu)-opioid receptor stimulation ameliorates peristalsis [23, 29]
Previous abdominal surgery [22] Increased need for adhesiolysis, increased bowel handling
Pre-existing airways/peripheral vascular disease [24] Reduced physiological reserve
Long duration of surgery [24, 28] Increased bowel handling [30] and opiate use
Emergency surgery [25, 26] Increased inflammatory and catecholamine response; secondary causes of POI
Blood loss and need for transfusion [22–24, 28] Increased crystalloid administration resulting in edema
Procedures requiring stomas [25] Edema in abdominal wall muscle and cut bowel

Adapted from Ref. [11]
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 Complications of Ileus

The clinical consequences of postoperative ileus include 
aspiration of enteric contents and, therefore, aspiration 
pneumonia [2, 31]. Fluid and electrolyte imbalance and a 
disturbance in renal function also occur not too infre-
quently [20, 32]. Nutritional deficits, malnourishment, 
and its sequelae, such as impaired immunity and a risk of 
sepsis, further complicate the postoperative course in 
patients who develop POI [11]. Prolonged POI may neces-
sitate the need for parenteral nutrition, which comes with 
associated risks. The cumulative effect of which is an 
increased length of hospitalization and increased treat-
ment cost [7, 8].

The most important complication of postoperative ileus is 
the significant impact it has on the patient reported quality of 
life [33]. Every symptom of POI—distension, pain, and per-
sistent nausea and vomiting—is all noted to negatively affect 
quality of life and impair clinical progress.

 Management of Postoperative Ileus

The management approaches for POI can be subdivided into 
preventative strategies, supportive measures, and directed 
therapies. Perioperative approaches to prevent the occur-
rence of POI require a change in perception of its inevitabil-

ity to recognition of this complication as a potentially 
avoidable event. Some of the strategies in prevention include 
choice of anesthesia, surgical technique, and postoperative 
analgesics (Fig. 27.2).

Supportive measures include early removal of nasogastric 
(NG) tubes or avoidance of routine NG intubation, early 
ambulation, early oral feeding, and prokinetic agents. These 
strategies have been incorporated into fast-track protocols 
designed to shorten POI and hasten discharge. The final 
component involves therapeutic interventions to reduce the 
duration of POI when it does occur. For some of these com-
ponents, evidence is strong for their use, and for others evi-
dence is weak or conflicting.

 Prevention Strategies

 Perioperative Phase

 Salt and Water Management
The goal of perioperative fluid therapy is to maintain normo-
volemia and end-organ perfusion during surgery. However, 
surgery itself causes an increase in hormonal signaling path-
ways (via ADH, cortisol, and aldosterone) leading to both 
salt and water retention [32]. Excessive perioperative fluid 
administration can therefore compound the state of fluid 
retention and lead to an increase of 2–3 kg of body weight, as 

Strategies to prevent POI

Intraoperative phase

Postoperative phase

Lap surgery

Thoracic
epidural

Consider

Avoid

POI

Consider

Avoid

Opioids

NG tubes
Salt and water

overload

Early oral
nutrition

Early
ambulation

Prokinetics
laxatives

Chewing
gum

NSAIDs

Routine NG
tubes

Opioids

Fig. 27.2 Preoperative, 
intraoperative and 
postoperative approaches to 
reduce the risk of 
postoperative ileus (POI). Lap 
laparoscopic, NG nasogastric, 
NSAIDs nonsteroidal 
anti-inflammatory drugs
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a result of a redistribution of fluid to the interstitial spaces. 
While this can induce cardiopulmonary overload, the edema 
can also potentiate the risk of both POI and anastomotic leak 
[32, 34]. In a randomized controlled trial (RCT) by Lobo 
et al., patients who received liberal fluid therapy, when com-
pared to a group receiving a more restricted fluid therapy 
intraoperatively, had almost double the gastric emptying 
time as well as increased time to passing flatus and to passing 
stool. They also had more complications and longer duration 
of in-hospital stay [20].

The administration of 0.9% saline alone in this setting 
further exacerbates the imbalance of both micronutrients 
and electrolytes, particularly Na+, K+, and Cl−, which are 
central in facilitating smooth muscle contractility. Both 
under- and over-administration of fluid lead to complica-
tions. Techniques to support goal-directed fluid administra-
tion, such as esophageal Doppler, LiDCO (LiDCO Ltd., 
Cambridge, UK), or PiCCO (Philips Healthcare, the 
Netherlands), can be utilized to achieve this [32]; however, 
the evidence for benefit remains conflicting [35, 36]. The 
use of balanced fluids, to achieve a state with a negligible 
gain in weight, is the ideal.

 Opioid-Sparing Analgesia
The routine use of opioids in the postoperative period, while 
an effective means of providing pain relief, is implicated in 
perpetuating POI.  The negative effects of opioids can be 
avoided or substantially minimized by employing alternative 
analgesic options such as epidural analgesia and intravenous 
lidocaine.

Midthoracic Epidural Analgesia
Adequate postoperative analgesia is achievable with epidural 
analgesia (EA), eradicating the need for opioids. Additionally, 
there is accumulating evidence to suggest that EA with local 
anesthetic directly reduces the duration of POI due to its 
inhibitory effect on sympathetic nervous afferents to the gas-
trointestinal tract [15]. Several meta-analyses, and a 
Cochrane review comparing epidural analgesia with local 
anesthetic vs. systemic opioids in open abdominal surgery, 
demonstrated a reduction in gastrointestinal paralysis [37, 
38]. However, examining the role of EA in laparoscopic sur-
gery with regard to POI remains inconclusive [39, 40].

Intravenous Lidocaine
A randomized clinical trial comparing thoracic EA (TEA) 
with intravenous lidocaine demonstrated similar postopera-
tive pain scores, duration of ileus, and LOS after colorectal 
surgery, [41] suggesting that the two approaches are equally 
efficacious. Typically, lidocaine is administered as an intra-
venous (IV) bolus (1.5–2 mg/kg) followed by a continuous 
infusion at 1.5–3 mg/kg/h for up to 24 hours postoperatively. 
The improvement in postoperative pain scores at 6 hours and 

24 hours with the use of intravenous lidocaine and culmi-
nates in a reduction in total opioid consumption. This was 
confirmed in a meta-analysis that examined IV lidocaine vs. 
controls and demonstrated reduction in opioid use, shorter 
time to passage of flatus and to first bowel movement [42].

 Surgical Approach
Minimally invasive techniques have been consistently shown 
to be associated with decreased postoperative pain, faster 
recovery time, and shorter length of stay for the majority of 
GI surgical procedures when compared with similar proce-
dures undertaken as traditional open laparotomy. The 
decreased pain would coincidentally further reduce the need 
for opioid analgesia. A study that evaluated gastrointestinal 
transit time in both laparoscopic and conventional open sur-
gery using radiopaque markers demonstrated faster transit in 
laparoscopic surgery patients [43]. These patients also had 
shorter time to first flatus and first bowel movement. The 
mean time to first passage of flatus and motion was 50 hours 
and 70 hours in laparoscopic cases and 79 hours and 91 hours 
in conventional cases (P < 0.01), respectively [43].

 Nasogastric Tubes
Historically, the use of NG tubes in GI surgery, and in par-
ticular surgery requiring bowel anastomosis, was to decom-
press the stomach and reduce the risk of anastomotic leakage. 
However, this practice was without concrete evidence of 
benefit. More recently, the prophylactic use of NG tubes was 
examined by a Cochrane review in elective surgery [44–46]. 
The authors found that it had no impact on recovery of bowel 
function or protecting bowel anastomoses. Additionally, they 
found no reduction in pulmonary complications, no reduc-
tion in length of stay, and no benefit in improving patient 
comfort [44–46]. Contrastingly, time to first flatus was ear-
lier in those without an NG tube (0.51 days earlier; WMD, 
95% CI 0.45–0.56; P  <  0·00001). The current evidence 
therefore does not support the routine placement of NG tubes 
after GI surgery.

 Postoperative Phase

 Early Oral Feeding
The implementation of ERAS protocols, which include insti-
gating early oral nutrition, has led to beneficial effect on 
reducing LOS [47] and infectious complications [48]. A 
recent meta-analysis of early oral nutrition [49] advocates its 
use for reduction in POI, having considered time to flatus, 
vomiting, and need for NG tube reinsertion. In these analy-
ses there was no evidence of an increased risk of anastomotic 
leakage [47, 50] in patients who had early oral nutrition. A 
Cochrane review on early oral nutrition and postoperative 
complications [51] found no benefit in delaying feeding.

27 Postoperative Ileus: Prevention and Treatment
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 Prokinetics
As part of the multimodal approach to POI, prokinetics have 
been shown to play a role, with combination of 5-HT3 recep-
tor antagonists with dexamethasone having been reported to 
be particularly effective [52]. Mosapride, a selective 5-HT4 
agonist that acts as a gastroprokinetic, was investigated in 
two clinical trials that included patients undergoing colonic 
resection. In both studies there was a reduction of time to 
first flatus, first bowel movement occurring, and length of 
hospital stay (6.7 vs. 8.4 days). It has been suggested that the 
effect of mosapride on reducing POI may also be influenced 
by its anti-inflammatory properties on the GI tract [53].

 Laxatives
The use of laxatives in colorectal surgery is recommended as 
part of a multimodal postoperative rehabilitation program 
[54]. Investigations of its use to prevent or ameliorate POI 
largely come from studies on gynecological surgery [55, 56]. 
An RCT in women undergoing abdominal hysterectomy [57] 
demonstrated a reduction in median time to first postoperative 
defecation from 69 hours in the placebo group to 45 hours in 
the laxatives treated group (P < 0.0001). The combination of 
postoperative laxatives and oral nutritional supplements on 
gastrointestinal function was further investigated in a study of 
patients undergoing liver resection in an enhanced recovery 
setting. Those receiving laxatives passed stool at 4  days 
(3–5  days) and those not receiving laxatives at 5  days 
(4–6  days); P  =  0.034. Oral nutritional supplementation in 
this setting did not affect gastrointestinal recovery [58].

 Chewing Gum
Chewing gum is a form of sham feeding that is thought to 
stimulate gastrointestinal recovery postoperatively without 
challenging the system with actual food. Studies on this 
topic have overwhelmingly been of poor methodological 
quality and have yielded conflicting results. A meta-analysis 
of 17 studies examining chewing gum after abdominal sur-
gery demonstrated favorable results for gum chewing in time 
to first flatus, time to first bowel movement, and LOS [59]. 
Given the low side effect profile and emerging evidence, 
gum chewing could play a helpful role in a multimodal 
approach to POI. However, in a recent RCT where patients 
were managed with ERAS principles, chewing gum did not 
add a benefit [60].

 Nonsteroidal Anti-inflammatory Drugs
The use of nonsteroidal anti-inflammatory drugs (NSAIDs) 
is advocated as part of a multimodal postoperative analgesic 
strategy that helps curtail opioid consumption. Interestingly, 
the mechanism of action of NSAIDs in inhibiting cyclooxy-
genase (COX) pathways is potentially exploited in reducing 
the incidence of POI. There is evidence from both animal 
[61] and human studies [62] to suggest that COX-2 inhibi-

tion shortens POI. This hypothesis was further examined in a 
trial of NSAIDs in abdominal surgery, which demonstrated a 
reduction in POI rates in the NSAIDs arm. Surprisingly, 
there was no difference in opioid usage between the NSAIDs 
arm and controls [63].

NSAIDs can impair the process of tissue healing and 
could, therefore, provoke failure of anastomosis healing. 
However, the results of the currently available studies on its 
negative side effects remain conflicting [63–68].

 Alvimopan
Opioid analgesics exacerbate ileus through peripheral μ(mu)-
opioid receptor action [11]. Alvimopan, a competitive 
μ(mu)-opioid receptor antagonist, has been proposed to alle-
viate postoperative ileus [69]. In studies of its use in open GI 
procedures, its use led to a shorter time of resolution of GI 
function and shorter length of hospital stay [69]. However, as 
opioid-induced impairment of gastrointestinal motility is 
only one of several pathophysiological mechanisms that pre-
cipitates ileus, it is very conceivable that its use will be lim-
ited [11]. Additionally, it is associated with significant cost 
outlay, with the most recent figures suggesting cost of $158 
per 12 mg capsule. Alvimopan was seen to be beneficial in 
three phase III trials on surgery requiring bowel resections 
[70]. However, it had minimal benefit on gastrointestinal 
recovery in patients undergoing hysterectomies [71]. There 
was no significant benefit seen in patients undergoing laparo-
scopic surgery [72, 73] suggesting it is less useful in those 
scenarios. Likewise in the setting of an enhanced recovery 
program the impact of Alvimopan was reduced [74, 75]. 
Alvimopan still remains a promising drug and has a potential 
role in the treatment paradigm of POI. However, it must be 
noted that benefit appears to be limited to gastrointestinal 
surgery with bowel resection but is less relevant in cases of 
POI from non-resectional surgery.

 Treatment

The treatment of POI is mainly directed at supportive ther-
apy and symptom control. To avoid the risk of aspiration, NG 
tube placement for gastric decompression is the mainstay of 
treatment together with fluid and electrolyte replacements. 
Plain abdominal radiograph, with or without water-soluble 
contrast media (WSCM) such as Gastrografin, may aid the 
diagnosis—or at least helps with the exclusion of mechanical 
causes of small bowel obstruction. Cross-sectional imaging 
may also aid in identifying secondary causes of ileus, such as 
anastomotic leak and intra-abdominal collections.

Increasingly water-soluble contrast media (WCSM) are  
being employed as a therapeutic modality in adhesive small 
bowel obstruction [76]. It has been shown that patients 
administered Gastrografin who had contrast in their colon 
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were more likely to have POI resolve, obviating the need for 
surgical intervention [77]. Additionally, in these cases, there 
was a decreased LOS of −1.87 days [77]. While, it has utility 
as a diagnostic modality that encourages earlier decision- 
making, its therapeutic role is still debated. In POI, the diag-
nostic attributes of WSCM can be appropriated as the lack of 
contrast in the colon may delineate ongoing ileus. However, 
any therapeutic role of WSCM in this setting has not been 
examined.

 Other Future Therapies

Several meta-analyses have demonstrated a reduction in 
postoperative opioid usage following intraoperative adminis-
tration of magnesium. The reduction in opioid use would 
reduce the risk of POI attributable to opioid use. A small 
RCT [78] demonstrated a reduction in POI in patients receiv-
ing intravenous magnesium. The abundant presence of nico-
tinic acetylcholine receptors in the colon renders them 
important therapeutic targets. In healthy volunteers, nicotine 
administration resulted in a reduction in total colonic transit 
time [79]. However, these potential treatments require fur-
ther rigorous study before they can be considered feasible 
treatment options.

 Conclusion

Postoperative ileus is in itself a physiological response of the 
gastrointestinal system to the stress of surgery. The prolonged 
phase is, however, pathological and precipitated by multifac-
torial processes. It is for this reason that single agents used in 
isolation do not show significance in trials. The approach 
required to reduce the incidence and duration when ileus 
occurs lies in the application of preventative and supportive 
measures addressing the different underlying causes of this 
debilitating postoperative complication. Less use of opioids, 
avoidance of salt and water overload, no NG tubes or early 
removal of NG tubes, early initiation of oral intake, early 
mobilization and chewing gum are all likely to play roles in 
the multimodal, fast-track approaches to postoperative ileus.
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Antibiotic Prophylaxis and Surgical Site 
Infection Prevention

Ho-Seong Han and Do Joong Park

 Introduction

Surgical site infection (SSI) refers to infection arising in the 
tissue, organ, or space that has been exposed during surgery. 
SSIs are classified as incision site or organ space infections. 
Incision site infections can be either superficial (occurring in 
the skin or subcutaneous tissue) or deep infections [1]. SSI is 
associated with the degree of bacterial contamination during 
surgery, the duration of surgery, and underlying conditions 
[2]. There are many risk factors for SSIs, such as older age, 
diabetes mellitus, immunosuppression, obesity, malnutri-
tion, organ failure, anemia, chronic inflammation, poor skin 
preparation, inappropriate antibiotic prophylaxis, blood 
transfusion, hypoxia, hypothermia, prolonged surgery, and 
long hospital stays [3–5].

 Pathogenesis

The interaction between bacterial invasion and host defenses 
can have several consequences, i.e., local infections (such as 
cellulitis, lymphangitis, and severe soft tissue infection) or 
systemic infection, which means that local defense mecha-
nisms have been inadequate, resulting in increased morbidity 
and mortality. The condition can be worsened by the pres-
ence of systemic infection in conjunction with a serious local 
infection, and chronic abscesses may occur after intermittent 
drainage or bacteremia.

Infection can be defined as a condition in which bacteria 
are identified in tissues or the bloodstream, resulting in an 
inflammatory reaction. Redness, pain, fever, and edema are 
often found in infected areas. In healthy people with normal 
defense mechanisms, most infections cause systemic symp-
toms (such as elevated body temperature, increased leuko-
cyte count, tachycardia, and tachypnea), in addition to local 
symptoms. These symptoms constitute the systemic inflam-
matory response syndrome (SIRS). SIRS can be caused by a 
variety of diseases, including pancreatitis, trauma, tumors, 
and blood transfusions, in addition to infection. SIRS arising 
as a result of infection is defined as sepsis and is caused by a 
series of processes that result from the release of inflamma-
tory mediators after exposure to bacteria [6]. Inflammatory 
mediators include endotoxins produced by Gram-negative 
bacteria, peptidoglycan and teichoic acid from Gram-positive 
bacteria, and the cell wall components of yeast and fungi. 
The patient develops sepsis when the clinical diagnostic cri-
teria of SIRS are present and there is a source of local and 
systemic infection. Severe sepsis refers to cases of sepsis 
with newly developed organ failure. Patients with sepsis who 
require mechanical ventilation that do not produce adequate 
amounts of urine despite a sufficient supply of fluid or have 
hypotension that requires vasoconstrictor treatment are con-
sidered to be highly likely to develop severe sepsis. Septic 
shock is defined by acute circulatory insufficiency with 
hypotension that persists despite an adequate supply of fluid. 
It is the most serious form of infection and is associated with 
a high mortality rate [7].

 Pathogens

Common causes of infection in surgical patients include bac-
teria, fungi, and viruses (Fig. 28.1), with bacteria accounting 
for the majority of surgical infections. Gram-positive bacte-
ria are the most common causes of infection in surgical 
patients, including aerobic skin bacteria (e.g., Staphylococcus 
aureus, Staphylococcus epidermidis, Streptococcus pyo-
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genes) and intestinal bacteria (e.g., Enterococcus faecalis 
and Enterococcus faecium). Aerobic skin flora account for a 
large proportion of surgical wound infections, either alone or 
in conjunction with other agents. Enterococci in patients 
with immunodeficiency or chronic illness cause nosocomial 
infections, such as urinary tract infections or sepsis. There 
are many Gram-negative bacterial pathogens that cause 
infection in surgical patients, most of which are Enterobacter 
species, such as Escherichia coli, Klebsiella pneumoniae, 
Serratia marcescens, Enterobacter, Citrobacter, and 
Acinetobacter. Other Gram-negative bacilli include 
Pseudomonas species and Xanthomonas species. Anaerobic 
bacteria do not produce catalase, a hydrogen peroxide- 
degrading enzyme that reacts with oxygen, and, therefore, 
cause infection in specific regions such as the oral cavity, 
colon, and rectum. The fungus Candida albicans causes nos-
ocomial infections in surgical patients, and Mucor, Rhizopus, 
and Absidia cause rare, severe soft tissue infections. Fungi, 
such as Aspergillus fumigatus, Aspergillus niger, Aspergillus 
terreus, Blastomyces dermatitidis, Coccidioides immitis, and 
Cryptococcus neoformans, cause opportunistic infections in 
immunodeficient patients. As viruses are small and multiply 
within cells, they are difficult to culture, and a clinical diag-
nosis can be delayed. As with fungal infections, viral infec-
tions often occur in surgical patients receiving 
immunosuppressive therapy after organ transplantation. 

Common viruses include Adenovirus, Cytomegalovirus, 
Epstein-Barr, Herpes simplex, and Varicella zoster. Careful 
attention should be paid to human immunodeficiency virus 
(HIV) or hepatitis B and C infections, which can be transmit-
ted to healthcare providers through blood or body fluids. 
Therefore, appropriate precautions should be taken, such as 
the use of protective equipment and cleaning of hands and 
skin surfaces that have been in contact with infected patients.

 Basic Principles of Prevention

The prevention of SSI refers to methods adopted to reduce 
infectious pathogens in patients, as well as external factors 
relating to the surgeons and the surgical environment, includ-
ing mechanical and chemical approaches, antibiotic use, or a 
combination of these methods. Bacteria on the skin and 
intestinal surfaces can invade the body as a result of trauma, 
burns, or surgery. All staff in the operating theater should 
wash their hands and arms well with an antimicrobial solu-
tion and use aseptic techniques during surgery; the skin 
should be cleaned thoroughly prior to incision. If necessary, 
hair removal is also recommended, using a clipper or depila-
tory agent rather than a razor as small scratches can promote 
the growth of skin microorganisms. While these techniques 
reduce the presence of infectious agents, it is not possible to 
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sterilize the skin or other surfaces completely. Therefore, 
entering the soft tissue, or the gastrointestinal tract through 
the skin, is related to a degree of microbial contamination, 
and procedures such as colon resection, prosthetic valve 
insertion, or transplantation can introduce several types of 
infection. Antibiotic therapy is, therefore, an indispensable 
component of surgical procedures.

 Control of the Source of Infection

The first rule when treating surgical infections is to drain 
abscesses, remove infected tissues, necrotic debris, and any 
foreign material, and manage any underlying diseases. 
Purulent fluid should be removed by percutaneous drainage 
or surgical incision. If there is a progressive source of con-
tamination (such as bowel perforation), or an aggressive and 
rapidly spreading infection (such as a necrotic soft tissue 
infection), appropriate surgical management is required to 
remove sources of contamination and infected tissues and to 
eliminate the primary cause of infection. Other treatments, 
such as antibiotic therapy, are indispensable, but they should 
be used in addition to effective surgical management. In rare 
cases, severe surgical infections may be treated with antibi-
otic therapy only, but if contamination persists, antibiotic 
treatment alone will not resolve the disease. Antibiotic ther-
apy alone is also accompanied by a high level of morbidity, 
and sometimes mortality, due to erroneous diagnosis or 
delayed incisional drainage while awaiting the results of 
additional diagnostic tests.

 Use of Appropriate Antibiotics

Prophylactic use of antibiotics refers to the administration of 
drugs prior to surgery in order to reduce the number of 
microorganisms entering the tissue or body cavity. The selec-
tion of an antibiotic agent is based on knowledge of the 
patient’s medical history and the type of microorganism 
common to the surgical site. For example, patients who are 
scheduled to undergo colonic resection should be treated 
with antibiotics that have antimicrobial action against skin 
flora, Gram-negative aerobes, and anaerobic bacteria 
(Fig.  28.1) [8]. First-generation cephalosporin such as 
cefazolin is appropriate for cardiovascular, gastrointestinal, 
breast, hernia, head and neck, or orthopedic surgeries. A 
second-generation cephalosporin, such as cefoxitin, is proper 
for biliary (laparoscopic high risk or open), colorectal sur-
gery, appendectomy, or penetrating abdominal trauma sur-
gery. The use of prophylactic antibiotics is, by definition, 
limited to the preoperative and intraoperative period, and 
single-dose antibiotics should be considered [8, 9]. However, 
additional doses should be administered during complex 

procedures or if the surgical duration exceeds the antibiotic 
half-life. There is no evidence to support the use of antibiot-
ics after surgery, and therefore they should not be adminis-
tered due to the additional costs and the risk of antibiotic 
resistance. In addition, antibiotic prophylaxis for infectious 
endocarditis is recommended in patients with cardiac disease 
undergoing surgical procedures [10].

Empirical therapy refers to the administration of antibiot-
ics when there is a high risk of surgical infection during the 
course of an existing disease, such as perforated appendicitis 
or colon perforation. If antibiotic therapy is used because the 
patient is considered to be at high risk of infection during 
surgery, it cannot be divided into prophylactic and empirical 
use. Empirical antibiotic treatment is also indicated for 
patients with potential infectious agents or for critically ill 
patients with severe sepsis or septic shock. Empirical therapy 
should be used for only 3–5 days [11]. Empirical therapy is 
often difficult to distinguish from definite infection manage-
ment. For surgeons, the choice of antibiotic is dependent on 
the results of microbiological identification and whether it is 
a single or multiple microbial infection. Infection with a 
single strain is usually a postoperative infection, including 
urinary tract infection, pneumonia, and bacteremia. If these 
patients exhibit evidence of local infection (such as chest 
X-ray infiltration and Gram-positive staining of sputum and 
sepsis), empirical treatment must be initiated. Appropriate 
antibiotic treatment should be undertaken using a step-by- 
step reduction method; i.e., broad-spectrum antibiotics are 
initially administered and treatment is adjusted according to 
the patient’s response and the results of bacterial identifica-
tion. Piperacillin-tazobactam, carbapenems, fluoroquino-
lones, or tigecycline can be used for broad-spectrum 
coverage. Metronidazole is used for the treatment of anaero-
bic bacteria [12–14]. The choice of the initial agent is depen-
dent on culture results, and it may be selected according to 
institutional or center-specific susceptibility results. 
Antibiotic selection is crucial, as failure to select an appro-
priate agent can lead to a significantly higher rate of patient 
mortality. It is, therefore, crucial to obtain culture and sus-
ceptibility results within 24–72 hours. The patient’s clinical 
course should be monitored closely, and additional tests 
should be performed after initial treatment.

In patients with multiple microbial infections, the primary 
approach is to eliminate the source of infection, although 
antibiotic therapy also plays an important role. In these 
patients, the bacterial culture results are less important as not 
all bacterial types will be identified. Therefore, the antibiotic 
prescription should not be revised on the basis of culture 
information alone, and clinical observations are of most 
importance. For example, patients who have undergone 
appendectomy due to perforated appendicitis or patients who 
have undergone intestinal resection should receive antibiot-
ics for aerobic and anaerobic bacteria for 3–5  days. Once 
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bowel function is restored, intravenous antibiotics can be 
replaced by oral medication, which will facilitate early 
patient discharge. According to recent research on antibiotic 
selection for the effective treatment of intraperitoneal infec-
tion, antibiotics for aerobic and anaerobic bacteria have 
shown very similar results, and treatment failures resulted 
from factors relating to the removal of infection rather than 
antibiotic selection.

 Duration of Administration

The duration of antibiotic treatment should be determined at 
prescription. Prophylactic antibiotics should be administered 
once, prior to skin incision; empirical treatment should be 
administered for 3–5  days and discontinued earlier if no 
local or systemic infection is observed. Long-term empirical 
antibiotic use is associated with increased mortality in criti-
cally ill patients who show no bacterial growth in culture 
and, therefore, should be discontinued when the infection is 
not proven. According to antibiotic treatment guidelines for 
single bacterial infections, the duration of antibiotic use for 
the treatment of upper respiratory tract infections is 3–5 days, 
pneumonia 7–10  days, and bacteremia 7–14  days. Longer 
periods of antibiotic use are not beneficial and serve only to 
increase the risk of overlapping infection by resistant bacte-
ria. Antibiotic therapy for osteomyelitis, endocarditis, and 
artificial implants should be continued for 6–12 weeks. The 
choice of antibiotic should take into account susceptibility to 
the most sensitive, the least toxic, and inexpensive antibiot-
ics, with susceptibility being the most important consider-
ation. Severe or recurrent infections may require the use of 
two or more antibiotics. After 1–2  weeks of intravenous 
administration, oral administration may be considered if 
clinical improvement is observed and if oral administration 
can maintain therapeutic drug levels.

Most studies on the duration of antibiotic treatment for 
the management of infections resulting from multiple strains 
focus on patients with peritonitis. For perforated gastrointes-
tinal tract lesions without extensive contamination, 
12–24 hours of antibiotic therapy can be satisfactory. In the 
case of perforation or necrotizing appendicitis, 3–5 days of 
therapy is required; if the perforation of the gastrointestinal 
tract causes moderate contamination, 5–7  days is recom-
mended, and in cases of extensive peritoneal contamination 
or in immunocompromised patients, 7–14 days of antibiotic 
treatment is indicated. However, surgeons’ efforts to control 
the focus of the infection are more important than the dura-
tion of antibiotic use. In the treatment of severe intraperito-
neal infections, the complete eradication of infection can be 
considered to have been achieved if there is an absence of 
leukocytosis and band-shaped polymorphonuclear leuko-
cytes in the peripheral blood smear and if the patient’s body 

temperature is <38.5 °C; antibiotic therapy can then be dis-
continued. However, the presence of one or more of these 
factors does not necessarily mean that antibiotic treatment 
should be continued or altered. Rather, it is necessary to 
determine if there is any cause of infection other than the 
peritoneal cavity or remaining intraperitoneal infection.

Antibiotic abuse, which is prevalent in both inpatients and 
outpatients, has economic consequences as well as the chal-
lenge of side effects (such as drug toxicity or allergies), the 
development of new infections (such as Clostridium difficile 
colitis), and the emergence of multidrug-resistant strains. 
Prophylactic antibiotics should be used only during surgical 
procedures, and empirical therapy should not be initiated if 
the objective criteria are not met. The duration of antibiotic 
use is determined from the time of first administration, and 
antibiotics should be discontinued immediately if there is no 
evidence of infection in clinical or microbiological examina-
tion, to ensure that the duration of antibiotic use is as short as 
possible. Prolonged use of antibiotics shows no benefit in 
patients with drain or tube placement.

 Allergy to Antibiotics

Prior to prescribing antibiotic therapy, the patient’s allergic 
status should be established. In patients with severe allergic 
reactions to penicillin, it is appropriate to avoid beta-lactam 
drugs that may exhibit cross-reactivity; carbapenem has a 
high level of cross-reactivity, while cephalosporin cross- 
reactivity is low and it is rare with the monobactams. If the 
patient has a serious allergic reaction to an agent, such as 
anaphylaxis, all drugs of that type should be avoided. Where 
there is no other option, clindamycin can be used for patients 
with beta-lactam allergies.

 Classification of Surgical Site Infections

SSIs are classified according to the degree of bacterial con-
tamination at the time of surgery [15]:

• Class 1 denotes a clean wound that is not infected (e.g., 
breast and hernia surgery), where the wound may be 
infected by skin flora only and there is no contamination 
by intestinal bacteria.

• Class 2 are clean contaminated wounds, where the respi-
ratory, digestive, or urinary tract is opened under con-
trolled conditions and without unusual contamination. 
Examples include biliary and gastrointestinal surgery, 
although elective colorectal surgery is associated with a 
high infection rate of 9–25% [16].

• Class 3 wounds are contaminated, open, accidental 
wounds and surgical procedures where there is a large 
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degree of intestinal leakage, or incision of inflammatory 
tissues. Examples include penetrating abdominal trauma 
and surgery to resolve bowel obstructions.

• Class 4 are dirty wounds, where there is necrotic tissue or 
an abscess resulting from the delayed treatment of trauma, 
or a high degree of contamination due to intestinal 
perforation.

SSI is affected by the degree of initial bacterial contami-
nation. Patients with Class 1 contamination are infected only 
by superficial skin bacteria, but those with Class 2 wounds, 
such as cases of colon surgery, may be contaminated by 
superficial skin bacteria, intestinal bacteria, or both. 
Surveillance for wound infection is required for 30 days after 
surgery, as strict monitoring and appropriate management 
can effectively reduce the wound infection rate. Wound 
infections are closely associated with morbidity and mortal-
ity, as well as medical costs and patient satisfaction. 
Therefore, the surgeon must take appropriate measures in 
accordance with the principles of infection control to prevent 
wound infection. In addition, appropriate prophylactic anti-
biotics should be used depending on the type of surgery; i.e., 
single-dose antibiotic treatment prior to surgery is recom-
mended for Class 2, 3, and 4 wounds. While it is not neces-
sary to administer prophylactic antibiotics for clean (Class 1) 
wounds, a single dose of prophylactic antibiotic should be 
administered prior to surgery to insert artificial devices.

Postoperative treatment of the wound also affects infec-
tion rates. In healthy patients, Class 1 and 2 wounds are 
sutured, but in contaminated cases the wound remains open 
for secondary or delayed primary suturing, as the infection 
rates of Class 3 and 4 wounds can range from 25% to 50%. 
Greater efforts have recently been made to reduce wound 
infection, and studies have shown that hyperglycemia has an 
adverse effect on leukocyte function [17]. The incidence of 
wound infection is also reported to be high in the presence of 
hyperglycemia in patients who have undergone several dif-
ferent operations. Therefore, it is important to maintain 
appropriate blood glucose levels after surgery [18, 19]. 
Studies have also shown that body temperature and oxygen 
levels are associated with wound infection, as hypothermia 
and hypoxia can increase the incidence of wound infection 
[20]. Although there is some variation in study results pub-
lished to date, hypothermia and hypoxia should be avoided 
during surgery [21].

Incision wound infections can be effectively treated by 
incisional drainage without the need for antibiotic therapy. 
However, antibiotics should be administered in cases of 
severe cellulitis or systemic infection syndrome. The opened 
wound should be dressed twice a day while it heals naturally. 
Although local antibiotic administration and disinfection 
have been reported to be effective in uncontrolled complex 
infections, the value of this approach has not been estab-

lished [22]. Although there are currently no prospective stud-
ies, vacuum-assisted suturing is recommended for large, 
complicated open wounds and can be used in areas where 
dressing is difficult [23]. Wound culture should also be con-
sidered as the incidence of infection with multidrug-resistant 
bacteria is increasingly common.

 Intra-abdominal Infections

Contamination by peritoneal bacteria is referred to as perito-
nitis or intraperitoneal infection and is classified according 
to the cause. Primary bacterial peritonitis occurs when the 
peritoneal cavity (which is naturally aseptic) is infected from 
a remote location or invaded by direct infection and or peri-
toneal dialysis. These infections are caused by a single spe-
cies of bacteria and require little surgical intervention; an 
appropriate antibiotic agent should be administered for 
2–3  weeks. For the effective treatment of recurrent infec-
tions, it may be necessary to remove the peritoneal dialysis 
tube, peritoneal-venous perfusion device, or any similar 
devices.

Secondary bacterial peritonitis is caused by perforation of 
the intraperitoneal organs or by intraperitoneal contamination 
due to severe inflammation and infection (including appendi-
citis, perforation of the digestive tract, and diverticulitis). 
Effective treatment involves resection of the affected organs 
and removal of necrotic or infected tissue. Antibiotic agents 
appropriate for the treatment of aerobic and anaerobic bacte-
ria should be administered [24], as most cases are difficult to 
diagnose prior to laparotomy and primarily result from colon 
perforations containing many bacterial strains. Once bowel 
movements return, oral therapy with a single or multiple 
wide-spectrum antibiotic can be implemented. In the absence 
of infection control, the mortality rate can exceed 40%, but 
controlling the source of infection and providing appropriate 
antibiotic therapy can reduce the mortality rate to 5–6% [25]. 
In recent years, the effectiveness of infectious disease control 
and appropriate antibiotic therapy has been approximately 
70–90% [26]. Patients who fail to respond to standard therapy 
may progress to develop postoperative peritonitis or tertiary, 
persistent peritonitis due to a peritoneal abscess or gastroin-
testinal anastomotic leakage. Tertiary peritonitis has not yet 
been completely elucidated, but it is common in immuno-
compromised patients whose intraperitoneal immune system 
cannot effectively eliminate the initial secondary bacterial 
infection. Many types of bacteria or fungi (e.g., Enterococcus 
faecalis, Enterococcus faecium, Staphylococcus epidermidis, 
Candida albicans, and Pseudomonas aeruginosa) have been 
identified, with bacteria that do not respond to the initial anti-
biotic therapy being predominant. Unfortunately, despite 
appropriate antibiotic therapy, tertiary peritonitis is associ-
ated with a mortality rate of more than 50% [27]. In the past, 
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repeated surgery was required to manage intraperitoneal 
abscesses, but in recent years this approach has been replaced 
by percutaneous drainage, guided by abdominal ultrasonog-
raphy or computed tomography. Surgical procedures should, 
therefore, be performed only in patients with multiple 
abscesses or abscesses in close proximity to critical organs 
(where percutaneous drainage is associated with a high level 
of risk) and in patients with persistent infections, such as 
intestinal leaks. The precise guidelines for antibiotic treat-
ment and the duration of percutaneous drainage have not yet 
been established, but the short-term use of antibiotics 
(3–7 days) is appropriate when the presence of aerobic and 
anaerobic bacteria is suspected. Percutaneous drainage is 
usually maintained until intraperitoneal infection is relieved, 
the drainage volume is ≤10–20 mL/day, or there is no evi-
dence of infection and the patient’s condition improves.

 Specific Organ Infection

Liver abscess is a rare condition; suppurative abscesses 
account for approximately 80% of cases, and the remaining 
20% are caused by parasitic or fungal abscesses [28]. In the 
past, suppurative liver abscesses were often caused by pyle-
phlebitis as a result of untreated appendicitis or diverticulitis, 
but cases now more commonly occur following manipulation 
of the bile ducts during the treatment of various diseases. For 
small, multiple abscesses, antibiotic treatment is continued for 
4–6 weeks. In larger abscesses, a percutaneous drain should be 
inserted, and antibiotic treatment and drain removal should be 
implemented in accordance with general practice. Splenic 
abscesses are rare and should be treated in a similar way. 
Recurrent liver or splenic abscesses may require surgery; liver 
abscesses are treated by deroofing and marsupialization and 
splenic abscess by splenectomy. Secondary pancreatic infec-
tions (such as infected pancreatic necrosis or pancreatic 
abscesses) may develop into severe hemorrhagic pancreatitis, 
which is usually diagnosed by contrast computed tomography. 
Treatment includes antibiotic therapy and debridement of 
necrotic tissues when necessary [29]. Recently, minimally 
invasive procedures have also been attempted [30–32].

 Infection of the Skin and Soft Tissues

These infections can be classified according to the require-
ment for surgical intervention. For example, infections of the 
skin or cutaneous structures (such as cellulitis and lymphad-
enitis) should be localized, but antibiotics alone can be effec-
tive; agents that are effective against Gram-positive bacteria 
are generally used. Swellings or boils may drain spontane-
ously but sometimes require incision drainage. Antibiotics 
should be used in cases where significant cellulitis occurs or 
when the cellulitis does not rapidly improve after surgical 

drainage. Rapidly progressive soft tissue infections are rare 
and difficult to diagnose and require immediate surgical treat-
ment and antibiotic therapy. If appropriate incision drainage 
and antibiotic treatment is not successful, community- 
acquired methicillin-resistant Staphylococcus aureus 
(MRSA) infection should be suspected. In these cases, more 
drastic surgical incision drainage and antibiotic replacement 
should be implemented. Severe soft tissue infections (such as 
gangrene and necrotizing fasciitis) that are unresponsive to 
incisional drainage and antibiotic therapy are rare and are 
associated with a very high level of mortality (80–100%). 
Even when cases are detected and treated early, the mortality 
rate remains high, at 16–24% [33]. Patients with a deficient 
blood supply to the fascia, such as the elderly, immunosup-
pressed, or diabetic, or those with peripheral vascular disease, 
are at particular risk of this type of infection.

 Nosocomial Infection After Surgery

Surgical patients are susceptible to a variety of hospital infec-
tions, including postoperative wound infection, urinary tract 
infections, pneumonia, and bacteremia. Patients requiring long-
term mechanical ventilation are at greater risk of developing 
pneumonia, and infection is common in patients requiring intra-
venous infusion. Because of the complexity of many surgical 
procedures, the requirement for intravascular catheters for phys-
iological monitoring, intravascular devices, drug administra-
tion, and parenteral nutrition has increased. However, the use of 
prophylactic antibiotics or antifungal agents is not effective and 
is contraindicated. Intravenous catheter infections are often dif-
ficult to detect as they may not be accompanied by any symp-
toms other than leukocytosis or the detection of bacteria in 
blood collected from peripheral blood vessels or catheter blood 
cultures. The catheter should be removed if a purulent substance 
is evident or in cases of severe bacteremia or fungal infection.

 Sepsis

Sepsis consists of infection and an accompanying host 
response; it can manifest as sepsis, severe sepsis, or septic 
shock. Sepsis patients require systemic treatment, such as 
immediate resuscitation, antibiotic therapy, and removal of 
the cause of infection [6]. Early empirical broad-spectrum 
antibiotics are required for the treatment of patients with 
severe sepsis or hospital infections [34].

 Enhanced Recovery After Surgery

Enhanced recovery after surgery (ERAS) programs ensure 
the optimal recovery of patients following surgery [35, 36]. 
The components include preoperative counseling, avoidance 

H.-S. Han and D. J. Park



265

of mechanical bowel preparation, supply of perioperative 
oxygen, perioperative fluid management, early patient mobi-
lization, perioperative nutrition, oral analgesia, prevention of 
ileus, prevention of nausea and vomiting, avoidance of naso-
gastric tubes, carbohydrate loading and reduced starvation, 
prevention of intraoperative hypothermia, early nutrition, 
epidural anesthesia, early removal of catheters and drains, 
and the use of laparoscopy procedures (Fig. 28.2) [37, 38].

Preoperative mechanical bowel preparation has tradition-
ally been performed to prevent postoperative complications 
and infection in patients undergoing abdominal procedures, 
as the reduction of fecal contact at the anastomotic site was 
considered to reduce complications (such as anastomosis 
leakage) and to reduce the possibility of fecal contamination 
if anastomotic leakage occurred. However, since the 1990s, 
many randomized comparative studies of patients with 
colorectal cancer have shown that preoperative bowel prepa-
ration does not prevent infection or anastomotic complica-
tions [39]. In contrast, oral antibiotics preparation may reduce 
SSI rates in patients undergoing colorectal surgery [40].

It is well-known that hypothermia during surgery 
increases infection complications and increases surgical 
stress caused by sympathetic hyperactivity. Several random-
ized studies have demonstrated that maintaining normal 
body temperature during surgery reduces the risk of infec-
tion after surgery [41, 42].

The benefit of providing additional oxygen during sur-
gery to prevent infection remains controversial [20, 43], 

although a meta-analysis has shown the benefits of oxygen 
supplementation to reduce the incidence of SSI [44, 45]. In 
the ischemic environment, the surgical incision is vulnerable 
to bacterial invasion, and it is also assumed that oxygen has 
a direct antimicrobial effect [46].

The incidence of SSI is decreased with laparoscopic sur-
gery as the small wound size, decreased use of electrocautery 
in the abdominal wall, and reduced stress response can effec-
tively minimize SSI [47, 48].

Nutritional support is an important aspect of patient 
recovery after surgery. However, due to the complications 
associated with central intravenous feeding, parenteral nutri-
tion may provide no benefit over fasting. By contrast, early 
enteral nutrition, within 48 hours of surgery or as soon as the 
gut is functioning, has been shown to be beneficial in the 
prevention of SSI [49].
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Thromboprophylaxis

Ben Morrison, Leigh Kelliher, and Chris Jones

 Introduction

Comprising deep vein thrombosis (DVT) and pulmonary 
embolism (PE), venous thromboembolism (VTE) is among 
the most common complications of hospital admission 
worldwide, causing significant morbidity and mortality [1]. 
It is estimated that VTE is responsible for around 10% of all 
hospital-related deaths [2], and while there are multiple fac-
tors that increase an individual’s risk of developing VTE, one 
of the most important is undergoing major surgery [3]. 
Following surgery, part of the physiological response is to 
induce a prothrombotic state, and, when combined with a 
reduction in mobility and potential fluid shifts resulting in 
hemoconcentration, it is easy to see how VTE formation may 
be facilitated. In addition, both the type of surgery and indi-
cation (such as malignancy) will contribute to the overall risk 
of VTE. Without prophylaxis the incidence of VTE may rise 
to 40% following general surgery and be as high as 60% 
after major orthopedic surgery [4]. Despite the high inci-
dence and associated risks, VTE is largely preventable [1], 
and numerous guidelines for thromboprophylaxis have been 
developed for a plethora of circumstances, including for spe-
cific surgical procedures. This chapter will explore the 
impact of VTE on patients, look at risk assessment and avail-
able treatments, and review the current evidence-based rec-
ommendations for thromboprophylaxis, including current 
ERAS® Society guidelines.

 Epidemiology and Risk Factors

The incidence of VTE varies worldwide, with certain eth-
nic groups being less susceptible. Among people of 
European ancestry, the incidence ranges from 104 to 183 

per 100,000 person-years; however, the incidence is higher 
in Afro- Caribbean and lower in Asian and Native American 
populations [5]. Table 29.1 lists risk factors for VTE based 
upon the United Kingdom’s Department of Health risk 
assessment tool [6].

The incidence of VTE increases markedly over the age of 
60 years. Gender also plays a role, with VTE more likely in 
men than women over the age of 50 [3]. Overall age-adjusted 
incidence is slightly higher for men at 130 per 100,000 
person- years compared with 110 for women [3]. The propor-
tion of pulmonary embolism (PE) to deep vein thrombosis 
(DVT) also increases with age, leading to a subsequent 
increase in VTE-related mortality [3].

Risk factors for VTE are cumulative, with an individual’s 
risk of VTE greatly increasing in the presence of multiple 
factors. Patients who are hospitalized often have pre-existing 
risk factors, such as malignancy or obesity, combined with 
the event precipitating hospital admission such as trauma or 
pneumonia, thus illustrating the importance of individual 
patient VTE risk assessment upon admission and throughout 
their hospital stay [7].

Surgery is itself a major risk factor for VTE—an associa-
tion that has long been recognized. The inherent nature of 
surgery, especially when it involves general anesthesia, can 
trigger all three elements of Virchow’s triad, which describes 
three broad categories related to the formation of thrombus: 
venous stasis, as a result of reduced mobility perioperatively; 
hypercoagulability, as part of the body’s response to surgical 
trauma; and endothelial injury, an unavoidable consequence 
of performing a surgical procedure (Fig. 29.1). The risk is 
further increased in patients undergoing surgery involving 
the pelvis or lower limbs, procedures with a total anesthetic 
time greater than 90 minutes (or 60 minutes for pelvic/lower 
limb surgery), procedures likely to reduce mobility postop-
eratively, patients requiring critical care perioperatively, and 
those with malignant disease.

VTE associated with malignancy has been described for 
over a century and is thought to account for approximately 
20% of the total number of VTE cases [8]. The causes for 
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this are multifactorial, but again encompass all three  elements 
of Virchow’s triad. Macroscopically, tumors can compress 
blood vessels, creating venous congestion and stasis. 
Microscopically, tumors can stimulate a host response 
including the production of prothrombotic factors alongside 
factors inducing inflammation and necrosis [9]. Cancer treat-
ments, such as chemotherapy and radiotherapy, can also pro-

mote a prothrombotic state. Cell-to-cell interactions resulting 
from tumor growth and spread may result in endothelial 
injury, thereby completing the triad [10]. The presence of 
cancer results in a hospitalized patient being twice as likely 
to develop a PE than those admitted with nonmalignant con-
ditions [11]. The relationship between cancer and VTE has 
been known to help in the diagnosis of previously undiscov-
ered malignancy in patients with presumed idiopathic VTE.

Obesity is an important modifiable risk factor for VTE, 
with risk increasing by as much as threefold for both men 
and women, with women of a body mass index (BMI) greater 
than 29 kg/m2 having a relative risk for PE of 2.9 [12]. This 
is thought to be more as a result of the physical aspects of 
obesity promoting restricted mobility and impaired venous 
return as opposed to increases in coagulation factors per se, 
which themselves have not been found to be elevated in 
patients with a high BMI [13]. These patients are also par-
ticularly vulnerable in the presence of other risk factors, for 
example, the concurrent use of the oral contraceptive pill or 
hormone replacement therapy (HRT) [14].

 Complications of Venous Thromboembolism

The risk of death from VTE is significant, with the 30-day 
mortality rate for DVT estimated at 6% and 10% for PE [15]. 
The true mortality rate for PE may be even higher with some 
postmortem studies demonstrating PE in 30% of subjects 
[15]. Mortality is also increased in patients with VTE related 
to malignant disease [16].

VTE can be a chronic condition, with an annual recur-
rence rate estimated at 5–7%, and the risk of recurrence is 
higher in patients with VTE related to cancer, old age, male 
gender, and obesity [17, 18].

Table 29.1 United Kingdom Department of Health venous thrombo-
embolism (VTE) and bleeding risk factors [6]

Risk factors for VTE
Patient related
  Active cancer or cancer treatment
  Age over 60 years
  Dehydration
  Known thrombophilia
  Obesity (BMI > 30 kg/m2)
  One or more significant comorbidities (e.g., heart disease; 

metabolic, endocrine, or respiratory pathologies; acute infectious 
diseases; inflammatory conditions)

  Personal history or first-degree relative history of VTE
  Use of HRT
  Use of estrogen-containing contraceptive therapy
  Use of thalidomide or its analogues
  Varicose veins with phlebitis
  Pregnancy or less than 6 weeks postpartum
Admission related
  Acute surgical admission with inflammatory or intra-abdominal 

condition
  Critical care admission
  Significantly reduced mobility for 3 days or more
  Hip fracture
  Surgery involving pelvis or lower limb with a total anesthetic and 

surgical time of more than 60 minutes
  Surgery with significant reduction in mobility
  Total anesthetic and surgery time of more than 90 minutes
Risk factors for bleeding
Patient related
  Active bleeding
  Thrombocytopenia (platelets less than 75 × 109/l)
  Hemato-oncology patients expected to become thrombocytopenic 

(platelets less than 75 × 109/l) within 7 days of admission
  Acquired bleeding disorders such as acute liver failure
  Concurrent use of anticoagulants known to increase the risk of 

bleeding (such as warfarin with an INR > 2)
  Lumbar puncture/epidural/spinal anesthesia within the previous 

4 hours or expected within the next 12 hours
  Acute stroke
  Uncontrolled systolic hypertension (> 230/120  mm Hg)
  Untreated inherited bleeding disorders (such as hemophilia or von 

Willebrand’s disease)
Admission related
  Lumbar puncture/epidural/spinal anesthesia expected within the 

next 12 hours
  Lumbar puncture/epidural/spinal anesthesia within the previous 

4 hours
  Neurosurgery, spinal surgery, or eye surgery
  Other procedures with high bleeding risk

HRT hormone replacement therapy, INR international normalized ratio

Hypercoagulable state:
• Acute phase postop
• Cancer
• Thrombophilia
• Estrogen therapy
• Pregnancy and postpartum
  period
• Inflammatory bowel disease
• Nephrotic syndrome
• Sepsis

Endothelial injury:
• Surgery
• Trauma
• Catheter
• Venipuncture
• Atherosclerosis
• Heart valve disease
  or replacement

Venous stasis:
• Immobility or paralysis
• Heart failure, atrial fibrillation, left ventricular dysfunction
• Venous insufficiency or varicose veins
• Venous obstruction from tumor, obesity, or pregnancy

ThrombosisH
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Venous stasis

Endothelial injury

Fig. 29.1 Virchow’s triad describing three broad categories related to 
the formation of thrombus
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Post-thrombotic syndrome is a common and potentially 
debilitating consequence of VTE occurring in 20–50% of 
patients following a DVT. Symptoms are similar to the initial 
DVT itself, including swelling, pain, and redness, and can 
progress to skin problems such as dryness and venous ulcer-
ation [19, 20].

 Prevention of Venous Thromboembolism

 Risk Assessment

Risk assessment is a vital part of ensuring patients receive the 
appropriate VTE prophylaxis. Risk factors are shown in 
Table  29.1 [6]. In the perioperative setting, the risk of VTE 
must always be balanced against the risk of bleeding. In January 
2010 the National Institute for Clinical Excellence (NICE) in 
the United Kingdom published guidance on VTE prevention, 
which included risk assessment of all patients being admitted 
to hospital [6]. This initiative has seen an increase in patients 
being risk assessed from fewer than 50% in 2010 to more than 
95% 5 years later. In doing so there is strong evidence that inci-
dence and mortality from VTE for hospital inpatients have 
decreased significantly [21, 22]. The UK Department of Health 
produced a risk assessment tool, which includes factors that put 
patients at a higher risk of developing VTE and factors putting 
them at risk of bleeding [6].

This risk assessment tool has also been extrapolated for 
use as a means to identify any patients with contraindications 
to the various methods of thromboprophylaxis available, aid-
ing those undertaking the assessment and subsequent pre-
scription to make safe and appropriate decisions.

 Thromboprophylaxis

Thromboprophylaxis can be broadly divided into pharmaco-
logical and non-pharmacological treatments. This gives 
healthcare practitioners a broader range of treatments to offer 
in the context of several factors that may preclude patients 
from certain forms of prophylaxis, such as those at a higher 
risk of bleeding or with pre-existing lower limb conditions.

 Non-pharmacological Treatments
The mainstay of mechanical prophylaxis is in the form of 
compression stockings (thromboembolism-deterrent [TED] 
stockings), which are designed to produce graduated com-
pression of the leg with an ideal pressure of 14–15 mm Hg 
around the calf. It is believed that the use of bandages to 
compress the legs for the purpose of reducing blood pooling 
has been in practice in various cultures for centuries, even 
millennia, with descriptions of fighters wearing leg bandages 
appearing in various anthropological artifacts dating as far 

back as 5000 BCE [23]. Modern medical application of com-
pression stockings, specifically for VTE prophylaxis, started 
around the late nineteenth century along with improved man-
ufacturing methods [24].

The mechanisms of action of compression stockings 
include reducing the cross-sectional area of veins through 
compression, thus increasing blood flow velocity and pre-
venting venous stasis; increasing the efficacy of the calf 
muscles acting as a pump, helping to improve valve function 
and further prevent venous pooling; and finally a modulation 
of the levels of certain clotting factors in the venous circula-
tion [25]. Patients must wear the correct size as decided by 
up-to-date leg measurement and should be shown how to 
wear the stockings correctly to reduce the risk of potentially 
serious complications such as blistering or venous outflow 
obstruction. Indeed, if positioned incorrectly they can 
increase the risk of developing a DVT. Stockings should be 
worn until the patient is able to mobilize sufficiently, and 
they should be removed at least once a day for hygiene pur-
poses and in order for the skin beneath to be inspected. If 
patients develop lower limb edema, stockings should be 
resized appropriately or discontinued with an alternative 
means of thromboprophylaxis being instituted in their place. 
Contraindications to compression stockings are:

• Suspected or proven peripheral arterial disease
• Peripheral arterial bypass grafting
• Peripheral neuropathy or other causes of sensory 

impairment
• Any local conditions in which anti-embolism stockings 

may cause damage; for example, fragile “tissue paper” 
skin, dermatitis, gangrene, or recent skin graft

• Known allergy to material of manufacture
• Severe leg edema
• Major limb deformity or unusual leg size or shape pre-

venting correct fit

If stockings are not suitable, then intermittent pneumatic 
compression devices should be worn as an alternative. These 
can be more limiting for patients, however, as they require 
connection to a pneumatic device and thus are not inherently 
portable. They work through repeated, intermittent inflation 
and deflation of one or more cuffs of air positioned around 
the calf aiming to compress deep veins and encourage proxi-
mal blood flow. Veins refill from the distal circulation upon 
deflation of the cuffs, which helps to stimulate and maintain 
a pulsatile blood flow.

Both stockings and pneumatic devices can be worn intra-
operatively and simultaneously. It is important to be espe-
cially vigilant of pressure areas where these devices are worn 
and aware of how certain patient positions, especially during 
prolonged procedures, can put them at higher risk intraoper-
atively of complications such as compartment syndrome [26, 
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27]. Compression devices can work synergistically with 
pharmacological thromboprophylaxis to further reduce the 
risk of VTE [28].

Regardless of the methods of VTE prophylaxis employed, 
early postoperative mobilization remains vital to helping pre-
vent thrombus formation. Enhanced recovery after surgery 
(ERAS) principles are geared toward allowing patients to sit 
out of bed and mobilize at the earliest opportunity conferring 
a number of benefits. Mobilization results in improved venous 
blood flow from the lower limbs, reducing venous stasis and 
thus a reduced risk of VTE. Methods of mobilization can be 
employed that do not require patients to leave their hospital 
beds. These include pedaling systems placed at the foot of the 
bed allowing alert but restricted patients to engage with phys-
iotherapy regimens. Once used to such a system, the patient 
does not necessarily require assistance in order to undertake 
exercise, thus helping them to independently regain limb 
strength while protecting themselves from VTE.

 Pharmacological Treatments

 Unfractionated Heparin and the Low-Molecular- 
Weight Heparins
Unfractionated heparin (UFH) mediates its anticoagulant 
effect via inducing antithrombin III to inhibit factor Xa and 
thrombin—both key proteases required for thrombus forma-
tion (Fig. 29.2). It is most commonly used for the treatment 
of VTE with its role in prevention of VTE limited by the fact 
that it must be given intravenously as an infusion and moni-
tored with serial activated partial thromboplastin times 
(aPTT). In practice this usually means that UFH can only be 
administered in inpatients and for short time periods, making 
it a suitable option for perioperative “bridging” anticoagula-
tion in those patients who are at high risk of VTE. A further 
advantage of UFH in this setting is that its effects can be 
acutely reversed through administration of protamine.

The low-molecular-weight heparins (LMWHs) (e.g., 
enoxaparin, dalteparin, tinzaparin) are derivatives of UFH 
obtained by fractionation of polymeric heparin to yield mol-
ecules with an average molecular weight of less than 
8000  Da. They also produce their anticoagulant effect via 
inhibition of factor Xa, but not thrombin. They are among 
the commonest agents used for prevention of VTE as they 
may be given subcutaneously, do not require aPTT monitor-
ing, and have more predictable pharmacokinetics than 
UFH. They form a standard of care in many thromboprophy-
laxis guidelines across the world [6, 29, 30]. However, they 
are not without limitations, principally that they can accumu-
late in patients with renal impairment and increase the risk of 
bleeding—a problem compounded by the fact that, unlike 
UFH, LMWHs are not completely reversed by protamine. 
Both UFH and LMWH can cause heparin-induced thrombo-

cytopenia (HIT) and are contraindicated patients with a his-
tory of this.

 Heparin Alternatives
Used widely for VTE prophylaxis in orthopedic surgery and 
elsewhere, fondaparinux is a factor Xa inhibitor related to 
heparin (Fig. 29.2). Like the LMWHs it can be administered 
subcutaneously and has predictable pharmacokinetics, but it 
has the advantage that it does not cause HIT. However, there 
is no specific reversal agent for fondaparinux, and its major 
risk is bleeding, especially in patients with renal 
impairment.

Danaparoid is a low-molecular-weight heparinoid that is 
chemically distinct from heparin that works by inhibition of 
both factor Xa and to a lesser degree thrombin. It has been 
used widely for VTE prophylaxis in orthopedic surgery and 
is suitable for use as an alternative to LMWH in patients with 
HIT. There is no specific reversal agent for danaparoid, and 
the bleeding risk is increased in patients with hepatic or renal 
dysfunction.

 Antiplatelet Agents
Antiplatelet agents (APA) such as aspirin, clopidogrel, and 
dipyridamole are commonly used for the prevention of car-
diovascular thrombotic events. While their mechanisms of 
action are different, aspirin irreversibly inhibits the enzyme 
cyclooxygenase (COX) and, thus, the production of throm-
boxane; clopidogrel is an adenosine diphosphate (ADP) 
receptor antagonist; dipyridamole is an adenosine reuptake 
inhibitor—the end result is the same: inhibition of platelet 
function. The role of APA as sole agents in VTE prophylaxis 
is controversial, with evidence suggesting they are less effec-
tive than LMWH and may have little or no benefit [31]. The 
combination of LMWH and APA, while effective for VTE 
prophylaxis, increases bleeding risk and current European, 
UK, and US guidelines all recommend that in patients already 
taking an APA the risk of bleeding must be balanced against 
the risk of arterial thrombosis before withholding these drugs. 
If the risk of VTE outweighs the risk of bleeding, then phar-
macological VTE prophylaxis may be used. If the risk of 
bleeding is greater than the risk of VTE, then mechanical 
VTE prophylaxis should be considered [6, 30, 32].

 Coumarins
These drugs are oral anticoagulants that work by inhibiting 
the enzyme vitamin KO reductase. This leads to a reduction 
in the function of clotting factors II, VII, IX and X which 
depend on vitamin K for activation (Fig. 29.2). The principal 
drug in this class is warfarin, which has long been used for the 
treatment and prevention of thrombus formation in a variety 
of settings. Dosing of warfarin can be difficult as it has many 
interactions with other drugs and some foods that can lead to 
large fluctuations in its efficacy. Regular blood monitoring of 
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the international normalized ratio (INR) and appropriate dose 
adjustments are essential to maintain treatment within the 
therapeutic range. Warfarin therapy is effective VTE prophy-
laxis and is used in some centers, particularly in the United 
States, for extended thromboprophylaxis following major 
orthopedic surgery [33]. However, the described problems 
with dosing and blood monitoring mean it does not feature in 
ERAS® Society, UK, or European guidelines [6, 29, 34].

 Direct Oral Anticoagulants
Formerly termed the “novel oral anticoagulants” (NOACs), 
the direct oral anticoagulants (DOACs) are a group of new 
agents that are licensed internationally for DVT prophy-
laxis following lower limb arthroplasty. They include apix-
aban, rivaroxaban, and edoxaban, which all act via direct 
inhibition of factor Xa and dabigatran, which inhibits 
thrombin (Fig. 29.2). They are an attractive option for VTE 
prophylaxis as they can be given orally, do not require ther-
apeutic monitoring, and have reliable pharmacokinetics 
making dosing relatively simple. However, with the excep-
tion of dabigatran, they do not have specific antidotes, and 
their actions are terminated principally by renal clearance. 
This limits their usage in patients with renal impairment 
and also presents a problem in the context of major postop-
erative bleeding. As mentioned, dabigatran is the exception 
and may be reversed with the recently licensed specific 
monoclonal antibody idarucizumab. At present DOACs are 
only licensed for VTE prophylaxis following orthopedic 

surgery, but as further reversal agents are developed and 
evidence accumulates, their use may well be extended to 
cover other types of surgery.

 Patients Already Anticoagulated
Patients already on anticoagulation treatment may require 
so-called “bridging” therapy perioperatively. This is the 
planned cessation of regular treatment and conversion to a 
shorter-acting alternative, the most common example being 
withholding warfarin therapy and converting to heparin 
perioperatively, usually for 10–12 days. There remains con-
troversy as to the safest method of managing anticoagulant 
therapy perioperatively in patients who are, by definition, at 
high risk of VTE (hence the need for long-term anticoagu-
lation) but who may also be at significant risk of bleeding 
from the operation, if anticoagulation is not reversed/sus-
pended appropriately. Historically it was felt necessary to 
use some form of bridging in all patients receiving antico-
agulants; however, patients receive anticoagulation for a 
variety of indications, and the risk of thrombosis if antico-
agulation is suspended varies dependent on a variety of fac-
tors. Recent studies have suggested that major bleeding is 
significantly more prevalent in patients receiving bridging 
therapy, and there is no decrease in thrombotic events for 
patients who would otherwise be considered low risk [35–
38]. The decision on whether or not bridging therapy is 
appropriate should be made on an individual basis after 
assessing and balancing all risk factors including the origi-
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Fig. 29.2 Coagulation 
cascade showing drugs used 
to intervene at different 
stages. AT antithrombin 
promoter, LMWH low- 
molecular weight heparin, 
UFH unfractionated heparin
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nal indication for anticoagulation, e.g., AF; pre-existing 
risk factors, e.g., thrombophilias; and the nature of surgery, 
in particular procedures with a higher bleeding risk or 
where bleeding can have more serious consequences. Many 
institutions now have their own guidelines regarding bridg-
ing therapy, and hematology specialist opinion should be 
sought where doubt remains.

Separate guidance exists for patients receiving anticoagu-
lation following cardiac interventions such as drug-eluting 
coronary artery stent insertion. In the elective setting, sur-
gery should be postponed until after dual antiplatelet therapy 
(usually aspirin and a thienopyridine such as clopidogrel) is 
complete, currently 6  weeks with bare-metal stents and 6 
months with drug-eluting stents. If surgery cannot be post-
poned, dual antiplatelet therapy should be continued through-
out the perioperative period unless under direct instruction of 
a cardiologist. For patients who are at a high risk for cardiac 
events but do not have coronary stents in situ, aspirin should 
be continued perioperatively, but thienopyridines should be 
stopped 5  days preoperatively and recommenced 24  hours 
postoperatively assuming adequate hemostasis is achieved. 
Patients taking antiplatelets who are low risk for cardiac 
events should stop antiplatelet therapy 7–10 days preopera-
tively [35]. A new generation of drug-eluting stents is becom-
ing more commonplace and may not require as long a period 
of dual antiplatelet therapy. Cardiology opinion should be 
sought where there is any doubt.

When to stop current anticoagulation therapy is depen-
dent upon the treatment being prescribed. Warfarin should be 
stopped at least 5 days preoperatively and INR checked in 
sufficient time (ideally 1–2 days) before surgery in order to 
take any necessary steps to further reduce the INR before 
surgery to ensure it is within acceptable limits (usually below 
1.5). If INR remains high 1–2 days preoperatively, low-dose 
oral vitamin K may be considered to reverse the effect of 
warfarin. Where the INR remains elevated, and surgery can-
not be postponed, further reversal therapies can be consid-
ered; these include intravenous (IV) vitamin K, fresh frozen 
plasma, or prothrombin complex concentrate. While effec-
tive at normalizing the INR, administration of these therapies 
may result in difficulty in restoring a consistently therapeutic 
INR with warfarin postoperatively. The reinstitution of anti-
coagulant therapy will always depend on the surgical proce-
dure and the risk of bleeding vs. the risk of thrombosis, but 
in general patients at low risk of VTE can usually restart their 
warfarin the day after surgery. High-risk patients who have 
received bridging should resume therapeutic heparin 
48–72  hours postoperatively in addition to their warfarin. 
The bridging therapy can be stopped once the INR has 
returned to within the required therapeutic range.

Different antiplatelet agents vary in their therapeutic half- 
life and thus require different perioperative regimens. Most 
inhibit platelet function irreversibly, requiring the production 

of new platelets to terminate their effect. This typically takes 
7–10 days, meaning these antiplatelets need to be stopped 
7–10  days preoperatively [35]. Perhaps the most common 
antiplatelet agent in use is aspirin; however, its antiplatelet 
effect is relatively weak compared with some other agents 
meaning it is often safe to continue throughout the periopera-
tive period. As always, this decision should be made on a 
risk/benefit basis. For the same reason, aspirin need not be 
withheld prior to regional or neuraxial blockade, as is also 
the case with antiplatelet drugs with reversible platelet inhi-
bition such as dipyridamole [39].

When to stop heparins depends upon whether LMWH or 
UFH is being administered and the intended effect, be it pro-
phylactic or therapeutic. UFH should be stopped 4–6 hours 
preoperatively, and the activated partial thromboplastin time 
(aPTT) can be measured to ensure the anticoagulant effect 
has dropped sufficiently. Prophylactic and therapeutic sub-
cutaneous LMWH should be stopped 12 hours and 24 hours 
before surgery, respectively [35]. After performing a regional 
nerve block or removing an epidural catheter, further doses 
of UFH should not be given until at least 1 hour postopera-
tively for subcutaneous, at least 4 hours for LMWH medica-
tions [39] with other guidelines suggesting even longer time 
periods of up to 12 hours [35].

DOAC medications also vary as to timing of cessation 
preoperatively. As mentioned previously, only dabigatran 
has a currently available reversal agent; thus care must be 
taken to ensure these drugs have been stopped in sufficient 
time. For regional or neuraxial blockade, timings for stop-
ping these drugs vary considerably depending upon which 
guidelines are followed. These times can also be affected by 
renal dysfunction [35, 39].

 ERAS® Society Guidelines

The ERAS® Society has published a number of different spe-
cialty guidelines, which all include VTE prophylaxis. A 
summary of their VTE recommendations can be found in 
Table 29.2.

 Some Specialties Currently Not Covered by 
ERAS® Society Guidelines

 Orthopedic Surgery
Individual centers have been using their own ERAS proto-
cols in both hip and knee arthroplasty for a number of years 
with some success [40], but to date no consensus guidelines 
exist. VTE prophylaxis is a key tenet of any successful ERAS 
pathway, especially in major orthopedic surgery where VTE 
risk is particularly high [4]. However, agreement over a uni-
versal approach in this setting has remained elusive.
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In the United Kingdom, NICE recommends prophylaxis 
for 28 days following hip replacement and 14 days following 
knee replacement [6]. NICE suggests the individual clinician 
choose between one of three options for hip replacement:

• LMWH for 10  days followed by aspirin for a further 
28 days

• LMWH for 28  days combined with thromboembolism- 
deterrent (TED) stockings until discharge

• Rivaroxaban for 5 weeks

They add that in cases where none of the above are favor-
able options, then either apixaban or dabigatran could be 
considered. Similarly, for knee replacement, they recom-
mend one of the following:

• Aspirin for 14 days postoperatively
• LMWH for 14 days
• Rivaroxaban also for 14 days

Meanwhile, in the United States, there are two competing 
guidelines produced by two different colleges. The American 
College of Chest Physicians (ACCP) focuses on prophylaxis 
to prevent DVT and PE and suggests that the clinician choose 
one of the following pharmacological agents compared to no 
anticoagulation:

• LMWH
• A DOAC (either a direct thrombin inhibitor or factor Xa 

inhibitor)
• Low-dose UFH
• Warfarin
• Aspirin plus mechanical prophylaxis with an intermittent 

pneumatic compression device

They do, however, suggest the use of LMWH in prefer-
ence to the other options and recommend a minimum of 
10–14 days treatment, which can be extended to 35 days [30].

The American Academy of Orthopedic Surgeons (AAOS), 
however, says that the ACCP guidelines focus inappropri-
ately on prophylaxis that is effective for prevention of DVT, 
as a surrogate for PE (their primary focus is to reduce the 
incidence of PE). They recommend, by consensus, the com-
bined use of mechanical devices and pharmacological pro-
phylaxis, but were unable to recommend one particular 
regimen [41].

In general, most current guidelines recommend some form 
of pharmacological prophylaxis for all patients undergoing 
hip and knee replacement. However, much of the evidence 
upon which these guidelines are based comes from the pre-
ERAS era, and with the widespread adoption of ERAS pro-
grams promoting early postoperative mobilization, it may be 
revealed that routine pharmacological prophylaxis is only 

required in high-risk patient groups. Data from ERAS pro-
grams in Denmark have found that only giving in-hospital 
chemoprophylaxis for these patients has not led to higher 
rates of VTE in the community, and so for chemoprophylaxis 
continued at home, they now only target high-risk groups [42, 
43]. This is likely to be backed up by the ERAS® Society in 
future guidelines. The Danish have similar guidelines for 
colorectal surgery and found—with a comprehensive ERAS 
program and VTE prophylaxis only while an inpatient—a 
0.2% rate of nonfatal symptomatic VTE at 60 days, thus ques-
tioning the prolonged use of VTE prophylaxis [44].

 Obstetrics
Analogous to the situation in orthopedic surgery, there are 
numerous published ERAS studies in this area utilizing a 
variety of different protocols but, at the time of writing, no 
consensus guidelines. Thrombosis and thromboembolism 
remain the leading cause of direct maternal death in the 
United Kingdom [45], and so effective preventative strate-
gies are essential. The Royal College of Obstetricians and 
Gynaecologists from the United Kingdom published com-
prehensive guidelines in 2015 on VTE prophylaxis [46] in 
which they stated that all women should have documented 
assessment of risk factors (such as medical comorbidities, 
e.g., cancer and heart failure; age over 35; obesity; smoking; 
multiple pregnancy or lower-segment cesarean section 
[LSCS]). Individuals with four or more risk factors should be 
considered for LMWH throughout the antenatal period and 
for 6 weeks postnatally. Those with three risk factors should 
be considered for LMWH from 28  weeks, continuing for 
6 weeks postnatally; and those with two risk factors receive 
LMWH for at least 10 days postpartum. Other individual risk 
factors carry specific guidance; e.g., patients with a BMI 
greater than 40 and those who required an emergency LSCS 
should both receive 10 days of LMWH postpartum.

 The Future

As the newer anticoagulant medications become more estab-
lished, the evidence for their benefits and risks will grow, and 
guidelines will likely change to follow reflect this. DOACs 
are becoming increasingly popular, particularly as an alter-
native to warfarin, which, although well-established as effec-
tive and safe, presents considerable practical and logistical 
challenges for both patients and health services. A number of 
trials comparing warfarin with DOACs have shown equiva-
lent efficacy but with fewer complications in the DOAC 
group [47, 48]. Specific reversal agents for these drugs are on 
the horizon, with agents for the reversal of rivaroxaban and 
apixaban both currently undergoing phase III trials [49], 
which, if favorable, will increase their appeal to prescribers. 
Novel agents targeting other aspects of thrombus formation 
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are also in development, including drugs aimed at disrupting 
factors XI and XII. A trial has already taken place using one 
of these drugs in a perioperative setting demonstrating effec-
tive VTE prevention and safety with respect to risk of bleed-
ing [50]. As these drugs become more widely prescribed and 
the evidence base grows, there may come a time when they 
can challenge LMWH as the primary pharmacological agent 
for perioperative thromboprophylaxis.

 Conclusion

VTE is a common, life-threatening, and preventable peri-
operative complication. Effective and safe thromboprophy-
laxis is a fundamental standard of perioperative care and a 
key tenet of an ERAS program. All patients scheduled for 
surgery should be adequately risk assessed as early as pos-
sible preoperatively and reviewed following any significant 
events in the perioperative journey. The vital aspects of 
thromboprophylaxis are choice and timing of administra-
tion of pharmacological agents and consideration of non-
pharmacological treatments including early mobilization. 
The choice of pharmacological agent is largely dependent 
upon other aspects of a patient’s condition such as renal 
function or ability to absorb enterally. Timing is dependent 
upon the indication for and nature of surgery and must 
always consider safety in terms of perioperative bleeding 
risk and anesthetic/analgesic modality (e.g., neuraxial 
blockade/regional anesthesia). Patients with malignant dis-
ease or having lower limb orthopedic surgery are also likely 
to require prolonged thromboprophylaxis, at least until full 
mobility is restored, but with ERAS programs becoming 
more effective at restoring mobility, this could have an 
effect upon the duration of thromboprophylaxis. The intro-
duction of new thromboprophylaxis agents is likely to 
change practice in the near future, and we must remain 
vigilant as to the nature and effects of these drugs in order 
to continue to safely manage patients while maintaining the 
lowest possible risk of VTE formation.
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Functional Recovery at Home and After 
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 Introduction

Enhanced recovery after surgery (ERAS) programs are com-
prehensive and multidisciplinary care plans that integrate 
evidence-based interventions in the perioperative care of the 
patient. A number of guidelines have been published that 
describe the essential elements of an ERAS program [1, 2]. 
Compliance with such guidelines has been shown to improve 
perioperative outcomes [3]. One of the essential elements of 
a successful implementation of any ERAS program is the 
ability of a patient to not only recover physically from the 
surgical procedure but to also return to full functional capac-
ity. In this chapter we aim to explore what functional recov-
ery means and the complexity involved in defining and 
measuring recovery.

The recovery process is complex, and it often encom-
passes several dimensions of physical, emotional, economic, 
and social health. In addition, the definition of “recovery” 
may be different among those involved in the process [4]. To 
the patient, recovery may take weeks or months, and it gen-
erally equates with full return to normal daily activities. 
Patients often recover at different time frames for the various 
dimensions of functional recovery. For example, economic 
recovery and return to work may lag behind emotional or 
physical dimensions of recovery. However, additional 
research is needed within the diverse surgical populations to 
define and better understand the nuances of functional recov-
ery from a patient’s viewpoint.

 Functional Recovery

Postoperative recovery has been described as following a spe-
cific pattern that starts with a rapid deterioration from base-
line function in the immediate postoperative period and then 
gradually rehabilitates back to or surpasses the preoperative 
baseline [5]. This recovery trajectory is featured in the 
ERAS® logo (Fig. 30.1) and represents, in a pictorial sense, 
the benefit of enhanced recovery programs to a patient’s func-
tional recovery. The recovery trajectory will not be the same 
for all surgeries or patients. Some patients may not realisti-
cally achieve a full recovery to their preoperative baseline, 
and others may improve beyond their preoperative baseline. 
In addition, one must also consider that the postoperative 
recovery for patients with cancer may be further impacted by 
the side effect profile of the adjuvant therapy—either chemo-
therapy, other systemic treatments, or radiation.

The impact of a faster physical and functional postopera-
tive recovery, as generally noted in ERAS programs, is of 
paramount importance in the setting of cancer patients. After 
cancer surgery, either complications or subsequent disability 
from such complications may prevent or delay patients from 
receiving subsequent adjuvant therapy. A number of centers 
have evaluated the principle known as RIOT (return to 
intended oncologic treatment). RIOT has two components: 
first, a binary outcome (whether the patient did or did not 
initiate intended oncologic therapies after surgery), and, second, 
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Fig. 30.1 The bottom arrow represents functional recovery after sur-
gery without participation in an enhanced recovery after surgery 
(ERAS) program, and the top arrow graphically demonstrates the ben-
efits of enhanced recovery after surgery with less of an impact on func-
tion and a quicker recovery
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the time between surgery and the initiation of such therapies. 
In a study by Aloia and colleagues [6] from MD Anderson 
Cancer Center, the investigators evaluated 223 patients with 
liver tumors who underwent open hepatectomy and 27 
patients who had the same procedure by minimally invasive 
surgery (MIS). They found that 75% of patients were able to 
return to planned oncologic therapy and that inability to 
RIOT correlated with shorter disease-free and overall sur-
vival. This study proposed that efforts should be made to 
speed the recovery process for patients undergoing cancer 
surgery in order to decrease any compromise on oncologic 
outcomes. The same group then performed an evaluation of 
this same principle after initiation of an ERAS program and 
noted that after introduction of such program, there was an 
improvement in RIOT to 95% [7]. In cancer patients, it is 
imperative to focus on developing strategies that not only 
reduce patient disability but also maintain adequate func-
tional capacity.

In a recent review by Bowyer and colleagues, [8] the 
authors evaluated the scope and measurement of postopera-
tive quality of recovery. They proposed that there are three 
phases of recovery: an early, intermediate, and late phase. In 
the early phase, one needs to consider factors that are essen-
tial for hospital discharge, such as physiologic stability, pain, 
nausea, and gastrointestinal function. The intermediate phase 
is the time during the first weeks after surgery, where noci-
ceptive, emotional, functional, and cognitive recovery are 
most crucial. Lastly, the late phase of recovery is that which 
is more than 6 weeks after surgery; and this is where ele-
ments such as persistent pain, nausea, and declining cogni-
tive capacity play a greater role.

 Patient-Reported Outcomes

Length of stay in the hospital has declined in the ERAS era. 
As such, the majority of recovery after surgery occurs out-
side of the hospital environment, either in a nursing or reha-
bilitation facility or, more often, in the home environment. 
Thus, recovery outside of the hospital typically encompasses 
the late phase of recovery. Patients and caregivers can feel 
vulnerable after discharge and underprepared to carry on the 
recovery process at home [9, 10]. Patients with ostomies may 
be particularly vulnerable. In one study of patients who 
underwent cardiac surgery, a common theme that emerged 
was the sentiment that discharge felt akin to being “thrown to 
the wolves” [10]. There continues to be a knowledge gap of 
how medical care teams can better support patients and their 
caregivers to optimize functional recovery at home. Studies 
involving multiple stakeholders including patients, family 
members, surgeons, and other medical caregivers suggest 
that utilizing information and communication technology for 
multimedia and education initiatives would be welcomed by 

patients and families [11, 12]. Preliminary pilot studies dem-
onstrate feasibility from telemedicine, multimedia educa-
tion, and follow-up support in terms of knowledge, quality of 
life, and acceptance from patients and caregivers [13, 14]. 
Apps designed to assist with communication about distress-
ing symptoms and that provide education support and self- 
help advice may also be helpful during the out-of-hospital 
recovery phase [15, 16]. For example, interactive patient- 
reported outcomes (PRO) apps can help provide recovery 
reminders (ambulate, nutrition, wound care) or provide 
severity tailored feedback for self-management and guides 
on when to reach out to their surgical team.

One of the greater challenges in measuring recovery is 
that there is no single outcome that completely captures the 
results of implementation and success of an ERAS program 
and, more specifically, functional recovery after surgery. 
While there are similarities in the process of surgical recov-
ery, there are also important differences and challenges based 
on the specific patient population or procedure. Even within 
a single surgical specialty, such as orthopedic surgery, spe-
cific functional recovery outcomes and how they are best 
measured will vary for patients undergoing different proce-
dures, such as ankle replacement surgery, spine surgery, or 
hip replacement [17–19]. Not only may the selection of out-
come measures differ by patient population or surgical pro-
cedure, but outcome measures may also vary according to 
where the patient lies in the different phases of recovery. 
While the surgeon and healthcare team can provide outcome 
measures based on surgical and physical complications, it is 
crucial to obtain measures, such as patient-reported out-
comes, where the measure may be prioritized by the stake-
holders and for a particular health condition or treatment 
[20]. Such PROs can be determined directly by the patient 
using validated scales or health profiles.

Lee et  al. proposed a specific set of measures targeting 
each phase of recovery (Table 30.1) [4]. In this algorithm, 
although there are numerable examples of assessment tools, 
they proposed measuring the early phase of recovery, by 
focusing on physiologic and biologic outcomes and that one 
tool that captures such information is the Aldrete postanes-
thetic recovery score [21]. In assessing the outcomes of the 
intermediate phase of recovery where symptoms and impair-
ment in activities of daily living are most crucial, the authors 
recommended the quality of recovery score [22]. This tool 
encompasses five dimensions of recovery (emotional state, 
physical comfort, psychological support, physical indepen-
dence, and pain). Another alternative for abdominal surger-
ies is the Abdominal Surgery Impact Scale [23]. Lastly, in 
assessing the late phase of recovery, the authors suggested a 
number of tools that evaluate function and health-related 
quality of life. These include the 6-minute walk test [24], the 
Community Health Activities Model Program for Seniors 
(CHAMPS) questionnaire, [25] and the Short Form 6-D 
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 (SF- 6D) [26]. The first of these, the 6-minute walk test, was 
originally developed to test exercise tolerance but is cur-
rently considered appropriate to test functional exercise 
capacity and accepted as a single measurement of functional 
status [27]. The CHAMPS instrument is a 41-item question-
naire developed to evaluate the effectiveness of interventions 
aimed at increasing the level of physical activity in elderly 
adults. Patients generally report the frequency and total time 
spent performing a range of physical and social activities 
during the prior week. This is then weighted according to the 
metabolic value of each activity, and thus a total caloric 
expenditure per kilogram per week is calculated [25]. The 
SF-6D is an indirect utility instrument used to measure effec-
tiveness using quality-adjusted life years [26]. Once again, it 
is very important to understand that these tools are a few 
among many options in evaluating functional and physio-
logic recovery of the patient. One must always consider that 
the most crucial element of selection of a particular tool is 
the specific context of recovery in the unique time of 
interest.

 Symptom Burden

A key element in the recovery of patients after surgery is the 
ability of the patient to return to full functional capacity and 
emotional well-being. In addition, patients and surgeons alike 
are concerned with either new or residual disability after sur-
gery. The World Health Organization (WHO) International 
Classification of Functioning, Disability and Health classifies 
disability as “difficulties in any area of functioning as they 
relate to environmental and personal factors” [28]. Previous 
studies have shown that instruments measuring postoperative 
disability should focus not on symptoms but rather on the 
impact of such symptoms on psychological well-being, social 
involvement, life role activities, and cognitive well-being 
[29]. The MD Anderson Symptom Inventory (MDASI) is a 
versatile tool that has been found to be useful in demonstrat-

ing both symptom burden and functional interference (physi-
cal and emotional) secondary to symptom burden for cancer 
patients both in the immediate postsurgical period and after 
hospital discharge [30–32]. The MDASI is validated in mul-
tiple languages and has disease-specific modules for many 
areas such as spine, head and neck, lung, and ovarian cancer. 
The MDASI symptom interference score was found to be a 
good indicator of functional recovery after lung surgery as 
well as gynecologic surgery [32, 33]. Using a time-to-recov-
ery analysis, gynecologic oncology patients who were treated 
on an ERAS pathway demonstrated a return to low or no total 
interference score (composite endpoint of interference from 
symptoms with general activity, mood, work [including work 
around the house], relations with other people, walking, and 
enjoyment of life) significantly faster than those not on an 
ERAS pathway. Such analyses can help measure functional 
recovery [32].

A recent study by Shulman and colleagues [34] aimed to 
evaluate the WHO Disability Assessment Schedule 2.0 
(WHODAS) in a diverse surgical cohort with varying degrees 
of comorbid medical disease, disability, and health. A sec-
ondary aim of that study was to characterize disability-free 
survival after surgery. The WHODAS is a tool that measures 
disability, and it asks about limitations over the last 30 days 
in six major life domains: cognition, mobility, self-care, 
interpersonal relationships, work and household roles, and 
participation in society [35]. In that study, the authors evalu-
ated 510 surgical patients and assessed clinical acceptability, 
validity, reliability, and responsiveness up to 12 months after 
surgery. The authors concluded that disability-free survival 
is an ideal study endpoint as it reflects the primary goal for 
most patients undergoing major surgery and can aid shared 
decision-making in surgical care.

One of the main challenges faced today when considering 
evaluation of ERAS programs on post-discharge recovery is 
choosing how we measure outcomes in a patient-centered 
fashion. One guiding principle to help guide what  instruments 
to choose is thinking a priori why you are collecting the data. 

Table 30.1 Stages of recovery

Phase of 
recovery Definition

Time 
frame Threshold Outcomes

Examples of existing 
instruments

Early From OR to discharge 
from PACU

Hours Safety (sufficiently recovered 
from anesthesia and safe to 
go to floor)

Physiologic and 
biologic

Aldrete postanesthetic recovery 
score [21]

Intermediate From PACU to discharge 
from hospital

Days Self-care (able to care for 
self at home)

Symptoms and 
impairment in ADL

Quality of recovery score [22]
Abdominal Surgery Impact 
Scale [23]

Late From hospital discharge to 
return to usual function 
and activities

Weeks to 
months

Return to normal (baseline or 
population norms)

Function and 
health-related 
quality of life

Six-minute walk test [27]
Community Health Activities 
Model Program for Seniors 
(CHAMPS) [25]
Short Form-6D [26]

ADL activities of daily living, OR operating room, PACU postanesthesia care unit
Reprinted with permission from Lee et al. [4]
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For example, the instrument you choose to inform clinical 
care at an individual level might differ from an instrument 
one would choose for aggregate group comparisons (pro-
grammatic assessment). Additionally, consideration of recall 
period, timing of administration, and the sensitivity of the 
instrument for what one is trying to capture within surgical 
recovery must occur. Implementing PROs for supporting 
individual management requires thoughtful application of 
how PRO information is delivered back to the patient, care-
giver, or clinical team so that it is easy to understand with 
guidance for action. For example, patients rating a severe 
range for lack of appetite might trigger an alert that leads to 
contact with a dietician, and those with severe fatigue for 
evaluation by physical or occupational therapists, while a 
high shortness of breath or pain score might alert the medical 
team to guide the patient to a more nuanced evaluation.

There is currently no perfect validated tool that is appli-
cable to all patient populations, time points, or settings. In 
other words, specific instruments of outcomes measures may 
be valid only for unique conditions, thus leading to a broad 
range of measures and a lack of comparability between stud-
ies. However, there are likely enough similarities in certain 
aspects of functional recovery that we can strive to use com-
mon instruments.

The complexity involved with measurement of functional 
recovery also provides ample opportunity for future research 
and work. Instead of creating many new measures, can we 
agree on certain common measures? [36] To do so in an 
informed and patient-centered way, more work has to be done. 
Evaluating content validity, construct validity, reliability, and 
responsiveness of existing measures in various clinical scenar-
ios is needed. With sufficient data, crosswalk algorithms can 
help us measure and compare across instruments.

Understanding the interpretation of PRO results is also 
important. The value of PRO measures depends on the extent 
to which stakeholders can interpret and potentially act upon 
the scores. Many results from PRO instruments are best 
thought about in a nonlinear fashion. More methodology 
work needs to be performed to identify scale categories that 
group results into mild, moderate, and severe symptoms/
interference, as well as to understand clinically meaningful 
cut points. Partnering with experts in the field of patient- 
reported outcomes can help define minimally important dif-
ferences and clinically meaningful differences that are more 
patient-centered outcomes for interpretation of functional 
recovery after surgery than the traditional statistical signifi-
cance that we so often lean on [37].

 Wearable Technology

Additionally, how will measurement of recovery change as 
we embrace the digital world? Computer-adapted testing can 

help decrease patient burden and improve precision [36, 38]. 
New technologies such as wearables are an inexpensive and 
easy way to get primary data regarding heart rate, sleep, 
movement, walking (steps), and location/distance via GPS 
tracking. Will data collection from wearables replace the old 
standards such as the 6-minute walk test? Data from wear-
able technology may complement or replace questions in 
PRO instruments that focus on sleep, walking, or activity. 
However, more work needs to be done to understand how to 
meaningfully interpret this data in reference to surgical 
recovery.

 Conclusion

In conclusion, functional recovery after surgery occurs 
mostly outside the hospital environment. Two main chal-
lenges remain: (1) how to improve functional recovery after 
surgery and (2) how to measure functional recovery after sur-
gery in a patient-centered manner. Post-discharge support of 
the surgical patient remains an area where we have an oppor-
tunity to improve ERAS programs. Harnessing digital tech-
nology and multimedia may provide novel and efficient ways 
to provide prompts for self-care (ambulation, diet) and pro-
vide severity-tailored feedback for self-management at home 
or guidance on when to reach out to the clinical team. Moving 
forward, more work is needed to improve our ability to mea-
sure and understand functional recovery after surgery and to 
meaningfully map responses to guide self-management or 
clinicians with management algorithms. In the meantime, 
when considering recovery instruments to measure out-
comes, selection could be guided by what outcomes are most 
relevant to all stakeholders involved in the recovery of the 
patient while minimizing patient response burden.
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Recovery Within the Cancer Journey

Eve Simoneau and Thomas A. Aloia

 Introduction

Perioperative medicine is an evolving and innovative field in 
the era of enhanced recovery pathways, since they were first 
applied in colorectal surgery almost three decades ago [1]. In 
order to improve patient safety and outcomes, perioperative 
components such as nonnarcotic analgesia strategies, surgi-
cal approaches, and postoperative care are continuously 
improving and aiming to provide optimal outcomes. 
Additionally, novel tools to measure patients’ outcomes have 
also been introduced, such as patient-reported outcomes 
(PROs). Given the significant proportion of patients under-
going elective surgery for malignancy, the impact of an 
effective perioperative management strategy on oncological 
outcomes has also been evaluated.

Recently, a concept of timely return to intended oncologic 
treatment (RIOT) has been introduced [2], which represents 
a novel quality metric that cancer surgeons and physicians 
can use to evaluate the degree to which various perioperative 
interventions impact functional recovery in cancer patients. 
In this review, the data associating enhanced recovery, avoid-
ance of postoperative complications, early return to adjuvant 
treatment, and favorable oncological outcomes will be 
explored, for several types of cancers, including hepatobili-
ary, and other malignancies.

 The RIOT Concept

Long-term oncological outcomes, such as survival and recur-
rence, and generic short-term outcomes, such as 90-day mor-
bidity and mortality, are known metrics after surgery. 

However, data reporting short- to mid-term outcomes that 
are relevant to cancer patients, such as pain relief, quality of 
life, functional recovery, and autonomy, are lacking. This 
deficiency in the literature prompted investigators to evaluate 
cancer-specific outcomes and to first define a relevant metric 
of recovery after surgery in cancer patients, defined as the 
time for return to intended oncologic treatment (RIOT). The 
RIOT concept has subsequently been used as a quality indi-
cator for optimal oncological treatment sequencing, given 
the multimodal nature of most cancer treatments.

RIOT is characterized by two components: first, whether 
the patient did or did not return to intended oncological ther-
apy after surgery, which constitutes a binary outcome, and, 
second, the time elapsed between surgery and the initiation 
of postoperative adjuvant therapies. Of course, the definition 
and measurement tools can be expanded to include capture 
of the complexity of the multimodal therapies for certain 
malignancies. As such, RIOT was additionally defined to 
quantify the extent of completion of the intended treatment 
pathway, to include not only completion of adjuvant sys-
temic therapy – as an example – but the completion of other 
potential planned treatments, such as second-stage resection, 
interventional radiology procedures, endoscopic cancer ther-
apies, radiotherapy, biologic and hormonal therapies, etc., in 
order to accurately measure the impact of postoperative 
recovery on the entire cancer treatment plan.

Prior to defining the RIOT concept, a few adjuvant sys-
temic therapy trials were indirectly reporting the timing 
or completion of postoperative therapy, with no specific 
focus of RIOT as a quality indicator for oncological sur-
gery. The initial study exploring the RIOT concept was 
comprised of patients who underwent liver resection for 
colorectal liver metastasis and reported a RIOT rate of 
75%, with a median time to RIOT of 42 days [2]. Despite 
the paucity of data in the literature to benchmark against 
these results, we aimed to remodel our perioperative pro-
cesses in order to improve these numbers. With the imple-
mentation of more optimal perioperative strategies within 
the framework of enhanced recovery, improved collabora-
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tions between the different  providers, and refined patient 
coordination and scheduling, the RIOT rate was increased 
to 86% with median time of 36 days (unpublished data). 
Implicit in this calculus is that we believe that adjuvant 
therapy engenders a survival benefit to postoperative can-
cer patients. If this is accepted, then any impediment to 
postoperative recovery that prevents or delays RIOT will 
have a material impact on long-term cancer outcomes for 
the population of treated patients. This example supports 
the concept of RIOT as an objective quality indicator to 
gauge the effectiveness of oncology treatment pathways 
and hopefully to stimulate the implementation of superior 
system- based perioperative strategies within healthcare 
institutions that care for cancer patients.

RIOT was developed simultaneously as enhanced recov-
ery in liver surgery (ERILS) pathways were being increas-
ingly implemented. In the initial study, RIOT was assessed 
along with other standard dependent variables within the 
ERILS framework, and the authors were then able to deter-
mine that the enhanced recovery program increased the 
RIOT rate to 95% [3]. These impressive results further vali-
dated that the implementation of structured enhanced recov-
ery programs not only standardize and homogenize 
perioperative care but that the effect of such program is 
extended beyond the immediate postoperative period. 
Further, it confirmed that independent of the technical 
aspects of the operation, the conduct of cancer patient care 
during the few days of the perioperative experience could 
have direct oncological benefits. Such results endorse the 
concept that enhanced recovery, although comprised of sev-
eral individual elements that have shorter-term results, repre-
sents a system-based approach, which has long-term benefits 
for patients. Hence the effects of enhanced recovery pro-
grams cascade into better long-term outcomes, including 
better cancer-specific outcomes (Fig. 31.1).

Clearly, there is a direct mechanistic benefit of enhanced 
recovery pathways in avoiding postoperative complications 
that otherwise routinely obstruct initiation of postoperative 
cancer therapies. In addition, and likely to be further eluci-
dated in the near future, there is emerging evidence that such 
a multimodal strategy has a positive effect in reducing peri-
operative stress response, thereby also potentially having a 
direct oncological benefit by modulating pro-inflammatory 
and immunosuppressive mediators.

 Impact of Postoperative Complications 
and Riot on Oncological Outcomes

 Hepatobiliary Oncology

For pancreatic ductal adenocarcinoma (PDAC), the overall 
5-year survival remains low at 7% [4], and even the resected 
patients, who constitute the minority of all PDAC, obtain a 
5-year survival of approximately 20% [5–8]. These results 
have only marginally improved despite reduction in postop-
erative mortality and advances in perioperative therapies [9]. 
The administration of adjuvant therapy for all tumor stages is 
a well-established fact for PDAC, as supported by data from 
randomized controlled trials such as ESPAC-1 and ESPAC- 3, 
as well as the CONKO-001 [10–13]. However, due to the 
nature of the surgeries for pancreatic cancer and their associ-
ated morbidities, several studies investigated the relation 
between postoperative complications and delivery of adju-
vant therapy, hypothesizing that the occurrence of complica-
tions could ultimately lead to delays or inability to receive 
adjuvant treatment, resulting in subsequently adverse onco-
logical outcomes [14, 15]. Using a similar rationale and to 
improve patient selection and stratification, several institu-
tions have also reported on the benefits of neoadjuvant ther-
apy for resectable and borderline PDAC [16–19].

Regarding delays in postoperative therapy administration 
and outcomes, Wu et al. reported in a series of 1144 patients 
that patients with complications were more likely to have a 
significantly delayed return to therapy and subsequently 
worse OS (22.5  months vs. 10.7  months, respectively for 
patients who did not vs. did experience complications; 
p < 0.001) [14]. Interestingly, that detrimental OS difference 
was rescued if patients who experienced complications did 
not have delayed RIOT: patients who received adjuvant ther-
apy after pancreaticoduodenectomy after a postoperative 
complication exhibited similar survival than patients who 
had an uneventful perioperative course (20.4  months vs. 
22.5 months, respectively; p > 0.05). Lastly, patients who did 
not undergo adjuvant therapy had worse survival, indepen-
dent of having a complication.

Several studies that used data from national databases 
such as the American College of Surgeons National Surgical 
Quality Improvement Program (ACS NSQIP) and the 
National Cancer Database (NCDB) indicated that a rela-
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Fig. 31.1 A working paradigm describing the influence of enhanced and standardized perioperative care on oncologic outcomes after cancer 
surgery
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tively high proportion of PDAC patients – over 30% – will 
never receive postoperative therapy [15, 20, 21]. In fact, 
Merkow et  al. showed that 61.8% of patients who did not 
experience a complication following pancreatic resection for 
stages I–III pancreatic adenocarcinoma had receipt of adju-
vant chemotherapy, while only 43.6% patients who suffered 
from a serious complication after pancreatic resection had 
receipt of adjuvant chemotherapy. In addition to reporting a 
clear correlation between complications and RIOT 
(OR = 2.08, 95% CI: 1.42–3.05), the same study revealed a 
median RIOT of 70 vs. 52  days for patients experiencing 
postoperative complications vs. no complications [15]. In the 
enhanced recovery literature, favorable outcomes have been 
reported for pancreatic cancer surgery, including short-term 
outcomes such as DGE reduction in the enhanced recovery 
program arms [22]. Overall, the implementation of clinical 
pathways for PDAC has been shown to have significantly 
positive impact on hospital cost and length of stay, without 
negative effects on postoperative adverse events and compli-
cations [23], although the direct impact of clinical pathways 
on RIOT remains to be investigated.

Regarding liver resection, the benefits of implementing 
ERILS pathways were also evident given that ERILS pro-
motes a multimodal approach that aims to reduce complica-
tions, in addition to be associated with less perioperative 
inflammation, decreased transfusions, reduced opioid 

requirements, and overall efficient recovery. Analyses [24, 
25] have demonstrated clear evidence that postoperative 
complications have a negative oncological impact in patients 
undergoing resection of colorectal liver metastasis (CRLM), 
in terms of worse disease-free survival and overall survival. 
Postoperative complications can preclude timely RIOT, as it 
was shown in the first validation study published by Aloia 
et  al. where patients with CRLM with delayed or omitted 
timely adjuvant therapy were more likely to have experi-
enced postoperative complications (p  =  0.039) [2]. As 
expected, this non-RIOT group exhibited significantly worse 
disease-free and overall survival (Fig. 31.2). These findings 
were corroborated in a study where ERLS patients had sig-
nificantly superior survival after 2 years compared to tradi-
tional pathway, implying an advantage of this strategy that 
extends beyond the immediate postoperative period [26]. 
Further studies should aim to evaluate the exact interactions 
between ERILS, inflammation, and RIOT.

 Breast Cancer

It is now proven that completion of adjuvant breast cancer 
chemotherapy has a significant effect on OS. Moreover, the 
amount of adjuvant chemotherapy completed is an important 
factor associated with OS, which was demonstrated in previ-
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ous randomized controlled trials [27, 28]. In fact, Nurgalieva 
et  al. found that survival was significantly impaired when 
patients received adjuvant chemotherapy beyond 3 months 
after surgery. RIOT and optimal functional recovery are also 
important in patients who receive neoadjuvant chemotherapy 
or who do not require chemotherapy and will receive radio-
therapy as their next treatment regimen after surgery. Patient 
must have recovered from their surgical procedure and any 
complications and have full range of motion of their arm for 
proper positioning during radiation. Several studies show the 
impact of delays to radiotherapy on local recurrence rates, 
even in early-stage patients, which translates into higher risk 
of locoregional recurrence when therapy is delayed to more 
than 8  weeks postop [29, 30]. Although these data do not 
specifically discuss enhanced recovery or postoperative 
complications directly, these studies still provide the most 
compelling argument that the various components of RIOT 
should be measured in breast surgery patients and likely have 
a direct impact on cancer outcomes. Perioperative strategies, 
even in breast surgery where morbidity can be relatively 
lower compared to procedures for other malignancies, should 
focus on rapid and complete patient recovery for optimal 
long-term outcomes.

 Conclusion

This chapter summarized data indicating that a multicompo-
nent, standardized, and evidence-based approach to periopera-
tive care has the potential to impact cancer-specific outcomes. 
The advantages of enhanced recovery pathways are particu-
larly relevant for patients with malignancies, as they often 
have longitudinal treatment strategies that are absolutely 
dependent on optimal functional recovery to achieve optimal 
long-term oncological outcomes. For these patients, the bene-
fits of enhanced recovery certainly extend beyond the com-
monly reported short-term outcomes such as length of stay, 
morbidity, mortality, and costs. Given these positive attributes, 
ongoing efforts are required to facilitate wider implementation 
of such programs in the surgical community. Ultimately, as all 
cancer treatments cause some degree of patient disability, the 
patients’ best interests can only be addressed by oncologic 
providers who are accountable to continuously strive to under-
stand and improve mechanisms of recovery.
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Readmission Challenges and Impacts 
Within ERAS

Michael Passeri, Kendra Tezber, Misty Eller, Cesar Aviles, 
David A. Iannitti, and Dionisios Vrochides

 Introduction

Among the primary goals of any enhanced recovery after 
surgery (ERAS) protocol is to decrease the amount of time 
patients remain in the hospital after surgery. While decreas-
ing length of stay (LOS) is a critical part of that initiative, it 
remains only half the battle. Rushing patients to discharge, 
only to have them come back in increasing numbers, would 
do nothing to help them or to advance the principles of 
ERAS. This chapter will focus on readmissions within ERAS 
and how we may be able to improve in this particular aspect.

 The Burden of Postoperative Readmissions

Research into the medical, financial, and emotional burdens 
of postoperative readmissions on patients, surgeons, and 
hospitals [1, 2] only scratches the surface of a particularly 
frustrating topic. Being cleared for discharge and then return-
ing with unresolved complaints can be an upsetting experi-
ence for patients and may even erode patient trust in the 
judgment of the discharging physician. A 2015 American 

College of Surgeons National Surgical Quality Improvement 
Program (ACS NSQIP) review of postoperative readmis-
sions looked at 498875 operations, including bariatric proce-
dures, colectomy, proctectomy, hysterectomy, total hip or 
knee arthroplasty, ventral hernia repair, and lower extremity 
vascular bypass [3]. It demonstrated a 30-day readmission 
rate of 5.7%. The most common reason for readmission was 
surgical site infection (19.5%) [3]. A subsequent evaluation 
of the Nationwide Readmissions Database demonstrated that 
of nearly 60,000 patients undergoing complex oncologic 
resection (defined as esophagectomy, gastrectomy, hepatec-
tomy, pancreatectomy, colorectal resection, lung resection, 
or cystectomy), 14% were readmitted within 30  days of 
operation, 82% of these readmissions were deemed poten-
tially preventable [4].

The Affordable Care Act, established in 2010  in the 
United States, introduced the Hospital Readmission 
Reduction Program (HRRP). This initiative tightened finan-
cial penalties on hospitals with higher than expected 30-day 
readmission rates [5]. Beginning in 2012, hospitals began to 
see the impact of these penalties, as a forfeited percentage of 
their total Medicare reimbursement. There is data to suggest 
that the HRRP has succeeded in yielding decreased readmis-
sion rates [6], while there is evidence that the initiative actu-
ally resulted in longer index hospital stays [7]. This political 
environment places even more pressure on US ERAS centers 
to avoid any increase in readmissions despite decreasing 
length of stay.

 Discharge and Readmission in the ERAS Era

There is a wealth of literature supporting the idea that employ-
ing and adhering to ERAS principles lead to significant 
decreases in length of stay; however, it could be argued that 
by striving to comply with ERAS metrics, physicians may be 
prematurely discharging patients, potentially setting the stage 
for an increased number of readmissions. So do ERAS proto-
cols lead to increased readmission rates? Fortunately we do 
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not have to rely on speculation, as a  number of recent studies 
have evaluated the impact of ERAS on readmission rates. The 
following section will present selected high-quality studies 
and consider their impact on this discussion. The presented 
papers are divided into two sections: those that did not dem-
onstrate a significant increase in readmission rates among 
ERAS patients and those that did.

 Studies that Showed Similar Readmission 
Rates Between ERAS and Conventional 
Recovery Groups

 Colorectal Surgery
In a 2017 study, all patients undergoing elective colorectal 
surgery at 15 academic hospitals in Canada (n = 2876) were 
enrolled into ERAS protocols and followed prospectively for 
30 days. The objective was to review ER visits and readmis-
sion rates as well as reasons for both. The study revealed a 
shortened length of stay, which was not associated with 
increased rates of readmission [8].

A 2017 retrospective study involving 20 centers in 
Northern California compared outcomes before and after 
ERAS implementation in two populations: elective colorec-
tal surgery (n  =  3768) and emergency hip fracture repair 
(n = 5002). The ERAS pathways in that study were intro-
duced in 2014. This study clearly demonstrated a decrease in 
length of stay in both groups (5.1–4.2 days in the colorectal 
group and 3.6–3.2 days in the hip fracture group), with no 
change in readmission rates [9]. Importantly, coordination of 
ERAS introduction to these centers was facilitated with the 
aid of a regional ERAS summit, including more than 400 
staff members. Standardized electronic order sets were also 
incorporated to ensure standardized practice.

A 2018 retrospective review across 15 Canadian institu-
tions included 2876 patients undergoing elective colorectal 
surgery. This study demonstrated that ERAS compliance was 
linked to “optimal recovery” in a multivariate analysis. A nec-
essary component of “optimal recovery” was “no readmis-
sions.” The benefit of ERAS compliance was more pronounced 
in open procedures but significant in minimally invasive pro-
cedures as well. The overall readmission rate was <8% [10].

Another 2018 retrospective review analyzed the postopera-
tive outcomes of 2714 patients who underwent colorectal sur-
gery in Alberta, Canada. These patients were divided between 
two groups depending on whether they were recovered before 
or after ERAS implementation [11]. This study found no dif-
ference in readmission rates between the two groups.

 Non-colorectal Abdominal Surgery
A 2016 retrospective study enrolled 100 patients undergoing 
major ventral hernia repair with transversus abdominis 

release and mesh sublay into an ERAS recovery pathway 
[12]. Outcomes were compared to a historical cohort from 
before institution of the ERAS protocol. Average length of 
stay in the ERAS group was 4 days, reduced from 6.1 in the 
pre-ERAS cohort. Strikingly, 90-day readmission rates for 
the ERAS group actually decreased to 4%, from a historical 
rate of 16% [12].

A 2017 prospective study randomized 159 patients under-
going Whipple procedure in China into either ERAS path-
way or conventional recovery [13]. The ERAS group 
demonstrated significant decrease in time to first bowel 
movement and in length of stay, with no impact on 30-day 
readmission rate [13].

A 2018 systematic review and meta-analysis included 39 
studies (14 randomized and 25 cohort) comparing ERAS vs. 
conventional recovery in non-colorectal abdominal surgical 
procedures [14]. A total of 6511 patients were included in the 
analysis. The ERAS group had a significant decrease in 
length of stay (reduction of 2.5 days overall or 2.6 days when 
including only randomized studies), without an increase in 
readmission rate [14].

A 2018 meta-analysis of ERAS vs. non-ERAS protocols 
after pancreatic surgery included 3694 patients operated on 
from 1995 to 2017. This study showed no difference in 
30-day readmission rates between the two groups [15].

 Urology
A 2017 randomized pilot study in Vancouver compared 
ERAS to standard recovery after radical cystectomy and uri-
nary diversion. The ERAS group had significantly shorter 
length of stay and time to return of bowel function without 
significant difference in readmission rates [16].

A 2018 retrospective single institution study at Johns 
Hopkins compared 56 consecutive ERAS patients to 54 pre- 
ERAS patients after radical cystectomy. The ERAS group 
had significantly decreased length of stay with no significant 
difference in readmission rates [17].

 Transplant
A 2018 retrospective study at the University of Buffalo eval-
uated 1 year of consecutive kidney transplants after ERAS 
protocol (n  = 139) and compared outcomes to a historical 
pre-ERAS cohort. This study showed decreased length of 
stay with no difference in readmission rates [18].

 Thoracic Surgery
A 2018 retrospective evaluation of outcomes after lung 
resection at MD Anderson divided patients into three groups: 
pre-ERAS (2006–2011), in transition (2011–2015), and 
post-ERAS (2015–2017). A total of 2886 patients were 
included in the study, which demonstrated decreased length 
of stay with no impact on readmission rates [19].
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 Gynecologic Oncology
A 2018 study incorporating 152 pre-ERAS and 367 post- 
ERAS looked at patients undergoing debulking of gyneco-
logic malignancy at Alberta Health Services hospitals. 
Median length of stay for all surgeries was significantly 
decreased, and there was no significant difference in read-
mission rates [20].

 Studies that Showed an Increased Readmission 
Rate After ERAS Recovery

A 2017 systematic review and meta-analysis of only ran-
domized comparisons between ERAS and non-ERAS proto-
cols (8 studies with 801 patients from 1994 to 2016) after 
gastrectomy showed decreased length of stay in the ERAS 
group but significantly increased readmission rates (odd 
ratio 3.42) [21].

Another 2018 meta-analysis of only randomized compar-
isons between ERAS and non-ERAS protocols, including 
1092 patients after gastric surgery, showed significantly 
increased readmission rates in ERAS group [22].

 Institutional ERAS Readmission Data

At Carolinas Medical Center, a US-based ERASⓇ Center of 
Excellence, ERAS pathways have been initiated for pancre-
aticoduodenectomy, left pancreatectomy, and liver resection 
[23]. At the time of analysis, these groups included 153, 73, 
and 98 patients, respectively. Clinical data, including ERAS 
compliance, has been prospectively collected via the ERAS® 
Interactive Audit System (EIAS). Since initiation of ERAS, 
30-day readmission rates have fallen from 25.0%, 25.5%, 
and 17.0% to 23.5%, 24.7%, and 11.2%, respectively 
(Table  32.1). It is important to note that ERAS must be 
enacted in its entirety with a dedicated, multidisciplinary 
team enforcing compliance. Implementing enhanced recov-
ery protocols, without the organizational framework of for-
mal ERAS, has been shown to lead to a gradual but significant 
compliance drift [24]. The importance of high compliance 
cannot be overstressed, as compliance has been tied to 
improved outcomes [10, 25].

 Postoperative Emergency Room Visits Not 
Requiring Readmission

With few exceptions, the available data seems to overwhelm-
ingly suggest that adhering to an ERAS protocol does not 
significantly increase readmission rates. However, one 
potential consequence of ERAS that may not be captured by 
readmissions data is an increased rate of postoperative emer-
gency room (ER) visits that do not lead to readmission. It 
would be reasonable to expect that abbreviated inpatient 
recovery and accelerated discharge would lead to patients 
being sent home at earlier stages of wound healing, with 
more dependence on pain medications and with less time to 
adjust to postoperative symptomatology without the benefit 
of constant access to their care providers. This might in turn 
lead to a higher incidence of concerned patients returning to 
the emergency room with minor complaints. Even without 
readmission, postoperative emergency visits can be inconve-
nient for patients and lead to increases in healthcare costs. A 
2016 review of postoperative emergency room utilization 
among 38,776 bariatric operations in New York State dem-
onstrated that nearly two-thirds of postoperative emergency 
room visits did not lead to readmission [26]. An evaluation of 
postoperative emergency room visits should be a mandatory 
inclusion in any discussion about ERAS readmission rates.

The most comprehensive evaluation of postoperative 
emergency room utilization in the ERAS era comes from a 
recent review of 2876 patients (across 15 academic institu-
tions) who had undergone colorectal surgery followed by 
recovery under an ERAS protocol [8]. Decreased length of 
stay seen in these ERAS patients was not associated with an 
increase in readmission rates or an increase in emergency 
room utilization. Of the patients, 11.6% returned to the emer-
gency room but were not readmitted, while 8.2% were read-
mitted. Wound complications were the most common reason 
for emergency room visits not requiring readmission (44.5%) 
[8]. While these data are encouraging in regard to the safety 
of accelerated discharge after ERAS recovery, they also 
clearly demonstrate the importance of including emergency 
room utilization in studies evaluating the post-discharge 
costs and consequences of ERAS. They also promise oppor-
tunity for improvement. The fact that the most common rea-
son for emergency room utilization is patient wound concern 
indicates that we, as surgeons, should be directing focused 
initiatives toward both anticipating and preventing scenarios 
in which patients return to the ER for minor wound care 
problems. This will likely involve a multidisciplinary effort 
among surgeons, nurses, wound care specialists, and social 
workers, including formalized pre-discharge education, as 
well as post-discharge home care. There may also be a role 
for predictive analytics in determining which patients are at 
risk for return to emergency room with minor wound com-
plaints. A 2017 study from the urology literature articulated 

Table 32.1 Readmission rates (30-day) at Carolinas Medical Center, 1 
year from initiation of ERAS protocols by the Division of HPB Surgery

Implementation
Distal 
pancreatectomy

Liver 
resection Whipple Total

Pre-ERAS 25.5%
n = 51

17.0%
n = 53

25.0%
n = 48

22.4%
n = 152

ERAS 24.7%
n = 73

11.2%
n = 98

23.5%
n = 153

20.1%
n = 324
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this concept by revealing that among 28,635 women under-
going outpatient urethral sling procedures, 81% of unplanned 
hospital visits within 30 days were emergency room visits 
not requiring readmission [27]. The study went on to con-
clude that standardized recovery room algorithms and post-
operative patient counseling may be easy ways to reduce the 
unnecessary cost and inconvenience to patients.

 Patient and Physician Perspectives

An evaluation of ERAS readmissions would also be incom-
plete without discussing the perspective of patients and phy-
sicians regarding comfort with early discharge and concerns 
over readmission. A survey sent to 496 patients who under-
went elective colorectal surgery at an academic hospital from 
2012 to 2015 revealed that 90% felt that they were ready for 
discharge and 88% were satisfied with the follow-up plan 
[28]. While these numbers were encouraging and on par with 
pre-ERAS estimates, a significant number of patients voiced 
concern over lack of postoperative discussions. Notably, 
some felt that they were not informed about common postop-
erative occurrences, including readmissions, or how to 
resolve anticipated complications [28]. A 2016 survey of 
physicians and patients demonstrated the importance of per-
ceived barriers and facilitators inherent in introducing a stan-
dardized ERAS pathway to a real-life population [29, 30]. 
Some of the most raised issues included questions over ade-
quate social support, early mobilization, need for additional 
patient education, effective pain control, and concern over 
unforeseen complications or readmissions. Interestingly 
most of these are related not to medical care but rather to 
improved communication and functional discharge 
planning.

 Predicting and Preventing Readmission

Prediction of readmission has proven to be an elusive goal in 
both surgical and medical arenas. Numerous studies have 
been carried out with the aim of predicting which patients are 
likely to be readmitted after discharge, with mixed success. 
Some of the more reliable predictors include occurrence of 
postoperative complications and severity of preexisting 
comorbidities [31]. Attempts at more sophisticated risk 
assessments using biomarkers [32], nutritional lab values 
[33], and timing of interventional procedures [34] have pro-
vided less consistent results. Taken as a whole, existing stud-
ies have deciphered a complex web of independent predictors 
of postoperative readmission. Many of these are related to the 
patient’s medical history, such as age, chronic obstructive 
pulmonary disease (COPD), depression, hypertension, diabe-
tes, iron-deficiency anemia, and obesity [35]. Others, such as 

insurance status and type of insurance, are not [4], although 
this is not universally accepted. In another study, Medicaid 
patients had higher readmission rates than patients with pri-
vate insurance [4]. On the other hand, a 2016 review evaluat-
ing risk factors for emergency room utilization after bariatric 
surgery found that among the five most significant risk factors 
for return to hospital, three had nothing to do with medical 
history or type of surgery performed (insurance through 
Medicaid/Medicare, patient race, and distance traveled from 
home for index operation) [26].

Each patient arrives at the discharge decision-making 
process accompanied by a huge number of preoperative, 
intraoperative, and postoperative variables. Attempting to 
distill that vast quantity of data into a simple yes or no deci-
sion regarding discharge may seem a nearly impossible 
task. In that setting it is understandably tempting to rely on 
a gut reaction from a seasoned physician rather than an 
evidence- based calculation. One ambitious target moving 
forward is to combine the emerging fields of predictive ana-
lytics, artificial intelligence, and precision clinical medicine 
to provide a new generation of easy-to-use, patient-specific 
risk calculators.

One promising new concept in predictive analytics is the 
incorporation of artificial intelligence and machine learning. 
Many targets of predictive analytics, such as length of stay 
and readmission rates, are nonlinear in nature. As a result, 
traditional linear regression modeling techniques have been 
notoriously poor at creating accurate predictive models. 
Machine learning techniques may offer a way around this 
problem. For example, kernel-based regularized least squares 
(KRLS), a machine-learning-based method, has demon-
strated utility in protecting against the misspecification 
biases typically associated with traditional regression mod-
els [36]. KRLS is a nonlinear technique, which has already 
begun to establish a role in the medical literature as a means 
to construct more accurate predictive models, especially in 
regard to nonlinear parameters [37, 38]. Machine learning 
analytics has not yet been widely applied to predicting read-
mission rates but will likely play a key role if the surgical 
community endeavors toward evidence-based readmission 
risk calculators to inform discharge decisions.

 How Can Modifiable Risk Factors That Can 
Be Addressed Preoperatively Lead 
to a Decrease of Readmission Rates?

Based on the existing data, it seems clear that adhering to 
an ERAS protocol does not increase readmission rates. 
While this is encouraging, it should not lead to compla-
cency. In other words, we should not settle for equivalence 
when we may be able to do even better. One fundamental 
goal of ERAS has been modification of preoperative factors 
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with the aim of improving postoperative outcomes. An 
exciting potential avenue of advancement is the refinement 
of preoperative optimization to drive readmission rates 
down even further.

 Multimodal Prehabilitation
Prehabilitation is a topic that has recently garnered attention 
across multiple surgical disciplines. A 2018 systematic 
review and meta-analysis of randomized and cohort studies 
compared the employment versus omission of nutritional 
prehabilitation before elective colorectal surgery. 
Prehabilitation led to decreased LOS and accelerated func-
tional recovery [39]. Nutritional optimization, however, is 
only scratching the surface of prehabilitation potential. As 
currently described, there are five key pillars of prehabilita-
tion as practiced at our institution: optimized diet, prescribed 
exercise, smoking cessation, hyperglycemia/anemia correc-
tion, and psychological support/teaching. While there is 
abundant data supporting the benefits of each of these pillars 
in isolation, there have been no high-quality studies quanti-
fying the comparative benefits of a comprehensive prehabili-
tation program with respect to postoperative outcomes and 
readmission rates. A recent systematic review, incorporating 
2591 patients, explored the effects of prehabilitation pro-
grams on outcomes after major abdominal surgery [40]. The 
study concluded that there is likely benefit to multimodal 
programs; however, existing protocols are too heterogeneous 
to allow for meaningful statistical analysis. There is a defi-
nite need for continued analysis as prehabilitation studies 
become more standardized. It will also be interesting to see 
how they complement existing ERAS measures.

One example of adding a technologic twist on the idea of 
prehabilitation is adding the use of digital fitness tracker 
being explored at Carolinas Medical Center. A 2018 pilot 
study enrolled 22 patients with planned pancreaticoduode-
nectomy, who were assigned digital fitness tracker devices at 
the time of preoperative education class with instructions to 
continue wearing the device through postoperative day 60 
[41]. ERAS nurses tracked daily activity levels (which were 
stratified into five groups based on daily step counts: inac-
tive, sedentary, semi-active, active, and very active). Patients 
were contacted whenever activity levels decreased. This 
study, even in the pilot stages, showed a clear link between 
increased activity and decreased length of stay coupled with 
a decrease in readmission rates.

 Focused Preoperative Patient Education
Our institution utilizes a standardized preoperative education 
class for all patients intended to recover under an ERAS pro-
tocol. The education activity is attended by patients after 
their preadmission screening appointment. This 60-minute 
class is led by an ERAS nurse and supplemented by educa-

tional materials, including an interactive, educational note-
book. The effectiveness of these classes has been 
demonstrated by comparisons between pretest and posttest 
scores evaluating a patient’s understanding of the intended 
procedure and expected postoperative course. Classes have 
also helped to foster a sense of community and lasting rela-
tionships between patients undergoing similar operations, as 
well as their family members [42]. There are currently no 
standardized postoperative educational programs described 
in the literature, but this would certainly be an intriguing area 
of development moving forward, as they would be able to 
focus less on the technical nature of the procedure and the 
first days of recovery and more on common post-discharge 
issues, such as wound complications.

 Conclusion

Early discharge after surgery is not in itself an ERAS com-
pliance measure. The decision to discharge a patient from the 
hospital should remain in all cases the endpoint of a nuanced 
and highly personalized algorithm, often extending beyond a 
patient’s clinical picture. Declaring a patient safe for dis-
charge depends upon a myriad of patient-specific factors, 
many of which necessitate wide deviations from the length 
of stay anticipated for a given operation. Some of these 
include baseline pain tolerance and previous opioid expo-
sure, capacity and willingness to carry out dressing changes 
and drain maintenance, availability of family and social sup-
port, baseline mobility, and history of compliance with phy-
sician recommendations. A patient with a long operative 
history may be much more comfortable with complex wound 
care at home than one who has never before had an incision. 
The availability of visiting nurse services and more expen-
sive medications are often dependent on a patient’s health 
insurance coverage. Baseline anxiety may lead a patient to 
return for more frequent postoperative emergency room vis-
its. In short, no patient population is truly standardized and at 
no time is this more evident than when transitioning patients 
to an environment that is beyond the control of their health-
care providers.

A preconceived notion exists that since ERAS protocols 
lead to accelerated discharge, they may also lead to increased 
readmission rates. The data, however, do not support this 
suspicion. ERAS protocols have consistently led to decreased 
length of stay, without a measurable impact on readmission 
rates or emergency room utilization. The focus now should 
be on decreasing readmission rates even further within the 
context of ERAS protocols by anticipating and preventing 
readmissions with the aid of preoperative optimization (mul-
timodal prehabilitation), improved communication and 
patient teaching, and perioperative predictive analytics.

32 Readmission Challenges and Impacts Within ERAS
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An Example of a Patient’s Experience 
in ERAS

Garry Laxdal

This chapter is about hope and belief! When I was diagnosed 
with rectal cancer in June of 2015, I had never even heard of 
an abdominoperineal resection (APR), let alone what 
enhanced recovery after surgery (ERAS) was. When you are 
a healthy 53-year-old and told you have Cancer, you often do 
not think of anything else. It is really hard to think beyond 
the “C” word, as you feel the world is crashing down around 
you. Up until that moment, my interaction with the health-
care system had been very minimal. Recently retired from 
owning a technology company, I was averaging just over 100 
rounds of golf throughout the year, was an avid hunter in the 
fall, and did house renovations in my spare time.

What I did know is that I had a disease that involved 
extensive treatment followed by major surgery. Right from 
the outset of my diagnosis, I knew I had to take an active 
participation in my cancer journey, if there was to be a suc-
cessful outcome.

As ironic or as corny as it sounds, I had confidence the 
medical team that I was introduced to were the experts in 
their fields, highly trained to treat patients with cancer. They 
had multiple years of education followed by years of practice 
to become leaders in their field of healthcare. What I felt I 
needed to do, on my part, was to put myself in the best physi-
cal, mental, and spiritual shape going into my surgery and 
treatment. My reasoning was to better my odds of a success-
ful recovery afterward. Again, ERAS was not even front and 
center in my mind…yet. As you will see, I am a very goal- 
oriented person, and I enjoy challenging myself with keep-
ing busy with projects and tasks.

The great part about working with the healthcare profes-
sionals at Alberta Health Services (AHS) is that you are 
made to feel like you are an active participant in your care 
and a part of the medical team. I was to have 2 months of 
radiation and chemotherapy treatment followed by a short 

break and then surgery. ERAS was first introduced to me 
during one of my appointments with my surgical team in the 
form of informational pamphlets. At first there is an over-
whelming overload of things to do and of information to pro-
cess in the form of appointments, treatments, and 
understanding services and also dealing with the family and 
psychological aspects of having cancer. As I mentioned ear-
lier, it is hard to hear to anything past the “C” word, and I did 
not know what to do with the information handouts on ERAS 
that were given to me.

What I did find helpful was the patience (pun intended) 
that was shown to me by my medical team in explaining 
what ERAS was…multiple times. I think the secret to having 
ERAS rolled out effectively is to introduce it and discuss the 
concepts and program multiple times with patients. At first, 
we patients do not hear or, most likely, cannot listen to the 
information when it is provided to us. When I did finally fig-
ure it out, it was like a light switch that was turned on, and I 
truly had an “Ah Ha Moment.” The healthcare money sav-
ings that I later heard about are very real and evident with 
ERAS, but that was not my motivator. Getting out of the hos-
pital as quickly as possible after surgery was my prime moti-
vator. Faced with a length of stay in the hospital post-surgery 
anywhere in between 7 and 21 days was not going to fit with 
my desire nor my lifestyle, and I had to shorten this up con-
siderably. Being alive and able to golf 3 months post-surgery 
was my goal and motivator.

All my life, I have been taught to never do a job halfway 
but to give 100% of my energy and focus. It then became my 
mission and job to learn as much about my treatment, sur-
gery, and enhanced recovery after surgery as possible. The 
literature available to me on ERAS was good, but I became 
an information junky trying to learn as much about my sur-
gery and ERAS as possible, to safeguard my future. By 
scouring the Internet, studying all of the recommended read-
ings provided by AHS and also the resources available 
from a nonprofit Canadian organization called Wellspring, 
bit by bit I was learning and gaining an understanding of 
rectal cancer and the benefits of ERAS.  Websites such as 
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www.errassociety.org, www.patientsafetyinstitute.ca, and 
www.albertahealthservices.ca were also very informative. 
Whether it be pamphlets, online readings, surgery learning 
modules, or other educational resources, all of the informa-
tion was welcomed and extremely comforting. ERAS gave 
me hope—true hope in the form of me having some direct 
impact on my care and something to look forward to and to 
focus on. My job was to do everything possible to get ready 
for not only my surgery but the long recovery road afterward. 
My goal was simple, to focus on following the ERAS guide-
lines and to get my body ready for major bowel surgery. 
Putting my energy and attention into ERAS practices allowed 
me to think and worry just a little bit less about my cancer 
and upcoming surgery. The mind often goes to “dark places” 
when you have cancer, and ERAS was certainly a tool I used 
to divert this way of thinking.

I did not know at the time, but I was already well on my 
way to doing my part for ERAS, and unknowingly I was pre-
paring for surgery and the recovery afterward. Walking 
3–5 km/day with my dog was the norm for me, as well as 
golfing almost every day that summer helped me to be in 
good physical condition. My mindset told me the more I 
worked on and improved on my fitness prior to surgery, then 
the better the outcome would be post-surgery.

My “Medical Team,” which consisted of a radiation 
oncologist, medical oncologist, surgeon, family doctor, and 
myself, spoke frequently; and together we made decisions. I 
also set up my own “Personal Team,” which consisted of my 
wife, daughters, a few very close friends, family members, 
and my dog. Constantly reaching out to both of my teams 
and discussing questions, issues, and fears also assisted me 
in preparation with ERAS and planning. Utilizing two unique 
and separate teams was a great benefit and allowed me to 
overcome many physical and mental challenges from my 
diagnosis.

Mindfulness was also introduced to me, to assist in my 
mental and spiritual coping with cancer. I would never have 
thought that I would meditate in my lifetime. Once I was 
informed that practicing mindfulness would have a statisti-
cally proven positive and dramatic effect on my recovery, I 
was propelled further into learning something new, and my 
wife and I enrolled in an outstanding course called 
Mindfulness-Based Cancer Recovery (MBCR), offered by 
our healthcare system (AHS).

The other ERAS guideline preparations done before sur-
gery are cutting down on alcohol consumption, resting more, 
and switching to a higher carbohydrate diet about 2–3 weeks 
prior to my surgery and post-surgery taking pain medications 
recommended by my healthcare teams.

Just prior to surgery, I had a meeting with the Pre- 
Admission Clinic to go over the upcoming surgery treat-
ment. At that time we also went over the ERAS guidelines 
pertaining to what to expect during my stay at the hospital 

and how following the post-surgery instructions were para-
mount to my well-being and successful recovery.

Before I knew it, the time had come for my surgery. All 
the preparations within my control were done following the 
ERAS guidelines, except to drink a big glass of apple juice 
3 h before my surgery to boost my carbohydrates. After the 
fasting, the apple juice tasted great and was a great way to 
start the day of my surgery!

 In the Hospital

The day of my surgery was actually a relief. I was no longer 
waiting for my surgery and prep work. After waking up from 
anesthesia in the post-anesthesia care unit (PACU), water, 
juice, and cookies were offered to me, which were gladly 
accepted. Once transferred to my room a few hours later, I felt 
good, and the pain was very manageable. My pain medica-
tions had included an epidural as well as an IV with 
Hydromorph. I found that I was quite thirsty and found relief 
by drinking many glasses of water. Good thing that I was 
given a catheter, which assisted immensely! Chewing gum 
also felt good, and I knew that it would help get my digestive 
system going again more quickly. The evening of my surgery, 
with assistance, I was able to get out of my bed and take a 
short walk. Even though I was a bit nauseous, it felt good to 
feel the weight of my body on my legs. While not part of my 
ERAS program, with a nod from nursing staff, I was brought 
in food the night of my surgery by my family, as I was very 
hungry and felt I could eat solid foods right away. There were 
no adverse effects from this and actually felt quite the oppo-
site…it felt normal. An incentive spirometer was given to me 
to help strengthen my lungs and keep them clear. I took this 
as a challenge to get better and made it a goal to get better 
each day with this device. At first it was hard and exhausting 
to use, but gradually it got better day after day.

Day 1 after surgery was good. I was able to get up and 
walk the hospital ward corridors some four or five times that 
day. In addition to the food that the hospital provided for me, 
as well as what seemed an endless supply of nutrition drinks, 
my daughter brought me comfort food from home, which 
made me feel better. My pain in the days after my surgery 
was very minimal (pain level 2), and by the end of day 2 
post-surgery, I requested to be taken off my epidural and IV 
pain medication as I found it was giving me a headache and 
was more painful than my APR surgery incisions. Each day I 
was able to walk more and more and was getting stronger 
continuously. My fluid intake also increased as well, and a 
full appetite was back. The nurses and doctors were pleased 
that I was augmenting the hospital diet with foods that family 
and friends were bringing me. From day 3 to day 5, I spent a 
lot of time learning how to take care of my stoma, exercising 
more by walking the corridors, doing leg exercises, and 
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blowing into the incentive spirometer. Everything that I had 
learned in my ERAS preparation and following the guide-
lines seemed to help considerably. It was almost unbeliev-
able how good I was feeling. One hears of the many horror 
stories that some patients have recovering from surgery, and 
I was extremely happy that I had none of the poor outcome 
stories to share. My care by the medical team was fantastic 
and was proud of my accomplishments for being part of the 
ERAS treatment plan. Continuing my mindfulness practice 
by meditating helped me try to sleep better at night and 
assisted in my overall well-being.

Not all of my hospital stay after surgery was rainbows and 
unicorns so to speak. Rest, true rest, is almost impossible to 
get while you are in a semiprivate ward with a roommate. 
There is always a flurry of activity going on, and the noise 
level is quite high. Whether it was the lab people collecting 
blood, nursing staff checking in on me, housekeeping clean-
ing, or my loud roommates, my frustration levels due to a 
lack of rest and sleep were quite high. It seemed for a while 
that I would never be discharged quickly enough, and this 
was sometimes discouraging. I was fortunate enough to have 
my personal support team help me through these challenging 
times by discussing issues and helping me cope. My physical 
health was improving, but the mental health seemed to be 
catching up to me, and I was sometimes feeling quite drained.

 After Discharge Experience

On day 5 after surgery, I was discharged and allowed to go 
home. Being discharged on day 5, when originally told I was 
going to be in the hospital anywhere from 7 to 21 days, was 
like winning a lottery! This was solid proof to me that all the 
ERAS preparation prior to and right after surgery worked.

When I walked into my home, I started to cry, and I was 
overcome with emotion. The feeling of being home again 
and to feel the soft touch of my sheets on my own bed was a 
blessing. I had learned in the Mindfulness-Based Cancer 
Recovery of a practice called Beginners Mind, where you 
look at everything as if it is the first time you see it and that 
everything is a miracle. This was exactly how I felt. After 
resting a good portion of the day, and after doing my exer-
cises, I was almost giddy in how everything was brilliant and 
wonderful. My wife took me on an assisted walk around our 
neighborhood block, and I felt no pain or nausea. What a 
relief! That evening we had a marvelous home-cooked meal, 
and I had no problem sleeping. Words cannot express how I 
felt that night sleeping in my own bed in silence surrounded 
by love and comfort. Hospitals are a nice place to visit, but 
there’s no place like home.

The days to follow consisted of taking progressively lon-
ger walks with my dog and getting back to my routine (as 

normal as possible). I did follow the doctors’ orders and did 
not lift anything heavier than a jug of milk and stopped doing 
any activity if I felt I was overdoing it. It is funny how your 
body will let you know if you are doing too much activity; 
you just need to listen. Pain medication was prescribed to me 
and was only used sparingly at best as I felt good.

I should note that I have always had a fear about over-
medicating with pain meds. While going through my radia-
tion and chemotherapy treatments, I experienced a 
considerable amount of pain. The pain seemed worse, and I 
felt that the pain meds were not working. One of my personal 
support team members is a physician, and I remember him 
saying how important it was to stay ahead of the pain. When 
I expressed to him how I feared becoming addicted to the 
pain meds, his reply was simply to listen to your body and 
stay ahead of the pain to help with not only my physical pain 
but also my mental well-being. Was I under medicating? I’m 
not sure, but I found by talking about it with others as well as 
practicing mindfulness greatly helped.

The only negative interaction I had was to take a daily 
injection of blood thinners to prevent blood clots. This was a 
small price to pay in the big scheme of my recovery. Each 
day, I was getting stronger and stronger. Shortly thereafter I 
was making and eating regular meals and could walk further 
and further each day. My continuation of mindfulness medi-
tation and yoga nidra also was a great way to relax and focus 
on getting better and stronger. When I had moments of doubt 
about my future with an ostomy, I would use the meditation 
and my personal team to help get me through the dark hours. 
Within 3 days of being home, I was able to stop using the 
incentive spirometer as I was consistently producing a strong 
breath and my lungs felt great.

As Christmas season was coming upon us, I was able to 
begin making holiday preparations around the house and also 
continue with my new full-time job, which was recovering 
and getting better. Originally told it would take up to 8 weeks 
for recovery, even that in my opinion was not enough time. 
The time seems to go very quickly with ups and downs. Even 
though my recovery was going well, some days you have 
fatigue and just do not feel all that well. Every day is a new 
opportunity to try to do a bit more from the previous day.

My adjuvant chemotherapy program started 4 weeks after 
my surgery and continued for another 3 months. While this was 
physically draining, I was positive that my outcome was going 
to be good. The best words I heard were 2 weeks post- surgery, 
when my surgeon called and told me the good news that the 
pathology reports indicated that it appeared that all of the can-
cer was removed and the prognosis was good. I feel very 
strongly and believe that patients should not be told that they 
are “now cancer free!” but to be somewhat guarded in the inter-
pretation of this statement. Being positive is good, but being 
realistic in expectations and hopeful is better in my opinion.
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 Recommendations

Most of my recommendations for improvement with ERAS 
have to do with communications. I can break it down into 
three specific areas for clarification: upon diagnosis, prepar-
ing for surgery, and at the hospital.

 Upon Diagnosis

We need to be speaking to patients about ERAS and the ben-
efits sooner in the surgical journey process. Since my sur-
gery, I have had the opportunity to speak to a number of 
colorectal cancer patients in my role as a patient advisor. It is 
quite surprising that many of them did not remember ERAS 
even being mentioned until they were in the hospital in their 
wards post-surgery. How can that be? As I previously men-
tioned, once a person hears they have cancer and need treat-
ment/surgery, they often do not have the capability to hear or 
process anything next. While I realize the time of diagnosis 
may not be the optimal time to bring up ERAS and the ben-
efits to participate in this program, leaving it until the Pre- 
Admission clinic is much too late. We need to speak to the 
patient at every opportunity prior to surgery  about ERAS, 
whether it be in the oncologist’s office, radiation treatment 
appointments, and meetings with surgeons and as well with 
family doctors. The more we discuss this and the benefits 
that both the patients and healthcare system will derive, the 
better understanding for the patients and hopefully the 
greater uptake of the program.

There absolutely needs to be multiple touch points where 
ERAS is spoken about, especially for us men and especially 
for cancer patients. What I found extremely helpful in all of 
my appointments was to always have a second person with 
me at the appointments. This is where having your own per-
sonal support team is valuable. Why? Patients often hear dif-
ferent things than the caregiver/support person hears. Every 
appointment from time of diagnosis till well after my surgery 
was attended with a support person (mainly my wife) with 
myself at all times. Many times, my wife and I discussed our 
appointments like a meeting debrief afterward, and we both 
heard different words spoken and different meanings of the 
conversations. It also holds true that cancer patients going 
through chemotherapy have what is called “brain fog” or 
“chemo fog,” which also factors in when understanding or 
retaining details.

 Preparing for Surgery

It helps that patients need to be their own self-advocates. 
Oftentimes, I have heard from patients that they do not fully 
understand what is going on, or feel their treatments are not 

going well, or they are angry with the medical system. It 
often comes from poor communication and perhaps a lack of 
self-confidence. Patients need to know they are the center of 
their medical and personal teams. Patients are to be encour-
aged and reminded to ask questions, as well as to be asked 
questions by their healthcare team. If a person is capable and 
has support, then as a patient, they can be encouraged in their 
own accountability toward their wellness program. There is 
an old saying, “Those that fail to plan, plan to fail.” This 
resonates with me, as I did have a plan, followed it, and exe-
cuted it to the best of my abilities. Nobody knows the patient 
better than the patient themselves. We all want the same 
thing! We all want to live long and have a normal and pro-
ductive life after treatment and surgery. Who would want the 
un-enhanced surgery? We as patients need to take matters in 
our own hands and learn as much about our diagnosis, treat-
ment options, and enhanced recovery after surgery options 
and then create a path on how best to meet our goals. Patients 
will be a lot better off if they spent the time and energy 
investing in their own preparation for surgery. This pays off 
dividends from a physical and mental standpoint.

Exercise often and frequently prior to surgery. Walk, 
walk, and then walk some more. Invest in your own physical 
and mental well-being! I cannot stress enough how impor-
tant it is to get your body into the best shape possible going 
into surgery treatment. Change to a high carbohydrate diet 
prior to surgery. Not only does eating a nutritious meal taste 
good, it is good for your body and mind to be ready for what 
lies ahead. Seek programs such as mindfulness, meditation, 
and yoga, even if you do not understand them or think it will 
help or think it’s not for you. What have you got to lose in 
trying new things? I too was skeptical prior to beginning my 
meditation practice, but now I often say, “It sucks to have 
gotten cancer, but it has shown me many other beautiful and 
more important things in life.”

 At the Hospital Immediately After Surgery

This is where all the pre-planning and preparation pays off. 
By learning and doing self-research about ERAS, there will 
be little to no surprises about what is expected on the patient’s 
part, once the surgery is done and recovery time begins. Yes, 
often there is pain, nausea, and other factors that come into 
play, but we need to have the will and determination to get 
out of bed as soon as possible after surgery. Exercise by 
walking helps not only the body but clears the mind as well. 
Moving more gets your digestive system working faster, 
 prevents blood clots, and provides a wealth of other benefits. 
Eating as much nutritional foods as possible is also highly 
recommended. I have not heard one patient say that they 
have loved the food they were served in the hospital. Nobody 
really tells you, but there is no reason why you cannot have 
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someone on your personal support team bring you the food 
you enjoy and are accustomed to in the hospital. I was very 
fortunate that my daughter, who is a chef, brought me home-
made turkey soup and sandwiches in the hospital during my 
recovery. Our ward had its own patient fridge next to the 
water station where we could keep our food and then heat it 
up in a microwave. The night of my surgery, a friend brought 
me takeout from a local restaurant that was fantastic. Again, 
by being a self-advocate and having support will help with 
these matters.

It is also vital that the patient follow all ERAS recom-
mended guidelines, from drinking plenty of fluids, chewing 
gum, walking around the hospital ward, eating, and resting. 
Supplement the hospital food with nutrition drinks and with 
our foods we often eat at home. We as patients need to 
remember that it is our job to be informed and get better. The 
sooner the better. Also highly recommended is to reduce or 
alleviate the pain medications as soon as possible. Yes, pain 
is real and needs to be dealt with, but all too often it is used 
as a crutch. We all know about the opioid crisis that is among 
us, especially in North America. The less dependent we are 
on opioids or other pain medications, the better off we will 
all be. Mindfulness also plays a big part for dealing with pain 
management without meds. Use an ERAS diary to log your 
daily activities and goals. You’ll be surprised as to how this 
helps with you starting to feeling better. Last, but not least, 
do your breathing exercises with an incentive spirometer if 
one is available.

 At Home Post-Surgery

To quote the movie The Wizard of Oz, there truly is no place 
like home. It is often said, you do not go to a hospital to get 
rest. This is best done at home. Peace and quiet help the body 
and mind regenerate and recuperate faster. After my surgery, I 
was quickly gaining my strength back by going for multiple 
walks around the block daily with my dog. Yes, I had to be 
careful especially if the sidewalks were icy and slippery, but 
the fresh fall air did wonders to my body and mind. My goal, 
as mentioned earlier, was to be able to golf after 3 months of 
my surgery, and exercising, eating well-balanced and nutri-
tious meals, and getting plenty of rest was the strategy. I con-
tinued my breathing exercises with the spirometer until I was 
back to the normal levels I was prior to surgery. Within a week 
of discharge, I was practicing yoga nidra (mostly breathing 
exercises and slow body movement) and continuing with my 
Mindfulness-Based Cancer Recovery program. When dis-
charged, I was given a prescription for pain medication, which 

I rarely used at all, and within 2 weeks stopped using all pain 
meds at all. My advice to other colorectal cancer patients 
recovering from surgery is to think and act like a turtle. By that 
I mean, go slow and methodical in everything you do. Do not 
try to rush your recovery but take it easy. Your body is an 
amazing vessel and will let you know if you are exerting your-
self too much. The weeks of preparation before surgery with 
ERAS greatly paid off, as I was able to recover very quickly 
without any complications or readmittances. By working on 
exercising (walking and yoga) and practicing mindfulness, I 
was quickly getting back to the same way of life I experienced 
BC (before cancer). Yes, my physical body was different in 
that I had my plumbing rearranged with my new colostomy, 
but once I found out I could continue leading a productive life 
and continue doing the things I loved, such as golfing and 
hunting, meant the world to me and they still do to this day.

Post-surgery, while I did have follow-up appointments 
scheduled with my surgeon and family doctor, it would have 
been nice if the hospital also followed up with me afterward 
to see how I was doing. A simple phone call would have been 
nice to receive. If only we could pass on the good word about 
ERAS to other patients so that they too can experience what 
I did. ERAS played a huge role in my preparation for surgery 
and my excellent recovery post-surgery. Without ERAS, no 
doubt I would not have been discharged as fast as I did, nor 
would I have felt as good as I did. Someday, it won’t be 
called enhanced recovery after surgery and instead just be 
called surgery. Who would want the unenhanced version 
anyway?

Six weeks post-surgery, I was invited to speak to an ERAS 
symposium in Calgary with respect to my experience with 
ERAS. Since then I have spoken at several other conferences 
expounding on the virtues of ERAS and how we can all ben-
efit from following the simple guidelines. Today, at every 
opportunity, I speak to other patients and clinicians about 
ERAS, in my role as a Patient Advisor with the Surgery 
Strategic Clinical Network within Alberta Health Services 
(AHS) and as co-chair of the Patient Engagement Reference 
group at AHS on ERAS.

My goal of being able to golf within 3 months of surgery 
was achieved! A few adjustments needed to take place, and I 
invented a new Stoma Swing for golfing to compensate for 
my new body. My wife and I had a wonderful and relaxing 
holiday that winter in Mexico. I have never looked back and 
am to this day golfing my usual 100 rounds per year. It has 
now been 3  years post cancer/treatment, and I am feeling 
fantastic. I continue to exercise frequently and practice 
mindfulness daily. Life is too short to not enjoy doing the 
things you love and being with the people you love.

33 An Example of a Patient’s Experience in ERAS
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Measuring Outcomes in ERAS

Emma L. Court, Caroline Boulind, and Nader K. Francis

 Overview

Enhanced recovery after surgery (ERAS) programs are mul-
tidisciplinary clinical pathways, aimed at reducing the post-
operative stress response, thereby accelerating recovery in 
surgical patients [1–3]. These pathways were initially devel-
oped with the intention of improving the in-hospital recovery 
of colorectal surgical patients [4], but recently there has been 
increasing interest in the longer-term recovery of patients 
cared for on these pathways. Traditionally, the success of 
ERAS has been assessed using clinical outcome measures, 
such as length of stay (LoS), complications, and readmis-
sion, but these measures incompletely reflect patient experi-
ence and whole functional recovery [1, 5]. A key paradigm 
shift within the ERAS program is the move toward a patient- 
centered approach to assessment of effectiveness. This chap-
ter aims to outline measurement of ERAS outcomes, to 
explore why this approach is important, and to discuss vari-
ous tools described in the literature used to measure the 
effectiveness of ERAS.

 Measuring ERAS

True measurement of recovery is challenging, as it is a com-
plex construct encompassing many dimensions of physical, 
psychological, economic, and social healthcare [6]. Recovery 

can also be interpreted differently between healthcare sys-
tems and can be subjective. For instance, clinicians are fre-
quently more interested in short-term and in-hospital 
recovery measures, such as LoS and complications. In con-
trast, ERAS® Society guidelines emphasize the importance 
of auditing compliance with the different ERAS components 
[1], while patients equate recovery with a return to their nor-
mal activities [7]. The latter is a long process that takes place 
in the weeks and months after discharge.

 Why Do We Need to Measure Outcomes 
of ERAS?

Since recovery is such a complex process, why do we need 
to measure the outcomes of ERAS? There are several com-
pelling reasons to assess ERAS and its outcomes [8]:

 1. Measuring effectiveness: Demonstration that a program is 
effective or, otherwise, is vital to identify areas for 
improvement, to enhance efficacy, and thus to afford 
patients the maximum benefit possible from the process.

 2. Identifying variabilities or inconsistencies in practice: 
Collecting information regarding practice variation iden-
tifies ERAS programs that are effective and those that are 
less so. This is not only important for quality assurance of 
service provision but also for identification of practices 
that need development.

 3. Demonstrating value to existing and potential funders: 
Healthcare systems are under financial constraints glob-
ally; thus it is important to demonstrate to funders and 
managers that a program works, is acceptable to patients, 
and can be achieved within a realistic budget.

 4. Promoting research and development: Outcomes mea-
surement facilitates improved understanding of individ-
ual programs. Measuring ERAS outcomes in clear, 
effective ways can identify areas requiring further study, 
thus promoting evidence-based practice for the overall 
benefit of patients.
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 Measuring Process Versus Outcomes

Program evaluation can be defined as the systematic applica-
tion of social research procedures for assessing the concep-
tualization, design, implementation, and utility of health or 
social interventions [9]. The term includes a range of activi-
ties, which have the potential to specifically and with more 
certainty demonstrate that the results of a program are attrib-
utable to the program itself and no other factors [10].

Measuring the quality of healthcare delivery plays a key 
role nowadays. Quality metrics, including reimbursements, 
with incentives to provide optimal service, are becoming 
popular [11]. Donabedian described a model of quality met-
rics, which has been widely accepted [12]. This model 
describes three categories of quality metrics: structure, pro-
cess, and outcomes. Structural measures refer to the organi-
zational structure, human resources, and materials required 
to provide healthcare. Within ERAS, this could apply to 
team functioning and organizational resources, to ensure 
ERAS is well implemented. Process measures refer to the 
actions performed in order to provide or receive healthcare, 
which outlines adherence to ERAS elements. The key con-
cept is that ERAS elements work collectively to attenuate 
surgical stress response and maintain postoperative physio-
logical function, thereby improving outcome measures [13].

A number of studies specifically examined effects of 
ERAS on the surgical stress response and immune function. 
Although these are not outcomes per se, they may explain 
the effect of ERAS, particularly the observed long-term sur-
vival benefit. In an ad hoc analysis of the LAFA trial, Veenhof 
et al. found that preservation of immunocompetence, 
assessed by monocyte human leukocyte antigen-DR isotype 
(HLA-DR) expression, interleukin 6 (IL-6), C-reactive pro-
tein (CRP), and growth hormone (GH) levels, may protect 
against seeding of tumor cells [14].

Variable terminology used in relation to ERAS and out-
comes measurement in general can confound their assessment. 
Outcomes measurement is “a systematic way to assess the 
extent to which a program has achieved its intended results” 
[9]. A set of observations, frequently referred to in ERAS lit-
erature, is the measurement of adherence to the ERAS proto-
col. Understanding how well protocols are used and where 
deviations occur is important for the identification of weak-
nesses in the processes of care. However, measurement of such 
factors should not be considered outcomes of ERAS. There is 
a need to change the emphasis of measurement, from caregiv-
ers’ perspectives into a patient-centered process.

 How Are ERAS Outcomes Currently Assessed 
in the Literature?

Over the past 20 years, there has been a paradigm shift in 
measuring outcomes following surgery. In addition to clini-

cally oriented outcomes such as LoS and complications, 
attention to measuring patient experience has been growing 
over the past few decades. Patient-related outcomes (PROs) 
are designed to directly measure patient-specific health out-
comes, including general health, which may be affected by 
interventions. These include endpoints such as symptoms 
(pain, nausea, fatigue), functional health status (return to 
activities, physical activity levels), or health-related quality 
of life (HRQoL). A core set of outcomes is an agreed mini-
mum group of outcomes that should be measured in the eval-
uation of a particular health condition or treatment, prioritized 
by the relevant stakeholders, which include both clinical out-
comes and PROs [10].

As a result of the complexity of ERAS programs and dif-
ficulties in the measurement of recovery, a large number of 
outcomes have been described. In a systematic review by 
Messenger et  al., a total of 159 different outcomes were 
reported. Of these, however, only LoS, complications, and 
readmissions were widely used [15]. Although this review 
focused on the prediction of ERAS outcomes, emphasis on 
outcomes definition was also explored. Twenty studies 
defined morbidity, and ten studies graded the severity of 
complications using the Clavien-Dindo system. A definition 
of LoS was provided by 20 studies, stating time from the date 
of surgery until discharge, except when readmission was 
incorporated, or time until the patient was deemed medically 
fit for discharge [16].

In another systematic review, Neville et al. identified 38 
studies comparing ERAS with traditional care after abdomi-
nal surgery [17]. From these 38 studies, 23 outcome mea-
sures were identified. Of these, 10 were biological or 
physiological outcomes, 4 were PROs relating to symptoms, 
and 11 were measures of functional status, including quality 
of life (QoL) scores. These are summarized in Table 34.1.

Assessments of functional status include outcomes used 
to assess recovery in the longer term after surgery. Seventeen 
studies reported on outcomes post-discharge. However, only 
two studies reported outcomes up to 60 days and one study 
up to 90 days, and ten studies did not report the duration of 
follow-up. Twenty-four studies reported outcomes only to 
30 days post operation. Such a short duration of follow-up 
suggests study outcomes are surgeon- or hospital-centered, 
rather than considering the patients’ perspectives.

Of the studies that did report symptom status, only eight 
did so postoperatively. Functional status was assessed in 
multiple ways, and LoS (considered a proxy measure of 
functional status) was reported in all but one of the studies. 
Measures of patient mobility were reported in 16 studies, 
which was assessed in a number of ways. These included 
“time spent out of bed,” “time spent ambulating,” “pedome-
ter recordings,” and “proportion of patients who walked on a 
given postoperative day” [17].

When considering recovery from the patient perspective, 
the ability to perform activities of daily living, both basic and 
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instrumental, is an important measure. This was assessed in 
only 2 of the 38 studies. When functional status was assessed, 
it was measured during the inpatient stay in all cases, but 
only eight studies measured post-discharge functional status 
outcomes.

Quality of life was measured in seven studies using eight 
different assessment techniques. Five of the seven studies 
measuring QoL did so at three time points (baseline, inter-
mediate, and late). However, despite QoL assessment tools 
being measures of long-term outcomes, none of the studies 
used them after 30 days post-discharge [17].

Many studies included in the review reported measures of 
processes of care. These included many aspects of adherence 
to the ERAS pathway, including removal of catheter, use of 
intravenous fluids, instigation of oral diet, etc. These are 
interesting and important to know but should not be consid-
ered an outcome of ERAS. Rather, they may help to explain 
differences or changes in outcomes and can be used to 
improve implementation of the ERAS program.

 When to Measure ERAS Outcomes?

The aim of ERAS is to improve patient recovery throughout 
the entire process. An optimal measure of recovery should 
address the whole patient journey (Fig.  34.1). A holistic 
approach into measuring the whole recovery process is 
therefore required. This should encompass measuring early 
recovery as reflected by patient symptoms such as pain, nau-

Table 34.1 ERAS outcomes and their measurement

Identified outcomes
Definition, measurement technique, and/
or instrument

Biological and physiological variables
Postoperative 
complications

Multiple definitions

Return of bowel function Passage of gas
Passage of stool

Time to tolerate diet Tolerance of oral intake (fluid or solid 
meals)

Pulmonary function Spirometry
Immunological measures C-reactive protein

Interleukins
Tumor necrosis factor α (alpha)
HLA-DR expression on monocytes
Lymphocyte flow cytometry

Stress response Cortisol
Prolactin
Growth hormone
Insulin resistance

Nutritional indices Albumin
Nitrogen balance

Changes in body 
composition

Bioimpedance
Absorptiometry

Muscle strength Hand grip
Lower extremity strength

Resting energy 
expenditure

Indirect calorimetry

Cardiovascular function Treadmill testing
Symptom status
Pain Visual analogue scale

Verbal response scale
McGill pain questionnaire

Fatigue Visual analogue scale
Verbal response scale
Identity-Consequence Fatigue Scale
Hours sleeping

Nausea/vomiting Self-report
Verbal response scale

Anxiety/depression Hospital anxiety and depression scale
Functional status
Length of hospital stay Number of days
30-day readmission Number of patients readmitted within 

30 days of discharge
Mobilization Time spent out of bed

Time spent ambulating
Pedometer
Proportion of patients walking on a given 
day
Time to reach independent mobility

Ability to perform 
activities of daily living

Basic activities of daily living 
questionnaire
Instrumental activities of daily living 
questionnaire
Activities of daily living subscale of the 
Identity-Consequence Fatigue 
Questionnaire

Return to work Unclear
Cognitive function Roth-Hopkins test
General practitioner visit Unclear

Table 34.1 (continued)

Identified outcomes
Definition, measurement technique, and/
or instrument

Need for psychological 
support

Questionnaire

Discharge to 
rehabilitation facility

Patients discharged to facility other than 
their own home

General health 
perceptions

SF-36 general health subscale
EORTC overall QoL scale

Overall QoL and health 
aspects of QoL

Spitzer index
Quality of recovery score
Cleveland Clinic global quality of life 
questionnaire
SF-36 general health subscale
Gastrointestinal quality of life index
EQ-5D
EORTC QLQ-C30 and QLQ-STO22
Surgical recovery scale

HLA-DR human leukocyte antigen-DR isotype, SF-36 Short Form 36, 
EORTC European Organisation for Research and Treatment of Cancer, 
QoL quality of life, EQ-5D EuroQol Group 5-level questionnaire, 
QLQ-C30 Quality of Life Questionnaire-Core 30, QLQ-STO22 Quality 
of Life Questionnaire-Stomach
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sea, and fatigue. Later measures of recovery are also essen-
tial including QoL and the ability to perform activities of 
daily living. It has been observed in the recovery of patients 
over the age of 60 years undergoing major abdominal sur-
gery that it takes up to 6 months post-surgery to regain the 
ability to perform instrumental activities of daily living and 
baseline grip strength [18]. This recovery cannot, therefore, 
be adequately assessed with outcome measures observed at 
less than 30 days. Even ambulatory procedures can require 
up to 1 month for full recovery [19]. This approach should 
also be taken into account when organizations are measuring 
the financial impact of recovery to consider the whole recov-
ery process.

Recognizing the limitations of the ways in which out-
comes for ERAS have been assessed to date, Feldman et al. 
have recommended a core outcomes set for studies assessing 
ERAS programs [20]. These have recently been developed 
for a number of specialty areas, after recognition of inconsis-
tency in the way outcomes are measured and the need for 
standardization between investigators. The use of a core out-
come set relevant to the area of study allows synthesis of data 
from multiple studies as well as recognition of important 
areas for investigation. Feldman’s core outcomes set breaks 
down outcomes into two chronological categories: (1) those 
measured in the intermediate phase of recovery (in hospital) 
and (2) those in the late phase of recovery (after discharge). 
The outcomes of interest, divided by phase of recovery, natu-
rally reflect the interests of the various stakeholders at differ-
ent points in the patient journey. The intermediate phase 
outcomes are focused more on physiological outcomes, 
symptoms, processes of care, and adverse events. Conversely, 
the later phase outcomes are more related to the interests of 
the patients, measuring functional recovery, quality of life, 
and return to normal activities. Importantly, appropriate tools 
have been suggested for use, which have been validated in 
the context of post-surgical recovery. It is important to note 
that these core outcomes have not been developed using a 

standard consensus process and act only as a starting point 
for such an undertaking. However, they will be used as the 
basis for discussion here.

 Classification of ERAS Outcomes

Recovery can be classified into three phases: early, interme-
diate, and late. The early phase of recovery, defined by 
Bowyer et  al., encompasses factors important for hospital 
discharge, such as pain, nausea, gastrointestinal (GI) func-
tion, and physiologic stability. Intermediate recovery 
includes the first few weeks after surgery, which involves 
nociceptive, emotional, functional, and cognitive recovery. 
Late recovery is defined more than 6  weeks after surgery, 
focusing on functional recovery and any persistent symp-
toms or cognitive decline [21].

 Outcomes in the Early Phase of Recovery

Measuring recovery in the early phase can be challenging, 
due to the complexity of the recovery process immediately 
after surgery. Efforts to quantify this include measuring LoS 
and complications, but these are products of the recovery 
process. A number of studies focused on measuring patient 
symptoms such as pain, nausea, fatigue, and emotional 
symptoms such as anxiety and/or depression. A visual ana-
logue scale (VAS) has been used to measure postoperative 
pain and fatigue [17]. Identity-Consequence Fatigue Scale 
and the “need for sleep” have also been used to measure 
fatigue.

 Pain Control
The measurement of pain in studies of ERAS would be clas-
sified as part of symptom status, which also included fatigue, 
nausea/vomiting, and anxiety/depression in the review by 

Definition 

Outcomes 

Examples of 
Instruments  

Immediate in-hospital
post operative phase

Pain, nausea, GI function,
physiological stability 

Visual analogue scale, LoS,
complications 

Recovery in the first few
weeks after surgery 

Nociceptive, emotional
functional, global and
cognitive recovery

Quality of recovery score
Re-admission

Recovery after discharge
(> 6 weeks after surgery)

Functional recovery, 
persisting pain, nausea,
and cognitive decline

6-min walk test
SF-6D survey

Early Intermediate Late

Definition 

Outcomes 

Examples of
instruments 

ERAS

Fig. 34.1 Measuring ERAS 
outcomes. GI gastrointestinal, 
LoS length of stay
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Neville [17]. Pain was the most frequently reported symptom 
outcome, included in 16 of the 38 studies in the review. It is 
the only symptom status outcome suggested as part of the 
core outcomes set. Fatigue, nausea/vomiting, and anxiety/
depression were reported in nine studies, six studies, and one 
study, respectively. The majority of studies reporting pain 
used a visual analogue scale to do so (13 of the 16 studies). 
Verbal response scales were used in three of the studies, and 
one study used a questionnaire in addition to the VAS. The 
use of VAS to assess pain in postoperative patients has been 
validated as a ratio measure of both chronic and acute pain 
and can be used to compare one-off pain scores between 
groups, as well as monitoring changes in pain score over time 
[22]. Only eight of the studies reporting symptom status 
included post-discharge assessments—again highlighting the 
focus on surgeon- and/or hospital-focused outcomes. In addi-
tion to recommending the use of VAS for pain assessment, 
Feldman et al. go further, suggesting it is measured not only 
at rest but also during coughing and exercise [20]. This would 
allow further discrimination of pain status, identifying the 
point at which patients are pain-free during activities required 
during everyday life rather than simply when lying in bed.

 Gastrointestinal Recovery
This outcome measure has been reported using many assess-
ment methods, frequently including recommended 
approaches. Validated measures of bowel function include 
tolerance of oral food and the passage of stool or flatus [23]. 
The use of the first of these should be carefully described in 
study protocols to clarify what is meant by this term, for 
example, three full meals per day, one meal, soup, etc. It 
should also be made clear how, and by whom, these out-
comes are measured—documentation by the patient or 
observation of meal times by an assessor, for example. Future 
development of a core outcomes set by formal consensus 
methods should include identification of the most appropri-
ate measure of GI function in this patient group. From a 
patient perspective, it is likely that normal GI function would 
be described as the ability to eat and drink normally, along 
with normal bowel function. However, it is probably unnec-
essary for patients to reach this level prior to discharge, and 
this fundamental difference should be recognized.

 Complications
Complications have been frequently assessed in ERAS trials, 
with 35 of the 38 studies in the above review including com-
plications in their outcomes [17]. However, only five studies 
categorized complications using a recognized, validated sys-
tem such as the Clavien-Dindo scale or the comprehensive 
classifications index [17]. It is recommended that such tools 
are used when reporting complication outcomes, because it 
allows results from multiple studies to be easily compared 
and combined.

 Length of Hospital Stay
All but one of the studies in the review by Neville et  al. 
reported LoS as an outcome [22]. Length of stay has direct 
impact on costs for the hospital (and depending on the 
healthcare system, also incomes). LoS is also frequently 
reported as a proxy measure for overall functional status. 
Fitness for discharge implies an ability to perform at least 
basic activities of daily living, as well as satisfactory pain 
control and GI function. This information can also be used in 
calculation of the economic impact of an intervention, such 
as bed usage, etc. As a result, LoS is frequently reported, 
although these data have been difficult to synthesize in 
reviews due to data heterogeneity. For example, it is not 
always clear how fitness for discharge is defined, and this 
does not always coincide with the actual discharge date, due 
to other confounding factors such as the need for a tempo-
rary care package or placement in a community hospital. For 
this reason, it is important that authors clearly define a priori 
the criteria used to assess fitness for discharge. Ideally, these 
criteria should be defined during a consensus process to 
identify core outcomes for ERAS, enabling more homoge-
neous data to be collected across multiple studies. In addi-
tion, collection of data regarding fitness for discharge as well 
as total hospital stay facilitates better understanding of the 
implications of non-clinical delays in discharge among post-
operative patients.

 Outcomes in the Intermediate Phase 
of Recovery

Assessment of recovery in the intermediate, in-hospital 
phase addresses the interests of both clinicians and patients. 
All of the aforementioned outcomes of the early phase have 
also been used to measure recovery after discharge. The sug-
gested constructs to consider assessing include complica-
tions, GI recovery, pain control, LoS, and global recovery.

 Global Recovery
Global recovery has been recommended as an outcome mea-
sure for ERAS in the intermediate phase [20]. Measures of 
global recovery assess recovery from the patient’s perspec-
tive, focusing on aspects important to patients. Myles et al. 
have validated a 40-point questionnaire to assess global 
recovery in post-operative patients (QoR-40) [24]. The ques-
tions were developed through discussion with key stakehold-
ers—including patients and their relatives, nursing staff, and 
clinical staff—who identified key factors they felt important 
in post-operative recovery. These included emotional state, 
physical comfort, psychological support, physical indepen-
dence, and pain. The authors found that patients were able  
to complete the questionnaire in less than 10  min and did  
not find this too onerous. Patients were asked to rate their 
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symptoms in each of the domains using a 5-point Likert-like 
scale. One of the strengths of this score is the combination of 
multiple different assessments of recovery important to both 
patients and clinical staff. Evaluation of the psychometric 
properties of the QoR-40, from 17 studies in which it was 
used, concluded that it was a suitable measure [25]. However, 
the QoR-40 was designed to reflect early recovery and nor-
malizes within days to weeks [26]. For this reason, it is suit-
able for measurement of recovery in the intermediate phase 
only, as suggested by Feldman et al. [20].

A review by Bowyer et al. identified 11 instruments for the 
measurement of postoperative quality of recovery [21]. The 
Postoperative Quality of Recovery Scale is a newer tool that 
emphasizes cognitive functioning [27], but other measures, 
such as the Abdominal Surgery Impact Scale [28], were not 
included in reviews. This highlights difficulties in this area, 
where variable definitions of recovery hamper identification 
of scales in reviews and data synthesis. Rigorous assessment 
of the level of validation for each measure could guide inves-
tigators as to the optimal utility of each tool.

 Outcomes in the Late Phase of Recovery

Reporting on late recovery in general has been less frequent 
in the literature compared to the early phase. 
Recommendations included in Feldman’s core outcomes set 
comprise assessment of functional status, pain control, 
HRQoL, and readmissions [20].

 Functional Status
Measurement of functional status is described by Feldman 
et al. as “activities and participation.” They suggest the use 
of validated questionnaires as well as measurement of the 
time to return to work and to specific pre-defined activities, 
which would need to be identified during a formal consen-
sus activity. Interestingly, they do not include measurement 
of mobilization in assessing functional status. This may be 
due to a lack of validated mobilization measures. This is 
highlighted by infrequent reporting of mobilization in 
Neville’s review [17]. Despite early mobilization being con-
sidered an essential component of ERAS, it was reported in 
only 16 of the 38 studies. This was measured in a number of 
ways, including time spent out of bed or ambulating, pedom-
eter recordings, or the proportion of patients who walked on 
a given postoperative day. The time taken to reach indepen-
dence in mobilization had also been used by a number of 
studies. This was defined as the ability to mobilize to the 
bathroom, or a predefined distance, without aid, though 
some of the studies did not include a definition. This exam-
ple clearly illustrates the current problem with synthesizing 
data from ERAS studies, with outcomes based on non-vali-
dated measures of mobility.

Two studies assessed activities of daily living (ADLs) as 
the time taken until patients were capable of self-care. Some 
used validated questionnaires, including the Identity- 
Consequence Fatigue Questionnaire. In their core outcomes 
set, Feldman et al. include examples of validated measures 
that could be used to assess activities and participation [20]. 
These include the CHAMPS (Community Healthy Activities 
Model Program for Seniors) tool [19], which comprises 41 
questions estimating the time spent on a variety of activities, 
from light to strenuous intensity, over the course of a week. 
CHAMPS has been validated for assessment of postopera-
tive recovery in patients aged between 20 and 84 years of age 
[19]. A second measure, the Instrumental Activities of Daily 
Living Scale (IADLS), requires patients to score their ability 
to perform various tasks. They select one of four levels of 
functioning, which are well defined, ranging from fully inde-
pendent to completely unable to complete the task. It has 
been demonstrated that it can take up to 6 months for patients 
to regain baseline level of functioning in IADL and this mea-
sure can be used to monitor progress [20].

 Pain Control
As well as being useful in the intermediate phase of recovery, 
assessment of pain can be useful later in the recovery pro-
cess. It is suggested that pain be measured using VAS at rest, 
during coughing, and exercise, as recommended for the early 
part of recovery. This has been discussed earlier in this 
chapter.

 Health-Related Quality of Life
Health-related quality of life measures can be useful tools in 
the measurement of recovery. The Short Form 36 (SF-36) is 
widely used and can be used in the assessment of surgical 
outcomes. It includes 36 items and can be divided into eight 
domains including physical functioning, physical role, 
bodily pain, vitality, emotional role, mental health, social 
functioning, and general health. There is existing evidence 
that six of the eight domains and the physical component 
summary score can be useful in the assessment of recovery 
after colorectal surgery [29]. Measures of quality-adjusted 
life years, which can be assessed indirectly using SF-6D, can 
also be used. It is important when choosing instruments to 
measure HRQoL that they are considered in the context of 
disease and timeframe, to ensure the correct instrument is 
used. It is also important to remember the limitations of such 
measures. Changes in perception and expectation, as a result 
of disease processes and treatment, can also introduce 
changes in reporting, which make interpretation difficult. For 
example, after a diagnosis of cancer, a patient may report a 
relatively poorer HRQoL than prior to the diagnosis. 
Following surgical treatment, the same patient may feel very 
positive and hopeful, leading them to report an improved 
HRQoL despite the immediate post-operative consequences 
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of surgery producing an objective deterioration in health. 
This is referred to as a shift of internal standards (“recalibra-
tion”), values (“reprioritization”), or conceptualization 
(“reconceptualization”).

In Neville’s review [17], only 2 of the 38 studies included 
reports of general health perceptions, reported as the general 
health perception subscale of the SF-36, or the overall QoL 
scale of the European Organisation for Research and 
Treatment of Cancer (EORTC) QoL questionnaire [17].

 Hospital Readmissions
Readmission following surgery is commonly reported in tri-
als, with 29 studies in the review reporting this outcome. It is 
classified by Neville et  al. as a functional status outcome, 
reflecting poor functional status culminating in the need for 
readmission [17]. More recently, focus has shifted toward 
the impact of hospital readmission following discharge, 
although little has been reported on this aspect of recovery. 
Healthcare costs in the UK and the USA are growing expo-
nentially [1, 5, 6], and as a result, readmissions to services 
within 30 days of discharge are no longer reimbursed, thus 
providing institutions with an incentive to strive for success-
ful discharge. In the USA, the Patient Protection and 
Affordable Care Act of 2010 made hospitals financially 
accountable for 30-day readmissions [1].

In addition to the added cost of readmission to the institu-
tion, a patient’s unplanned return to hospital further limits 
healthcare resources. For each patient readmitted, there is an 
opportunity lost to treat another patient in need of care. 
Readmission also impacts negatively on a patient’s QoL and 
their overall healthcare experience [7]. This has prompted the 
use of readmission as a surrogate marker of poor-quality 
patient care. Consequently, reducing readmission has become 
a key healthcare target, both in the UK and USA [9, 10, 15].

A study examining factors that predict readmission after 
colorectal cancer surgery defined readmission as occurring 
within 30 days of discharge and directly related to the index 
admission. It was demonstrated that poor compliance with 
an ERAS protocol and the use of neoadjuvant therapy inde-
pendently predicted 30-day readmission. Furthermore, 
patients who received neoadjuvant therapy experienced a 
longer LoS and were over four times more likely to be read-
mitted within 30 days of surgery, compared to patients who 
did not receive neoadjuvant therapy [30].

Aside from the outcomes suggested by Feldman et al. in 
their suggested core outcomes set [20], there are other out-
comes that may be of interest to individual investigators, in 
addition to those discussed previously.

 Cognitive Function Testing
Surgery has been shown to negatively affect cognitive func-
tion, which can potentially be permanent, especially in older 
patients [31–34]. Post-operative cognitive impairment 

involves deterioration of function, compared to population 
norms, and can present as either acute delirium or cognitive 
dysfunction. Measurement of cognitive recovery necessi-
tates comparison with pre-operative baseline. Cognitive 
impairment and non-cognitive recovery are interlinked [35, 
36]. Both short- and long-term cognitive impairments are 
associated with long-term mortality, with cognitive dysfunc-
tion at discharge being associated with mortality at 3 months. 
Furthermore, ongoing cognitive dysfunction at 3 months is 
associated with mortality 9 months later [36]. This is worse 
among older patients, as cognitive impairment is more per-
sistent in this group. Identification of cognitive impairment is 
important in post-operative patients in order to minimize the 
associated morbidity and mortality. Hence, assessment of 
cognitive recovery should be carried out at multiple post-
operative time points, and there are a number of tests avail-
able. The Confusion Assessment Method (CAM) is widely 
used and applicable to post-operative patients [37]. More 
specifically, Basse et al. used the Roth-Hopkins test for cog-
nitive function in the early publication of ERAS [38].

 Long-Term Impact of ERAS

The long-term impact of ERAS programs has been evaluated 
by a number of studies. In their study of 911 colorectal can-
cer patients, Gustafsson et al. demonstrated that adherence 
to ERAS protocols of greater than 70% was associated  
with better survival at 5 years. Significant independent peri-
operative predictors of increased survival were avoidance of 
fluid overload and oral intake on the day of surgery. In a pro-
spective study of 845 patients by Francis et al., a beneficial 
association between ERAS laparoscopic surgery and 5-year 
overall survival was reported [30].

 Limitations of Measuring Outcomes

It is important to understand that measurement is simply a 
means to collect information to support a continuous process 
of service improvement. Measurement should not be seen in 
itself as an aim or a target, as there are certain limitations that 
need to be considered.

“Soft outcomes” may be more important than the move-
ment toward metrics permits. ERAS is based on multidisci-
plinary interactions. Building relationships between different 
members of the ERAS team is an important result of activi-
ties undertaken when implementing ERAS, and this can be 
hard to measure.

Different healthcare polices and funding strategies need 
to be considered when measuring ERAS outcomes. For 
instance, in certain healthcare systems, there may be finan-
cial penalties for early discharge, which inhibit healthcare 
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professionals from discharging patients early [39]. In this 
instance, focusing on LoS can provide an incomplete picture 
of ERAS of program effectiveness.

Measuring outcomes is a continuous process that needs 
time to accomplish. Relying on a snapshot of outcomes at a 
single time point can be misleading, because the data may 
represent part of a learning curve or sustainability issue. 
Measuring ERAS should be considered over a long period of 
time. This must be balanced with activities that contribute to 
systemic changes that may take years or decades to realize. 
Moreover, outcome measurement is about the past. Decision- 
making (budgets, policy, etc.) is about the future, where 
dynamic environments and other influencing factors may be 
constantly evolving.

Ultimately, outcome measurement is a surrogate marker 
that cannot take the place of clinical judgment and decision- 
making. The analysis and interpretation of this data cannot 
be replicated by statistical analysis tools. Critical thinking 
skills must be applied to the information gathered in the out-
come measurement process in order to draw meaningful con-
clusions regarding the impact of individual components of 
the ERAS program on patient care.

 Conclusion

ERAS outcomes measurement is complex and can be chal-
lenging. It must be patient centered and considered as a long- 
term, dynamic process that can be used to inform further 
development of services on the whole patient journey. 
Selection of appropriate outcome measures is vital, to allow 
reliable interpretation of results. Problems arising from sig-
nificant data heterogeneity from existing studies make it dif-
ficult to synthesize the literature. This might be overcome in 
the future by the development of a core outcomes set for tri-
als assessing ERAS, with formal and structured definitions 
of each of the outcomes of interest as well as suggestion of 
appropriate tools for their measurement.
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Measurement of Recovery Within ERAS

Andrea Bowyer and Colin F. Royse

 What Does It Mean to Recover?

Obtaining quality of recovery is an abstract construct that is 
the ultimate goal of each perioperative experience. Recovery 
assessment has progressed from the unidimensional histori-
cal construct focused purely on that which determined safe 
discharge from theater [1] to a multidimensional construct 
that encompasses functional recovery, symptomatology, 
cognitive function, and patient-reported outcomes (PROs). 
Historical indicators of poor recovery have primarily 
addressed that which is important for hospital discharge and 
resource utilization: basic functional assessment, the pres-
ence or absence of adverse symptomatology (pain, nausea, 
etc.) [2–8], emotional and psychological distress [6, 7, 9–
11], or patient dissatisfaction [6, 7, 12–14]. Modern recov-
ery, however, is best viewed as a multidimensional construct 
extending beyond the immediate postoperative period and is 
best defined by outcomes that are important to both clinician 
and patient.

 The Temporal Nature of Recovery

Integral to the concept of recovery within ERAS (Enhanced 
Recovery After Surgery) is the notion that recovery is a mul-
tidimensional and continuous process that occurs over 
sequential time periods [15–17]. The recovery trajectory 
commences with an abrupt decline from function (tempo-
rally associated with surgical injury or trauma), which pre-
cedes a time- dependent restitution of function and well-being 
toward a plateau that may be similar to, or different from, the 
patient’s own preoperative baseline. Recovery assessment is 
thus inherently a comparison of a patient’s postoperative 
function to that of a preoperative performance—ideally their 
own—with an assessment of the magnitude of this change to 
determine its clinical significance.

ERAS has traditionally defined three recovery time peri-
ods: early, intermediate, and late recovery [15]. Early recov-
ery is defined as that which is important for safe discharge to 
the ward (restitution of physiological parameters); interme-
diate recovery as that which is essential for hospital dis-
charge (presence of adverse symptomatology [pain, nausea], 
basic resumption of functional activities, self-care); and late 
recovery as that which occurs post-hospital discharge until 
such time as a patient has returned to “normal activity.” The 
two former time periods are inherently provider and institu-
tion focused and assess recovery via surrogate performance 
indicators that also determine resource utilization [18, 19]. 
Patient-focused outcomes are only assessed within the latter 
recovery period. Alternatively, early, intermediate, and late 
recovery can be defined in terms of that which is important 
for hospital discharge (physiological function and absence of 
adverse symptomatology), successful return to home (noci-
ceptive, emotive, functional, and cognitive recovery), and 
return to previous level of function (poor functional recov-
ery, persistent pain, nausea, and cognitive decline), respec-
tively [20]. Despite discrepancies in terminology used to 
temporally define recovery, it is essential that modern recov-
ery assessment tools are multidimensional and validated for 
repeat measures, thus enabling extended assessment of 
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patients along the recovery trajectory out beyond the imme-
diate postoperative period.

 Measurement of Recovery Within ERAS 
Programs

Recovery assessment within the scope of ERAS programs 
has traditionally focused on unidimensional outcomes 
important for patient discharge (length of hospital stay 
[LOS]) and resource utilization (hospital readmission). Two 
systematic reviews analyzing the efficacy of enhanced recov-
ery after surgery pathways [18, 19] revealed LOS and the 
presence of complications as being almost universally 
reported within ERAS studies, whereas patient-centered out-
comes were almost universally absent. This is important 
given that traditional unidimensional postoperative outcome 
measures lack patient focus and, when used in isolation, 
were found in two systematic reviews to have rarely improved 
patient outcomes [21, 22].

A systematic review of the outcome measures used to eval-
uate ERAS programs [19] identified 38 studies, 25 of which 
were randomized control trials. LOS was the most commonly 
reported outcome, being reported in all but one study, and was 
specifically defined as the primary outcome in 18 of the stud-
ies. Other commonly reported outcomes also pertained to the 
immediate in-hospital period—namely, physiological param-
eters (25 studies), pulmonary function (5 studies), and basic 
physical strength (3 studies). Fifty percent of studies included 
parameters that addressed basic functional status, most com-
monly in-hospital mobility; while this has been traditionally a 
surrogate for readiness for discharge, it has yet to be deter-
mined whether this correlates to successful resumption of 
daily activities once a patient has been discharged. Cognitive 
assessment was included in only one study—a significant 
omission due to the known interplay between impaired cogni-
tive and non-cognitive recovery and increased patient morbid-
ity and mortality [23–25]. Interestingly, quality of life (QoL) 
measures were included in seven studies, but only one of these 
used a validated health-related QoL-specific instrument. The 
time periods over which recovery was assessed were predomi-
nantly limited to the in-hospital and immediate discharge 
period. While all studies reported on the aforementioned in-
hospital variables, only 17 studies reported on variables spe-
cifically confined to post-hospital discharge. A meta-analysis 
of enhanced recovery programs in 5099 surgical patients [18] 
reported ERAS pathways to be associated with a reduced 
length of hospital stay (−1.14, 95% CI −1.45 to −0.88) and 
30-day mortality (RR 0.71, 95% CI 0.6–0.86) but was unable 
to detect additional benefits due to the included studies non-
uniform study design, nonuniform definitions, and low power. 
One of these reviews [19] called on future reporting of ERAS 

pathways to include both patient-centered outcomes and data 
that could provide context to the traditional outcomes. These 
reviews, along with editorials [26, 27], highlighted that while 
traditional outcomes of LOS and readmission rates are essen-
tial components of recovery assessment as they have direct 
impact on resource utilization, they lack patient focus and do 
not fully address the multidimensional nature of modern 
recovery assessment.

 Concept Analyses and the Development 
of Modern ERAS Recovery Assessment

There has been significant discussion within the literature as 
to what best defines modern ERAS recovery. A concept anal-
ysis [28] concluded that the attributes that defined modern 
recovery were those of an energy-requiring process that cul-
minated in the return of a patient to a relative state of normal-
ity, independence, optimal well-being, and self-efficacy. 
Recovery was thus defined in terms of the absence of 
unpleasant symptoms, re-establishing emotional well-being, 
and resumption of functional activities. Similarly, another 
concept study [29] also defined recovery in terms of absence 
of adverse symptomatology and restitution of basic bodily 
functions. A more recent concept analysis specifically 
addressing recovery within the ERAS framework [17] aimed 
to develop a conceptual framework with which to define, and 
hence assess, recovery post abdominal surgery. It first defined 
22 recovery-related concepts, classified them according to 
the International Classification of Functioning, Disability 
and Health (ICF), and used this as the basis to determine the 
content validity of eight patient-reported outcome assess-
ment tools. The four most important concepts of recovery 
(an energy-requiring process, an absence of pain, general 
physical endurance, and ability to carry out daily routine) 
were consistent with that reported in previous studies and 
emphasized recovery as the resumption of previous activities 
undertaken. These concept analyses are in keeping with the 
wider literature where patients define recovery not just in 
terms of restitution of basic physiological function but also 
in terms of their ability to return to a previous “normality,” a 
resumption of previous life roles [30–33]. There is, however, 
often a disparity between traditional objective recovery 
assessment variables and that which is defined by the patient, 
as the latter is heavily influenced by each patient’s individual 
internal cognitive framework (personality traits, coping 
mechanisms, and global sense of security) and knowledge 
regarding their expected recovery trajectory [31]. Thus, 
modern assessment of ERAS recovery must include both tra-
ditional parameters, such as restitution of physiological and 
physical function, as well as the broader nociceptive, emo-
tive, social, satisfaction, and cognitive domains [31, 34].
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 Approaches to Recovery Assessment

 Objective Versus Subjective Assessment

Modern postoperative recovery assessment faces the chal-
lenge of providing objective measurement of variables that 
by their nature are inherently subjective and of including in 
its breadth of assessment recovery domains that have tangi-
ble meaning to both patient and provider. Traditionally, 
recovery assessment was quantified using unidimensional 
objective measures. However, the multidimensional recov-
ery construct has implications to both patient and provider 
and has required recovery assessment to include more sub-
jective (and in particular patient-reported) outcomes.

The terms “objective” and “subjective” outcomes are 
entrenched within the medical literature yet lack unifying defi-
nitions. A systematic review [35] of 90 methodological publi-
cations and 200 clinical trials found there to be no unifying 
definition of either variable. It revealed, however, that com-
mon characteristics were associated with each. A subjective 
outcome was concluded to be that which is dependent in part 
upon an individual’s judgment (be it either the patient or an 
observer), is patient-reported, or is a private phenomenon 
(measurable only by the patient). Conversely, an objective out-
come was one that was independent of an individual’s judg-
ment (be it patient or an observer) and was reported and 
assessable without judgment by an observer other than the 
patient. Patient centered outcomes, which may be measured 
either objectively or subjectively, are those that hold intrinsic 
value to the patient [36–39]. In comparison, patient reported 
outcomes are inherently subjective as they are direct patient 
reports from the perspective of the patient without inference or 
judgment from an external observer [36, 40]. This distinction 
between objective and subjective variables has clinical ramifi-
cations, as subjective outcomes are by necessity unblinded and 
hence particularly susceptible to reporter bias and overexag-
geration of treatment effect size and are influenced heavily by 
the patient-provider relationship [35, 41, 42].

 Objective Outcomes

 Clinical Performance Indicators
Recovery at the institutional and provider level has been tradi-
tionally by proxy through the use of clinical performance indi-
cators (CPIs). The benefit of CPIs is that they are objective 
outcome measures that are easily reported and retrospectively 
audited (such as length of hospital stay) and reflect resource 
utilization. They have become linked to reward- based payment 
systems and are often used as a surrogate for quality of recov-
ery [43, 44]. However, their utility is in detection of complica-
tions, clinical errors, and deviations from guideline adherence 
rather than a true measure of quality of recovery [44].

Reporting of clinical performance indicators is ubiquitous 
within the perioperative literature and the most common out-
come reported in ERAS studies. However, an observational 
before-after study involving ERAS programs reported a dis-
parity between LOS and the time a patient was deemed ready 
for discharge [45], with 87% of ERAS patients being dis-
charged a median 1  day after discharge criteria were ful-
filled. This highlights that even the dichotomous traditional 
outcome variable “LOS” was itself heavily influenced by 
social, cultural, institutional, and patient factors [46]. Of 
interest, a study demonstrated construct validity for “Time to 
Readiness for Discharge” as an alternative surrogate mea-
sure of short-term recovery [46], which aims to mitigate the 
impact of confounding influences on assessment of recovery. 
These studies emphasized the lack of collection of contex-
tual variables (patient comorbidities and surgical complex-
ity) with which to analyze these objective outcomes (length 
of stay) and recommended future studies to include these. 
Furthermore, a recent ERAS consensus statement advocated 
for traditional clinical outcomes to be routinely recorded 
with contextual variables such as patient case mix [47]. 
Another systematic review [17] concluded that unidimen-
sional outcomes are beneficial in assessing adherence to 
clinical pathways and identification of sentinel events, but 
must be viewed in the context of confounding variables (dif-
ferences in patient case mix, anesthetic and surgical com-
plexity, measurement error or chance [43]). Importantly, 
when used in isolation, they are rarely associated with 
improved patient outcomes [21, 22]. Thus, while objective 
outcomes are easy to measure, only through their interpreta-
tion in a clinical context can they be true measures of the 
multifaceted nature of recovery [48].

 Subjective Outcomes

 Patient-Reported Outcomes
Patient-reported outcomes (PROs) are subjective measures 
that prioritize the patient’s perspective as being that which is 
the most important at the time of assessment and are essen-
tial to the provision of high-level patient-centered care [26, 
40, 49]. They are specifically adept in capturing the multidi-
mensional and interrelated nature of recovery domains [40, 
50], define recovery in terms of the patient as the key stake-
holder, and ultimately optimize patient outcome through 
facilitating patient engagement in the recovery process [51]. 
PROs commonly aim to quantify more abstract concepts of 
recovery not traditionally assessed: postoperative quality of 
life, satisfaction, and personal experience of care [36]. 
However, PROs as surrogate measures of recovery are 
 hindered by their inherent subjective nature, lack of vali-
dated assessment tools, and their susceptibility to response 
shift and recall bias [37, 40].
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Patient-reported outcome measures (PROMs) are the 
means by which PROs are measured. PROMs were initially 
utilized in pharmacological and health service research but 
have now become commonplace in the clinical arena to the 
extent that they are embedded in regulatory requirements 
and routine clinical care reporting [36, 52, 53]. However, a 
systematic review identifying 22 unique PROMs for post 
abdominal surgery [40] reported 74% as displaying only fair 
or poor development methodology, with the majority being 
based on limited or unknown evidence. Importantly, no 
PROM adhered to the International Society for Quality of 
Life Research [38] minimum standards (internal consistency, 
reliability, content validity, hypothesis testing validity, or 
responsiveness), although the four recovery-specific PROMs 
did demonstrate sound content validity. In addition, PROMs 
were reported to be susceptible to the time delay between 
their reporting and the event being assessed, which directly 
impacted on the likelihood of both recall and response shift 
bias. In response, groups such as the Patient-Reported 
Outcomes Measurement Information System (PROMIS) and 
Oxford Patient-Reported Outcomes Group aim to calibrate 
and standardize contemporary PROMs for both clinical and 
research applications [38, 50, 54–56].

 Response Shift and Recall Bias
Although not insurmountable, a major limitation of subjec-
tive outcomes is its susceptibility to measurement bias, in 
particular that due to response shift and error in patient 
recall. There is also the issue of from whose view the health 
state is measured. Recovery inherently infers that a compari-
son is made between a patient’s postoperative state of health 
(or part thereof) and a preoperative control—ideally their 
own preoperative baseline. This “change” is a surrogate 
marker of recovery for that health domain being assessed, 
with subsequent assessment of the magnitude of this change 
to determine whether it is within what is expected for that 
recovery interval. However, change scores that are reported 
by the patient and those that are recorded by an observer are 
often disparate [37, 57]. This is in part due to recall and 
response shift bias.

When assessing change scores, three change scores are 
quantifiable, which differ in their primary state of reference 
and susceptibility to bias (Fig. 35.1). Conventional change 
(CC) scores are derived by comparison of the patient’s post-
operative (x1) and preoperative (xo) scores, with the latter 
being the score actually recorded by the patient preopera-
tively. CC scores infer that the most important perspective 
from which to measure the domain of interest is that at the 
time of each assessment (i.e., the preoperative score is 
derived from the patient preoperatively and the converse for 
the postoperative score). Its benefit is that it is immune to 
recall bias, but it is susceptible to bias due to response shift. 
In contrast, patient-perceived change (PPC) scores are 

derived by comparison of the patient’s postoperative score 
(x1) to the preoperative score that they would now give, given 
their current postoperative perspective (xadj). PPC scores 
thus infer that the most important perspective from which to 
measure the domain of interest is from one time point (i.e., 
the postoperative time point is the most suitable time for the 
patient at which to determine both postoperative and preop-
erative scores). Its benefit is that it is immune to bias due to 
response shift (as both pre- and postoperative events are 
assessed in the context of the postoperative experience), but 
it is susceptible to recall bias.

Recall bias is defined as the difference between what the 
patient recalls having scored preoperatively (xrec) and what 
they actually had documented (xo). Thus, a third change 
score, the PPC score adjusted for recall bias (PPCadj), was 
described [37] and is the sum of the PPC and recall bias. 
Similarly, response shift can be quantified as the difference 
between the CC and PPCadj (which is the difference between 
the patient’s xadj and xrec preoperative scores). This retrospec-
tive assessment of a preoperative event (i.e., how the patient 
rates their preoperative function from the perspective of their 
postoperative state) infers that past events are best compared 
in the context of subsequent events (the postoperative period) 
and from the perspective of those experiencing them (the 
patient). It also enables quantification of both recall and 
response shift bias.

Response shift was initially described within the domain 
of educational research and management science and was 
subsequently applied to the clinical arena [58] in order to 
quantify the normal adaptive changes that occur within a 
patient’s internal framework in response to the passage of 
time and the experience of major life stressors (such as sur-
gery of significant illness). Response shift is the alteration in 
a patient’s cognitive framework as a result of a stressor such 
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Fig. 35.1 Relationship between conventional change (CC) scores and 
patient-perceived change (PPC) scores. Xo, preoperative score actually 
recorded by patient; Xrec, preoperative score a patient recalls having 
recorded; Xadj, preoperative score recorded by the patient from the post-
operative perspective; X1, postoperative score recorded by the patient
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that subsequent events are assessed through an altered per-
spective [39]. For a postoperative patient, a catalyst (surgery, 
trauma, or major illness) challenges a patient’s internal 
mechanisms by which he or she accommodates the catalyst 
(internal behaviors, cognitive and affective processes) such 
that the fundamental meaning of a target construct (i.e., what 
it means to recover) is altered for that patient [39, 59, 60]. 
The mechanisms by which this alteration occurs are by one 
or more of recalibration (change in internal standards of 
measurement used to define recovery), reprioritization 
(change in values associated with recovery), or reconceptual-
ization (redefinition of what it means to recover) [59, 60]. 
When assessing a patient’s quality of recovery using CC 
scores, this results in measurement bias in that the same con-
struct (quality of life, recovery) is being measured pre- and 
postoperatively by the same patient using different (cogni-
tive) measurement tools. This is mitigated when the same 
construct is calculated using PPC scores.

Response shift thus impacts on the reliability, validity, 
and responsiveness of a PROM tool [58, 61, 62]. Construct 
validity is impacted as it assumes constant correlation 
between two domains of interest—a phenomenon that does 
not occur when two patients experience vastly different 
recovery experiences. Reliability is impacted as it requires 
that all patients share a common (and constant) frame of ref-
erence and experiences through which to view the recovery 
domain of interest. Thus, measurement error results when 
subjective outcomes are compared between disparate groups 
(i.e., treatment vs. control) or in the one patient but from dif-
fering perspectives (i.e., patient vs. caregiver vs. family 
member), as both the baseline cognitive framework and 
magnitude of response shift differ among patient, caregivers, 
and providers as a result of differences in an individual’s 
experience, fear, focus, or internal standards [39]. 
Interestingly, when correcting for the effect of response shift 
on health-related outcome measures, there is often an 
increase in the treatment effect detected and a reclassifica-
tion of the mechanism by which this change occurs [63].

 Satisfaction
Satisfaction is a subjective PRO that has intrinsic value and is 
central to the modern concept of patient-centered care [64] but 
must not be used as a surrogate for quality of recovery. Quality 
of recovery is a multidimensional construct that assesses the 
postoperative experience using both objective and subjective 
measures [65, 66]. While satisfaction may be assessed as a com-
ponent of quality of recovery, it is a discrete entity, which is 
inherently solely subjective and influenced by external events, 
patient expectation, sociodemographic variables, and internal 
patient characteristics [12, 37, 64, 67]. Satisfaction as an out-
come measure is hindered by its inherently subjective nature 
and the paucity of validated assessment tools and lack of a suit-
able comparator [68–71]. Satisfaction is heavily influenced by 

the provider- patient relationship, being improved with empa-
thetic care, provision of individualized health information, real-
istic patient expectation, shared decision-making, emotional 
engagement, and perceived responsiveness of the patient’s treat-
ing team [59, 60, 67, 68, 72–74]. It is, in, part, correlated to 
objective measures of recovery, with high satisfaction being 
associated with reduced early readmission rates [75] and low 
satisfaction being correlated with persistent adverse symptom-
atology and postoperative complications [6, 71, 76, 77]. Thus, 
while satisfaction has intrinsic value as an outcome in its own 
right, it must not be used as a surrogate for quality of care or 
recovery and must be measured using a validated tool assessing 
satisfaction in specific areas of care [68, 70].

 Quantifying Recovery

Recovery fundamentally assesses a patient’s postoperative 
performance to that of a preoperative comparator, with sub-
sequent inference as to whether the magnitude of this differ-
ence is clinically significant. However, recovery assessment 
tools differ in their method by which they assess a patient’s 
postoperative performance and, importantly, the preopera-
tive baseline performance to which they compare.

 Composite Change Scores

Recovery and its fundamental physiological processes exist 
along a continuum. Hence, recovery assessment begins with 
assigning a mathematical value to a patient’s postoperative 
performance in a health domain of interest. These commonly 
take the form of Likert or visual analogue scales, where a 
patient’s performance is assigned an integer value by either 
the patient or an independent observer, with 1 and 10 (or 5) 
being the minimum and maximum scores, respectively. Each 
domain is assessed using one or more health-related ques-
tions or “items.” In multidimensional recovery assessment, 
scores from each item are then summated to produce a single 
postoperative score (composite score) for each patient. This 
score is then compared to a preoperative baseline score, with 
this latter score being either the patient’s own baseline per-
formance or, more commonly, the average preoperative per-
formance of a group (either the group to which the patient 
belongs or a historical group). This conventional change 
score is referred to as a composite change score. The signifi-
cance of this score can then be assessed in two ways 
(Fig. 35.2): either by comparison of the difference between 
two groups’ mean change scores to determine whether dif-
ferent clinical pathways infer a benefit or by comparing an 
individual patient’s change score to a predetermined thresh-
old in order to determine whether a patient’s performance is 
in keeping with what would be expected for “normal recov-
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ery.” In both assessments, a statistical significance is inferred 
to have clinical significance.

Assessing recovery as a composite change score is not 
without its limitations. Firstly, while composite scores allow 
for assessment of recovery in multiple domains, it assigns 
equal weight to each scale, which may not reflect their clini-
cal implications; i.e., a score of 7/10 for each on the pain and 
nausea scales, while mathematically equal and contributing 
to the final composite score to the same degree, may have 
different clinical implications. Secondly, each domain is 
commonly assessed using more than one response item, but 
the number of response items per domain may not be equal; 
i.e., the nociceptive domain may be assessed using three 
response items, while the cognitive domain may have only 
one. This biases the overall composite score to reflect the 
domain that is assessed by the most number of response 
items; i.e., in the previous example, a patient with poor post-
operative pain will score a worse composite score compared 
to a patient that may have severe cognitive dysfunction but 
excellent pain control. Thirdly, composite scores have the 
potential to “mask” poor postoperative function—demon-
strable failure by a patient in one domain may be compen-
sated for by their above-average performance in the 
remaining domains [78, 79]. Finally, a composite change 
score that is deemed to be reflective of poor recovery does 
not identify in which domain a patient’s performance is sub-
optimal but only that is occurring.

 Dichotomized Recovery Scores

An alternative method of recovery assessment is dichotomi-
zation of each domain, such that each recovery domain is 
assessed independently from all others. This mitigates bias 

due to differences in the number of items used to assess each 
domain, as well as that due to a patient’s failure in one 
domain being obscured by their excellent recovery in the 
remaining domains. At an individual patient level, a patient 
is deemed to have recovered on a recovery item if their post-
operative performance is equal to, or exceeds, a predeter-
mined value (ideally their own preoperative performance). 
Domain recovery requires that a patient scores as “recov-
ered” in all the items pertaining to that domain. Overall 
recovery mandates that a patient is deemed to have recovered 
in all of the domains assessed (Fig. 35.3). Group recovery is 
assessed by comparison of recovery prevalence rates, either 
overall or for each domain. Dichotomizing recovery assess-
ment thus has direct clinical utility, as it identifies not only in 
which patients poor recovery is occurring (this patient “has 
recovered” vs. “has not recovered”) but in which domains 
(they have recovered in the emotive, functional domains and 
cognitive domains but not the nociceptive domain). This 
allows for targeted intervention to be given to those patients 
who would most benefit (physiotherapy assessment to 
patients with poor functional recovery and psychological 
review for those with poor emotive recovery). A perceived 
limitation of dichotomized recovery is that data richness is 
lost and that it identifies only the patient who has not recov-
ered but not the magnitude by which they failed to do so. 
This is mitigated by recording continuous variables in their 
raw form, thus enabling a “drill down” of domains with poor 
recovery to identify its severity.

 The Importance of Using the Patient’s Own 
Baseline as the Comparator

It is essential that the comparator to which a patient’s postop-
erative performance is assessed is the patient’s own baseline 
(preoperative) performance. When ordinal scales are sum-
mated, it is assumed that there is not only mathematical 
equivalence between scales (the increments within the pain 
scale are identical to that on the nausea scale) but within each 
scale (i.e., the difference between 1 and 2 on the nausea scale 
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Fig. 35.2 Composite change scores. Δ(Delta)xa, individual change score 
for patient a; Δ(Delta); xb, individual change score for patient b; Δ(Delta) 
x1, group 1 mean change score; Δ(Delta) x2, group 2 mean change score

Fig. 35.3 Dichotomous recovery score. In this example, the patient 
has not recovered overall, due to failure to recover in the nociceptive 
domain due to persistent nausea (but no pain)
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is the same as 9 to 10) and between patients (each patient 
assigns the same weight to each increment on the nausea 
scale as he or she does to the pain scale). However, as each 
patient differs in his or her internal cognitive framework 
from which he or she assesses the quality of his or her expe-
riences, so too will he or she differ in the relative magnitude 
that he or she assigns to the increments within each scale and 
between scales. This has direct implications when a patient’s 
postoperative performance is compared to anything other 
than their own, as in this instance the internal framework 
assigning value to each of the recovery scales postopera-
tively (the patient’s) is not the same internal framework that 
is assigning value to the scales preoperatively (either a per-
son other than the patient or even a group average). For 
example, a patient may be more likely to report a lower post-
operative pain score if he or she is undergoing curative sur-
gery compared to a patient who has undergone a palliative 
procedure. Similarly, a patient who has previously experi-
enced debilitating postoperative nausea may assign a greater 
significance to a single increment in nausea compared to a 
patient who has not. In addition, by using a patient’s own 
preoperative baseline for each individual perioperative event, 
response shift and recall bias is further reduced as it mini-
mizes the time delay between postoperative and preoperative 
assessments. As each perioperative journey is assessed inde-
pendent upon previous, or future, events, this minimizes the 
bias due to changes in a patient’s internal cognitive frame-
work as a result of chronic illness or trauma.

When assessing objective measures, comparison of a 
patient’s postoperative performance to that other than their 
own preoperative baseline is also biased when the patient 
differs significantly from the reference population in regard 
to the recovery item being assessed. The fundamental build-
ing block of recovery assessment is comparison of a patient’s 
postoperative performance to a preoperative reference (tra-
ditionally this being an average performance of a reference 
preoperative group), with subsequent assessment as to 

whether this difference is in keeping with what would be 
expected for that particular time in a patient’s recovery 
course. A threshold difference in performance must there-
fore be determined, below which suboptimal recovery is 
deemed to be occurring. This is usually defined using com-
mon statistically significant thresholds (i.e., a change that is 
greater than 1 or 2 standard deviations from a reference 
population’s average performance) that is inferred to have 
clinical significance.

A patient with a preoperative baseline performance sig-
nificantly greater than that of the reference population is 
biased to be deemed to have recovered, even in the event that 
their postoperative function is demonstrably less than their 
own (high) preoperative baseline. This is as a result of the fact 
that the absolute value above which recovery is deemed to 
have occurred is based on population parameters (the average 
group baseline score and the accepted “normal” group varia-
tion above and below this) that may not mathematically 
model the individual patient’s performance. A patient with 
high preoperative baseline is biased to be recovered irrespec-
tive of whether they experience a normal or demonstrable 
decline in postoperative function compared to their own pre-
operative baseline (Fig. 35.4). As the population- based preop-
erative reference is less than the patient’s own baseline 
performance, these patients’ postoperative function must 
decline by a larger magnitude (compared to a patient with 
“average” baseline function) for it to fall below the population- 
based threshold defining incomplete recovery. For example, a 
patient with high cognitive baseline may be able to recall nine 
out of ten words at baseline (compared to a population’s 
whose average is six and a standard deviation of two) but only 
six postoperatively. If the threshold that defines poor recovery 
is a change score greater than -1SD from baseline, this patient 
would be deemed to be recovered when assessed using popu-
lation parameters, but not necessarily when assessed to their 
own preoperative baseline. In this instance, they would be 
required to score less than four (a demonstrable decline from 
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Fig. 35.4 The effect of 
comparing a patient’s 
postoperative performance to 
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their own baseline) for them to be deemed “not recovered.” It 
is only by using each patient as their own comparator is this 
measurement bias minimized.

 Contextual Real-Time Recovery: The Future 
of Modern Recovery Assessment

Recovery assessment is complimentary to, but distinct from, 
traditional perioperative risk models. Perioperative risk 
assessments aim to predict patients in whom perioperative 
compilations (i.e., suboptimal recovery) may occur in order 
to rationalize resources to the patients who would benefit the 
most. Modern risk reduction tools utilize predictive analytics 
and patients’ electronic metadata in order to drive clinical 
decision and improve patient outcomes [80, 81]. They are 
beneficial at the institutional and provider level to anticipate 
resource utilization. At the individual patient level, 
population- based risk parameters are applied to determine a 
risk band for each patient’s perioperative event. Perioperative 
risk stratification does, in part, correlate with postoperative 
outcomes [82, 83] but requires all patients within a popula-
tion (high-risk patients) to all be given a treatment in order to 
prevent adversity in a proportion of them and fails to address 
the perioperative issues (poor recovery) that may occur in a 
proportion of patients a priori classified as low perioperative 
risk. Thus, while traditional perioperative risk models pre-
dict patient populations at risk of suboptimal recovery (and 
hence resource utilization), they do not identify individual 
patients in whom this actually occurs in entirety [84].

Real-time recovery (RTR) assessment is complementary to 
traditional risk assessment as it identifies individual patients in 
whom suboptimal recovery is actually occurring at the time 
that it is occurring. RTR has the potential to improve patient 
outcome by minimizing the time delay between identification 
of suboptimal recovery and implementation of a corrective 
measure [85–92] as well as through improved patient engage-
ment and promotion of self-efficacy [93–95].

RTR is a concept originating from information technol-
ogy and organizational literature but is directly applicable to 
the concept of recovery as that which occurs along a time- 
dependent predictable trajectory. RTR is the ability of a sys-
tem to detect and recover from a deviation from an expected 
norm in a time frame that minimizes system losses. In regard 
to patient recovery, RTR requires first identification of indi-
vidual patients and in which domains suboptimal recovery is 
occurring and then implementation of a clinical corrective 
treatment aimed at the cause of this suboptimal recovery. 
RTR is thus ideally measured using a dichotomous recovery 
tool with contemporaneous collection and analysis of data. 
This real-time individualized data assessment is in addition 
to, and contrasts sharply from, traditional assessments of 
recovery, which have been limited to retrospective assess-

ment of recovery between groups (rather than between indi-
vidual patients).

The infrastructure and tools required for RTR assessment 
are already well established within the medical and surgical 
fields. These include data detection devices (either auto-
mated biometric technology or electronic apps collecting 
recovery specific parameters) and digitized analytic plat-
forms. Automated biometric technology includes items of 
clothing and jewelry that provide a continuous, or high fre-
quency, individualized biometric setting (cardiorespiratory 
and basic physiological variables) from which to view other 
measures of recovery [96]. Recovery-specific parameters 
range from PROMs (pain, anxiety) to procedure-specific 
outcomes (return of bowel function, ability to flex knee). 
Data is transmitted to digitized platforms either by automatic 
uploads through the device itself, via external hybrid devices, 
or by manual entry by the patient into recovery-specific 
smart apps. Thus, each individual patient’s recovery data is 
assessed in context of their individual biometric profile and 
ideally in reference to their own preoperative baseline.

Digitized platforms are ideally tailored to the clinical 
context to which they are applied. For example, a recovery 
assessment may be tailored to include operation-specific 
items that a surgeon has deemed important to measure or to 
what has been defined by the patient as important for a suc-
cessful surgical outcome. Smart devices have high popula-
tion penetrance and patient familiarity [96–99], biometric 
technology has high patient acceptability [96], and the use 
of smart devices for the collection of recovery data has dem-
onstrated proof of concept [100, 101]. Through contempo-
raneous collection, uploading, and analysis of data and the 
use of automated alerts, a clinician can be alerted at the time 
to a patient who is experiencing suboptimal recovery, irre-
spective of the geographic location of the patient (inpatient 
versus outpatient). In addition, by inclusion of the patient 
into the alert, patients are kept informed of their own recov-
ery progress, an integral component of patient-centered care 
and engagement.

 The Postoperative Quality of Recovery Scale 
(PostopQRS)

The Postoperative Quality of Recovery Scale (PostopQRS) 
is a dichotomous multidimensional recovery assessment 
tool, which has an established digitized analytic platform 
with real-time scoring of recovery. Recovery assessment 
may be tailored to the user (patient or clinician) and 
encompasses both basic physiological variables and the 
nociceptive, emotive, functional, and cognitive domains. 
In addition, it compares each patient’s postoperative per-
formance to their own preoperative baseline, thus mini-
mizing measurement bias. It has both clinical and research 
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applications, as automated alerts can identify patients in 
whom suboptimal recovery is occurring at the time it is 
occurring (and in which domains) and retrospective assess-
ment of data can analyze the prevalence of recovery within 
a clinician’s patient population. It has been validated in 
heterogeneous patient populations, includes a cognitive 
domain that is based on formal neuropsychological tests 
and that has been calibrated for repeated assessments, and 
has been calibrated for assessment either face-to-face or 
via telephone [6, 102–104]. These attributes are essential 

for a tool to assess individualized patient recovery at mul-
tiple time points, both in the immediate postoperative 
period and post-hospital discharge.

The PostopQRS has been designed for multiple purposes, 
including the ability to engage patients as well as connecting 
them with their providers. However, other stakeholders in the 
health industry with interest in patient improvement can use 
the PostopQRS as an audit or research tool to benchmark 
recovery, institute health service changes, and measure the 
effect of interventions. This concept is illustrated in Fig. 35.5.

Fig. 35.5 Patient and stakeholder uses of the Postoperative Quality of Recovery Scale (PostopQRS) to enhance recovery
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 Conclusion

Modern recovery has progressed from a unidimensional to 
multidimensional construct, is defined as occurring along a 
predictable time trajectory, and extends beyond the tradi-
tional immediate postoperative period. The most commonly 
reported outcome measures used to evaluate ERAS path-
ways were length of stay and 30-day readmission rates. 
There is a call for measurement of recovery within ERAS 
programs to be extended beyond the use of these traditional 
surrogate markers of patient recovery and to include both 
patient-centric outcomes and contextual variables in a multi-
dimensional assessment. Recovery assessment variables 
may be objective or subjective and are prone to bias due to 
lack of context or susceptibility to response shift, respec-
tively. Recovery assessment infers a comparison of a patient 
to a preoperative comparator, ideally their own preoperative 
baseline. Ideally, recovery is assessed using a multidimen-
sional dichotomous recovery assessment tool that has the 
infrastructure to provide recovery data to both patient and 
clinician in real time.
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Measuring Compliance:  
Audit and Data Collection

Julie Perinel and Mustapha Adham

 Introduction

In 2005, the ERAS® Study Group published the first 
evidence- based care protocol for patients undergoing colonic 
surgery [1]. It included 20 items to reduce postoperative 
stress. Over the last decade, several randomized trials and 
meta-analyses have demonstrated the safety and the effi-
ciency of the enhanced recovery after surgery (ERAS) pro-
gram in colorectal surgery. When compared to traditional 
care, the ERAS program was associated with a reduction in 
postoperative morbidity and hospital length of stay (LOS) [2, 
3]. While a number of studies have demonstrated the clinical 
benefits of the ERAS program, only a few studies reported 
the compliance. Ongoing audit of clinical outcomes is an 
inherent component of the care protocol and is essential to 
report and improve the compliance. In 2007, Maessen con-
cluded that simply developing an evidence-based protocol is 
not enough to change the practice [4]. Results suggested that 
improving the compliance with the ERAS program was 
probably the most challenging area but also one that might 
provide the best results on the postoperative outcomes.

Successful implementation of ERAS requires the com-
mitment of a multidisciplinary team associated to a proper 
and structured implementation strategy [5]. Simultaneous 
tools are used to measure and improve the compliance 
(Fig. 36.1):

• A prospective database to report the postoperative out-
comes, the LOS, and the compliance with the ERAS pro-
gram and each component

• Regular audit to identify the enablers and the barriers to 
implementation of ERAS. The ERAS® Interactive Audit 

System (EIAS) is based on the knowledge-to-action 
framework described by Graham et  al. [6]. It includes 
identification of the problem; adaptation of knowledge to 
local context; assessment of barriers and enablers to 
knowledge use; selection, tailoring, and implementation 
of interventions; monitoring knowledge use; evaluating 
outcomes; and sustaining knowledge use.

• Frequent feedback is provided on aspects of the program 
that may need further improvement. The ERAS® 
Implementation Program (EIP) recommends weekly 
meetings during the initial implementation. After some 
time and increased experience, the frequency of the team 
meetings can be reduced. However, participation at the 
meetings remains essential for every team member [7].

There are actually different systems to perform audit and 
quality control. In the United Kingdom, the Enhanced 
Recovery Partnership Program (ERPP) was introduced by 
the Department of Health in conjunction with National 
Health Service (NHS) Improvement, the National Cancer 
Action Team (NCAT), and the NHS Institute for Innovation 
and Improvement in 2009. The implementation was per-
formed during a 2-year program. The audit system required 
a prospective toolkit database, developed by the National 
Cancer Services Analysis Team (NATCANSAT). Data were 
collected via a Web-based data-entry portal. To limit missing 
data, ongoing data collection would benefit from a data entry 
mechanism [8]. The Dutch ERAS study group team working 
with the Dutch Institute for Healthcare Improvement (CBO) 
initially implemented an ERAS program using the 
Breakthrough series, developed by Donald Berwick in the 
United States. It was a 1-year implementation that required a 
close collaboration between the different hospitals. First, the 
CBO organized a site visit, and local multidisciplinary teams 
were formed. Then, an expert team and the CBO organized 3 
monthly feedback sessions involving several centers. At 
these sessions, the expert team developed the barriers, and 
facilitators and hospitals shared their local experiences. This 
allowed rapid dissemination of effective implementation 
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strategies. The audit system also involved a prospective Web- 
based database [9]. In 2008, general surgeons in Canada 
developed Best Practice in General Surgery (BPIGS) with 
the University of Toronto to optimize patient care at adult 
teaching hospitals. To implement the University of Toronto 
ERAS guidelines, they used the knowledge-to-action (KTA) 
framework described by Graham et al. [6]. Reports are pro-
duced at 3 monthly intervals so each hospital can benchmark 
their own results against the other hospitals but also develop 
their own specific strategies to improve their results [10]. In 
2012, the ERAS® Society group developed a specific audit 
system: the EIAS.  It is a prospective Internet-based data 
entry and analysis system that monitors and measures com-
pliance. It provides real-time feedback to centers based on all 
patients involved in the ERAS program (Fig. 36.2a, b). The 
EIP includes four seminars spread over a period of about 
8–10 months. More recently, in the province of Alberta in 
Canada, the Alberta Health Services (AHS) started the 
implementation of an ERAS program in colorectal surgery. 
The QUERI (Quality Enhancement Research Initiative) 
approach was used associated with the ERAS® Interactive 
Audit System and the ERAS® implementation program. In 
addition to the strategy of Plan-Do-Study-Act cycle, the 
AHS includes the use of the learning collaborative, which 
allows the different centers to share their experiences and 
their performances [11]. In France, the Francophone Group 
for enhanced recovery after surgery (GRACE) also devel-
oped a prospective and interactive Internet-based database to 
obtain regular feedback on the compliance and the postop-
erative outcomes. Each center can also compare its results 
with the national ones. To date, it appears that the best sys-
tem to perform a prospective and quality audit is a multi-
center Web-based database with an analysis system to 
provide real-time feedback. The use of the knowledge-to- 
action framework associated with the learning collaborative 
is also required to reinforce practice change and to support 
tailored interventions. National or regional quality registries 
were used initially to collect data. However, with this sys-

tem, feedback and comparison with other centers are not 
possible. Finally, “homemade” databases should be avoided 
due to the lack of external validation and reproducibility. 
Indeed, comparison between centers is limited because of 
heterogeneity in the data collected.

Audit and regular feedback are essential to report and to 
improve compliance. A Cochrane review published in 2012 
aims to define the best strategy to perform effective audit and 
feedback. The results suggested that five feedback character-
istics are required. First, feedback will be more effective if 
the baseline compliance is low and if the leader is a “supervi-
sor or senior colleague.” The format of the feedback is also 
very important. It should be delivered at least “monthly,” in 
both “verbal and written” format. It has been shown that 
results are better if the conclusions are “both explicit goals 
and a specific action plan” [12].

Measuring compliance is essential to analyze the suc-
cess of the implementation of ERAS program into daily 
practice. In addition, several retrospective studies have 
reported a relationship between the level of adherence and 
the postoperative outcomes [13–17]. In 2011, Ahmed et al. 
published the first systematic review on compliance with an 
enhanced recovery program in patients undergoing colorec-
tal surgery. Despite variations in the components of the 
ERAS program, as well as in compliance with ERAS pro-
tocols in daily practice, high compliance was associated 
with shortened LOS [18]. In a large observational study of 
more than 900 patients undergoing colorectal surgery for 
cancer within an ERAS program, Gustafsson reported that 
a 27% increase in overall adherence to the program was 
associated with a 27% reduction in relative risk of morbid-
ity and a 47% reduction in relative risk of delayed dis-
charge. There was also a dose-response relationship 
between level of adherence to the program and improved 
surgical outcomes [15]. In patients undergoing pancreati-
coduodenectomy, Braga showed a significantly higher 
adherence in uneventful patients, while the compliance was 
lower in patients with major complications [13]. More 
recently, a multicenter national clinical audit in the United 
Kingdom reported a shorter median LOS if the compliance 
rate is up to 80%. The authors concluded that “the more 
stringent the implementation of an ERAS program is, the 
more health benefit there will be for the patients” [8].

It is essential to understand that implementation of an 
ERAS program is a gradual process that requires continuous 
changes and ongoing involvement of the whole team. Audits 
are essential to identify the facilitators and the barriers to the 
implementation and to propose tailored intervention to sus-
tain adherence. Retrospective audit should be favored to pre-
vent the Hawthorne effect [9]. In a qualitative study, Lyon 
et  al. reported four key points associated with an effective 
implementation and a high level of compliance [19] 
(Fig. 36.3):

Prospective
database

Audit
system

Frequent
feedback

Compliance

Fig. 36.1 Structured implementation strategy of ERAS program
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a

b

Fig. 36.2 Compliance measure with ERAS audit system in pancreatic surgery: (a) by compliance measure and (b) by care element
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• The patient-related factors with patient selection (demo-
graphics, comorbidities) and patient expectation

• The staff-related factors (staff education, change of atti-
tude, and behaviors)

• The practice-related issues (communication, standardized 
protocol)

• The health system resources (in-hospital and discharge 
resources)

From the available literature, several specific measures 
have been also identified to improve compliance. Firstly, edu-
cation is essential. Medical staff education is required to 
change their behaviors and strengthen their skills. One of the 
main concerns lies in giving up the many years of traditional 
patterns and dogma. This may be facilitated by evidence- 
based protocols, regularly updated. In addition, regular feed-
back on postoperative outcomes during the team meeting will 
contribute to increased trust for the new program. The fre-
quency of staff education is specifically important among 
doctors and nurses, because there are often changes in per-
sonnel and usually the youngest members are the main actors 
in the management of the patients [20]. Patients also must 
receive a proper and dedicated preoperative education on the 
perioperative pathway. Preoperative counseling with the sur-
geon, the nurses, and the anesthetist is one of the components 
of the ERAS program. Indeed, it is easier to reach a high com-
pliance if the patient has realistic expectations of the postop-
erative course and the care protocol [19]. Secondly, the 
presence of a dedicated ERAS coordinator in each center is 
strongly recommended to facilitate the communication and 
the collaboration in the multidisciplinary team, and to 
improve continuity of care [17, 20, 21]. The ERAS coordina-
tor is also responsible for the prospective database to monitor 
the implementation. Finally, to maintain sustainability over 
years, regular teaching sessions and meetings with feedback 

are necessary. Implementation of a new care protocol into 
daily routines is a dynamic and challenging process. After 
initial implementation, there is often a tendency to relapse 
into old routines [22]. Research shows that, in public health, 
40% of all innovations are not sustained after initial imple-
mentation [23]. A multicentric cohort study reported a 
decrease in compliance associated with a trend toward longer 
LOS in the post-implementation period [9]. Two studies dem-
onstrated the impact of specific measures on the compliance 
rate [17, 21]. In the study of Pedziwiatr, the coordinator was 
responsible for the prospective database and performed regu-
lar audit and analysis of the results every 30 consecutive 
patients. A compliance of almost 90% was reached after 2 
audits and 90 patients. Some components were fully imple-
mented from the very beginning, as they were part of standard 
care before ERAS implementation. On the other hand, some 
components were introduced gradually with a high compli-
ance only achieved after two audits. The authors identified the 
following as key factors of success: close cooperation, con-
tinuous education, frequent audit, and size of the team [17]. 
Indeed, the introduction of the ERAS program was easier in a 
small department compared to large multi- profiled centers 
[24]. Bakker et al. reported 8 years of adherence to the ERAS 
program and its effect on the postoperative outcomes in 
colorectal surgery for cancer. After initial implementation of 
ERAS in 2006, the authors reported an increase and decrease 
in adherence. In 2011, a specialized nurse practitioner was 
installed. She had to call the patients within 3 days after dis-
charge to follow up. In 2012, repeated training sessions were 
organized for surgical ward personnel. Case managers were 
introduced to attend the multidisciplinary conference on sur-
gical indication and join the morning rounds. The patient 
received dedicated preoperative information about the ERAS 
protocol during the preoperative visit. These specific mea-
sures were associated with an improved compliance in 2012 
and 2013 [21]. Martin et al. reported a 50% rate of intentional 
ERAS protocol deviation. In 78% of the study participants, 
the deviations were justified by medical reason [20]. This 
suggests that rather than follow a rigid program, the ERAS 
program should be flexible and adapted to the patient and the 
beliefs of the healthcare team [4, 25, 26].

While preoperative and perioperative components are 
often associated with a high level of compliance, the postop-
erative components of ERAS program are often more diffi-
cult to implement with success [4, 9, 13, 21]. Indeed, it 
appears that most deviation occurs in the postoperative 
period [27]. In pancreatic surgery, Braga reported a pre- and 
intraoperative compliance up to 80%. However, the postop-
erative compliance ranged from 38% to 66% [13]. The com-
pliance was suboptimal for early feeding (53%), intravenous 
fluid withdrawal (38%), early mobilization (44%), and 
 epidural analgesia suspension (66%). Among patients with 
low compliance, 71.7% had postoperative complications. 
This suggests that patients with low compliance in the 

Compliance

Patient-
related
factors

Resources
Staff-related

factors

Practice-
related
issues

Fig. 36.3 The barriers to implementation of enhanced recovery after 
surgery
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 postoperative period should be carefully managed. In 
colorectal surgery, Bakker et al. demonstrated that only post-
operative components of the ERAS program significantly 
improved the postoperative outcomes. It included no naso-
gastric tube, early mobilization, early oral nutrition, early 
removal of epidural, early removal of catheter, and nonopi-
oid oral analgesia [21].

To improve specifically the postoperative compliance, 
several barriers have been identified. Nadler et al. reported 
the key role of the surgical residents in the postoperative 
management of patients undergoing elective colorectal sur-
gery. Frequently, junior residents lack knowledge and clini-
cal experience when compared to senior residents. As a 
result, they are more hesitant to allow enhanced recovery 
owing to uncertainty. Residents are involved in the daily 
clinical practice. They help the team to understand the barri-
ers to the implementation. Staff surgeon preferences and 
types of surgery were major determinants of early feeding, 
while patient factors were major determinants of early mobi-
lization and short LOS. Implementation of the ERAS guide-
lines is strongly influenced by the beliefs of the surgeon and 
the healthcare team. Standardization of the practice and edu-
cation of the residents are essential to ensure adherence. The 
attending surgeon and fellow act as role models [28]. Several 
studies also reported a gap between functional recovery and 
discharge of postoperative patients [4, 9, 28]. Only 31% of 
patients were discharged on the day of functional recovery in 
the study by Maessen [4]. A multicenter qualitative study 
among ERAS teams reported that 29% of early discharge 
was judged to be difficult due to insufficient resources (home 
care and rehabilitation centers) [20]. This suggests the 
importance of administration support and financial issues. 
Finally, Nadler et al. identified patient and family expecta-
tions associated with the belief of the healthcare team as 
major determinants of early discharge [28]. Barriers related 
to the patients are opposing personality, comorbidities (men-
tal illness, cardiovascular disease, and disability), family 
expectation, and language barriers. However, it is frequent 
that opposing personality and family expectation are rather 
the results of a lack of information. Education of the patient 
and his family is essential to empower the patient as an active 
actor of his health. It requires time and adequate communi-
cation skills. Preoperative ERAS consultation is strongly 
recommended and should be multidisciplinary. In addition, a 
patient education booklet and daily activity log were devel-
oped in the ERAS center to improve information [20].

 Conclusion

Implementation of the ERAS program into daily practice is a 
challenging process that occurs at the level of the individual, 
the healthcare team, and the institution. It requires the com-
mitment of a multidisciplinary team with good collaboration 

between each member, the presence of an ERAS coordinator, 
and continuous education. Compliance is a key element to 
assess the success of ERAS implementation. Additionally, 
there is significant correlation between the level of compliance 
and the postoperative outcomes. To reach a good compliance, 
simultaneous strategies such as regular audit, prospective 
database, and feedback are used. Audit is an integral part of 
the ERAS program and the only way to know whether there is 
improvement. Frequent meetings are essential to audit compli-
ance, to identify the enablers and the barriers, to spread infor-
mation, and to facilitate the communication in the team. The 
major concern regarding ERAS implementation is its sustain-
ability over years. From the available literature, it appears that 
education and dedicated information at different levels 
(patient, medical staff, family) are the major keys to success.
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Brent D. Matthews, and Dionisios Vrochides

 Introduction

An overarching theme throughout enhanced recovery after 
surgery (ERAS) is that the creation of standardized, evidence- 
based perioperative pathways leads to improved patient out-
comes. Evidence of improved patient outcomes after ERAS 
implementation has been demonstrated throughout the litera-
ture and across a variety of surgical subspecialties. The con-
tinued success of ERAS implementation leads to an 
assumption that elimination of variation in patient care leads 
to improved patient outcomes. While this assumption may be 
true for many (and even the majority) of patients, some 
patients continue to “fail” ERAS pathways [1].

Using commonly chosen metrics to define “failure” dur-
ing ERAS (increased length of hospital stay, readmission 
rate, morbidity), studies continue to identify many indepen-
dent factors associated with “failure.” Frequently, these fail-
ures of ERAS protocols are correlated with intraoperative or 
postoperative complications. One may wonder if complica-
tions lead to ERAS pathway noncompliance or whether the 
noncompliance to ERAS pathways causes preventable com-
plications—a dilemma that will be addressed later in this 
chapter. As often reported in the literature, when attempting 
to prevent complications, one must first identify those indi-
viduals at risk for complications [2]. Risk stratification has 
become the cornerstone of complication prevention. More 

and more frequently, in order to identify individuals more 
prone to complications, risk stratification models (often in 
the form of risk calculators) are utilized [3, 4]. Employing 
predictive analytics and other more advanced forms of artifi-
cial intelligence (machine learning, advanced neural net-
works, deep learning, etc.) to optimize clinical, financial, and 
patient-reported outcomes has become the “Holy Grail” of 
the modern Clinical Precision Medicine era [5, 6].

In full disclosure, literature describing the use of predic-
tive analytics and/or risk stratification in ERAS is sparse and 
to date mainly limited to the colorectal discipline [7–12]. As 
a result, in addition to summarizing the current literature, the 
following chapter represents the authors’ institutional expe-
rience with ERAS implementation by the aid of advanced 
predictive analytics—a combination that is internally 
referred to as functional ERAS (f-ERAS).

 Success and Failure Definitions  
for ERAS Pathways

The successes of ERAS implementation in a variety of sub-
specialties are described in great detail in other chapters of 
this book. An overarching observation is that ERAS has 
gained popularity by providing standardized, evidence-based 
guidelines in the areas of pain and nausea multimodal man-
agement, targeted nutrition, early mobilization, drain avoid-
ance, pursuit of euvolemia, and utilization of structured 
outcomes audit [13]. The alternative to a standardized path-
way is perioperative patient care based on dogma and clini-
cal whim, leading to unnecessary variation in healthcare 
delivery. It has been well documented that elimination in 
patient care variation leads to significantly improved out-
comes [14]. Therefore, it is fair to say that ERAS success is 
also secondary to its inherent ability to eliminate variation. 
However, the purpose of ERAS pathways is to eliminate 
unnecessary variation in patient care, not to eliminate varia-
tion altogether. A degree of variation is expected given the 
wide range of patient risk factors and clinical presentations. 
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Another significant observation throughout the literature is 
while clinicians have noticed improved perioperative out-
comes with ERAS implementation, administrators have like-
wise taken note of improved financial outcomes from 
decreased rates of complication, decreased readmission 
rates, decreased length of stay, and many other improved tar-
geted metrics [15].

“Success” of an ERAS protocol is frequently tied directly 
to a single postoperative outcome, most commonly length of 
stay (early versus late discharge). Additionally, many would 
define “success” as an unchanged or (better yet) decreased 
readmission rate, decreased morbidity or mortality, and 
decreased healthcare expenditure. One of the more common 
issues encountered when comparing studies is the lack of 
standardized definitions for outcomes that determine the suc-
cessful implementation of an ERAS protocol. Acceptable 
length of stay varies from institution to institution, and mor-
bidity is often either undefined or lacks standardization of a 
system to standardize complications such as the Clavien- 
Dindo classification [16]. Hopefully, this problem will cease 
to exist with the widespread adoption of the Reporting on 
ERAS Compliance, Outcomes, and Elements Research 
(RECOvER) checklist, a joint statement by the ERAS® and 
ERAS® USA societies [17].

While most studies focus on the aforementioned surro-
gates for “success,” they are by no means the only metrics to 
measure it. Often, the surrogate marker for “success” will 
vary according to the stakeholder. Clinical, financial, or 
patient-reported outcomes can all be markers for successful 
implementation of ERAS.  While clinical and patient- 
reported outcomes should always take priority in patient 
care, monitoring financial outcomes (e.g., cost reduction) 
with an ERAS program will help to garner continued support 
from hospital administration and can be especially important 
when considering initial implementation of an ERAS pro-
gram in the face of globally rising healthcare expenditure 
[18–22].

Another method to determine the “success” of an ERAS 
pathway is the overall compliance, measured as the percent-
age of protocol items successfully accomplished [23, 24]. 
Compliance is especially important for monitoring the ERAS 
implementation process; this percentage is very crucial, as 
improved outcomes are often correlated with increased pro-
tocol compliance. In many studies and at our own institution, 
an overall compliance of 70% generally correlates with 
improved outcomes [25]. In fact, 70% is a good initial goal. 
The truth is that outcomes continue to improve with increased 
overall compliance, and the goal for overall compliance 
should always be as high as possible [23, 24]. To this end, as 
already discussed in Chap. 36, auditing plays an integral role 
in both implementation and sustained “success” of an ERAS 
program. Auditing ensures high overall compliance, which is 
an excellent indicator of consistency in protocol item imple-

mentation and avoidance of complacency after initial suc-
cessful ERAS implementation.

 The Role of Complications on Compliance 
Within an ERAS Protocol

While the relationship between overall compliance and com-
plications is often presented as a cause-and-effect relation-
ship, in reality it is likely much more complex [23, 26]. One 
needs to keep in mind that complications may certainly lead 
to deviation from ERAS protocol items [1]. Let us consider 
two possible scenarios to illustrate this complex 
relationship:

 1. Maintenance intravenous (IV) fluids are improperly con-
tinued as an oversight. Fluid overload ensues, resulting in 
pulmonary edema and prolonged hospitalization to wean 
the patient from supplemental oxygen.

 2. A patient begins to show clinical signs of sepsis from an 
anastomotic leak. Boluses of IV fluids are administered 
for resuscitation given the patient’s hypotension.

In both scenarios, the patient would not be compliant with 
discontinuation of perioperative fluids in a timely fashion. 
However, in the first situation lack of ERAS compliance 
leads to a postoperative complication, while in the second 
situation a postoperative complication leads to a lack of 
ERAS compliance. However, when major complications are 
excluded from analysis, increasing overall compliance is still 
correlated with improved clinical outcomes, denoting once 
again the importance of high compliance for achieving a suc-
cessful implementation of an ERAS pathway [10].

 Identification of Individuals at Risk 
for Complications

While many scoring systems have been used over the years 
to determine risk in medicine—e.g., Model for End-stage 
Liver Disease (MELD); Congestive heart failure, 
Hypertension, Age, Diabetes, prior Stroke-Vascular disease, 
Age, Sex (CHADS-VASc); Acute Physiology and Chronic 
Health Evaluation (APACHE); etc.—the American College 
of Surgeons National Surgical Quality Improvement Program 
(ACS-NSQIP) risk calculator has brought postoperative risk 
for complications, based on preoperative demographics and 
risk factors, to the forefront of surgical discussion. Additional 
scoring systems such as the Modified Frailty Index, 
Portsmouth-Physiological and Operative Severity Score for 
the enUmeration of Mortality and Morbidity (P-POSSUM), 
and American Society of Anesthesiologists (ASA) class have 
been used with some success to predict which patients are at 
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higher risk for postoperative complications or mortality; 
however, none have gained the widespread acceptance of the 
ACS-NSQIP surgical risk calculator [27, 28]. Over the past 
decade, with the increased availability of data for analysis 
obtained from electronic medical records, and the increased 
computing power, new advanced statistical methods such as 
machine learning, deep learning, and neural networks are 
beginning to find a significant role in clinical medicine  
[29–31]. Importantly, these newer methods are not static 
 predictive calculators. With each new data point, the statisti-
cal equations are modified in real time, leading to more accu-
rate predictive models. As we continue to predict with 
increased accuracy which individuals are at risk for postop-
erative complications, the challenge is to identify modifiable 
risk factors or interventions that can decrease the rate and 
gravity of complications.

 Predictive Analytics Within ERAS Pathways

The use of predictive analytics and risk calculators within 
ERAS pathways have been minimal to date and for the most 
part limited to the colorectal discipline. Keller et al. describe 
the use of the Modified Frailty Index to identify individuals 
at risk for prolonged length of stay. A Modified Frailty Index 
of 0 was strongly related to a length of stay of up to 3 days 
following laparoscopic surgery for colorectal cancer, while 
an index of 2 was strongly related to a length of stay of 
14 days. Primary definition of ERAS “failure” was length of 
stay greater than 3 days [7, 8]. Boulind et al. described the 
use of POSSUM scoring to identify individuals at risk for 
deviation from ERAS protocol (e.g., compliance) during 
laparoscopic colorectal surgery. They identified pathology 
and intraoperative complications as independent factors to 
predict ERAS deviation and suggested that “failure to mobi-
lize should be considered a red flag prompting further inves-
tigations following colorectal resection” [9]. Smart et  al. 
used perioperative overall ERAS protocol compliance to 
predict ERAS “failure” after laparoscopic colorectal sur-
gery (delayed discharge). They identified five protocol items 
that were associated with delayed discharge (continued IV 
fluids, lack of functioning epidural, inability to mobilize, 
nasogastric tube reinsertion, and urinary catheter reinser-
tion). They used these five items to create a predictive scor-
ing system for ERAS failure and delayed discharge [10]. In 
another study, Lane et  al. described that rising C-reactive 
protein (CRP) levels in the days following elective colorec-
tal surgery within an ERAS pathway correlate with increased 
risk for adverse events. They suggest that a high CRP value 
on day 2 with a continued rise on day 3 should alert the sur-
geon to an increased likelihood of adverse events [32]. A 
recent study by Francis et al. incorporates newer methods 
for predictive analytics, including advanced neural net-

works, to predict delayed discharge and readmission follow-
ing laparoscopic colorectal surgery [12]. All of these studies 
have a similar theme in common; they are observational in 
nature and for the most part recommend increased postop-
erative vigilance if any of these warning signs are detected 
in the postoperative period. Few, if any, studies recommend 
modification of the patient’s ERAS protocol based on risk 
stratification.

 Institutional Experience with Integrated 
Predictive Analytics to ERAS Pathways 
(F-ERAS)

In 2015, the leadership within the Department of Surgery at 
Carolinas Medical Center in Charlotte, North Carolina, iden-
tified a need to focus on outcome improvement in concert 
with cost optimization, given the current direction of non- 
sustainable growth in healthcare expenditure in the United 
States. Hepato-Pancreato-Biliary (HPB) Surgery was tar-
geted as the divisions within the Department of Surgery to 
pilot structured treatment pathways to improve patient out-
comes. With structured and evidence-based guidelines, 
ERAS was chosen [33]. ERAS was first implemented for 
pancreaticoduodenectomy in 2015 and was followed by 
ERAS pathways for hepatectomy and left pancreatectomy. 
In addition, other surgical disciplines including colorectal, 
urology, and head/neck surgery have followed suit with 
ERAS implementation.

Hurdles to initial ERAS protocol implementation and 
support staff “buy in” were similar to experiences described 
in Part IX of this book. However, a conscious decision was 
made to add to the complexity of the implementation by 
combining it with predictive analytics, since the institution 
already had significant application experience in this domain 
[34–36]. Both implementation compliance monitoring and 
predictive analytics for each patient enrolled to an ERAS 
pathway were employed. The purpose of this approach was 
twofold: first to ensure that implementation of ERAS was 
being performed in a safe and effective manner and second to 
provide real-time feedback on the success of ERAS to ensure 
continued administrative support.

For a brief background, Carolinas Medical Center is the 
flagship quaternary 1000-bed referral center within one of 
the largest healthcare systems in the United States, encom-
passing almost 50 acute care hospitals. The generated clini-
cal volume in the era of the electronic medical records has 
led to an extremely large amount of data available for analy-
sis. Over the past few years, the institution have used pro-
spectively maintained REDCap™ (Research Electronic Data 
Capture) databases to create institutional procedure-specific 
risk calculators that have exceeded the predictive ability of 
nationally available risk calculators for our patient popula-
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tion [34–36]. The risk calculators have continued to become 
more accurate with the addition of modern statistical tech-
niques including machine learning and deep learning. In 
addition, the institution has fully utilized the ERAS® 
Interactive Audit System (EIAS) since 2015.

Using a combination of established prospectively main-
tained institutional REDCap™ databases and the EIAS, 
ERAS implementation was monitored for various high-risk 
surgical procedures (i.e., pancreaticoduodenectomy, hepa-
tectomy, etc.), ensuring that outcomes and trends met or 
exceeded our historical standards while also showing cost 
savings. Monitoring outcomes and costs through our 
REDCap™ databases in combination with compliance as 
captured by the EIAS database showed clinicians, adminis-
trators, and support staff that implementation of ERAS was 
not only safe but also clinically superior and cost-efficient. 
This initial monitoring and proven success allowed for the 
planned addition of more ERAS protocols within other sur-
gical divisions at the institution including gynecology, trans-
plant, pediatrics, and orthopedic surgery.

 Examples of Integrated Predictive Analytics 
to ERAS Pathways (F-ERAS)

The institutional predictive analytics have been integrated 
into the preoperative assessments of patients in order to iden-
tify high-risk individuals who may benefit from modification 
of patient care within a given ERAS protocol. As opposed to 
identifying individuals at risk and observing them more 
closely postoperatively, the health professionals are attempt-
ing to target carefully selected interventions or changes to 
our current ERAS pathway in an attempt to decrease the risk 
for postoperative complications (or at least identify them as 
soon as possible). While some of the below examples are still 
in their investigative phase, many have shown significant 
improvement in clinical, financial, or patient-reported out-
comes after f-ERAS implementation.

A few examples of interventions targeting specific post-
operative outcomes after pancreaticoduodenectomy, for 
which institutional predictive algorithms have been created 
and which include diversion from (or even an addition to) a 
specific ERAS pathway, are listed below:

Examples of intended diversion:
• If a high risk of urinary retention following pancreatico-

duodenectomy is predicted, do not remove the urinary 
catheter on postoperative day 1.

• If a moderate risk of delayed gastric emptying following 
pancreaticoduodenectomy is predicted, do not remove the 
nasogastric tube on extubation.

• If a high risk of delayed gastric emptying following pan-
creaticoduodenectomy is predicted (including, but not 

limited to, patients with chronic pancreatitis or preopera-
tive gastric outlet obstruction), an intraoperative feeding 
tube (typically a gastrojejunostomy tube) is placed to 
avoid delay in postoperative nutrition.

Examples of addition:
• If a high risk for malabsorption following pancreaticodu-

odenectomy is predicted, pancreatic enzymes are added 
to the postoperative treatment pathway.

• If a high probability of readmission following pancreati-
coduodenectomy is predicted, once the patient has met 
discharge criteria, a modified postoperative follow-up 
plan is followed. Initially, patients will be contacted twice 
weekly using a combination of clinic and virtual visits to 
monitor postoperative recovery, followed by scheduled 
home visits for IV hydration (since almost 70% of read-
missions following pancreaticoduodenectomy are for 
dehydration in this institution).

 Examples of Addition of Items Outside 
the Core of a Traditional ERAS Pathway

Another intervention that targets global risk for postopera-
tive complications is called the Clinically Meaningful 
Laboratory Tests initiative. Initially this program was imple-
mented for patients undergoing pancreaticoduodenectomy 
and hepatectomy, and postoperative laboratory tests sched-
ules were based on risk stratification from established insti-
tutional risk calculators for pancreaticoduodenectomy and 
hepatectomy. Patients deemed to be at high risk for postop-
erative complications received daily laboratory draws while 
patients at low risk for postoperative complications will 
receive minimal postoperative laboratories. The Clinically 
Meaningful Laboratory Tests initiative can be tied to the 
ERAS pathway compliance monitoring, to ensure high adop-
tion rates (nearly 100%). In one institution the first year of 
employing the protocol saved $360,611.75  in laboratory 
charges alone (a 54% decrease) while maintaining clinical 
outcomes, increasing satisfaction, and decreasing the need 
for postoperative blood transfusions; the latter was not fac-
tored in the saving analysis [37].

In similar fashion to previous protocols using institutional 
risk calculators and maintaining high compliance rates by 
tying it to the institutional ERAS pathway, the ACS-NSQIP 
surgical risk calculator can be used to stratify patients into 
low-, moderate-, and high-risk categories following left pan-
createctomy to guide postoperative laboratory draw sched-
ule. While results are currently preliminary, they are quite 
promising in reducing patient charges by using a risk calcu-
lator that is available to all US institutions.
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 Prehabilitation Strategies to  
Augment ERAS “Success”

The body of evidence supporting prehabilitation for patients 
prior to undergoing major operations continues to grow. 
While the benefits can be implied from the perceived ben-
efits of optimized nutrition and exercise regimens prior to 
surgery, benefits have not been clearly shown to date for 
most major abdominal operations (mainly because of the 
paucity of literature in the emerging field of prehabilita-
tion) [38]. Studies within the colorectal literature have 
begun to show that nutritional and exercise prehabilitation 
alone or in combination significantly improve the speed 
and quality of postoperative functional recovery [39]. The 
addition of prehabilitation seems to be a natural addition to 
ERAS pathways; however, continued investigation is nec-
essary to identify the duration, intensity, and timing of pre-
habilitation to benefit patients in enhanced recovery 
programs [40].

Given the success of prehabilitation on improved recov-
ery following surgery in other subspecialties, prehabilitation 
was identified as a natural addition to ERAS pathways to 
augment enhanced recovery for surgical patients at our insti-
tution [41–44]. The authors are currently implementing a 
prehabilitation protocol for patients with HPB malignancy 
undergoing neoadjuvant chemotherapy before their sched-
uled surgical intervention (prescribed exercising, customized 
nutrition, anemia correction, blood glucose normalization, 
tobacco/EtOH cessation, psychologic support, social sup-
port, etc.). This program, termed PreOperative Learning and 
Readiness in Surgery (POLaRiS), is coupled with the stan-
dardized items on the ERAS pathways. Not all patients 
undergoing neoadjuvant chemotherapy before an HPB surgi-
cal intervention are allocated to our prehabilitation program. 
Enrollment is decided by utilization of institutionally derived 
predictive analytics to determine patients at high risk for 
readmission, discharge to nursing facility, and extended 
postoperative length of stay (Fig. 37.1). Enrolling patients in 
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Fig. 37.1 A schematic representation of the PreOperative Learning 
and Readiness in Surgery (POLaRiS) prehabilitation program for 
patients undergoing neoadjuvant chemotherapy before surgical inter-

vention for an HPB malignancy. POLaRiS is integrated within the HPB 
Surgery ERAS pathways (pancreatectomy, hepatectomy)
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POLaRiS allows attempting to preemptively intervene with 
preoperative optimization on patients at high risk for “fail-
ure” of ERAS hopefully mitigating some of the risk for post-
operative complications.

 Conclusions and Future Directions

The strength of ERAS protocols is the elimination of unnec-
essary variation in patient care via the most recent evidence- 
based protocols. ERAS “failure” or “success” should not be 
defined by a single postoperative parameter but by a combi-
nation of clinical, financial, and patient-reported outcomes. 
Regardless of definition, many ERAS “failures” are the 
result of postoperative complications and not necessarily 
deviation from protocol or poor protocol compliance. 
Modern statistical methods and risk calculators are becom-
ing more accurate in identifying patients at risk for postop-
erative complications, and studies are beginning to identify 
risk factors that contribute to complications in patients under 
ERAS protocols. The first challenge will be to identify modi-
fiable protocol items and/or additional protocol items within 
ERAS pathways based on preoperative risk stratification. 
The second challenge will be to actually modify these proto-
col items, on a patient-to-patient basis, in order to decrease 
the chance for postoperative complications, and hence 
increase the ERAS protocol “success.”

While much of the experience with ERAS and predictive 
analytics is institution specific, this chapter has shown some 
of the ways that predictive analytics and risk stratification 
may be incorporated into ERAS protocols. While standard-
ization reduces unnecessary variation, a degree of variation 
is expected and even warranted based on the variety of 
patient demographics, comorbidities, and risk factors. The 
challenge is identifying those modifiable risk factors for pre-
emptive intervention and possible mitigation of risk. In order 
for ERAS to stay on the cutting edge of medicine, there will 
be a need to balance the standardization of ERAS protocols 
with risk stratification and interventions based on modern 
predictive analytics and risk calculators.
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 Introduction

Research in enhanced recovery after surgery (ERAS) con-
sists of translational studies that cover the spectrum from 
basic science investigations to population-based epidemio-
logic assessments. The term “translational science” is a 
broad term that encompasses both the application of labora-
tory findings to early phase clinical trials as well as the tran-
sition from clinical trial results to real-world practice [1]. 
Before embarking on any research project, an investigator 
should ask whether the study design has been constructed in 
such a way that the study results will answer the research 
question in an appreciable and practical way. Study design 
selection therefore should be commensurate with the study 
objectives. The goal should be to select a study design with 
the lowest risks of bias and confounding, but that can be fea-
sibly done within time, cost, and ethical constraints [2]. 
While often conceived as a hierarchical pyramid of research, 
in fact, study design types are really a series of overlapping 
approaches that yield progressively more expansive and gen-
eralizable conclusions for patient care (Fig. 38.1).

 Preclinical Research

Laboratory research is often the first step to informing 
changes in clinical practice. A well-designed laboratory 
study can answer basic questions about physiology, pathol-
ogy, or pharmacologic mechanism. Useful preclinical 
research must be rational and testable if it is to be clinically 
relevant [3–5]. Increasingly, actual experiments are pro-
ceeded by in silico work, i.e., creation of computational 
models or simulations that can be used to make predictions 
and suggest hypotheses [6]. This includes “big data” science 

that can efficiently evaluate the biologic plausibility of 
hypotheses with minimal commitment of resources [7–9].

To the extent that biologic processes allow, the early 
stages of the discovery process still rely on in  vitro and 
ex  vivo assays. These methods provide the mechanistic 
rationale for studies, as these assays permit direct observa-
tion of experimental manipulation on biologic behavior, for 
example, gene expression, cell proliferation, or signaling 
pathways. In vitro assays typically refer to cell-free sys-
tems or monolayer cell culture, while ex vivo implies more 
complex structures, such as organ slice culture or organoids 
[10, 11]. Once a concept has been tested in  vitro and ex 
vivo, ultimately its relevance to human systems requires an 
in  vivo model. Generally, in vivo disease models can be 
divided into three types: (1) physiological (e.g., sepsis 
induced by a procedure like cecal ligation and puncture); 
(2) pharmacological (e.g., anesthesia via administration of 
sevoflurane versus etomidate); or (3) genetic (e.g., cancer 
formation using a transgenic mouse model) [12]. Ultimately, 
however, the limitation of any laboratory model is that it is 
a model. Assumptions about direct applicability to human 
physiology should always be tempered until clinical data 
exist [13].

 Descriptive Studies

Descriptive studies are the starting point for clinical research. 
Descriptive studies include case reports, case series, cross- 
sectional studies, surveillance studies, and ecological correla-
tion studies. The characteristic feature of a descriptive study 
is that it presents variables without regard to a prespecified 
hypothesis. While sometimes maligned for lacking scientific 
rigor, a good descriptive study is essential for setting prece-
dent for future studies. A descriptive study should cover the 
“who, what, why, when, and where” and “so what” of a clini-
cal condition [14]. Descriptive studies may refer to individu-
als (e.g., the original experience with “fast-track” surgery for 
open sigmoidectomy) or to populations (such as the annual 
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cancer statistics report for the United States) [15, 16]. A well-
written descriptive study can uncover disease trends and sug-
gest testable hypotheses [17].

The clear advantage of descriptive studies is that the clini-
cal data are often readily available and easy to interpret by 
clinicians. However, descriptive studies also suffer from the 
temptation to make causal inferences [14]. Known as post 
hoc fallacy, descriptive reports should always emphasize that 
a temporal association does not mean a causal one. For 
example, allergists have struggled for years to dispel the 
myth that seafood allergies are related to the risk of iodinated 
radiocontrast [18]. Iodine is not an allergen, yet many hospi-
tal policies still list a seafood allergy as a contraindication to 
iodinated formulations. The risk factor is that a patient with 
atopy to any allergen is more likely to have a reaction to a 
second allergen; as seafood is a common allergen, many 
have falsely connected contrast reactions to seafood 
allergies.

 Observational Studies

Unlike descriptive studies, observational studies test 
hypotheses using clinical data. The most common types of 
observational studies are the cohort study, the case-control 
study, and the cross-sectional study. The defining character-
istic of observational studies is that the investigators do not 
intervene in any way with the study subjects, but instead 
relate health outcomes to underlying exposures, attitudes, or 
choices [19].

In the cohort study, the subjects in the study population 
are assigned to a group based upon exposure to a given risk 
factor [20]. Study subjects are then followed longitudinally 
through time. At the time of group allocation, the outcome of 
interest has not yet occurred. Cohort studies may be prospec-
tive (if enrollment occurred before the outcome was appar-
ent) or retrospective (if data are collected once the outcome 
is known). Cohort studies are well suited for evaluating a 
series of outcomes related to a single exposure. Prospective 
cohort studies are particularly appropriate when the expo-
sure is harmful (e.g., smoking) and randomization of study 
subjects would be unethical. Advantages of cohort studies 
are the ability to match study subjects based on prespecified 
variables and a relatively low risk of recall bias [21]. Cohort 
studies are useful for describing disease incidence and inves-
tigating associations between purported risk factors and 
health outcomes. Well-known cohort study findings include 
the relationship between systolic blood pressure and stroke 
risk in the Framingham Study and the reduced risk of ovarian 
cancer among women using oral contraceptives in the 
Nurses’ Health Study [22, 23]. When assessing the strength 
of an association between a purported risk factor and a clini-
cal outcome, the appropriate statistical measure is the rela-
tive risk or risk ratio (RR), i.e., the probability of an outcome 
in an exposed group divided by the probability of an out-
come in an unexposed group [24].

Unlike a cohort study, a cross-sectional study captures all 
measurements at a specific moment in time rather than longi-
tudinally. Whereas descriptive studies are useful for under-
standing the incidence of disease, cross-sectional studies are 
useful for understanding the prevalence of disease. 
Prevalence is the proportion of the population with a condi-
tion at a specific time point. Cross-sectional studies often use 
survey approaches. When cross-sectional studies are study-
ing differences in proportions or differences in the distribu-
tion of responses to a question, χ(chi)2 tests are usually 
appropriate. Cross-sectional studies can be performed inex-
pensively and quickly, but do not provide information about 
temporal trends [19]. For example, a cross-sectional study 
examined adherence to an ERAS protocol over two 3-month 
periods across three specialties at one center [25]. The study 
examined reasons for pathway deviation and correlations 
with patient outcomes. This captures information about a 
particular moment in time but does not answer whether 
recovery times are increasing or decreasing and cannot relate 
changes to the effect of a given intervention.

Case-control studies differ from cohort and cross- 
sectional studies because study subjects are assigned to 
groups when the outcome of interest is already known. The 
goal is to establish a relationship between the outcome and 
one or more possible risk factors. If cases have a signifi-
cantly higher prevalence rate of a given exposure than con-
trols, then one might conclude that the exposure is 
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significantly associated with an increased risk of the study 
outcome [21]. For case-control studies, cases and controls 
should be selected from the same study population. Case-
control studies are most appropriate when outcomes are 
rare. For example, case-control studies were used to eluci-
date the relationship between asbestos exposure in the ship-
building industry and mesothelioma and between extended 
tampon use and staphylococcal toxic shock syndrome [26, 
27]. When defining cases, it is important that the case defi-
nition be as precise as possible. Explicit inclusion and 
exclusion criteria are needed to ensure clear demarcation 
between cases and controls. Unlike cohort studies, case-
control studies do not allow for the direct calculation of 
relative risks from incidences. Instead, case-control studies 
produce odds ratios (OR), i.e., the ratio of disease odds 
given exposure status [24]. If the outcome of interest is suf-
ficiently rare, the OR will approximate the RR, but if the 
outcome is frequent or the OR is particularly high, the two 
will be discrepant [24].

 Bias in Observational Studies

Bias is any systematic tendency to encourage one out-
come over others [28]. Identifying and avoiding bias is 
always a challenge in observational research. Some amount 
of bias is unavoidable, but an awareness of bias improves the 
likelihood that a study will yield reproducible results. Many 
different types of bias have been defined, but three types of 
bias are most prevalent in observational research: selection 
bias, information bias, and confounding [29, 30].

Selection bias results when the groups being studied 
have an underlying difference that has not been considered 
[31]. Examples include non-respondent bias (those not 
answering a survey may be fundamentally different from 
those answering one), incidence-prevalence bias (patients 
who never present to care are not accounted for in the 
results), and membership bias (patients choosing one health 
facility may be more economically advantaged than at 
another facility). As an example, a population-based cohort 
study using questionnaires to assess outcomes for ischemic 
heart disease patients found that clinically important prog-
nostic variables were strongly associated with whether a 
potential study subject gave consent to participate in the 
study [32].

Information bias occurs when information has not been 
gathered in the same way [33]. Information bias includes 
ascertainment bias (cases are diagnosed by surgery, but con-
trols are assumed to be healthy), recall bias (cases with dis-
ease are more likely to recall even trivial exposures in the 
past than controls, who are disease-free), and diagnostic sus-
picion bias (the presence of disease prompts the search for a 
particular exposure). In one case, results from a study linking 

statin use to the risk of Alzheimer disease were questioned 
for possible ascertainment bias since those subjects with 
higher statin use may have more often switched to health 
management organizations, possibly because they were 
healthier, and thus not had their claims available for review 
by the study investigators [34].

Confounding is the spurious association between an 
exposure and outcome based on a third, unmeasured vari-
able associated with both the exposure and the outcome 
[35]. For example, many studies have shown that obese 
patients have reduced mortality compared to lean patients 
for specific conditions such as chronic obstructive pulmo-
nary disease or end-stage renal disease. However, smokers 
tend to have lower body weights and high risks of mortality 
from these conditions, making smoking status an important 
confounder in the relationship between body mass index 
and health outcomes [36]. Confounding bias reduces inter-
nal validity by producing an incorrect assessment between 
an exposure and an outcome as well as reduces external 
validity by reducing the chances a finding is generalizable to 
another population [30].

 Clinical Trials

Clinical trials are distinguished from observational 
studies by use of an intervention. Clinical trials may be 
either quasi-experimental or experimental in design. Quasi- 
experimental studies are non-randomized studies of inter-
ventions. Quasi-experimental studies can be important 
assessments of healthcare interventions when randomiza-
tion is not feasible, for example, evaluating the effect of 
vaccines on health system outcomes [37]. While quasi-
experimental studies often have more heterogeneity in the 
study population than randomized trials, they may be more 
likely to generalize to the “real-world” setting [38]. In 
quasi-experimental studies, investigators do not dictate the 
intervention assignments, whereas experimental studies 
imply the investigators actively intervene to produce the 
data, i.e., interfere with natural processes [39]. Experimental 
studies have the advantage of high internal validity, mean-
ing the results are highly applicable to the exact population 
enrolled in the trial. However, experimental studies may 
suffer from less external validity when translated into real-
world settings [38].

 Quasi-experimental Design

Quasi-experimental studies are very common in ERAS 
research. Sometimes these are referred to as “natural experi-
ments” or “self-allocation” designs. Examples include 
instrumental variable designs (treatment varies by an exoge-
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nous variable independent of the primary outcome, e.g., a 
piece of equipment exists at one facility but not another), 
regression discontinuity designs (patients receive an inter-
vention based on scoring above or below some threshold, 
e.g., CD4 count for starting antiretroviral therapy), and inter-
rupted time series (often called “before-after” studies, e.g., 
facility outcomes before and after deployment of an ERAS 
order set) [40–42]. Many centers report their first ERAS 
experiences as interrupted time series with consecutive 
patients to describe the observed effects of introducing an 
ERAS pathway [43, 44].

Quasi-experimental studies can provide useful data when 
experimental clinical trials are not feasible. For example, 
randomized clinical trials presume equipoise between the 
treatment arms, meaning there is genuine uncertainty as to 
whether one treatment is better than another [45]. With many 
ERAS elements, randomization would be unethical. For 
example, when ERAS elements are considered standard of 
care, it would be unethical to randomize patients to only 
opioid-based therapies or to mandate bed rest [46]. Quasi- 
experimental design is also helpful when studies are done at 
population-wide scales. For instance, investigators looked at 
the outcomes pre- and post-ERAS guideline implementation 
for gynecologic oncology across the entire healthcare system 
in Alberta, Canada [47]. Finally, quasi-experimental designs 
are useful when political or practical considerations hinder 
dictation of the intervention. A study of opioid prescribing 
patterns showed that ERAS interventions focused on anes-
thesiologists led to an increase in opioid-free anesthesia and 
multimodal analgesia but did not impact subsequent surgeon 
prescribing practices for opioids on discharge, as the anes-
thesiologists did not have a means to mandate the surgeons’ 
behaviors [48].

 Experimental Clinical Trials

Experimental clinical trials can be divided into explanatory 
trials and pragmatic trials (Fig.  38.2). Explanatory trials 
focus on efficacy. In a controlled situation, does an interven-
tion produce a beneficial effect under optimum conditions? 
In contrast, pragmatic trials measure effectiveness. What is 
the benefit associated with use of an intervention under “real- 
world” conditions [49]? While the paragon for clinical trials 
is often felt to be the randomized controlled trial (RCT), in 
practice, explanatory trials like RCTs are not always the 
most appropriate or even most desirable study design.

During a randomized controlled trial, willing study sub-
jects with a particular medical condition and meeting narrow 
eligibility criteria are randomly assigned to one or more 
experimental interventions or a control group. The control 
group may consist of a placebo medication or sham proce-
dure or simply be the current clinical standard of care. The 

essential element of the RCT is that the participants are 
assigned to an intervention by chance, thus minimizing the 
opportunities for bias [50, 51]. Several features distinguish 
an RCT from a pragmatic trial [52]. First, are the inclusion 
and exclusion criteria narrow and well defined [53]? If the 
eligibility criteria are nebulous, the study is likely to lack 
internal validity. Second, is the allocation scheme well 
explained? “Allocation” refers to the means of generating the 
random group assignments [54]. Third, were adequate efforts 
made to conceal the allocation? “Concealment” describes 
the process of not revealing the assignments until the inter-
vention [55]. This includes both concealing the actual assign-
ments but also the allocation scheme. For example, if patients 
are known to be allocated to study groups in random blocks 
of 4, then one could guess the next group assignment based 
on the prior 3 study participants. Both allocation and con-
cealment work against selection and confounding bias. 
Finally, what procedures were taken for blinding? “Blinding” 
is knowledge of the treatment assignments after the interven-
tion [56]. Blinding reduces reporting bias and ascertainment 
bias [57]. Trials are often referred to as single-blinded (study 
subjects do not know the group assignments), double-blinded 
(neither study subjects nor investigators know the assign-
ments), or triple-blinded (study subjects, investigators, and 
data analysts are all unaware of the assignments). In practice, 
these terms should not be used in reporting a study; rather it 
is better to simply state which personnel were aware of the 
group assignments.

The same principles that make RCTs rigorous (controlled 
environment, precise inclusion and exclusion criteria, 
 blinding) can simultaneously limit generalizability [58]. The 
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tightly regulated conditions of a clinical trial might have lim-
ited external validity to actual clinical practice. Whereas 
explanatory trials like RCTs are useful for testing “if and 
how an intervention works,” pragmatic trials test “whether 
an intervention actually works in real life” [59].

Pragmatic trials are useful when the question is not one 
of elucidating biologic mechanism or plausibility but of 
establishing whether innovations have the potential to 
improve daily medical practice. Explanatory trials tend to 
focus on one specific patient population with one problem. 
Excluding complex study subjects (e.g., patients with 
comorbid conditions or taking multiple medications) mini-
mizes confounding. For testing a biologic theory this is 
important. However, these conditions do not mimic clinical 
practice. Pragmatic trials frequently involve complex inter-
ventions with multiple interacting components, such as 
bundles, pathways, or protocols [60]. Patients in the trial 
are reasoned to be similar to patients who would normally 
receive the study intervention under usual care conditions. 
The eligibility criteria are typically less stringent, and the 
study outcomes tend to be broader and less physiologic in 
nature. Given the multidisciplinary, multispecialty, and 
multidimensional nature of ERAS, many research ques-
tions are better suited to pragmatic trials than to the strict 
limits of the RCT.

 Study Outcomes

Study outcomes are dependent variables that are hypoth-
esized to be causally related to the independent variables 
under investigation. For example, if the independent vari-
able is use of an intravenous propofol infusion during spinal 
fusion surgery, then the primary outcome could be the inci-
dence of postoperative nausea and vomiting within 24 h of 
extubation. The hypothesis would be that propofol infusions 
intraoperatively reduce postoperative nausea. As noted pre-
viously, however, most ERAS studies will provide evidence 
of associations, not explanatory mechanism. Even so, when 
selecting outcomes, one should still aim to identify mea-
sures that can be plausibly linked to the variable being 
studied.

Outcomes are designated as primary or secondary. The 
primary and key secondary outcomes must be prespecified in 
the study design prior to commencing the study. There are 
two principal reasons for this. First, a clear primary outcome 
provides a rational basis for the power calculation [61]. 
Plainly, power is the likelihood that the sample size is large 
enough to reveal true effects. A properly powered study min-
imizes the chances of a false-negative (Type II) error, i.e., 
rejecting a true association when one truly exists. Second, 
limiting the number of secondary outcomes reduces the risk 
of false-positive (Type I) errors [62]. The likelihood of iden-

tifying spurious associations by random chance alone 
increases in proportion to the number of outcomes being 
measured; this is often referred to as the multiple testing 
problem. While the threshold for statistical significance can 
be adjusted to account for the number of variables being 
tested, a better study design is to focus the study on the most 
important secondary outcomes [63, 64].

A common strategy to assess multiple end points without 
losing statistical power is to use composite outcomes. 
Composite outcomes aim to improve statistical efficiency by 
combining several outcome measures (e.g., mortality, seri-
ous morbidity, and readmission) into one end point. This is 
particularly useful when the total incidence of a given event, 
say mortality, is rare in the study population. However, cau-
tion should be used when implying that the results of a study 
apply to the individual components of the composite rather 
than to the overall composite measure, especially if the asso-
ciations for the individual components do not trend in the 
same direction [65].

The primary outcome is assumed to be of more clinical 
significance than the secondary outcomes. Designation of 
outcomes as primary or secondary implies a hierarchical 
ranking of importance by the study investigator [66]. For 
ERAS studies, the primary outcome should always incorpo-
rate the concept of the minimal clinically important differ-
ence (MCID) [67]. MCID is the smallest unit of substantive 
benefit to the patient [68]. This is particularly important 
when assessing studies using patient-reported outcomes such 
as visual analog scales (VAS) or Likert scales. Given a suf-
ficient sample size, statistically significant differences of 
fractions of a scale unit may be found, but these are not likely 
to impact clinical practice. In a well-known example, inves-
tigators performed a randomized clinical trial of acupuncture 
versus sham procedures for knee pain. The primary outcome 
was average knee pain on a 0–10 scale. While statistically 
significant differences were found between the acupuncture 
group and the sham procedure group, the between-group dif-
ference did not reach the authors’ prespecified threshold for 
MCID of 1.8 units on the pain scale [69]. Thus, the authors 
appropriately concluded that acupuncture did not offer a 
clinically significant benefit, at least within the power limita-
tions of the study.

The relevant outcomes for ERAS research vary among 
stakeholders, e.g., payors, patients, and physicians. However, 
one overarching principle is that study outcomes should be 
selected with the goal of making a study comparable to the 
existing literature. Excessive variability in definitions and 
measurements precludes comparisons of outcomes across 
studies [70]. The COMET (Core Outcome Measures in 
Effectiveness Trials) initiative aims to define core outcome 
sets (COS) that should be measured and reported in all stud-
ies pertaining to a specific clinical area [71]. These core 
 outcomes do not imply that a study needs to be restricted to 
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just those in the set, but it ensures that the findings of a study 
will be useful for meta-analyses and informative for future 
clinical trials. Outcome measures should also be distin-
guished from process measures. Process measures determine 
if the protocol is being followed; outcome measures examine 
whether the protocol is having the desired effect.

Study outcomes for ERAS research can be broadly classi-
fied into four domains (Table 38.1, [72–81]):

 1. Administrative outcomes relate objective hospital data. 
Common examples include length of stay, total direct 
cost, readmission rates, and opioid prescribing patterns 
[72–74]. Administrative data are useful for doing cost 
analyses and return on investment calculations, but do not 
directly inform whether an intervention is clinically ben-
eficial to patients.

 2. Clinical outcomes are based on the provider’s assessment 
of the patient. Presence or absence of disease, survival or 
death, ostomy function, and the incidence of complica-
tions are clinical outcomes [75, 76].

 3. In contrast, patient-reported outcomes relate the patient’s 
experience [77–79]. The ability to eat or drink without 
nausea, quality of life surveys, and health attitude screens 
are all patient-reported outcomes. Patient-reported out-
comes may be subjective (such as rating symptoms on a 
scale) or objective (such as the presence of absence of 
vomiting).

 4. Finally, functional outcomes are objective assessments of 
the ability to perform specific tasks. The ability to ambu-
late without assistance, shower independently, drive, and 
return to work are all functional outcomes [80, 81].

As ERAS protocols have matured and more clinical data 
exists, functional and patient-reported outcomes are increas-
ing in prominence as primary outcomes for studies rather 
than administrative or clinical outcomes. This stems from an 
increased emphasis on patient-centered care and a recogni-
tion that patients may perceive priorities differently in select-
ing among therapeutic options [82, 83].

 Reporting ERAS Research

The formatting of ERAS research reports is a key element in 
ensuring the data are contextualized, interpretable, and 
reproducible. A complete ERAS report should clearly 
describe the implementation and use of the various elements 
of enhanced recovery. Accurate reporting includes a com-
plete listing of the treatment protocol as well as the compli-
ance with various elements as measured through audit. 
Unfortunately, many ERAS reports have historically omitted 
sufficient information for subsequent groups of researchers 
to faithfully reproduce the results. A review of 50 ERAS 
studies by Day et  al. found that fewer than half of studies 
mentioned all the basic concepts of enhanced recovery, fewer 
than a quarter defined or explained the concepts, and fewer 
than 10% presented data on ERAS compliance [84]. 
Insufficient detail in reporting impedes the subsequent pro-
duction of meta-analyses and systematic reviews. Across 
various areas of biomedical research, a systematic review of 
meta-analyses found that more than 80% of studies do not 
conform to published reporting guidelines [85]. This 
increases the chances that systematic reviews and meta- 
analyses will find data insufficient or reach equivocal con-
clusions [86, 87].

For this reason, the ERAS® Society and ERAS® USA 
published a joint statement on reporting guidelines for 
ERAS research known as the Reporting on ERAS 
Compliance, Outcomes, and Elements Research 
(RECOvER) checklist [88]. Study design and reporting 
standards have been found to improve the usability of 
research results [89]. The RECOvER checklist is not pro-
scriptive, but the societies recommend using the tool to 
guide design, implementation, and reporting of ERAS-
related research. The checklist has 20 elements and should 
be submitted as a supplement to ERAS reports (Table 38.2, 
[88]). The most detailed element is item 11, which sum-
marizes 16 basic concepts of enhanced recovery that should 
be addressed in any ERAS protocol.

 Conclusion

ERAS research is rapidly expanding and changing surgical 
practice. ERAS is rooted in evidence-based medicine; 
therefore, the success of ERAS pathways will be dependent 
on the production of high-quality research. As most surgi-
cal disciplines adopt ERAS principles, there will be a grow-
ing need to reassess old surgical paradigms within the 
context of ERAS-based care. These studies should be con-
structed with careful attention to design, outcome selec-
tion, and reporting formats to maximize the utility of these 
results.

Table 38.1 Domains for study outcomes

Type Definition Example
ERAS 
references

Administrative Objective hospital 
data

Length of stay, 
cost

[72–74]

Clinical Provider 
assessment of 
patient

Wound infection, 
fluid overload

[75, 76]

Patient 
reported

Patient 
assessment of 
symptoms

Anxiety, nausea, 
quality of life

[77–79]

Functional Ability to perform 
specific tasks

Shower 
unassisted, drive

[80, 81]
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Table 38.2 The RECOVeR checklist for reporting of enhanced recovery research [88]

Item Recommendation Page
Title
Title 1 Indicate that this is an enhanced recovery study in the title
Introduction
Background 2 Explain the area of uncertainty that the study seeks to address
Guidelines 3 If a published set of enhanced recovery guidelines exists for this procedure, include a reference to the 

guidelines
Outcomes 4 Define the primary outcome and any key prespecified secondary outcomes for the study
Methods
IRB approval 5 Give the Institutional Review Board/Ethics Committee name and approval number. If permission was not 

required, reasons should be stated
Study design 6 Indicate what type of study is presented (randomized controlled trial, cohort, cross-sectional, etc.). The 

individual guidelines for the type of study should be followed (e.g., CONSORT for randomized controlled 
trial, STROBE for cohort studies, etc.)

Setting 7 Describe whether this is a single or multicenter study, the type of practice (academic vs. community, tertiary 
vs. primary), and the providers (limited group or all providers on a service)

Timing 8 Describe periods of recruitment, time points at which outcomes assessed, and follow-up
Participants 9 Define study inclusion and exclusion criteria
Enhanced recovery 
protocol

10 Describe when the enhanced recovery protocol was implemented relative to the study period

11 Provide a flow diagram or table through the continuum of care detailing the enhanced recovery protocol 
including the following elements:
  (a) Preadmission patient education regarding the protocol
  (b)  Preadmission screening and optimization as indicated for nutritional deficiency, frailty, anemia, HbA1c, 

tobacco cessation, and ethanol use
  (c) Fasting and carbohydrate loading guidelines
  (d) Pre-emptive analgesia (dose, route, timing)
  (e) Anti-emetic prophylaxis (dose, route, timing)
  (f) Intraoperative fluid management strategy
  (g) Types, doses, and routes of anesthetics administered
  (h) Patient warming strategy
  (i) Management of postoperative fluids
  (j) Postoperative analgesia and anti-emetic plans
  (k) Plan for opioid minimization
  (l) Drain and line management
  (m) Early mobilization strategy
  (n) Postoperative diet and bowel regimen management
  (o) Criteria for discharge
  (p) Tracking of post-discharge outcomes

Enhanced recovery 
auditing

12 Describe the audit system for compliance with the enhanced recovery protocol and how compliance data are 
measured

Outcomes 13 (a) Explain the criteria for assessing primary and secondary outcomes
(b) Distinguish among clinical, functional, administrative, and quality of life outcome measures

PROs 14 If patient questionnaires are used, provide references to validation of these study instruments.
Results
Patient population 15 Use a flow diagram to explain the derivation of the study population

  (a) Provide a Table I with the key demographic and clinical features of the study population
  (b) Indicate number of participants with missing data for each variable of interest

Enhanced recovery 
compliance

16 Provide a Table II with average compliance for each enhanced recovery protocol element and present a 
comparison of the variation in enhanced recovery compliance among the study groups

Correlations 17 Perform logistic regression to correlate the change in primary outcome with the study intervention
Discussion
Context 18 Explain what the study adds to the body of knowledge regarding the study intervention within the context of 

enhanced recovery after surgery care
Limitations 19 Discuss the limitations of the study and how these might temper the findings
Other information
Funding 20 Document all sources of funding and potential conflicts of interest for the study authors

IRB institutional review board, CONSORT Consolidated Standards of Reporting Trials, STROBE STrengthening the Reporting of OBservational 
studies in Epidemiology, PROs patient-reported outcomes
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Toward a Learning System for ERAS: 
Embedding Implementation 
and Learning Evaluation

Rohit Ramaswamy and Paul Randall Barach

“The success of organizations depends on their ability to design 
themselves social learning systems.”
– Etienne Wenger

 Introduction

Contemporary colorectal surgery was often associated with 
long length of stay (8 days for open surgery and 5 days for lapa-
roscopic surgery), high cost, and rates of surgical site infection 
approaching 20–30%. During the hospital stay for elective 
colorectal surgery, the incidence of perioperative nausea and 
vomiting (PONV) may be as high as 80% in patients with cer-
tain risk factors. After discharge from colorectal surgery, read-
mission rates have been noted in past to be as high as 35.4%.

The concept of a multimodal approach to recovery after 
surgery was initially proposed by Kehlet who explored the 
possible determinants of postoperative morbidity in the late 
1990s [1]. He identified potential risk factors that need to be 
recognized and treated perioperatively to minimize the 
effects of surgical stress on the patient. Kehlet also champi-
oned the idea of working within an integrated multidisci-
plinary framework. Together these efforts have led to a series 
of interventions that are formulated into standardized proto-
cols to span a patient’s entire journey through the surgical 
process with distinct elements in the preoperative, intraop-
erative, and postoperative phases [2].

The outcomes of interest to patients and providers include 
freedom from nausea, freedom from pain at rest, early return of 

bowel function, improved wound healing, and early hospital 
discharge. The basic premise is that the impact of surgery on 
the metabolic and endocrine response  systems  are reduced, 
leading to earlier recovery. Successful implementation of 
ERAS leads to reduced length of hospital stay and earlier return 
to productivity. Systematic reviews of ERAS for various types 
of surgery have shown that the intervention has the potential to 
enhance patient outcomes but that consistent implementation is 
required [3, 4]. In this chapter, we describe how the concepts 
drawn from the field of implementation science can be used to 
improve the consistency and quality of ERAS implementa-
tion while engaging front line clinical staff [5, 6].

 Management of Surgical Risk and Quality 
Improvement

It is widely understood today that the first step toward imple-
menting ERAS to assure patient safety and quality of care is 
to address several factors that are external to the surgical pro-
cess itself. Scaling up in new hospitals and countries requires 
attention to much more than the surgerical interventions and 
requires an appreciation for introducing standardized pro-
cesses in complex systems and appreciation of the imple-
mentation contexts [7]. These steps involve (1) developing a 
standard set of activities that are needed to deliver ERAS 
within a health system (over and above the clinical steps 
themselves); (2) identifying the operational factors (e.g., 
political will, resources, schedules, supplies, equipment, 
etc.) that affect the implementation of ERAS within the sys-
tem; (3) identifying the organizational factors (e.g., staff 
motivation, organizational culture, climate for innovation) 
that affect the implementation of ERAS; and (4) developing 
a tailored, locally appropriate and bottom-up  strategies to 
address the organizational and operational factors based on 
local constraints and championship. In essence, effective 
hazard reduction and risk management requires a reframing 
of care from one that is task-oriented at the level of the 
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 practitioner to a systems-based, patient-centered one that 
looks to the actual relationships within the socio-technical 
surgical  microsystems and the operational and organiza-
tional characteristics of the meso- (and possibly macro-) sys-
tem in which care is conceived and delivered [8–10].

At the most basic, this involves a reconceptualization of the 
patient from the passive object of medical intervention to an 
active “consumer” or “user” of health services who copro-
duces and “owns” their own health [11]. The risks and hazards 
of health care are known frequently to be the result of ineffec-
tive systems design rather than poor performance by surgeons 
and other individual providers. Preventable errors occur in 
health care because of the interaction between “latent” organi-
zational system failures and “active” errors by frontline actors, 
possibly in ignoring or responding inappropriately to system 
failures [12]. Multiple latent conditions, or “organizational 
pathogens,” may be designed into the processes and structures 
of care, thereby increasing the likelihood/risk of failure/error 
at the patient-provider interface, sometimes because of unfore-
seen interactions between pathogens.

 An Organizing Principle for ERAS 
Implementation: The Modified Donabedian 
Model

The Donabedian model is a well-known conceptual model 
developed in 1966 to examine factors affecting the quality of 
health care  delivery [13]. The model describes the health 
system as comprising three major linked components: struc-
ture, process, and outcomes. Structure refers to the settings 
where care is delivered and encompasses the physical and 
organizational characteristics of the care delivery environ-
ment. Process incorporates not only the clinical activities 
performed by physicians and other care providers but also all 
the other aspects of delivery that affect the overall patient 
experience within the health system, such as short wait times, 
transparent and clear communications, dignity and respect for 
patient and family, or compassionate care. Finally, outcome 
encompasses not only the results of the surgical procedure 

but also the other quality domains identified by the US 
Institute of Medicine, such as patient centeredness, timeli-
ness, reliability, equity, or efficiency [14].

We will use an expanded version of the Donabedian 
model as the organizing principle for this chapter [15]. The 
version, shown in Fig. 39.1, expands the process stage of the 
model to illustrate that the range of interventions needed to 
achieve outcomes extends beyond surgery and even beyond 
the interventions linked to the preparation for the surgical 
procedure into generic health system-strengthening interven-
tions such as leadership development, technology infrastruc-
ture development, communications training, or, in 
low-resource settings, even foundational components of the 
setting such as staff hiring and retention, supply chain man-
agement, or equipment maintenance. The field of implemen-
tation science, which we present later in this chapter, focuses 
on how we learn as a system and defines the clinical and 
service interventions as “intervention-specific capacities” 
and the generic interventions as “general capacities” [16]. 
Both sets of capacities are needed for the successful, reliable, 
and sustained delivery of any clinical intervention, and these 
are particularly critical for multicomponent interventions 
such as ERAS that are a mix of medical, organizational, and 
behavioral interventions. The success of ERAS is based not 
only on how well the surgeon and anesthesiologist and other 
surgical team members perform but also on clear actionable 
information provided to patients on perioperative care, crite-
ria for discharge, how to address post-discharge complica-
tions, and follow-up protocols [17].

Each of these components of the intervention needs to be 
alinged for effective ERAS outcomes such as reducing read-
mission rates, which means that in addition to the surgeon’s 
skill, there is the need for effective communication, gaining 
the patients’ trust, facilitating post-discharge compliance, 
assuring that the community is ready to receive the patient, 
and other processes that make up the targeted and generic ser-
vice intervention components [18]. But while these compo-
nents may be obvious in theory, the fact still remains that they 
are challenging to implement in practice [19]. Processes need 
to be designed, and interventions need to be implemented and 
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adapted to fit the local context, which is highly shaped by the 
local culture and context, while still remaining true to the basic 
principles of ERAS [20]. We will use an implementation 
framework to operationalize the expanded Donabedian model.

 The Design Focused Implementation 
Framework

Implementation scientists have developed more than a hun-
dred frameworks to guide, assess, sustain, and improve the 
implementation process [21]. As yet, there is no standard 
methodology for framework selection, and implementation 
scientists use their expertise and judgment to select the best 
framework to suit the unique clinical or organizational needs. 
In this chapter, we select a framework that is best suited for 
implementing interventions de novo, where key delivery sys-
tem processes do not exist and need to be designed from the 
ground up, such as when hospitals are planning to start 
implementing an ERAS program (Fig. 39.2) [22].

The framework consists of three components: design, 
implementation, and evaluation. The design component relies 
on the principles of experience-based co-design (EBCD) to 
develop delivery processes that best meet the needs of the 
patients and their families [23]. The implementation compo-
nent identifies context-specific barriers and facilitators to 
implementation and develops strategies to overcome these 
barriers based on deep, local knowledge. The improvement 
component monitors both the process of implementation and 
the routine system performance post- implementation and uses 
this performance data to make necessary course changes to the 
system. The three components are linked together through a 
comprehensive mixed-methods process evaluation.

 Designing the System: The Experience-Based 
Co-design Approach

Let us consider how this framework can be applied to create 
a comprehensive system for ERAS implementation. The first 
step is to create a set of standard clinical and organizational 
processes for the entire surgical experience. These processes 
could include pre-surgery consultation, orientation pack-
ages, communication prior to the surgery date, check- in pro-
cesses on the day of surgery, patient mapping, discharge 
protocols, post-discharge communication, and follow-up in 
addition to the activities of the ERAS clinical intervention 
itself. The process mapping is designed with the needs of the 
patient, and their caregivers, in mind and is oriented to opti-
mize the patients’ experience during their interaction with 
the health system [24]. EBCD is a structured process that 
couples a detailed analysis of the facility workflow with 
video interviews of patients’ to create “trigger films” for dis-
cussion. Patients and staff view the trigger films together to 
identify opportunities to improve  the patients’ experience 
and then charter small co-design, clinician led groups to 
address priority issues that arise [25]. The EBCD framework 
transforms and elevates the role of the patient to a true co- 
creator of the design process and services. Figure 39.3 shows 
the continuum of roles that a patient can play in interactions 
with the health system [23]. As we move from left to right in 
the figure, the power differential between the health system 
and the patient diminishes, a  as the patient is actively 
involved in the co-production of the experience.

 Implementing the Design: The Role 
of Implementation Research

The outcome of the design process is the set of processes, pro-
tocols, organizations, physical structure, materials, etc. that 
wrap around the clinical intervention to facilitate and support 
its success. But a good design alone is inadequate unless it is 
implemented well [5]. The emerging field of implementation 
science is dedicated to the study of local and organizational 
factors that affect the success of implementation and to 
develop and test context-appropriate  implementation strate-
gies that can enhance the acceptability and adoption of an 
innovation within an organization [6]. The design of the ERAS 
system can be more effectively implemented using the frame-
works and tools of implementation science. One of the most 
commonly used frameworks is the Consolidated Framework 
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ImplementationImprovement
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Fig. 39.2 Design Focused Implementation Framework (DFIF)
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Fig. 39.3 The continuum of 
co-design roles of the patient. 
(Reprinted with permission 
from Bate and Robert [23])
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for Implementation Research or CFIR [26]. The basic struc-
ture of CFIR, shown in Fig.  39.4, defines five factors or 
domains that affect the quality of implementation [27, 28]. 
They are (1) outer setting, or the environment within which the 
implementation takes place (e.g., hospital or national policies 
or variations across surgical disciplines that may influence 
what is or is not possible to implement); (2) inner setting, or 
the characteristics of the organization such as the appetite for 
innovation or the organizational culture (e.g., rigid hierarchi-
cal organizations may not provide individuals the freedom to 
innovate); (3) intervention characteristics (e.g., the processes 
designed may be too complex or burdensome to implement 
even if they are supported by patients); (4) individual charac-
teristics (e.g., the staff may not be motivated to implement the 
intervention or may lack general or intervention-specific capa-
bility); and (5) the implementation process (e.g., the commu-
nications about implementation may be disorganized, or there 
may be no systematic implementation plan).

Frameworks such as CFIR can be invaluable in elevating 
and analyzing the factors that affect the uptake, implementa-
tion success, and sustainability of an ERAS system in a par-
ticular department or hospital. It is important to recognize 
that the factors illustrated in Fig. 39.4 likely vary from site to 
site and from surgical specialty to surgical specialty. The 
CFIR provides a framework with measurement tools and 
instruments for a varied set of constructs in each domain. 
Using these instruments to identify the local barriers to 
implementation can help systems identify the key constraints 
that must be addressed to enhance the likelihood of success-
ful implementation.

How do we measure the success of implementation? 
Implementation research defines a set of constructs called 
“implementation outcomes” that are separate and distinct 
from health outcomes. Figure 39.5 illustrates these outcomes 
[29]. As the figure suggests, implementation outcomes act as 
mediators or moderators to health or patient outcomes. Some 
desirable patient outcomes related to an effective ERAS pro-
gram may be patient satisfaction, post-surgical complica-

tions, early discharge, or reduced patient readmissions [30]. 
As described previously, these outcomes depend both on the 
surgical process itself but even more so on a myriad of sys-
tems factors. Implementation outcomes provide a systematic 
approach for determining the variables that need to be con-
sidered and monitored in advance of the implementation 
and in a particular organizational context. For example, in a 
health system in which there is a rigid hierarchical organiza-
tional structure, ERAS—which requires trust, honest feed-
back and planning, teamwork, and communication—may 
not be acceptable to the surgical staff. In health-care systems 
where a single surgeon may circulate across multiple facili-
ties, ERAS may not be feasible.

We suggest that studies measuring implementation out-
comes and using frameworks such as CFIR to understand the 
factors that affect the successful implementation of ERAS 
will go a long way towards a deeper and more nuanced 
understanding of how to best engage clinicians in meaning-
ful dialogue around change. These studies will build the 
knowledge of the targeted and generic service interventions 
that are the optimal precursors for successful ERAS imple-
mentation and sustained patient outcomes [31].

 Adaptations and Improvement: The Model 
for Improvement and Implementation

Implementation outcomes and patient determinants are 
context- specific, and while studies measuring outcomes and 
CFIR constructs may enhance the body of knowledge about 
factors that need to be taken into account to implement 
ERAS successfully,  the  solutions to address these factors 
necessarily need to be local [32]. Interventions need to be 
adapted to address and overcome local barriers related to 
leadership, need for provider autonomy, variable trust levels, 
and other organizational contexts [33]. The process of adap-
tation does not happen magically; it requires the systematic 
and disciplined testing of a sequence of explicit adaptations 
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Fig. 39.4 Consolidated Framework for Implementation Research 
(CFIR). (Figure modified from Rojas Smith et al. [27])

Implementation
outcomes

Acceptability
Adoption

Appropriateness
Costs

Feasibility
Fidelity

Penetration
Sustainability

Service
outcomes*

Efficiency
Safety

Effectiveness
Equity

Patient-
centeredness

Timeliness

Client
outcomes

Satisfaction
Function

Symptomatology

* IOM standards of care

Fig. 39.5 Implementation, service, and client outcomes. (Reprinted 
with permission from Proctor et al. [29])

R. Ramaswamy and P. R. Barach



365

to arrive at a version of the intervention that makes sense to 
the local clinicians, is not thretening and is feasible and flex-
ible [34]. Adaptations can be made in both the clinical and 
the implementation aspects of the intervention, but local 
leaders need to keep in mind the inherent tension between 
the fidelity to the clinical intervention itself (i.e., making sure 
the key mechanisms through which the intervention works 
are not modified) and, the need for local fit to clinicians’ 
workflow. This ground up apporach will support local cham-
pionship and engagement.

For a multicomponent intervention such as ERAS, clinical 
leaders should carefully consider each component of the 
ERAS protocol. They need to determine its adaptability, and 
what elements need to be adapted and customized, based on 
previous local knowledge in this specific commuinty about 
desired implementation steps to engage clinicians, and be 
open about how best to acknowledge and address the poten-
tial barriers. Some ERAS components such as the use of anti-
biotic prophylactics or avoidance of premedication prior to 
surgery may be considered core and not adaptable, but other 
components such as early mobilization and early oral nutri-
tion post-surgery can and should be tailored to local and cul-
tural and reimbursement practices. For example, the menus 
for postoperative oral nutrition could be designed to match 

the ethnic and cultural preferences of the patients. This 
approach helps to attenuate barriers to practice changes [35].

Adaptations for successful implementation can be guided 
by the Model for Improvement and Implementation (MFII), 
shown in Fig.  39.6 [36]. The left side of the figure is the 
well- known MFI and is used to guide the quality of improve-
ment initiatives. This part of the model helps to determine 
which adaptations need to be made to the clinical interven-
tion itself. By asking what changes need to be made to the 
intervention to improve the fit to the local context and 
department/hospital culture, the implementers can develop a 
site-specific version of ERAS that remains true to its core 
elements but is locally acceptable and feasible. But even an 
adapted intervention may not be successfully implemented 
if the organization is not ready or if staff members do not 
trust each other and are not motivated to change their work-
flow. The right side of the figure asks questions related to 
implementation barriers and seeks to develop and customize 
implementation strategies (e.g., leadership engagement, 
staff training and communications, team-building exercises, 
etc.) to address these barriers [35].

The Plan-Do-Study-Act (PDSA) cycle, which guides the 
iterative tests of change, binds these components together 
[37]. We suggest that clinical systems intending to imple-

Improvement questions Implementation questions

What are we trying to accomplish?
What implementaion outcomes
are critical to implementing the 

change?

What factors impede the
achievement of these outcomes?

What implementation strategies
are the most appropiate to

address these factors?

How do we know that a change
 is an improvement?

What change can we make that will
result in improvement?

ACT Plan

DoStudy

Fig. 39.6 Model for 
Improvement and 
Implementation (MFII). 
(Modified from Hirschorn and 
Ramaswamy [36])
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ment ERAS use iterative PDSA cycles to adapt their inter-
vention over time and allow for adequate time to refine the 
local iterative change model. We then encourage these health 
systems to use implementation methods to identify the 
implementation barriers and use the PDSA cycles to develop 
and test implementation strategies to address these barriers. 
Clearly, as Fig.  39.6 suggests, these are not independent 
activities.

Implementation challenges may require additional adap-
tations to the ERAS interventions, and these adaptations may 
result in the need for new implementation approaches. 
Figure 39.7 illustrates that an effective innovation (such as 
ERAS) is only one aspect of achieving successful and safe 
patient outcomes [38]. Effective evaluation of ERAS imple-
mentation and other components such a supportive hospital 
policies, patient centeredness, dedication to teamwork, focus 
on learning, etc. are all needed [15]. The MFII provides a 
structure to experiment and learn about how to strengthen all 
aspects of an ERAS system. Eight well-known quality tools 
are available to help organizations better understand and 
improve their ERAS processes [39, 40]. These tools include:

• Checklists
• Cause-and-effect diagrams
• Process flowcharts
• Pareto charts
• Scatter diagrams
• Probability plots
• Histograms
• Control charts

These tools help to visualize the system of care by map-
ping out the service lines at various levels of detail, helping 
to  collect data to hone in on performance gaps, reviewing 
temporal and nontemporal performance patterns in the data 
that might cause deviation from consistent performance, 
quering as to what are the root causes for these deviations, 
and initiating  PDSA cycles to address them. Training on 
these tools should be required for all members of the ERAS 
team before attempting to implement ERAS [41].

 Continuous Learning from Evaluation

It should be clear by now that successful implementation of an 
ERAS program requires not just the clinical studies to show 
that the intervention works in controlled study settings but also 
must be supported by a continuous organizational learning 
platform to understand how and what actually works in prac-
tice [42]. Evaluation methods for assessing the effectiveness 
of ERAS therefore need to determine not only whether patient 
outcomes have been achieved but also under what 
mechanism(s) they were achieved, for whom, and in what 
context. This requires the creation of an internal learning sys-
tem that can document the results of the PDSA cycles 
described earlier, harvest learning, and share it with leaders 
in other facilities and systems so that knowledge about imple-
mentation becomes as pervasive as the knowledge about the 
intervention itself [16].

Learning is the acquired, relatively permanent or persistent 
change of behavior or behavior potential resulting from 
instruction, training, and practice (intentional learning) or 
experience (incidental learning). In 1984, Kolb described an 
experiential learning model, which argued that learning occurs 
through a cycle of reflective observations of concrete individ-
ual or team experiences in order to gain an understanding of 
what can be learned from each specific experience. This adap-
tive learning approach supports new ideas, which are applied 
to future experiences, renewing the cycle and supporting the 
professional joy and practice of the clinicians [43].

Figure 39.8 shows how a learning evaluation approach 
could work [44]. Each department or health system imple-
menting ERAS uses the MFII to conduct PDSA cycles to 
create locally viable programs. The results of the PDSAs are 
discussed openly and regularly within each organizational 
microsystem in learning meetings, such as morbidity and 
mortality and staff meetings, and further adaptations and 
improvements are made, resulting in the next cycles of test-
ing. At the same time, learning is shared across departments 
and hospitals in the system to build a robust system-wide 
knowledge base. This is hard, takes time to build trust and a 
requisite willingness to honestly evaluate each team and the 
entire microsytems’ effectiveness, and does not happen auto-
matically [45]. Infrastructure for common data collection, 
mechanisms for feedback and data sharing, and a joint and 
regularly articulated commitment to learning are all critical 
prerequisites for successful learning evaluation [46].

We suggest that the conduct of coordinated studies on 
ERAS programs that build on Peter Senge, Edwards Deming, 
and Don Berwick’s work can drive clinical and continuous 
practice improvement, for example, by incorporating regis-
tries and/or pre-specifying quasi-experimental designs and 
creating conditions that support incremental learning across 
clinical microsystems using learning loops [47–49]. We pro-
pose that the aggregation of iterative learning loops within 
and across the various ERAS elements guided by national 
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and the international ERAS Societies can provide the condi-
tions to rapidly accumulate knowledge, thus allowing the 
field to incorporate new understandings into new and 
improved structures and processes of care, consistent with 
the practices of double- loop learning [50].

 Implementing ERAS: Some Foundational 
Considerations for Scale-Up 
and Sustainability

We have emphasized the need for ERAS implementation to 
be a system-wide approach, extending beyond the relatively 
narrow purview of the surgery itself and encompassing activ-
ities that affect the entire system up and downstream within 
which patient care is provided. For this to occur, and for the 
methods and tools of the design-focused implementation 
framework to be used effectively, some foundational ele-
ments of the system must be explicitly in place and be 
strengthened. We describe these principles now.

 Principle 1: Building Trust for Organizational 
Resilience

The foundation of any successful cross-disciplinary collabora-
tion is the building of a culture of trust. Trust must be based on 
more than merely being employees of the same organization 
because much of the state-of-the-science ERAS care requires 

groups of clinicians to work in teams, and patients must trust 
the overall team as well as its individual members [51]. 
Cultivating the trust of providers and patients in the teams 
delivering care would be simpler if those teams were well 
established, but many teams do not function well. The authors 
are aware from their experience how at times specialties regard 
each other in a negative manner, gaming of data, lying to each 
other and at times involving attending physicians who com-
ment to residents that physicians in another specialty or based 
in the community were not “real doctors” [52].

Trust building is a slow, staged process and highly depen-
dent on people’s willingness to adapt a new professional 
intervention (sense-making) [53, 54], report honestly about 
their performance without fear (psychological safety) [55], 
accept input that may be critical of their work, and give their 
time in the pursuit of collective goals [56]. Frankel et al. [45] 
propose trust-ing building measures including:

 1. Recognize that physician-physician relationships are con-
sequential; they should be given the same level of atten-
tion and intention as patient-physician and 
interprofessional relationships.

 2. Value differences in perspective; harness them as a 
resource. Disrespectful behavior in or around ERAS 
meetings that inhibits the participation of others, or the 
refusal to engage with others, eliminates the possibility of 
creating local adaption of ERAS protocols through dia-
logue, truth telling, and ultimately harming everyone, 
especially patients.
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Fig. 39.8 A systems learning evaluation approach. (Reprinted with permission from Balasubramanian et al. [44])
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 3. Notice the quality of the surgical team relationships when 
embarking on an ERAS program; be accountable and 
hold others accountable for creating patterns of respect, 
honoring profesional dissension and collaboration.

Physicians, like other people, can so focus on the technical 
aspects of their work that at times they do not notice the rela-
tional aspects. Confidence building requires years of collab-
orative effort. With increasing interpersonal familiarity 
comes interprofessional understanding and ultimately strong 
levels of commitment and engagement. Recent work in 
Alberta, Canada, suggests that thoughtful application of the 
Theoretical Domains Framework (TDF) through building 
trust, changing surgical care, and application of the Quality 
Enhancement Research Initiative (QUERI) to support 
system- wide implementation of an ERAS program for 
patients undergoing colorectal surgery has allowed success-
ful implementation across multiple sites [31, 57].

 Principle 2: Design Multi-stakeholder 
Collaboration and Authentic Learning 
Partnerships

The clinical microsystem provides a conceptual and practi-
cal performance and measurement framework for thinking 
about the organization and delivery  integration of 
an ERAS program. Formed around a common patient ser-
vice line or clinical need, and often embedded within larger 
organizations, a clinical microsystem is a small, inter-reliant 
group of people working together regularly to care for spe-
cific patient groups [10]. A clinical microsystem is charac-
terized by a common aim, shared work processes, and a 
shared information environment. Optimally functioning 
ERAS clinical microsystems deliver the best quality health-
care services by deeply engaging all team members (both 
clinical and administrative) so they understand each process 
and outcome failures and near-misses and to also under-
stand that what is most important to the people who make up 
the ERAS microsystem is key to continuous improvement 
[58]. The main driver and facilitator of learning within this 
environment are its uncompromising internal climate of 
learning, radical transparency and a culture of improvement. 
Awareness of the presence and support of the microsystem 
by its members, and support for its activity by the organiza-
tion’s leaders within which it is embedded, is therefore 
essential for the optimal functioning of the ERAS microsys-
tem. Recent work shows that by building trust and local cli-
nician engagement, ERAS colorectal guideline 
implementation can succeed across a health-care system 
resulting in patient outcome improvements, similar to those 
obtained in smaller stand-alone implementations [57]. The 
compliance in following the ERAS protocol in the study 
was 60%, with lower compliance in adopting postoperative 

care elements, thereby illustrating the greatest opportunity 
for practice changes across the health-care team.

 Principle 3: Select and Train the ERAS Team

Effective ERAS implementation depends on the willingness of 
front line clinicians from diverse backgrounds to cooperate in 
varied clinical settings (i.e., clinic, operating theater, intensive 
care unit, surgical wards) toward a shared goal, communi-
cate and work together effectively, and improve [59]. To achieve 
high reliability and consistent performance, each team member 
must be able to (1) anticipate the needs of the others [60]; (2) 
adjust to each other’s actions and to the changing environment; 
(3) monitor each other’s activities and distribute workload 
dynamically; and (4) have a shared understanding of accepted 
processes and how events and actions should proceed.

Effective ERAS implementation requires an understand-
ing of how individuals and crews behave during ordinary and 
crisis situations. Implementers must discuss in a deliberate 
and entrusting manner how best to optimize patient flow, 
communicate, and negotiate available resources and develop 
skills in dynamic decision-making, interpersonal behavior, 
and teamwork that lead to safe outcomes [61].

The Team Strategies and Tools to Enhance Performance 
and Patient Safety (TeamSTEPPS) training program pro-
vides a standardized, evidence-based curriculum for ERAS 
team training [62]. TeamSTEPPS aims to teach four funda-
mental competencies that constitute teamwork (leadership, 
situation monitoring, mutual support, and communication) 
with the aid of patient scenarios, case studies, multimedia, 
and simulation [63, 64]. The TeamSTEPPS program applied 
to a variety of surgical settings has been shown to enhance 
teamwork within the operating room, improve operating 
room efficiency and reduce patient safety concerns in the 
process [65, 66]. Table 39.1 lists questions to consider when 
evaluating the performance of or ERAS teams.

Table 39.1 Questions to consider when evaluating the performance of 
an ERAS team

 1. Is the team the right size and composition?
 2. Are there adequate levels of complementary skills?
 3. Is there a shared goal for the team?
 4. Does everyone understand the team goals?
 5. Has a set of ERAS spefic performance goals been agreed on?
 6.  Do the team members hold one another accountable for the 

group’s actions and results?
 7. Are there shared protocols and performance ground rules?
 8. Is there mutual respect and trust between team members?
 9.  Do team members communicate effectively and regularily meet 

to review and debrief team perfomrance?
10.  Do team members know and appreciate each other’s roles and 

responsibilities?
11.  When one team member is absent or not able to perform the 

assigned tasks, are other team members able to pitch in or help 
appropriately?
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 Principle 4: Establish Learning Collaboratives

Horizontal learning through a learning collaborative can be 
powerful took to improve ERAS learning,  is an innovative 
and comprehensive approach to multidisciplinary “action 
research” that brings researchers, clinicians, and policy mak-
ers together to create a “community of practice” [67]. 
Evidence has shown that this “community of practice” builds 
trust, shares knowledge, and generates empirical evidence 
for use and spread of innovation of quality improvement ini-
tiatives. The approach represents a fundamental paradigm 
shift in that it actively seeks to bridge disciplinary silos and 
address knowledge gaps within and across the ERAS care 
delivery system. It can support the creation of an integrated 
research and implementation continuum stretching from 
the  prehospital care phase  to long-term wellness that can 
transform the care delivery  services and spread innovation 
and uptake [68].

 Principle 5: Integrate Practices from Human 
Factors Engineering into ERAS Microsystem 
Functioning

Design the physical environments for ERAS success that are 
based on sound  human factors principles and constraints. 
Design for human cognitive failings and the impact of 
performance- shaping factors—fatigue, poor lighting, noisy 
settings, and so forth. Human factors usability evaluations and 
interventions should take place early in the design and system 
development processes. They should include tools such as 
work domain analysis, function allocation, probabilistic risk 
assessment, and usability testing, among others [69, 70].

 Conclusions and Research 
Recommendations

The ERAS® Society has helped to show that enhanced recov-
ery after surgery programs represents a paradigm shift in 
how surgical care is delivered and how changes in practice 
can be disseminated and implemented. These results rely on 
a new approach to meaninful  teamwork, continuous audit, 
and support of data-driven change and improvement [19].

The real challenge remains how to translate these findings 
into new settings. Introducing and implementing ERAS 
practice is a complex challenge requiring what Deming calls 
the “profound knowledge” of improvement [71]. This 
involves four key components: (1) a deep knowledge of the 
system through which ERAS is delivered; (2) understanding 
system variation and the aspects of variation that can be tol-
erated or even required (as in adaptations) and those that 
need to be eliminated; (3) willingness to experiment to con-
tinually improve and be bold in advancing testable theories 

of improvement; and (4) engaging front line staff  in the 
improvement process with transparency, truth telling, and 
trust building.

While emerging data is showing that thoughtful imple-
mentation of ERAS improves the opportunity for rapid, 
uncomplicated recovery after surgery with both short- and 
long-term benefits for patients, decreases patient readmis-
sion rates, and leads to significant cost savings, the benefits 
can never be realized at scale without a rapid diffusion of 
ERAS into mainstream using timely and robust methods for 
systems improvement and clinician engagement.

The nature of introducing complex systems such as ERAS 
is that small changes to inputs may produce large changes in 
results across the system. Therefore thoughtful implementa-
tion with an eye on key system leverage points reinforced by 
engaged learning communities may result in rapid accelera-
tion of ERAS uptake once a “tipping point” is reached. By 
the same token, negative feedback loops may result in rapid 
deterioration of uptake from which systems may find it dif-
ficult to recover. The ERAS implementation tools require 
thoughtful application: They are not a hammer that can be 
universally employed in all circumstances. They are not an 
end in themselves. Instead they provide a starting place for 
systematic reflection, staff engagement, deepening trust and 
staff support, and enabling a deep and meaningful culture of 
continuous improvement. The process of implementing 
ERAS is iterative and cyclical. It should promote engage-
ment among clinicians, staff, administration, and patients. It 
is systematic and based upon measurement and consultation 
with all stakeholders involved in the process.

Even if initial outcomes are achieved, the practice could 
determine how to produce an even better outcome or achieve 
it more efficiently and with less cost. Continuous quality 
improvement (CQI) is necessary and requires significant 
change in how surgical care is delivered. It explicitly seeks to 
be not only better but the best that a team can deliver under 
these circumstances. The staff ownership of the ERAS 
improvement process and adaptability of the intervention to 
address future quality outcomes are considered key strengths.

 Research ERAS Road Map

This chapter has demonstrated that the tools and frameworks 
of ERAS  design, implementation and improvement for 
implementing complex interventions in complex settings, as 
well as trust, truth telling among colleagues, and collabora-
tion within the team are essential in developing sustainable 
and effective ERAS programs that not only affect patient 
outcomes but can also result in a transformed way of doing 
work. However, as mentioned previously, these tools do not 
offer a prefabricated solution to replicate innovative prac-
tices in complex settings. They can’t be magically applied to 
ERAS without additional research to determine how they 
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need to be adapted to the particular contexts of different set-
tings and surgical procedures [72].

We highlight below a number of unresolved research 
questions that need to be addressed about optimal ERAS 
uptake, scale, sustainability, and effectiveness. We organize 
these research questions into those that should be addressed 
in nearer term research and those that can be considered after 
the initial research phase is well under way.

 Nearer-Term Research Questions
 1. What does a generic ERAS process look like, and what 

are its variations? Based on the key principles of ERAS, 
can we develop a process and service map that can serve 
as a guideline for local implementation?

 2. What are the critical moments of contact with patients in 
the ERAS process (“moments of truth”)? What are the 
patient expectations at each of these moments, and what 
should be the measurable quality requirements (e.g., 
timeliness, consistency, compassion, etc.) that indicate 
that these expectations are being met?

 3. What are the key barriers and organizational challenges 
for implementation of ERAS? How do we develop stan-
dard instruments that can easily applied to measure these 
barriers across surgery types and settings?

 4. What kinds of implementation strategies are most effec-
tive? How do they vary by different organizational, insur-
ance coverage, and cultural differences in order to address 
these barriers? How do we test these implementation 
strategies rapidly without the need for complex, expen-
sive, and time-consuming research designs?

 5. What kinds of methods are most appropriate for deter-
mining what aspects of the ERAS process can be adapted? 
What aspects need to be delivered with fidelity and which 
can succeed with low fidelity?

 6. What are the mechanisms for harvesting, documenting, 
and sharing best practices related to ERAS implementa-
tion that can enable rapid learning across large health-
caresystems and stakeholders?

 Longer-Term Research Questions
 1. Since ERAS is a complex intervention consisting of mul-

tiple components, how do we determine the relative con-
tribution of each component in achieving ERAS 
outcomes? How do we understand the interactions 
between these components and their relative 
contributions?

 2. What are the mechanisms by which the various compo-
nents of the ERAS process (e.g., clinical processes, oper-
ational processes, relationships among team members) 
contribute to lasting patient outcomes? How can an 

understanding of these mechanisms lead to better design 
of future ERAS programs?

 3. What generic service interventions (e.g., system- 
strengthening interventions such as leadership develop-
ment, communication processes, transparency 
organizational dashboards, equitable decision-making, 
etc.) need to be in place for successful ERAS programs to 
take root and be owned by clinicians? What are the best 
methods for developing, incentivizing, and implementing 
these interventions within the context of ERAS?

 4. To what extent can programs such as ERAS facilitate 
change in the organizational culture of surgery depart-
ments that can result in long-term transformation to the 
way effective surgical, anesthetic and nursing care is pro-
vided? What are the mechanisms by which this transfor-
mation can take place?

 5. What are the key elements of ERAS that can be adapted 
for low resource countries settings? What can be done to 
rapidly accelerate this uptake, scale-up, and sustainability 
given wide differences in cultures and work-related val-
ues [73]?
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ERAS in Colorectal Surgery

Ulf O. Gustafsson

 Background

It is not a coincidence that the thoughts and theories about 
enhanced recovery first came into the field of colorectal 
surgery. The average age at diagnosis with colorectal can-
cer is generally high, and most of the patients are scheduled 
for major surgery with a high risk of complications. 
Although the outcome from surgery in the end of the 1990s 
and the beginning of the twenty-first century was improved 
due to better surgical technique and improved organiza-
tional structure, patients still suffered from slow recovery, 
high morbidity rates, and prolonged hospitalization up to 
mean 14 days [1–3].

One of the main problems was the absence of general guide-
lines for perioperative care. Traditional perioperative care was 
simply based on hands-on experience passed on between sur-
geons for generations. This not only resulted in different types 
of practice in various clinics but also limited the possibility of 
congruent audits of perioperative processes and outcomes 
between different surgical centers. Due to the lack of congruent 
outcome definitions, some studies reported only major compli-
cations, while others divided complications into local, general, 
and surgical. Different definitions for the same complication 
further hampered the interpretation of results after surgery. As 
a consequence, there was a vast diversity in the way postopera-
tive complications were reported, and significant variations in 
complication rates in the surgical literature made interpretation 
and evaluation difficult. For example, morbidity after colorec-
tal surgery was reported to be 10–20% [4] in some studies but 
45–48% [5, 6] or even 8–75% [7] in others.

Due to the lack of congruence in perioperative care across 
sites, the unsatisfactory recovery rates, and diverse quality in 
terms of reporting outcomes, there was a need for new peri-

operative regimens, other than the currently practiced tradi-
tional perioperative care.

 Implementation of ERAS Protocols

When the fast-track pioneer Henrik Kehlet and his group 
from Denmark first published data on enhanced recovery 
with patient discharge 48 hours after colonic surgery (rather 
than 7–14 days in traditional care) with an accelerated stay 
program [8], many colorectal surgeons were taken by sur-
prise and even disbelief. Could this really be true? This group 
actually claimed improvement by reducing length of stay 
(LOS) to one-seventh of the then standard time. The results 
would however soon be repeated and confirmed by other 
colorectal groups in Europe and the USA.

Inspired by the work of Kehlet et al. and due to the lack of 
consistency in perioperative audit and large differences in 
rates of outcome after surgery in different surgical centers, 
the enhanced recovery after surgery (ERAS) study group 
collaboration was established in 2000. The group later devel-
oped the ERAS® Society in 2010 (see Chap. 65). The aim 
with the collaboration has been not only to develop, improve, 
and spread the ERAS protocol but also to implement the 
same perioperative regimen in all participating centers result-
ing in comparable outcomes. A central database [9] for pro-
spective collection of perioperative data (today more than 
300 different variables) was specifically designed to enable 
such comparisons. The application of strict criteria for col-
lecting the different variables in the database enables con-
gruently defined and more reliable audits of pre-, peri-, and 
postoperative outcomes. Since nonphysicians are shown to 
be better data collectors and not underreporting morbidity 
like many clinicians do [10, 11], trained nurses prospectively 
collect the data and register it in the database.

Ever since the start of the ERAS collaboration, more than 
a hundred colorectal centers throughout the world have been 
trained in ERAS implementation programs and register 
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 peroperative data in the international database. Today, the 
database has more than 70,000 registered patients.

 The ERAS Protocol and Number 
of Interventional Items

Several studies have demonstrated that the ERAS programs 
compared with traditional perioperative care is associated 
with earlier recovery and discharge after colorectal resection. 
When comparing the ERAS protocols with traditional care 
in meta-analysis, there is a significant reduction in risk ratio 
(RR) for postoperative morbidity in patients undergoing 
colorectal surgery within an ERAS program of 48%; RR, 
0.52 (0.38–0.71) [12]; and length of stay, −2.51 days (−3.54 
to −1.47) [13].

However, current evidence in favor of the ERAS protocol 
applies for the whole protocol and not for every single item 
within it. Data on ERAS protocols have so far mostly been 
based on diverse programs with a variety of interventions 
depending on what the authors regard as standard of care or 
their choice of elements in their local protocol. In one sys-
temic review [7], studies employing between 4 and 12 ERAS 
items were reported. Because of this variation, there has 
been an ongoing debate about the number of ERAS items 
that should be used in the ERAS protocol. In order to reach 
consensus on this matter, the ERAS® Society guidelines 
present recurrent updates that are based on all elements that 
have been shown to impact outcomes. The guidelines present 
not only the evidence of all such elements in the entire pro-
tocol but also evidence for each single item.

In the latest published guidelines (2018), the number of 
ERAS items is 25, each of them recommended according to 
either strong recommendations or weak recommendations. 
Recommendations are based on quality of evidence (high, 
moderate, low) but also on the balance between desirable 
and undesirable effects and on values and preferences of 
practitioners. Thus, strong recommendations may be reached 
from low-quality data and vice versa (Fig. 40.1).

Although the level of evidence differs between different 
ERAS items, the current opinion among ERAS collaborators 
is that they all should be used in order to truly follow the 
ERAS protocol. To better understand why all ERAS items 
may be important, a more detailed presentation of the con-
tent of the ERAS protocol is needed.

 ERAS Items and Their Importance 
in Optimizing Perioperative Care 
in Colorectal Surgery

The different ERAS items or interventions are divided into 
four categories: preadmission, preoperative, intraoperative, 
and postoperative items (Figs. 40.1 and 40.2). This scheme 

helps to get a structured overview of the protocol. But above 
all the protocol overview is provided in order to compare, 
analyze, and understand outcome data from the surgery. For 
example, compliance to the protocol is mostly measured for 
scientific reasons and is analyzed with preadmission, preop-
erative, and intraoperative data, since postoperative data are 
in general under the control of the caregiver. Postoperative 
elements, on the other hand, can be considered in part as 
outcome measures and are usually hard to achieve unless 
there has been compliance with the previous elements. While 
the postoperative elements are important for clinical reasons, 
for scientific reasons they may introduce bias into the 
calculations.

 Preadmission Items

The fact that patients should be well-informed before under-
going major surgery may sound obvious. But if preadmission 
information, education, and counseling are not conducted in a 
structured order, there is a high risk of insufficient patient 
awareness and engagement. Since patients fear the unknown, 
proper and complete information may reduce anesthesia- and 
surgery-related anxiety, and this may impact the subsequent 
sensation of pain [14]. Detailed, procedure- specific, and 
patient-centered information has shown to have a positive 
impact on length of stay and postoperative outcomes [15, 16]. 
Therefore, patients should receive dedicated preoperative 
counseling routinely. Although there is a strong belief that 
preoperative medical optimization is important for an optimal 
surgical outcome, the use of current preoperative risk assess-
ment scores proposed in the literature is limited. There is sim-
ply not good enough evidence for any of the assessment tools 
for a recommendation. However, general preoperative opti-
mization includes many different areas of possible improve-
ment. For example, patients who smoke have an increased 
risk of intra- and postoperative complications [17], and 
although the optimal preoperative intervention, duration, and 
intensity are unknown, 4–8 weeks of abstinence appear nec-
essary to reduce respiratory and wound-healing complica-
tions [17]. Alcohol abuse increases postoperative rates of 
infections, and therefore preoperative abstinence of 4 weeks 
is recommended [18].

Although, poor preoperative physical status has been 
shown to be a risk factor for serious postoperative complica-
tions and prolonged disability [19] and that prehabilitation 
(interventions that promote physical and psychological health 
to reduce the incidence and severity of postoperative impair-
ments) show promising results in some studies [20], the cur-
rent recommendation is still weak. This is, however, a growing 
research field with several ongoing studies (see Chap. 10).

Poor nutrition has for long been a neglected problem in 
colorectal surgery. The risk of complications is increased in 
patients with unintentional weight loss of 5–10% or more, 
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13/20. Euvolaemia
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21. Out day 1-217. No gastric tubes14. Active warming
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1. Information 2. Optimisation 11. Preop carbs 12. Anesthetic protocol 23. Glycaemic control

Intra / postoperative itemsPreoperative items

24. Early oral food

Moderate
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Fig. 40.1 ERAS items

Preadmission Items:
 1. Preadmission information and counseling
  Quality of evidence: Moderate
  Recommendation grade: Strong
 2. Preoperative optimization
  Quality of evidence: Low
  Recommendation grade: Strong
 3. Prehabilitation
  Quality of evidence: Low
  Recommendation grade: Weak
 4. Preoperative nutritional care
  Quality of evidence: Moderate
  Recommendation grade: Strong
 5. Treatment of anemia
  Quality of evidence: High
  Recommendation grade: Strong
Preoperative Items:
 6. Prevention of nausea and vomiting (PONV)
  Quality of evidence: High
  Recommendation grade: Strong
 7. Pre-anesthetic nonsedative medication
  Quality of evidence: Moderate
  Recommendation grade: Strong
 8. Antimicrobial intravenous (IV) prophylaxis and skin preparation
  Quality of evidence: High
  Recommendation grade: Strong
 9. Avoiding bowel prep in colonic surgery
  Quality of evidence: High
  Recommendation grade: Strong
10. Preoperative euvolemia in fluid and electrolyte therapy
  Quality of evidence: Moderate
  Recommendation grade: Strong
11. Preoperative carbohydrate loading
  Quality of evidence: Low
  Recommendation grade: Strong
Intraoperative Items:
12. Standard anesthetic protocol
  Quality of evidence: Low
  Recommendation grade: Strong

13. Balanced fluid and electrolyte therapy
  Quality of evidence: High
  Recommendation grade: Strong
14. Preventing intraoperative hypothermia
  Quality of evidence: High
  Recommendation grade: Strong
15. Minimally invasive surgery
  Quality of evidence: High
  Recommendation grade: Strong
16. No drainage of the peritoneal cavity and pelvis
  Quality of evidence: High
  Recommendation grade: Strong
Postoperative Items
17. Avoiding nasogastric intubation
  Quality of evidence: High
  Recommendation grade: Strong
18. Standardization of postoperative analgesia
  Quality of evidence: High
  Recommendation grade: Strong
19. Thromboprophylaxis
  Quality of evidence: Low/High
  Recommendation grade: Strong
20. Neutral balanced fluid and electrolyte therapy
  Quality of evidence: High
  Recommendation grade: Strong
21. Limited time of urinary drainage
  Quality of evidence: High
  Recommendation grade: Strong
22. Prevention of postoperative ileus
  Quality of evidence: High
  Recommendation grade: Strong
23. Postoperative glycemic control
  Quality of evidence: Low
  Recommendation grade: Strong
24. Postoperative nutritional care
  Quality of evidence: Low
  Recommendation grade: Strong
25. Early mobilization
  Quality of evidence: Moderate
  Recommendation grade: Strong
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and these patients benefit from preoperative nutritional treat-
ment [21]. Preoperative routine nutritional assessment offers 
the opportunity to correct malnutrition and should be offered. 
Patients at risk of malnutrition should receive nutritional 
treatment, preferably using the oral route for a period of at 
least 7–10 days.

Most of the patients scheduled for colorectal surgery suf-
fer from iron deficiency because of blood loss or chronic 
inflammation; many of them show anemia, which may be a 
risk factor for all kinds of complications and mortality [22]. 
The most common traditional treatment for perioperative 
anemia has been blood transfusions. Recently, however, 
transfusions have been questioned because of increased risk 
of surgical site infection, septic shock, and possibly also 
decreased 5-year survival [23]. It is therefore essential to 
optimize the patient’s Hb concentration preoperatively. Since 
many colorectal surgical patients will either not respond to 
oral iron due to chronic illness or severe loss of appetite, 
intravenous (IV) iron infusion should be given to these 
patients.

 Preoperative Items

Postoperative nausea and vomiting (PONV) affects up to 
50% of all surgical patients and up to 80% of patients who 

are at high risk for developing these complications (female 
gender, those with a past history of PONV or motion sick-
ness, and non-smokers) [24]. A multimodal approach to 
PONV prophylaxis should be used in all patients scheduled 
for colorectal surgery. A 2-drug combination prophylaxis 
using first-line antiemetics is recommended for patients with 
1–2 risk factors, and if there are ≥2 risk factors, 2–3 anti-
emetics are recommended. Overall, postoperative analgesia 
by opioid-sparing multimodal techniques significantly 
reduces the risk of postoperative PONV.

Traditionally, preoperative patient anxiety has been 
treated with long- or short-acting sedative medication. 
However, anxiolytics such as benzodiazepines may increase 
the risk for impaired postoperative motor function with a 
negative impact on mobilization. Although preoperative edu-
cation can reduce patient anxiety to an acceptable level with-
out the need for anxiolytic medication in most cases, some 
patients may need multimodal medication such as acetamin-
ophen, nonsteroidal anti-inflammatory drugs (NSAIDs), and 
gabapentinoids to decreased postoperative pain and opioid 
consumption.

There is a broad body of evidence and consensus that 
antibiotic prophylaxis reduces postoperative surgical site 
infections (SSI) [25]. A remaining question is if IV or oral, or 
both, should be given as prophylaxis. The question is further 
complicated by the controversy about the role of oral bowel 
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Fig. 40.2 General ERAS principles for colorectal surgery. PACU postanesthesia care unit, IV intravenous, HDU high-dependency unit, ICU 
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preparation and the combination of antibiotics for the devel-
opment of surgical infections. Most of the information about 
the use of oral antibiotics is from studies where patients are 
treated with bowel preparation, and there is currently not 
enough evidence to support oral antibiotic decontamination 
alone in patients undergoing surgery without prior bowel 
preparation. In patients given bowel preparation, however, 
additional benefits of administering oral to IV antibiotics 
have been reported. This treatment is usually given 
18–24  hours before surgery, and its effect is attributed to 
inhibiting opportunistic pathogens inside the colonic lumen 
before opening the colon. Today, most centers worldwide use 
IV antibiotics only, given within 60 minutes before incision 
as a single-dose administration to all patients undergoing 
colorectal surgery. No benefit has been shown for repeated 
administration.

Chlorhexidine-alcohol-based preparations should be used 
for skin disinfection. Evidence is insufficient to support 
advanced measures such as antiseptic showering, routine 
shaving, and adhesive incise sheets.

Avoidance of mechanical bowel preparation (MBP) has 
been one of the cornerstones in ERAS protocols from the 
start. The reason for this is that bowel preparation causes 
dehydration and discomfort and thereby counteracts 
enhanced recovery. The use of MBP makes patients lose up 
to 2 L of total body water as a consequence, which is impor-
tant since patients should reach the anesthetic room in as 
close a state to euvolemia as possible, and any preoperative 
fluid and electrolyte excesses or deficits should be 
corrected.

Although it is part of ERAS recommendations, avoiding 
mechanical bowel preparation for coloinic resections has 
repeatedly been questioned, especially in the USA where 
avoiding MBP was never fully accepted. However, in the 
most recent and largest meta-analysis [26] of 36 studies 
(21,568 patients) comparing adult patients receiving MBP 
versus with those receiving no MBP, MBP was not associ-
ated with any significant difference in any of the major 
important outcomes. There was no difference in anastomotic 
leak rates (OR 0.90, 95% CI 0.74 to 1.10), surgical site infec-
tion (OR 0.99, 95% CI 0.80 to 1.24), mortality (OR 0.85, 
95% CI 0.57 to 1.27), or hospital length of stay (overall mean 
difference 0.11 days, 95% CI -0.51 to 0.73), when compared 
with no MBP. This was also true when only evidence from 
randomized controlled trials (RCTs) was analyzed. Thus, 
avoiding MBP in colonic surgery is still advocated.

The situation is different in rectal surgery. In these opera-
tions, MBP may be used since the effect of remaining stools 
in a diverted colon is uncertain.

Overnight fasting is obsolete, and patients should be rec-
ommended to drink clear fluids until 2 hours before anes-
thesia and surgery. Solids should be withheld for 6 hours. 

The idea to offer patients oral carbohydrates (complex 
CHO- maltodextrin, 12.5%, 285  mOsm/kg, 400  ml 
2–3 hours before induction of anesthesia) is based on evi-
dence of improved preoperative well-being, reduced post-
operative insulin resistance, decreased protein breakdown, 
and better maintenance of lean body mass and muscle 
strength, as well as beneficial cardiac effects. In patients 
with diabetes, there is still uncertainty if oral carbohydrates 
can be recommended or not.

 Intraoperative Items

For many years, the lack of a standardized anesthetic proto-
col where each anesthesiologist treated patients according to 
their own preferences resulted in a heterogeneous recovery 
outcome. Within the ERAS protocol, the use of short-acting 
anesthetics such as propofol for induction of anesthesia, 
combined with short-acting opioids such as fentanyl, alfent-
anil, and sufentanil, minimizes residual anesthetic effects at 
the end of anesthesia. This regimen together with intraopera-
tive cerebral monitoring to improve recovery and reduce the 
risk for postoperative delirium and monitoring of the level 
and complete reversal of neuromuscular block is mandatory 
in ERAS anesthetics.

Since the start of the ERAS collaboration, avoiding excess 
intraoperative fluids has been a cornerstone in perioperative 
care. In most of the published works from ERAS cohorts so 
far, excess of intra- and postoperative fluids has been shown 
to be a determinant for poor outcome. On the other hand, 
data from these studies derives from a time when it was not 
uncommon that patients were treated with 6–7 L of fluids on 
the day of surgery in traditional care.

Today, awareness of the importance of intraoperative fluid 
restriction is widespread, also outside the ERAS protocol. 
Currently, the focus in fluid therapy should be to maintain 
fluid homeostasis, avoiding both fluid excess and organ 
hypoperfusion, where fluid excess leading to perioperative 
weight gain more than 2.5  kg should be avoided. Goal- 
directed fluid therapy is recommended in high-risk patients, 
but for most patients a perioperative near-zero fluid balance 
approach is enough for adequate intraoperative treatment.

Even a mild intraoperative hypothermia (<36  °C) in 
patients has been associated with adverse effects such as 
vasoconstriction, increased afterload, myocardial ischemia 
and cardiac arrhythmias, reduction in splanchnic blood flow, 
and reduced drug biotransformation [27]. Therefore, reliable 
temperature monitoring should be undertaken in all colorec-
tal surgical patients, and methods to actively warm patients 
to avoid temperatures below 36 °C (IV and irrigation fluids 
and forced air warming blankets and devices) to avoid hypo-
thermia should be employed.
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 Surgical Approach

Minimally invasive procedures have had a fundamental 
impact on colorectal surgery and in many ways have paved 
the way for many of the items in the ERAS protocol. Both 
the very early oral food and early postoperative mobilization 
were first shown to be possible in laparoscopic colorectal 
surgery in the end of the 1990s. Several studies [28–30] of 
laparoscopic versus open surgery for colorectal cancer favor 
laparoscopy for recovery, length of hospital stay, blood loss, 
and complications. There is no evidence of an oncological 
disadvantage—at least not in colonic surgery—whereas data 
from rectal cancer procedures still are uncertain. The impact 
of both the ERAS protocol and laparoscopic surgery on out-
come was investigated in a multicenter RCT: the LAFA 
study [31], where regression analysis showed that laparo-
scopic surgery was the only predictive factor to reduce hos-
pital stay and morbidity but also that the best outcomes with 
the least impact on the immune system were in the group 
receiving both minimally invasive surgery and enhanced 
recovery protocol.

Robotic surgery is a more recent form of minimally inva-
sive surgery. So far, small cohort studies show promising 
results (fewer conversions, shorter length of stay) in rectal 
cancer surgery. However, a large randomized trial [32] 
showed no differences in any clinical outcomes compared to 
laparoscopic surgery, while robotic surgery was not as 
cost-effective.

The use of drain in the peritoneal or pelvic cavity is today 
mostly of historical interest since drains show no effect on 
clinical outcome and should not be used routinely.

 Postoperative Items

The aim of using nasogastric (NG) tubes has been to reduce 
postoperative discomfort from gastric distension and vomit-
ing. There is, however, solid data showing that NG tubes have 
no positive but instead a series of negative effects. Avoiding 
NG tubes decreases risk of pulmonary complications and 
delay of important nutrition in the postoperative period. Thus, 
nasogastric tubes should not be used routinely postopera-
tively. If inserted during surgery, they should be removed 
before reversal of anesthesia. However, care should be taken. 
In patients with postoperative paralytic ileus, decompression 
of the stomach may be important to reduce the risk of aspira-
tion, and this still remains a valid indication for its use.

Within the ERAS protocol, a multimodal approach to 
postoperative pain management is advocated. There are sev-
eral ways to achieve postoperative analgesia. They all strive 
to avoid opioids since opioid-sparing techniques are associ-
ated with early mobilization, fast return of bowel function, 
fewer complications, and a reduction in LOS.

In fact, using a multimodal approach with several anal-
gesia techniques results in the best pain outcomes. 
Paracetamol and NSAIDs are two basic opioid-sparing 
components in multimodal analgesia. Addition of other 
drugs, such as lidocaine infusions, alpha-2 agonists such as 
dexmedetomidine, ketamine, magnesium sulfate, high-
dose steroids, or gabapentinoids are frequently used. 
Medical treatment should be combined with epidural 
blockade, spinal anesthesia, lidocaine infusions, or abdom-
inal blocks depending on patient status and which surgical 
approach—open or minimally invasive—has been used 
during the operation. Avoiding pain is one of the key fac-
tors to achieve patient satisfaction and shortening of hospi-
tal stay and should be taken seriously, even early in the 
postoperative period.

Ever since thromboprophylaxis was introduced in major 
surgery, the duration of the treatment has been a subject for 
discussion. Risk factors for thrombosis include ulcerative 
colitis, advanced malignancy (Stage III + IV), hypercoagu-
lable state, steroid use, advanced age, and obesity. This 
implies that most patients undergoing colorectal surgery 
should be treated with low-molecular-weight heparin 
(LMWH) and compression stockings and/or intermittent 
pneumatic compression (ICP) during hospitalization. The 
level of evidence is low for the commonly used prolonged 
(28 days) treatment with LMWH. However, since thrombo-
sis and especially its sequalae are serious complications, and 
there is a lack of data showing that there is no risk or benefit 
from shorter duration or no prophylaxis, the recommenda-
tion for prophylaxis with LMWH remains once daily for 
28 days after surgery.

Postoperative fluid management follows the path of the 
intraoperative target for the treatment, namely, to keep the 
patients normovolemic. This almost always means that IV 
fluids should be discontinued postoperatively. Instead, 
patients should be encouraged to drink as soon as they are 
awake and free of nausea after the operation, and an oral diet 
can usually be started within 4 hours after surgery.

In colorectal surgery, urinary drainage has been standard 
postoperative treatment for prevention of urinary retention 
and monitoring of urine output. The risk of urinary retention 
after major surgery is reported to be between 10% and 20%, 
where male gender and postoperative epidural analgesia are 
important independent predictors of retention. In the periop-
erative setting, oliguria is traditionally defined as a urine 
 output <0.5 ml/kg/h, and additional fluid is often adminis-
tered to reach output above this target. There is, however, 
little evidence to support this regimen. Recent reports show 
that less than half of this urinary output is well tolerated 
among patients [33]. With the acceptance of permissive post-
operative oliguria, the need for monitoring of urinary output 
is hardly necessary anymore. In addition, prolonged treat-
ment with urinary catheters increases the risk of urinary 
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infections. Because of these insights, routine transurethral 
catheterization is recommended for shorter periods of time. 
Patients at low risk should have routine removal of catheters 
on the first day after surgery, while patients with moderate or 
high risk require catheterization for up to 3 days.

Postoperative ileus is one of the major obstacles for fast 
recovery and causes patients to suffer from severe discom-
fort and delayed discharge. Thus, prevention of ileus is a key 
objective of enhanced recovery protocols. Many of the items 
within the protocol support return of gut function and thereby 
indirectly counteract prolonged postoperative ileus, limiting 
opioid administration through application of multimodal 
analgesia techniques, eliminating routine nasogastric tube 
placement, use of minimally invasive surgery, and maintain-
ing fluid balance including goal-directed fluid therapy. To 
more specifically target the problem of ileus, peripherally 
acting μ(mu)-opioid receptor (PAM-OR) antagonists such as 
alvimopan, methylnaltrexone, naloxone, and naloxegol have 
been shown to accelerate gastrointestinal recovery. Chewing 
gum has been used for many years, but recent studies show a 
lack of effect. On the other hand, bisacodyl, magnesium 
oxide, and coffee all have some positive effects counteract-
ing established ileus.

So-called pseudodiabetes of injury or insulin resistance 
affects every patient going through major surgery and per-
sists for several weeks. Hyperglycemia caused by periopera-
tive insulin resistance is a risk factor for complications and 
should therefore best be avoided. Treatments such as preop-
erative carbohydrates, mid-thoracic epidural analgesia, and 
early feeding all help minimize insulin resistance. Although 
these interventions reduce insulin resistance and hyperglyce-
mia, insulin should be used judiciously to maintain blood 
glucose as close to normal as feasible within the available 
resources.

Early oral diet has been shown to be safe 4 hours after 
colorectal surgery. Since spontaneous food intake rarely 
exceeds 1200–1500 kcal/day [34], additional oral nutritional 
supplements (ONS) should be offered. Recently several 
studies show improved outcome if malnourished patients are 
treated with so-called immunonutrition. These are ONS with 
the addition of combinations of L-arginine, L-glutamine, 
ω(omega)-3 fatty acids, and nucleotides. Even if the level of 
evidence in favor of immunonutrition is low, some centers 
now use this regimen in their daily practice.

To have the patient return to normality as soon as possible 
after the operation, enhanced recovery protocols support 
early mobilization after surgery. Although available studies 
on mobilization show conflicting results, it is a general belief 
that prolonged immobilization is associated with a variety of 
adverse effects—such as developing pulmonary complica-
tions, decreased skeletal muscle strength, thromboembolic 
complications, and insulin resistance—and patients should 
therefore be mobilized. Patients should be out of bed at least 

2 hours the same day as the operation. Postoperative day one, 
the aim is to increase the time out of bed to 6 hours.

 Audit and Compliance to the Protocol

For decades, major surgery has been performed without 
proper and reliable evaluation of the outcome. In the past, 
consensus about best perioperative care has been lacking, 
and the knowledge about how to improve results has been 
poor. In the last decades, however, strategies to improve this 
gap in knowledge have emerged. One such successful strat-
egy has been to start to structure perioperative care and 
building platforms for audit, implementation, and further 
research. The ERAS Study Group and Society has led this 
development by constructing a common database for interac-
tive audit: the ERAS® Interactive Audit System. The main 
purpose of a common database is not only to benchmark out-
comes from surgery with other centers, it is also to receive 
continuous feedback in order to improve perioperative care 
and to implement changes and improvements in the local 
unit. The feedback informs the local team how well they are 
complying with the standardized perioperative protocol by 
entering consecutive patients in the registry. Audit and feed-
back has its best effects when done repeatedly (monthly), 
delivered by colleagues, and given both in writing and ver-
bally, with specific targets for change and for multifaceted 
interventions.

Many units claim that they are using the ERAS protocol, 
but only a few can show documentation of the details needed 
to show it is actually being done. Thus, most of the early 
works within the enhanced recovery research field were pub-
lished without measurements and calculations on compli-
ance. Did the patients actually fulfill all the items that they 
were intended to? What was the outcome if they did not? 
This is crucial since it has been shown that there is more or 
less a dose-respondent relationship between compliance to 
the protocol and short-term outcome from colorectal surgery 
[35] (Fig. 40.3).

Furthermore, when reviewing data to analyze long-term 
survival, it was found that for patients with ≥70% compli-
ance to ERAS items, 5-year colorectal cancer-specific death 
was lowered by 42%, HR 0.58 (0.39–0.88, cox regression) 
compared to all other patients (<70% adherence) [36].

Data on compliance to the protocol is essential in order to 
conduct research within the ERAS field, but it is also neces-
sary when evaluating the perioperative work at the clinic. 
Most centers with an active ERAS environment can reach 
70% compliance, which seems to be an important cutoff for 
improved outcome. With detailed information and feedback 
on compliance of each item, often a relatively small but cor-
rectly targeted effort is required to improve the ERAS com-
pliance and outcomes in a given institution.
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 The ERAS Protocol in Colorectal Surgery, 
Future Perspectives

Within surgery, few subspecialties have evolved so much the 
last 10 years as colorectal surgery. The awareness of the ben-
efits of colorectal cancer screening among the population is 
increasing, although in some countries that are running such 
programs, compliance to screening currently is only approxi-
mately 50%. New future techniques will allow for tumors to 
be detected in far more early stages, and as such they can 
then be removed with endoscopic methods. Techniques such 
as endoscopic submucosal dissection (ESD) can manage to 
resect increasingly more advanced tumors, and in some cen-
ters major resection surgery has decreased by 25%. In rectal 
cancer treatment, radiotherapy techniques are constantly 
improving. Up to 15% of patients who previously had both 
radiotherapy and major surgery now show complete response 
after radiation alone and may avoid surgery. The rate of such 
treatments will probably increase in the future.

In the field of inflammatory bowel disease (IBD) treat-
ment, new drugs with immunological mechanism of action 
will probably further decrease the need for surgery. The 
research on colonic bacteria has completely exploded in 
recent years. New data on the bacterial genome using 
metagenomics and metabolomics will open the door for new 
screening tools and treatment methods in all colorectal 
diseases.

Even if the need for resection surgery will decrease in the 
future, there are still patients who will require major surgery. 
Also, for major operations there have been remarkable devel-

opments in recent years. Laparoscopic colorectal surgery is 
currently well implemented worldwide and shows equal or 
better short-term outcome compared to open surgery. If the 
development of laparoscopic surgery took some time to be 
fully accepted in the colorectal community, robotic surgery 
was approved in many centers much faster. Even if the current 
evidence in favor of robotic surgery is sparse, many believe 
that this technique will dominate in all surgical procedures in 
the future. Furthermore, intense research in the field of artifi-
cial intelligence (AI) will lead to a development where the 
first prototype of a self-operating robot may not be far away.

The ERAS protocol has to continuously adapt to this 
development. However, despite the growing evidence of the 
benefits of ERAS programs, adoption of evidence-based care 
in surgical units has been slow. Traditional perioperative care 
prevails in most centers, sometimes modified by a few 
selected components of the ERAS protocol aiming to reach 
the same postoperative outcome but with less effort.

However, things are constantly improving. More and 
more colorectal centers are seeing the benefits of proper 
ERAS implementation and recognizing the value of access 
to solid data that enables not only improvements in local 
perioperative care and benchmarking with other centers but 
also a unique environment to investigate new surgical tech-
niques and new treatment modalities.
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Enhanced Recovery After Surgery: 
Recommendations for Esophagectomy
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 Introduction

Surgical resection of the esophagus for malignant and benign 
disease remains a formidable challenge. The historical asso-
ciation of esophagectomy with elevated rates of periopera-
tive morbidity and mortality—considered a distinguishing 
feature among oncological procedures—is frequently 
ascribed to the technical complexity of this operation and the 
physiological stress incurred by patients at multiple points of 
the treatment pathway.

Due to these challenges, there has been a recognition of the 
importance of a standardized approach to the management of 
patients requiring esophageal resection [1, 2]. In the case of 
complex operations such as esophagectomy where there are 
numerous opportunities to intervene during the course of patient 
care, the accrual of sequential marginal gains can be combined 
to achieve significant improvements in overall outcomes.

For any standardized pathway to impact upon outcomes, 
it must consistently emphasize the importance of the multi-
disciplinary team, including the patient and their social sup-
port network, in all aspects of care. All members of the 
multidisciplinary team engaged in the care of esophagec-
tomy patients must be in agreement regarding any proposed 
changes to patient care pathways and demonstrate a collec-
tive commitment to their sustained implementation.

A number of centers have established standardized care 
pathways for the management of patients undergoing esopha-

gectomy. These pathways have drawn from other examples 
within surgical oncology. Variation in the design and imple-
mentation of such pathways within different institutions con-
tinues to be a limiting factor when seeking to derive summative 
evidence for wider application. Notwithstanding, there have 
been reports that standardization of care can be associated 
with improvement in important outcomes in patients under-
going esophagectomy, including anastomotic leak rate and 
length of hospital stay [1]. Recognizing the importance of 
consolidating ERAS principles in esophagectomy, the ERAS® 
Society has recently published guidelines for perioperative 
care [3]. These guidelines, developed by a multidisciplinary 
working group of international experts, constitute an impor-
tant point of reference for standardized care in esophagec-
tomy patients. Critically, these recommendations address 
those aspects of care unique to this high-risk population.

In this review, we will discuss the core elements of an 
enhanced recovery program for esophagectomy that are 
applicable to both malignant and benign disease (Fig. 41.1). 
While this review is divided between pre-, intra-, and postop-
erative interventions, in reality ERAS principles should be 
seen as a continuum and not as isolated events.

 Preoperative Components

 Multidisciplinary Tumor Board

While the benefits of the multidisciplinary tumor board in 
regard to postoperative outcomes and survival have yet to be 
unequivocally established, they have become an important 
component of patient care in many centers. A number of 
studies have suggested that patients whose care is subject to 
formal multidisciplinary review routinely receive better 
coordinated treatment that is more closely aligned with evi-
dence for best practice [4]. More accurate cancer staging, 
and its impact on treatment selection within a multidisci-
plinary tumor board, has been linked to better patient 
 outcomes after esophagectomy [5, 6]. Some studies have 
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shown that presentation at a tumor board can play a signifi-
cant role in determining a patient’s final care plan [7].

In addition to oncological considerations, other important 
determinants of patient care—including comorbidity, physi-
ological reserve, and nutrition—often feature as components 
of tumor board discussions. The tumor board should selec-
tively seek engagement from a number of members of the 
multidisciplinary team, including the patient who should 
remain the central focus and be kept informed of recommen-
dations. The needs of patient populations who do not tradi-
tionally receive the benefit of formal multidisciplinary 
discussion, such as those with benign or emergency indica-
tions of for esophagectomy, should not be forgotten. 
Implementation of recommendations from the multidisci-
plinary team should also be monitored to ensure compliance 
with best practice recommendations [7].

 Prehabilitation

Esophagectomy for cancer has an increased risk of physiolog-
ical debilitation due to multimodal therapy. Preoperative 
frailty reflects a complex syndrome of age- and disease- related 
deficits, which together contribute to a greater risk of adverse 
health outcomes [8, 9]. Such outcomes are characteristic of a 
lack of resilience to physiological stressors. It follows that 
frailty has been linked to higher rates of postoperative morbid-

ity, mortality, and utilization of healthcare resources [10–13]. 
As a highly invasive surgical procedure, esophagectomy 
imposes a significant physiological burden upon patients. It is 
anticipated that efforts to build resilience prior to surgery are 
best provided within a structured prehabilitation program (see 
also Chap. 10).

Proposed components of a prehabilitation program are 
outlined in Table 41.1 and broadly include interventions to 
address nutrition, physical performance, medical comor-
bidities, risk behaviors, and psychological health. While 
interventions should be developed within a structured and 

Pre-hospital Day of Surgery POD 0
PACU 

POD 1 POD 2 POD 3 POD 4

Normothermia: Active warming

Short-acting anesthetics

Audit compliance & outcomes

Chest tube and nasogastric tube, early removal if possible

Esophagectomy with two or 
three field lymphadenectomy

Optimal fluid management

Pain control, regional local anesthetic techniques

Counseling/education of patient & family

Carbohydrate loading

No prolonged fasting

Multimodal opioid-sparing analgesia

Early removal of urinary KAD 

DischargeAdmission

ERAS in
Esophageal
Surgery 

PONV prevention

Early mobilization

HDU/ICU

- Optimization - - Protocolized Normalization -- Stress Minimization -

Early mobilization 

No bowel prep (colon)

Antithrombotic prophylaxis

Keep bed elevated > 45º

Antibiotics

Glycemic control

Multidisciplinary Tumor Board

Early enteral nutrition

Consider enteric feeds prior to neoadjuvant treatment.                                      Nutritional assessment and treatment

Optimize one-lung ventilation

PRE INTRA POST

Fig. 41.1 General ERAS principles for esophageal surgery. PACU postanesthesia care unit, HDU high-dependency unit, ICU intensive care unit, 
KAD indwelling urinary catheter, PONV postoperative nausea and vomiting

Table 41.1 Proposed components of a prehabilitation program for 
esophagectomy

Domain Intervention
Nutrition Dietary advice

Protein supplementation
Consideration for feeding adjuncts

Physical performance Exercise program incorporating:
  Aerobic training
  Strength training

Medical comorbidities Optimization of:
  Glycemic control
  Blood pressure

Risk behaviors Smoking cessation
Alcohol reduction

Psychological health Treatment of depression
Reducing emotions stress
Building mental resilience
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goal-directed framework, they should be personalized, 
where possible, for individual patient needs.

A number of randomized clinical trials and observational 
studies have shown a benefit for prehabilitation in regard to 
improvement in postoperative physical function [14–18], 
although evidence for an improvement in clinical outcomes 
is less clear. One recent meta-analysis of studies involving 
patients undergoing colorectal surgery determined that nutri-
tional prehabilitation, with or without an associated exercise 
program, significantly reduced length of hospital stay [19].

It is recognized that patient engagement and compliance 
with prehabilitation programs is variable. The extent and 
method of supervision, as well as the choice between hospi-
tal- and home-based programs, should therefore be carefully 
considered as these factors may affect patient compliance.

Until the findings of several ongoing trials are known, 
there remains limited evidence concerning the efficacy of 
prehabilitation programs in patients undergoing esophagec-
tomy. In the interim, drawing from other surgical disciplines, 
it may be presupposed that this intervention could have an 
important position in the future care of such patients. 
Considering the increased application of early mobilization 
following esophagectomy, all patients should be encouraged 
to initiate an age and physiologically appropriate aerobic 
exercise program prior to surgery.

 Nutrition

Rates of malnutrition in esophageal cancer patients are among 
the highest of any malignancy [20, 21] and are predictive of 
worse perioperative and long-term outcomes [22]. In esopha-
geal cancer, as in other solid tumors, the inability to maintain 
adequate nutritional intake typically reflects some degree of 
anorexia in addition to an underlying alteration in metabolic 
and inflammatory pathways [21, 23]. Malnutrition may also 
be a consequence of pathological esophageal obstruction and 
the combined effects of multimodal therapeutic intervention 
with neoadjuvant chemotherapy and chemoradiotherapy.

Assessment of nutritional status should occur in all 
patients planning to undergo esophagectomy at the earliest 
opportunity—ideally by a qualified dietician. Assessment 
should include the acquisition of baseline anthropometric 
measurements but, more importantly, a suitable dietary his-
tory that includes recent weight loss. Identification of 
patients who might be at particularly high risk of adverse 
outcome as a result of malnutrition may be aided by the use 
of established guidelines such as those published by the 
European Society for Clinical Nutrition and Metabolism 
(ESPEN) [24]. There is emerging evidence that the assess-
ment of body composition, using routine computed tomog-
raphy (CT) images, could provide additional information 
regarding a patient’s nutritional status and risk of adverse 
surgical outcomes [22].

In patients who are considered to be at low risk of malnu-
trition—defined by minimal weight loss and preservation of 
normal oral intake—simple dietary advice may suffice. For 
other patients with risk factors for moderate malnutrition—
including 5–9% unintentional weight loss and/or mild to 
moderate dysphagia—protein and energy supplementation 
is advised. Patients at high risk of malnutrition, >10% unin-
tentional weight loss, severe dysphagia, and/or low body 
mass index (BMI) (<18.5 Kg/m2), should be considered for 
nutritional support—preferably enteral by tube feeding, or 
if this is not available, parenteral nutrition [3]. In esophageal 
cancer patients who are awaiting surgery, implementation of 
preoperative nutritional support preserves weight and 
decreases severe postoperative complications [25].

 Operative Components

 Timing of Surgery

In determining the optimal timing of esophagectomy, a bal-
ance must often be found between the desires to expedite 
definitive surgery before tumor progression and the opposing 
need to allow for pathological downstaging and recovery 
after neoadjuvant therapy. As previously mentioned, the 
period before surgery is also an important opportunity to 
build patient fortitude.

Neoadjuvant therapy prior to esophagectomy is now rou-
tinely given to patients with stage II or III esophageal cancer. 
For patients receiving neoadjuvant chemoradiotherapy, the 
competing pressures of allowing adequate time to recover 
from therapeutic toxicities in the presence of ongoing tumor 
regressive effects versus the risk of new tumor progression 
and evolving fibrosis of surgical tissue plane must be care-
fully balanced. Based on evidence derived from randomized 
trials and meta-analysis, an interval of 6–10 weeks has been 
proposed as the optimum time of surgery after neoadjuvant 
chemoradiotherapy [3]. In the case of neoadjuvant chemo-
therapy, the recommended interval before esophagectomy is 
6  weeks and is based on historical evidence derived from 
relevant clinical trials within the field [26, 27].

 Surgical Access

In the last 25 years, there has been an increase in the number 
of esophagectomies performed via minimally invasive and 
hybrid techniques. Contemporary data from 24 high-volume 
centers in 14 countries indicate that 48% of esophagectomies 
were performed via a minimally invasive approach [28]. 
However, questions still remain regarding the optimal surgi-
cal approach for esophagectomy.

There have been 11 meta-analyses comparing the out-
comes of open versus minimally invasive esophagectomy 
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[29–39]. Taken together, their findings suggest the mini-
mally invasive techniques are associated with significantly 
lower perioperative blood loss [29, 31, 33, 34, 37], overall 
postoperative morbidity [29, 31, 34, 35, 37], pulmonary 
complications [29, 31, 33, 34, 36–38], early mortality [29, 
37, 38], and length of hospital stay [29, 34, 36, 37]. 
Minimally invasive procedures were more often associated 
with longer operative time but equivalent lymph node har-
vest [33, 36, 37]. Overall survival was either equivalent [30, 
31] or superior [33] in the minimally invasive cohort. 
Results of both the TIME (traditional invasive vs. minimally 
invasive esophagectomy) and MIRO (minimally invasive 
surgery for esophageal cancer) trials, respectively, showed 
that totally minimally invasive and hybrid minimally inva-
sive esophagectomy are associated with lower postoperative 
morbidity and equivalent survival at 3 years [40–43]. The 
ongoing Japan Clinical Oncology Group (JCOG1409) trial 
is expected to further determine the benefits of minimally 
invasive esophagectomy.

 Lymphadenectomy

Esophageal cancers frequently metastasize early to locore-
gional lymph nodes aided by dense submucosal lymphatics. 
Local lymph nodes may be involved in one in five patients 
with submucosal tumor extension (T1) increasing to three in 
five in cases where the tumor has invaded the muscle of the 
esophageal wall (T2) [44]. There is evidence that radical 
lymphadenectomy reduces local recurrences rates and 
improves long-term survival as well as supporting more 
accurate pathological staging [45–48]. Proponents of a more 
conservative approach would contend that radical lymphad-
enectomy increases morbidity in the absence of conclusive 
evidence of improved survival. It is currently recommended 
that the extent of the lymphadenectomy performed during 
esophagectomy should reflect both the stage of the tumor 
and its position within the esophagus [45–47, 49].

 Esophageal Reconstruction

Reconstruction of the esophagus is most commonly achieved 
through tubularization of the remnant stomach, primarily 
because of its accessibility and the requirement for a single 
anastomosis. Where there is significant tumor invasion of the 
proximal stomach or previous history of gastric resection, 
colon or jejunum can be used to form the conduit. In the 
majority of cases, it is preferential for the conduit to follow 
the native route of the esophagus within the posterior medi-
astinum. Selection of an alternative conduit route may, how-
ever, be necessary when previous surgery or active infection 
precludes access through the posterior mediastinum. Two 
meta-analyses of studies comparing anastomotic technique 

determined that linearly stapled (hybrid) [50] but not circular 
stapled [51] anastomotic techniques were superior to hand- 
sewn anastomoses.

 Surgical Drain, Nasogastric Tube, and Urinary 
Catheter Placement

Placement of surgical drains during esophagectomy occurs 
largely in the absence of evidence-based guidelines. 
Although drains likely aid detection and management of 
anastomotic and chyle leaks in addition to other clinically 
significant fluid collections, they may be associated with 
pain and reduced mobility [52].

Placement of a perianastomotic drain within either the 
thoracic cavity or neck has not been shown to influence 
leak rate. In one large retrospective study, thoracic anasto-
motic drainage did aid in the earlier detection and faster 
resolution of leaks but without the requirement for addi-
tional invasive intervention [53]. Likewise, cervical anasto-
motic drains are typically removed before a clinically 
significant leak becomes apparent and therefore have ques-
tionable clinical benefit [54].

Current evidence derived from studies in both esopha-
geal and pulmonary surgery would appear to support place-
ment of a single centrally placed chest drain left on passive 
drainage that can be subsequently removed in the absence of 
obvious leakage of air or chyle. One recent study has offered 
evidence that minimally invasive esophagectomy without 
chest drain placement is associated with greater patient sat-
isfaction but no increased postoperative morbidity [55].

Elimination of nasogastric tubes following gastrointesti-
nal surgery has been a common feature of ERAS programs. 
After esophagectomy, their use is traditionally believed to 
benefit conduit decompression preventing aspiration and 
anastomotic leak. Removal of the nasogastric tube as early 
as postoperative day 2 after esophagectomy was not, how-
ever, associated with worse outcomes in one study [56]. 
Current recommendations are that nasogastric tubes should 
be targeted for early removal in appropriate patients.

The placement of a Foley catheter at the time of esopha-
gectomy is widely considered standard practice. While 
early removal of a urinary catheter has been shown to 
reduce rates of urinary tract infection, in patients who have 
undergone thoracotomy with an epidural catheter in situ, 
there is a significant risk of subsequent urinary retention 
necessitating catheter reinsertion, especially in males [3]. A 
clearly defined and agreed protocol for bladder assessment 
with criteria for catheter reinsertion should therefore be in 
place when considering early (<48 hours) removal of uri-
nary catheters within an ERAS program for esophagec-
tomy. Use of a suprapubic catheter may be considered in 
circumstances where insertion is likely to exceed 4 days, as 
their use is associated with lower infection rates and greater 
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patient satisfaction as determined by meta-analysis of stud-
ies in patients following abdominal surgery [57].

 Post-Esophagectomy Nutrition

Concern regarding the risk of aspiration and anastomotic 
leak has historically delayed oral feeding after esophagec-
tomy. In order, therefore, to avoid further nutritional deterio-
ration during the early postoperative period, an appropriate 
plan for establishing feeding should be considered in all 
patients, preferably prior to surgery. Several randomized 
controlled trials have compared total parenteral nutrition and 
enteral tube feeding and determined equivalence in the num-
ber of central venous catheter and enteral feeding tube com-
plications. One study did observe a higher rate of potentially 
life-threatening complications in patients who received total 
parenteral nutrition [58]. Reduction of the surgical stress 
response and preservation of gut barrier and immunological 
function are further benefits of enteral feeding.

A number of studies have examined the feasibility and 
safety of early oral feeding after esophagectomy. When com-
pared to patients whose oral intake was delayed until postop-
erative day 5 following esophagectomy, early oral feeding on 
postoperative day 1 was not associated with higher rates of 
complications, including anastomotic leak and pneumonia 
[59, 60]. Intensive care unit and hospital stay were signifi-
cantly shorter in patients who received early oral feeding, but 
median caloric intake was 58% of what was required on 
postoperative day 5 [61].

Current recommendations support the use of either a 
percutaneous feeding jejunostomy or a nasojejunal/naso-
duodenal tube for the provision of early enteral nutrition 
after esophagectomy [3]. Once a route for providing 
enteral nutrition has been established, it is recommended 
that full caloric requirements be reached by postoperative 
days 3–6 [60]. There is no clear evidence supporting the 
use of pharmaconutrition over traditional enteral feeding 
solutions, as their use is not currently recommended [3]. 
Further studies are also needed to clarify the safety and 
efficacy of early oral feeding after esophagectomy.

 Anesthetic Management

Anesthetic management during esophagectomy should form 
a core component of any ERAS program with the intention 
of minimizing intraoperative cardiorespiratory stress and 
achieving safe early extubation [3].

Although the choice of specific anesthetic agents has not 
been shown to influence outcomes in patients undergoing 
esophagectomy, monitoring depth of anesthesia using 
bispectral index [62] and use of short- or intermediate-acting 
neuromuscular blockers may facilitate early extubation [63].

The ventilatory strategy for esophagectomy is made more 
complex by the frequent requirement for periods of one-lung 
ventilation. In the case of two-lung ventilation, there is good 
evidence to support the use of lung protective ventilation with 
tidal volumes of 6–8 ml/Kg predicted body weight. While evi-
dence for the routine use of positive end-expiratory pressure 
(2–5 cmH2O) and recruitment maneuvers is limited, there is 
emerging appreciation for the importance of maintaining low 
driving pressures for the prevention of lung injury [64]. One-
lung ventilation poses its own specific challenges. Efforts to 
maintain oxygenation and avoid hypercapnia may result in 
overventilation and delivery of excessive concentrations of 
oxygen to the dependent lung. Optimization of lung perfusion 
endeavors to balance the risk of both shunting of blood and the 
effects of hypoxic pulmonary vasoconstriction that may 
worsen ischemia and inevitable reperfusion injury that occurs 
in the collapsed lung. One randomized controlled trial demon-
strated that during one-lung ventilation, tidal volumes of 5 ml/
Kg and positive end-expiratory pressure of 5 cmH2O com-
pared to non-protective ventilatory strategy (tidal volume 
9 ml/Kg through surgery) reduced the systemic inflammatory 
response to surgery while improving lung function and earlier 
extubation [65]. The concentration of inspired oxygen should 
also be minimized with the aim of maintaining oxygen satura-
tions of >92%. Mild permissive hypercapnia can be accepted 
at the expense of higher tidal volumes and respiratory rates. 
Hypoxia (SpO2 persistently <90%) may be rectified by 
increased positive end-expiratory pressure used for intermit-
tent recruitment maneuvers in the ventilated lung or, if neces-
sary, temporary reinflation of the collapsed lung. The duration 
of one-lung ventilation should be minimized where possible.

Excessive intra- and postoperative fluid administration 
should be avoided due to its association with tissue edema 
and adverse cardiovascular and gastrointestinal function. A 
balanced fluid regimen is recommended with the aim of 
restricting weight gain to <2  kg/day. Strategies including 
goal-direct and balanced fluid therapy may also provide clin-
ical benefit. The practice of goal-direct therapy is one where 
fluid administration is optimized according to cardiac output 
and other objective hemodynamic parameters. Taniguchi 
et al. recently reported that, compared to a historical patient 
cohort, the introduction of goal-direct therapy within a 
defined ERAS program in esophagectomy patients enhances 
postoperative gastrointestinal function and mobilization, 
although without impacting length of stay or complications 
[66]. Meta-analysis of nine randomized controlled trials of 
intravenous fluid therapy in major elective abdominal sur-
gery reclassified patients according to whether they received 
balanced or imbalanced therapy [67]. In this study, patients 
who were managed in a state of “fluid balance” had signifi-
cantly fewer complications and shorter hospital stay com-
pared to patients who were either under- or over-hydrated. 
Current recommendations are therefore for balanced fluid 
therapy with minimal weight gain and the use of crystalloids 
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solution as opposed to 0.9% saline and colloids [68, 69]. Use 
of vasopressors may be needed in circumstances of hypoten-
sive normovolemia—a common consequence of epidural 
analgesia. As a general rule, mean arterial pressures of 
70 mm Hg and urine output >0.5 ml/Kg/hr. should be tar-
geted, although lower urine outputs may be tolerated in 
patients without risk factors for acute kidney injury [70]. In 
the normovolemic patient, vasopressors can be utilized to 
increase mean arterial pressure [71].

 Postoperative Components

 Analgesia

The requirement for both abdominal and thoracic access 
makes pain control after esophagectomy within enhanced 
recovery programs a more complex issue [72]. Adequate pain 
control is critical to the prevention of postoperative morbidity 
[73]. A multimodal approach to the provision of analgesia is 
generally favored, encompassing local and regional anes-
thetic techniques while minimizing opioid usage.

While routinely performed in patients undergoing major 
elective surgeries, insertion of an epidural catheter is vulner-
able to procedural and patient-specific factors that can lead to 
uncertainty regarding catheter placement. Accordingly the 
rate of “failure” of epidural analgesia is reported to vary in the 
range of 14–43% [74–78]. Use of epidurography in selective 
patients may help to avoid uncertainty regarding epidural 
catheter placement expediting clinical decision- making [74]. 
In patients with correctly sited epidural catheters, avoidance 
of bolusing and infusion of dilute local anesthetic and opioid 
solution may help prevent unwanted motor and sympathetic 
blockade. A multimodal pain management team should eval-
uate the treatment on a daily basis after surgery. A firsthand 
choice for pain management is to ensure the epidural catheter 
placement and optimize the dose of diluted local anesthetics 
and opioids. Acetaminophen should be administered every 
6 hours. Nonsteroidal anti- inflammatory drugs (NSAIDs) can 
be used in patients without renal failure and after individual 
assessment. The aim with this strategy is to minimize the use 
of postoperative oral or parenteral opioids.

Use of paravertebral nerve blocks offers an effective alter-
native to epidural analgesia. Advantages of this approach 
include the ability to place blocks under direct supervision 
and the avoidance of some of the side effects of epidural 
analgesia [79–81].

 Mobilization

Ideally mobilization of patients after esophagectomy should 
occur within an established framework that can be adapted 

to individual patient needs. As previously discussed, preha-
bilitation has a role in preparing patients physically for sur-
gery as well as setting expectations for postoperative care. 
Patient mobilization should ideally occur on the day of sur-
gery and continue in an incremental fashion until a pre-
defined goal (preferably independent mobilization), which 
has been agreed to by the patient, is achieved. Challenges to 
achieving this may include delayed extubation, inadequate 
analgesia, postoperative complications, and hemodynamic 
instability, each of which can be countered by organiza-
tional readiness and adherence to many of the recommenda-
tions already discussed. At least in the initial postoperative 
period after esophagectomy, patient mobilization should be 
overseen by physical and occupational therapists but ulti-
mately supervised by nursing and other allied healthcare 
personnel. All members of the patient care team, including 
the patient and their family, should be aware of mobilization 
targets, and their potential benefits, and be invested and 
engaged in the process of postoperative mobilization. It 
should not be forgotten that mobilization is one of the few 
processes that can be “owned” by the patient and their fam-
ily and can serve as an important source of empowerment.

 Preoperative Components

 Pharmacological Prophylaxis

The use of pharmacological agents to mitigate the risk of 
common complications should be considered in all patients 
who are undergoing esophagectomy. Typically such regi-
mens should acknowledge the importance of preventing 
thromboembolic events, postoperative nausea and vomiting, 
and surgical site infection.

 Antithrombotic Prophylaxis
Antithrombotic prophylaxis with low-molecular-weight hep-
arin is recommended to be administered 2–12 hours before 
start of surgery and continued at least 4  weeks 
postoperatively.

 Postoperative Nausea and Vomiting (PONV) 
Prophylaxis
Prophylaxis should be considered for all high-risk patients. 
If PONV occurs, treatment with 5-hydroxytryptamine recep-
tor antagonists is preferred.

 Antimicrobial Prophylaxis
Antibiotic prophylaxis is recommended to reduce the risk for 
postoperative surgical site infections. Appropriate parenteral 
or oral antimicrobial should be administered in a correct 
dose for each patient. There is no evidence to support pro-
longed antimicrobial prophylaxis.
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 Preoperative Fasting

Preoperative fasting over 8  hours should be avoided, and 
clear liquids, including specific high-carbohydrate drinks, 
should be allowed up to 2 hours before surgery. Patients with 
significant dysphagia should receive enteral or parenteral 
preoperative nutrition.

 Audit

The ERAS® Society has placed specific emphasis on the con-
duct of continuous institutional audit as a means of reviewing 
outcomes and the practice of guideline elements. Individual 
institutions must first seek to understand their own practices 
and outcomes in order to provide a reliable benchmark against 
which to assess the impact of changes to the patient care path-
way. Audit should be used to regularly monitor adherence to 
guidelines, as improved compliance has been associated with 
reduced morbidity and length of hospital stay and long-term 
cancer survival [82–86]. The opportunity to contribute insti-

tutional data to regional, national, and/or international datas-
ets should be embraced as a method in forming standards of 
practice within a wider context.

 Conclusion

Even in high-volume expert centers, as many as two out of 
every three patients will suffer a complication after esopha-
gectomy, with a documented 90-day mortality in high- 
volume expert centers of 4.5% [28]. In an effort to counter 
the high morbidity and mortality that is associated with 
esophagectomy, many institutions have initiated ERAS pro-
grams to support standardized care in this patient group. The 
nature and complexity of esophageal surgery has, however, 
meant that a strong evidence basis for many current recom-
mendations is either yet to be established or borrowed from 
other fields of surgery. The recently published guidelines for 
perioperative care in esophagectomy developed by the ERAS 
society will, nevertheless, serve as a reference point 
(Table 41.2) [3].

Table 41.2 Components of the ERAS program for esophagectomy

ERAS component Recommendation Level Grade
Multidisciplinary tumor 
board

Applied in every patient Moderate Strong

Prehabilitation Patients may benefit from prehabilitation programs Low Moderate
Preoperative nutrition 
treatment

Important to assess and when indicated treat nutritional deficiency in all patients Low Strong

Timing of surgery After neoadjuvant chemotherapy 3–6 weeks. After neoadjuvant chemoradiotherapy 
6–10 weeks

Moderate Moderate

Surgical access Open or minimally invasive techniques are recommended Moderate Moderate
Lymphadenectomy Two-field lymphadenectomy for AC in the middle and lower third of the esophagus. 

Three-field is recommended in upper third SCC performed at high-volume units
Moderate Strong

Esophageal 
reconstruction

Gastric conduit in first hand, colon and jejunum are second option Low/
moderate

Strong

Surgical drain Avoid cervical drain, chest drain is recommended but should be removed in the absence 
of air and chyle leaks

Moderate Strong

Nasogastric tube Recommended with early removal (day 2) when clinically appropriate Moderate Strong
Urinary catheter Recommended during epidural pain treatment High Strong
Post-esophagectomy 
nutrition

Early enteral nutrition is recommended Moderate Strong

Anesthetic management Use volatile or intravenous anesthetics. Avoid fluid overload. Apply lung protective 
strategies

Moderate Strong

Postoperative analgesia Epidural with local anesthetics and opioids, in combination with regular acetaminophen. 
NSAIDs can be used in nonrenal failure patients if clinically appropriate

Moderate Strong

Postoperative 
mobilization

Early mobilization is recommended Moderate Strong

Antithrombotic 
prophylaxis

Recommended with low-molecular-weight heparin from 12 to 2 hours before surgery 
until 4 weeks postoperatively

High Strong

PONV Prophylaxis to high-risk patients Low Strong
Antimicrobial 
prophylaxis

Recommended. Prolonged prophylaxis should be avoided High Strong

Preoperative fasting Recommended for solid food 8 hours and for drinks 2 hours preoperatively High Strong

NSAIDs nonsteroidal anti-inflammatory drugs, PONV postoperative nausea and vomiting, AC adenocarcinoma, SCC squamous cell carcinoma

41 Enhanced Recovery After Surgery: Recommendations for Esophagectomy



392

Greater use of chemoradiotherapy in the management of 
esophageal cancer is challenging the role of surgery as the 
only “definitive” treatment modality. For surgery to retain its 
status, more must be done to improve both its safety and effi-
cacy. It is through the wider adoption of ERAS principals 
and incremental marginal gains in the care of esophagec-
tomy patients that such goals can be achieved.

References

 1. Markar SR, Karthikesalingam A, Low DE.  Enhanced recovery 
pathways lead to an improvement in postoperative outcomes fol-
lowing esophagectomy: systematic review and pooled analysis. Dis 
Esophagus. 2015;28(5):468–75.

 2. Munasinghe A, Markar SR, Mamidanna R, Darzi AW, Faiz 
OD, Hanna GB, et  al. Is it time to centralize high-risk cancer 
care in the United States? Comparison of outcomes of esopha-
gectomy between England and the United States. Ann Surg. 
2015;262(1):79–85.

 3. Low DE, Allum W, De Manzoni G, Ferri L, Immanuel A, 
Kuppusamy M, et al. Guidelines for perioperative care in esopha-
gectomy: Enhanced Recovery After Surgery (ERAS®) Society rec-
ommendations. World J Surg. 2019;43:299–330.

 4. Taylor C, Munro AJ, Glynne-Jones R, Griffith C, Trevatt P, Richards 
M, et al. Multidisciplinary team working in cancer: what is the evi-
dence? BMJ. 2010;340:c951.

 5. Davies AR, Deans DA, Penman I, Plevris JN, Fletcher J, Wall L, 
et al. The multidisciplinary team meeting improves staging accu-
racy and treatment selection for gastro-esophageal cancer. Dis 
Esophagus. 2006;19(6):496–503.

 6. Stephens MR, Lewis WG, Brewster AE, Lord I, Blackshaw GR, 
Hodzovic I, et al. Multidisciplinary team management is associated 
with improved outcomes after surgery for esophageal cancer. Dis 
Esophagus. 2006;19(3):164–71.

 7. Schmidt HM, Roberts JM, Bodnar AM, Kunz S, Kirtland SH, 
Koehler RP, et  al. Thoracic multidisciplinary tumor board rou-
tinely impacts therapeutic plans in patients with lung and esoph-
ageal cancer: a prospective cohort study. Ann Thorac Surg. 
2015;99(5):1719–24.

 8. Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson 
G. Untangling the concepts of disability, frailty, and comorbidity: 
implications for improved targeting and care. J Gerontol A Biol Sci 
Med Sci. 2004;59(3):255–63.

 9. Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, 
McDowell I, et al. A global clinical measure of fitness and frailty in 
elderly people. CMAJ. 2005;173(5):489–95.

 10. Gani F, Buettner S, Margonis GA, Sasaki K, Wagner D, Kim Y, 
et al. Sarcopenia predicts costs among patients undergoing major 
abdominal operations. Surgery. 2016;160(5):1162–71.

 11. Lu J, Zheng HL, Li P, Xie JW, Wang JB, Lin JX, et al. High preop-
erative modified frailty index has a negative impact on short- and 
long-term outcomes of octogenarians with gastric cancer after lapa-
roscopic gastrectomy. Surg Endosc. 2018;32(5):2193–200.

 12. McIsaac DI, Bryson GL, van Walraven C.  Association of frailty 
and 1-year postoperative mortality following major elective non-
cardiac surgery: a population-based cohort study. JAMA Surg. 
2016;151(6):538–45.

 13. Mosquera C, Spaniolas K, Fitzgerald TL. Impact of frailty on sur-
gical outcomes: the right patient for the right procedure. Surgery. 
2016;160(2):272–80.

 14. Santa Mina D, Hilton WJ, Matthew AG, Awasthi R, Bousquet- 
Dion G, Alibhai SMH, et  al. Prehabilitation for radical prosta-

tectomy: a multicentre randomized controlled trial. Surg Oncol. 
2018;27(2):289–98.

 15. Minnella EM, Bousquet-Dion G, Awasthi R, Scheede-Bergdahl C, 
Carli F.  Multimodal prehabilitation improves functional capacity 
before and after colorectal surgery for cancer: a five-year research 
experience. Acta Oncol. 2017;56(2):295–300.

 16. Gillis C, Li C, Lee L, Awasthi R, Augustin B, Gamsa A, et  al. 
Prehabilitation versus rehabilitation: a randomized control trial in 
patients undergoing colorectal resection for cancer. Anesthesiology. 
2014;121(5):937–47.

 17. Carli F, Charlebois P, Stein B, Feldman L, Zavorsky G, Kim DJ, 
et al. Randomized clinical trial of prehabilitation in colorectal sur-
gery. Br J Surg. 2010;97(8):1187–97.

 18. Dunne DF, Jack S, Jones RP, Jones L, Lythgoe DT, Malik HZ, et al. 
Randomized clinical trial of prehabilitation before planned liver 
resection. Br J Surg. 2016;103(5):504–12.

 19. Gillis C, Buhler K, Bresee L, Carli F, Gramlich L, Culos-Reed 
N, et  al. Effects of nutritional Prehabilitation, with and without 
exercise, on outcomes of patients who undergo colorectal sur-
gery: a systematic review and meta-analysis. Gastroenterology. 
2018;155:391–410.e4.

 20. Sun L, Quan XQ, Yu S. An epidemiological survey of cachexia in 
advanced cancer patients and analysis on its diagnostic and treat-
ment status. Nutr Cancer. 2015;67(7):1056–62.

 21. Anandavadivelan P, Lagergren P. Cachexia in patients with oesoph-
ageal cancer. Nat Rev Clin Oncol. 2016;13(3):185–98.

 22. Boshier PR, Heneghan R, Markar SR, Baracos VE, Low 
DE.  Assessment of body composition and sarcopenia in patients 
with esophageal cancer: a systematic review and meta-analysis. Dis 
Esophagus. 2018;31. https://doi.org/10.1093/dote/doy047.

 23. Donohoe CL, Ryan AM, Reynolds JV.  Cancer cachexia: mecha-
nisms and clinical implications. Gastroenterol Res Pract. 
2011;2011:601434.

 24. Weimann A, Braga M, Carli F, Higashiguchi T, Hubner M, Klek 
S, et al. ESPEN guideline: clinical nutrition in surgery. Clin Nutr. 
2017;36(3):623–50.

 25. Ligthart-Melis GC, Weijs PJ, te Boveldt ND, Buskermolen S, 
Earthman CP, Verheul HM, et  al. Dietician-delivered intensive 
nutritional support is associated with a decrease in severe postop-
erative complications after surgery in patients with esophageal can-
cer. Dis Esophagus. 2013;26(6):587–93.

 26. Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de 
Velde CJ, Nicolson M, et  al. Perioperative chemotherapy versus 
surgery alone for resectable gastroesophageal cancer. N Engl J 
Med. 2006;355(1):11–20.

 27. Medical Research Council Oesophageal Cancer Working 
Group. Surgical resection with or without preoperative chemother-
apy in oesophageal cancer: a randomised controlled trial. Lancet. 
2002;359(9319):1727–33.

 28. Low DE, Kuppusamy MK, Alderson D, Cecconello I, Chang AC, 
Darling G, et  al. Benchmarking complications associated with 
esophagectomy. Ann Surg. 2017;269(2):291–8.

 29. Biere SS, Cuesta MA, van der Peet DL. Minimally invasive versus 
open esophagectomy for cancer: a systematic review and meta- 
analysis. Minerva Chir. 2009;64(2):121–33.

 30. Dantoc M, Cox MR, Eslick GD.  Evidence to support the use of 
minimally invasive esophagectomy for esophageal cancer: a meta- 
analysis. Arch Surg. 2012;147(8):768–76.

 31. Guo W, Ma X, Yang S, Zhu X, Qin W, Xiang J, et al. Combined 
thoracoscopic-laparoscopic esophagectomy versus open 
esophagectomy: a meta-analysis of outcomes. Surg Endosc. 
2016;30(9):3873–81.

 32. Kauppila JH, Xie S, Johar A, Markar SR, Lagergren P.  Meta- 
analysis of health-related quality of life after minimally invasive 
versus open oesophagectomy for oesophageal cancer. Br J Surg. 
2017;104(9):1131–40.

P. R. Boshier et al.

https://doi.org/10.1093/dote/doy047


393

 33. Lv L, Hu W, Ren Y, Wei X. Minimally invasive esophagectomy ver-
sus open esophagectomy for esophageal cancer: a meta-analysis. 
Onco Targets Ther. 2016;9:6751–62.

 34. Nagpal K, Ahmed K, Vats A, Yakoub D, James D, Ashrafian 
H, et  al. Is minimally invasive surgery beneficial in the man-
agement of esophageal cancer? A meta-analysis. Surg Endosc. 
2010;24(7):1621–9.

 35. Sgourakis G, Gockel I, Radtke A, Musholt TJ, Timm S, Rink A, 
et  al. Minimally invasive versus open esophagectomy: meta- 
analysis of outcomes. Dig Dis Sci. 2010;55(11):3031–40.

 36. Xiong WL, Li R, Lei HK, Jiang ZY.  Comparison of outcomes 
between minimally invasive oesophagectomy and open oesopha-
gectomy for oesophageal cancer. ANZ J Surg. 2017;87(3):165–70.

 37. Yibulayin W, Abulizi S, Lv H, Sun W. Minimally invasive oesopha-
gectomy versus open esophagectomy for resectable esophageal 
cancer: a meta-analysis. World J Surg Oncol. 2016;14(1):304.

 38. Zhou C, Zhang L, Wang H, Ma X, Shi B, Chen W, et al. Superiority 
of minimally invasive oesophagectomy in reducing in-hospital 
mortality of patients with resectable oesophageal cancer: a meta- 
analysis. PLoS One. 2015;10(7):e0132889.

 39. Zhou C, Ma G, Li X, Li J, Yan Y, Liu P, et al. Is minimally invasive 
esophagectomy effective for preventing anastomotic leakages after 
esophagectomy for cancer? A systematic review and meta-analysis. 
World J Surg Oncol. 2015;13:269.

 40. Biere SS, van Berge Henegouwen MI, Maas KW, Bonavina 
L, Rosman C, Garcia JR, et  al. Minimally invasive versus 
open oesophagectomy for patients with oesophageal cancer: a 
multicentre, open-label, randomised controlled trial. Lancet. 
2012;379(9829):1887–92.

 41. Straatman J, van der Wielen N, Cuesta MA, Daams F, Roig Garcia 
J, Bonavina L, et  al. Minimally invasive versus open esophageal 
resection: three-year follow-up of the previously reported random-
ized controlled trial: the TIME trial. Ann Surg. 2017;266(2):232–6.

 42. Briez N, Piessen G, Bonnetain F, Brigand C, Carrere N, Collet D, 
et  al. Open versus laparoscopically-assisted oesophagectomy for 
cancer: a multicentre randomised controlled phase III trial  – the 
MIRO trial. BMC Cancer. 2011;11:310.

 43. Mariette C, Markar SR, Dabakuyo-Yonli TS, Meunier B, Pezet D, 
Collet D, et al. Abstract 615O; Hybrid Minimally Invasive vs. Open 
Esophagectomy for patients with Esophageal Cancer: Long-term 
outcomes of a multicenter, open-label, randomized phase III con-
trolled trial, the MIRO trial. Ann Oncol. 2017;28(suppl_5):v605–49.

 44. Giugliano DN, Berger AC, Pucci MJ, Rosato EL, Evans NR, Meidl 
H, et al. Comparative quantitative lymph node assessment in local-
ized esophageal cancer patients after R0 resection with and with-
out Neoadjuvant Chemoradiation Therapy. J Gastrointest Surg. 
2017;21:1377–84.

 45. Visser E, van Rossum PSN, Ruurda JP, van Hillegersberg R. Impact 
of lymph node yield on overall survival in patients treated with neo-
adjuvant chemoradiotherapy followed by esophagectomy for can-
cer: a population-based cohort study in the Netherlands. Ann Surg. 
2017;266(5):863–9.

 46. Peyre CG, Hagen JA, DeMeester SR, Altorki NK, Ancona E, 
Griffin SM, et  al. The number of lymph nodes removed predicts 
survival in esophageal cancer: an international study on the impact 
of extent of surgical resection. Ann Surg. 2008;248(4):549–56.

 47. Schwarz RE, Smith DD.  Clinical impact of lymphadenectomy 
extent in resectable gastric cancer of advanced stage. Ann Surg 
Oncol. 2007;14(2):317–28.

 48. Rizk NP, Ishwaran H, Rice TW, Chen LQ, Schipper PH, Kesler KA, 
et al. Optimum lymphadenectomy for esophageal cancer. Ann Surg. 
2010;251(1):46–50.

 49. Tachimori Y, Ozawa S, Numasaki H, Matsubara H, Shinoda M, Toh 
Y, et al. Efficacy of lymph node dissection by node zones accord-
ing to tumor location for esophageal squamous cell carcinoma. 
Esophagus. 2016;13:1–7.

 50. Deng XF, Liu QX, Zhou D, Min JX, Dai JG. Hand-sewn vs lin-
early stapled esophagogastric anastomosis for esophageal cancer: a 
meta-analysis. World J Gastroenterol. 2015;21(15):4757–64.

 51. Wang Q, He XR, Shi CH, Tian JH, Jiang L, He SL, et al. Hand- 
sewn versus stapled esophagogastric anastomosis in the neck: a 
systematic review and meta-analysis of randomized controlled tri-
als. Indian J Surg. 2015;77(2):133–40.

 52. Refai M, Brunelli A, Salati M, Xiume F, Pompili C, Sabbatini A. The 
impact of chest tube removal on pain and pulmonary function after 
pulmonary resection. Eur J Cardiothorac Surg. 2012;41(4):820–2; 
discussion 3.

 53. Tang H, Xue L, Hong J, Tao X, Xu Z, Wu B. A method for early 
diagnosis and treatment of intrathoracic esophageal anastomotic 
leakage: prophylactic placement of a drainage tube adjacent to the 
anastomosis. J Gastrointest Surg. 2012;16(4):722–7.

 54. Choi HK, Law S, Chu KM, Wong J.  The value of neck drain 
in esophageal surgery: a randomized trial. Dis Esophagus. 
2017;11(1):40–2.

 55. Kinjo Y, Masamoto H, Nitta H, Kinjo T, Tamaki T, Yoshimi 
N, et  al. Fetal Sirenomelia associated with an abdominal cyst 
originating from a saccular cloaca. Case Rep Obstet Gynecol. 
2018;2018:7513287.

 56. Weijs TJ, Kumagai K, Berkelmans GH, Nieuwenhuijzen GA, 
Nilsson M, Luyer MD.  Nasogastric decompression following 
esophagectomy: a systematic literature review and meta-analysis. 
Dis Esophagus. 2017;30(3):1–8.

 57. McPhail MJ, Abu-Hilal M, Johnson CD. A meta-analysis compar-
ing suprapubic and transurethral catheterization for bladder drain-
age after abdominal surgery. Br J Surg. 2006;93(9):1038–44.

 58. Baigrie RJ, Devitt PG, Watkin DS. Enteral versus parenteral nutri-
tion after oesophagogastric surgery: a prospective randomized 
comparison. Aust N Z J Surg. 1996;66(10):668–70.

 59. Sun HB, Liu XB, Zhang RX, Wang ZF, Qin JJ, Yan M, et  al. 
Early oral feeding following thoracolaparoscopic oesopha-
gectomy for oesophageal cancer. Eur J Cardiothorac Surg. 
2015;47(2):227–33.

 60. Weijs TJ, Berkelmans GH, Nieuwenhuijzen GA, Ruurda JP, 
van Hillegersberg R, Soeters PB, et  al. Routes for early enteral 
nutrition after esophagectomy. A systematic review. Clin Nutr. 
2015;34(1):1–6.

 61. Weijs TJ, Berkelmans GH, Nieuwenhuijzen GA, Dolmans AC, 
Kouwenhoven EA, Rosman C, et al. Immediate postoperative oral 
nutrition following esophagectomy: a multicenter clinical trial. Ann 
Thorac Surg. 2016;102(4):1141–8.

 62. Punjasawadwong Y, Phongchiewboon A, Bunchungmongkol 
N.  Bispectral index for improving anaesthetic delivery 
and postoperative recovery. Cochrane Database Syst Rev. 
2014;17(6):CD003843.

 63. Brull SJ, Murphy GS.  Residual neuromuscular block: lessons 
unlearned. Part II: methods to reduce the risk of residual weakness. 
Anesth Analg. 2010;111(1):129–40.

 64. Neto AS, Hemmes SN, Barbas CS, Beiderlinden M, Fernandez- 
Bustamante A, Futier E, et  al. Association between driving pres-
sure and development of postoperative pulmonary complications 
in patients undergoing mechanical ventilation for general anaesthe-
sia: a meta-analysis of individual patient data. Lancet Respir Med. 
2016;4(4):272–80.

 65. Michelet P, D'Journo XB, Roch A, Doddoli C, Marin V, Papazian L, 
et al. Protective ventilation influences systemic inflammation after 
esophagectomy: a randomized controlled study. Anesthesiology. 
2006;105(5):911–9.

 66. Taniguchi H, Sasaki T, Fujita H, Kobayashi H, Kawasaki R, Ogata 
T, et al. Effects of goal-directed fluid therapy on enhanced postop-
erative recovery: an interventional comparative observational study 
with a historical control group on oesophagectomy combined with 
ERAS program. Clin Nutr ESPEN. 2018;23:184–93.

41 Enhanced Recovery After Surgery: Recommendations for Esophagectomy



394

 67. Varadhan KK, Lobo DN.  A meta-analysis of randomised con-
trolled trials of intravenous fluid therapy in major elective open 
abdominal surgery: getting the balance right. Proc Nutr Soc. 
2010;69(4):488–98.

 68. Shaw AD, Bagshaw SM, Goldstein SL, Scherer LA, Duan M, 
Schermer CR, et al. Major complications, mortality, and resource 
utilization after open abdominal surgery: 0.9% saline compared to 
Plasma-Lyte. Ann Surg. 2012;255(5):821–9.

 69. Senagore AJ, Emery T, Luchtefeld M, Kim D, Dujovny N, Hoedema 
R.  Fluid management for laparoscopic colectomy: a prospective, 
randomized assessment of goal-directed administration of balanced 
salt solution or hetastarch coupled with an enhanced recovery pro-
gram. Dis Colon Rectum. 2009;52(12):1935–40.

 70. Puckett JR, Pickering JW, Palmer SC, McCall JL, Kluger MT, De 
Zoysa J, et al. Low versus standard urine output targets in patients 
undergoing major abdominal surgery: a randomized noninferiority 
trial. Ann Surg. 2017;265(5):874–81.

 71. Klevebro F, Boshier PR, Low DE.  Application of standardized 
hemodynamic protocols within enhanced recovery programs to 
improve outcomes associated with anastomotic leak and conduit 
necrosis in patients undergoing esophagectomy. J Thorac Dis. 
2019;11(Suppl 5):S692–701.

 72. Feltracco P, Bortolato A, Barbieri S, Michieletto E, Serra E, Ruol 
A, et al. Perioperative benefit and outcome of thoracic epidural in 
esophageal surgery: a clinical review. Dis Esophagus. 2017;31. 
https://doi.org/10.1093/dote/dox135.

 73. Popping DM, Elia N, Marret E, Remy C, Tramer MR. Protective 
effects of epidural analgesia on pulmonary complications after 
abdominal and thoracic surgery: a meta-analysis. Arch Surg. 
2008;143(10):990–9; discussion 1000.

 74. Yeager MP, Bae EE, Parra MC, Barr PA, Bonham AK, Sites 
BD. Fluoroscopy-assisted epidural catheter placement: an explor-
atory analysis of 303 pre-operative epidurograms. Acta Anaesthesiol 
Scand. 2016;60(4):513–9.

 75. Visser E, Marsman M, van Rossum PSN, Cheong E, Al-Naimi K, 
van Klei WA, et al. Postoperative pain management after esopha-
gectomy: a systematic review and meta-analysis. Dis Esophagus. 
2017;30(10):1–11.

 76. Thangamuthu A, Russell IF, Purva M. Epidural failure rate using a 
standardised definition. Int J Obstet Anesth. 2013;22(4):310–5.

 77. Heinink TP, Baker BG, Yates VF, Addison DC, Williams JP. The 
effect of anaesthetist grade and frequency of insertion on epidural 
failure: a service evaluation in a United Kingdom teaching hospital. 
BMC Anesthesiol. 2015;15:5.

 78. Motamed C, Farhat F, Remerand F, Stephanazzi J, Laplanche 
A, Jayr C.  An analysis of postoperative epidural analgesia fail-
ure by computed tomography epidurography. Anesth Analg. 
2006;103(4):1026–32.

 79. Davies RG, Myles PS, Graham JM. A comparison of the analgesic 
efficacy and side-effects of paravertebral vs. epidural blockade for 
thoracotomy–a systematic review and meta-analysis of randomized 
trials. Br J Anaesth. 2006;96(4):418–26.

 80. Ding X, Jin S, Niu X, Ren H, Fu S, Li Q. A comparison of the anal-
gesia efficacy and side effects of paravertebral compared with epi-
dural blockade for thoracotomy: an updated meta-analysis. PLoS 
One. 2014;9(5):e96233.

 81. Baidya DK, Khanna P, Maitra S. Analgesic efficacy and safety of 
thoracic paravertebral and epidural analgesia for thoracic surgery: 
a systematic review and meta-analysis. Interact Cardiovasc Thorac 
Surg. 2014;18(5):626–35.

 82. Gustafsson UO, Hausel J, Thorell A, Ljungqvist O, Soop M, 
Nygren J, et al. Adherence to the enhanced recovery after surgery 
protocol and outcomes after colorectal cancer surgery. Arch Surg. 
2011;146(5):571–7.

 83. Nelson G, Kiyang LN, Crumley ET, Chuck A, Nguyen T, Faris P, 
et al. Implementation of Enhanced Recovery After Surgery (ERAS) 
across a provincial healthcare system: the ERAS Alberta Colorectal 
Surgery Experience. World J Surg. 2016;40(5):1092–103.

 84. Thanh NX, Chuck AW, Wasylak T, Lawrence J, Faris P, Ljungqvist 
O, et al. An economic evaluation of the Enhanced Recovery After 
Surgery (ERAS) multisite implementation program for colorectal 
surgery in Alberta. Can J Surg. 2016;59(6):415–21.

 85. Group EC. The impact of enhanced recovery protocol compliance 
on elective colorectal cancer resection: results from an international 
registry. Ann Surg. 2015;261(6):1153–9.

 86. Gustafsson UO, Oppelstrup H, Thorell A, Nygren J, Ljungqvist 
O. Adherence to the ERAS protocol is associated with 5-year sur-
vival after colorectal cancer surgery: a retrospective cohort study. 
World J Surg. 2016;40(7):1741–7.

P. R. Boshier et al.

https://doi.org/10.1093/dote/dox135


395© Springer Nature Switzerland AG 2020
O. Ljungqvist et al. (eds.), Enhanced Recovery After Surgery, https://doi.org/10.1007/978-3-030-33443-7_42

Enhanced Recovery After Gastrectomy

Kim Erlend Mortensen

 Introduction and Methods

Although several publications have highlighted sporadic 
efforts to evaluate enhanced recovery or fast-track pathways 
for patients undergoing elective gastrectomy for cancer [1, 2], 
comprehensive and evidence-based frameworks are few. A 
large body of literature suggests that such protocols are piv-
otal in improving patient outcomes. This chapter is based 
upon work from an international working group with exten-
sive experience in enhanced recovery within the ERAS® 
Society to achieve a broad knowledge base and ensure inter-
national validity for the conclusions. A core group involved in 
the original British Journal of Surgery publication performed 
a comprehensive literature search and constructed a primary 
set of recommendations based on reports published between 
1985 and 2013. The entire authorship group repeatedly added 
scientific content and adjusted evaluation of evidence and 
strength of conclusions. For this book chapter, an updated lit-
erature search was performed during the spring of 2018.

Emphasis was placed on publications and papers of good 
quality: moderate- and high-quality randomized clinical tri-
als (RCTs) and large, high-quality cohort studies, as well as 
systematic reviews and meta-analyses of these. Retrospective 
series were included if data of better quality were lacking.

The author group specifically included only literature on 
elective gastric cancer surgery. This was because of the large 
differences in the extent of dissection necessary in oncologi-
cal surgery compared with surgery for benign disease (such 
as bariatric surgery)—the consequences of which are very 
different postoperative courses for these patients and so 
varying needs for perioperative treatment guidelines. 
Emergency surgery of any kind is not included.

 Quality Assessment and Grading

Level of evidence and recommendations were set according 
to the Grading of Recommendations, Assessment, 
Development and Evaluation (GRADE) system [3–6]. 
Recommendations were based not only on the quality of evi-
dence (high, moderate, low, very low) but also on the balance 
between wanted and unwanted effects and on values and 
preferences. The latter implies that, in some instances, strong 
recommendations may be reached from low-quality data and 
vice versa.

 Procedure-Specific Items Versus General 
Upper Abdominal Surgery Items

Several enhanced recovery items are probably unrelated to 
the specific intra-abdominal procedure, and these are referred 
to here as “general” as opposed to “procedure-specific” 
items. A recent publication has assessed [7] a large number 
of general enhanced recovery care items and reached a con-
sensus on perioperative care recommendations for patients 
undergoing pancreaticoduodenectomy. In the absence of 
procedure-specific evidence, some of these updated recom-
mendations are considered to be valid also for patients 
undergoing elective gastrectomy (Fig. 42.1). These items are 
presented in part 2 of the results.

 Results Part 1: Procedure-Specific Items

A summary of the procedure-specific items is shown in 
Table 42.1.

 Preoperative Nutrition

A uniform definition of malnutrition that identifies those 
who will benefit from preoperative nutrition is suggested in 
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Fig. 42.1 General ERAS principles for gastrectomy. PACU post anesthesia care unit, HDU high-dependency unit, PONV postoperative nausea 
and vomiting

Table 42.1 Procedure-specific guidelines for perioperative care for gastrectomy: ERAS® Society recommendations

Summary and recommendations Evidence level
Recommendation 
grade

Preoperative nutrition Routine use of preoperative artificial nutrition is not warranted, but significantly 
malnourished patients should be optimized with oral supplements or enteral nutrition 
before surgery

Very low Strong

Preoperative oral 
pharmaconutrition

The benefit shown for major gastrointestinal cancer surgery in general has not been 
reproduced in dedicated trials on patients undergoing gastrectomy. Although a benefit 
cannot be excluded, there is presently insufficient evidence for this patient group

Moderate Weak

Access Distal gastrectomy: Evidence supports LADG in early gastric cancer as it results in 
fewer complications, faster recovery and may be performed to a standard that is 
oncologically equivalent to open access surgery

High Strong

For advanced disease, T2–T4a gastric cancer, more data on long-term survival 
comparing LADG and ODG are needed

Moderate Weak

Total gastrectomy: There is some evidence supporting LATG owing to lower 
postoperative complications, shorter hospital stay, and oncological safety however, 
LATG is technically demanding

Moderate Weak

Wound catheters and 
TAP block

Evidence is conflicting regarding wound catheters in abdominal surgery Wound 
catheters: low to 
moderate

Weak

Evidence is strong in support of TAP block in abdominal surgery in general, although 
the effect is only evident during the first 48 hours after surgery and none of the 
evidence is from gastrectomies

TAP blocks: low Weak

Intravenous analgesia Several alternative methods for intravenous analgesia exists—most conferring 
comparable analgesia to traditional EDA and opioids

Moderate Strong

Nasogastric/nasojejunal 
decompression

Nasogastric tubes should not be used routinely in the setting of enhanced recovery 
protocols in gastric surgery

High Strong

Perianastomotic drains Avoiding the use of abdominal drains may reduce drain-related complications and 
shorten hospital stay after gastrectomy

High Strong

Early postoperative diet 
and artificial nutrition

Patients undergoing total gastrectomy should be offered drink and food at will from POD 
1. They should be advised to begin cautiously and increase intake according to tolerance

Moderate Weak

Patients clearly malnourished or those unable to meet 60% of daily requirements by 
POD 6 should be given individualized nutritional support

Moderate Strong

Audit Systematic audit improves compliance and clinical outcomes Low Strong

LADG laparoscopically assisted distal gastrectomy, ODG open distal gastrectomy, LATG laparoscopically assisted total gastrectomy, TAP trans-
versus abdominis plane, EDA epidural analgesia, POD postoperative day
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the 2009 European Society for Clinical Nutrition and 
Metabolism (ESPEN) guidelines [8]. Malnutrition is associ-
ated with increased morbidity after surgery [9]. It appears 
prudent to identify these patients [10] and give enteral sip 
feeds or nasogastric or nasojejunal tube feeding, although 
data to support intervention are weak. If the tumor precludes 
access to the duodenum, parenteral nutrition may be war-
ranted [9]. For patients not suffering from significant malnu-
trition, preoperative artificial nutrition has not been shown to 
confer benefits [8].

Routine use of preoperative artificial nutrition is not war-
ranted, but significantly malnourished patients should be 
optimized with oral supplements or enteral nutrition before 
surgery.

 Preoperative Oral Pharmaconutrition

Pharmaconutrition or immunonutrition (IN), denoting the 
administration of immune-stimulating nutrients (generally 
arginine, glutamine, omega-3 fatty acids, and/or nucleo-
tides), has been evaluated extensively in major surgery, and 
more than 20 RCTs have included patients undergoing upper 
gastrointestinal surgery [11]. Conclusions are difficult as IN 
is administered to different patient groups, at different time 
periods relating to surgery, in different combinations and 
dosages, and compared with control preparations that are not 
always isonitrogenous. Many trials are more than 10 years 
old, few are blinded, and few investigated only a single com-
ponent. For major abdominal cancer surgery as a group, 
there appears to be a benefit from perioperative enteral IN 
with respect to the rate of infectious complications in mal-
nourished patients, but results are inconsistent [11–17]. In a 
recent double-blind RCT [18], preoperative IN did not show 
any benefit in patients, of whom two of three underwent 
major upper gastrointestinal or hepatopancreatobiliary 
(HPB) cancer surgery, and all were at nutritional risk. A 
reduction in mortality has never been demonstrated. A meta- 
analysis [11] in 2011 identified only one double-blinded trial 
with adequate blinding assessing IN for gastric cancer sur-
gery. In this trial [19], postoperative IN reduced the rate of 
surgical wound healing complications. Two recent reviews 
[20, 21] have come to conflicting conclusions regarding IN 
after esophageal resections, and no benefit was found in a 
double-blinded RCT [22] in predominantly esophagogastric 
surgery. In two recent large RCTs [23, 24], IN, given for 
5–7 days after operation to patients undergoing gastrectomy 
or esophagogastrectomy, did not confer any benefit. One 
recent randomized clinical trial from 2017 compared stan-
dard diet with perioperative oral immunonutrition based 
upon an eicosapentaenoic acid-enriched diet in total gastrec-
tomy for gastric cancer, finding no difference between groups 
in percentage bodyweight loss at 3 months after surgery [25]. 

Further trials are warranted, and, as this is an issue that lends 
itself well to double-blinded RCTs, this should be the study 
design. Future trials should be conducted in modern 
 perioperative care settings and with single immune-enhanc-
ing substances.

The possible benefit of reduced infectious and wound 
healing complications after major gastrointestinal cancer 
surgery in general has not been reproduced in dedicated, 
high-quality trials on patients undergoing gastrectomy. 
Although a benefit cannot be excluded, there is presently 
insufficient evidence to support routine administration in this 
patient group, and its use is not recommended.

 Access: Distal Gastrectomy

Distal gastrectomy is defined here as resection of the lower 
two-thirds of the stomach with lymph node harvest (D1, 
D1+, and D2) performed according to recommendations 
from the latest Japanese Gastric Cancer Treatment Guidelines 
[26]. Early gastric cancer is defined as T1 and any N cate-
gory and advanced gastric cancer as T2–T4 and any N 
category.

Six meta-analyses (of 6 RCTs, 8 prospective studies, and 
32 retrospective series) compared laparoscopically assisted 
distal gastrectomy (LADG) with open distal gastrectomy 
(ODG) [27–32]. Combining these meta-analyses, a total of 
4574 patients with largely early gastric cancer treated with 
LADG and 4260 with ODG were compared. Although three 
analyses [28–30] reported longer operating times (mean 
71 minutes), all reported that laparoscopic access resulted in 
significantly less blood loss. Three analyses [27, 28, 31] 
reported shorter time to oral intake (a mean gain of 1 day) 
and shorter hospital stay (mean 4.5 days less). Overall post-
operative morbidity (in particular pulmonary complications) 
was also reduced after LADG.  Two analyses [28–30, 32] 
reported less postoperative analgesic consumption. There 
were no differences in anastomotic complications between 
LADG and ODG.  The number of harvested lymph nodes 
during LADG has been of concern in many publications. 
Three meta-analyses reported an average of 4.2 fewer lymph 
nodes harvested [28–30], whereas the other three [27, 31, 32] 
reported no difference between LADG and ODG. Three 
RCTs [33–35] including early and advanced gastric cancer 
reported data on long-term survival (24–62 months), which 
was found to be similar. Recently a large Korean RCT [36] 
has showed that LADG for patients with clinical stage I gas-
tric cancer is safe and has a benefit of lower occurrence of 
wound complications compared with conventional ODG.

Evidence supports LADG in early gastric cancer as it is 
associated with fewer complications and faster recovery and 
may be performed to a standard that is oncologically equiva-
lent to open access surgery. For advanced disease, T2–T4 
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gastric cancer, more data on long-term survival comparing 
LADG and ODG are needed.

 Access: Total Gastrectomy

Three meta-analyses [37–39] compared results from laparo-
scopically assisted total gastrectomy (LATG) in 1497 
patients to open total gastrectomy (OTG) in 1486 patients 
treated for both early and advanced gastric cancer. All stud-
ies reported longer operating times (mean 54 minutes) for 
LATG, and all three analyses reported that patients treated 
by a laparoscopic approach had lower blood loss (mean 
120  ml less) and shorter hospital stay (mean stay almost 
5 days shorter). One analysis [39] reported less postoperative 
pain, two [37, 39] reported earlier passage of flatus by an 
average of 1.2 days, one [39] documented fewer postopera-
tive complications (wound infections and ileus), and one 
[37] found no differences. No meta-analysis reported any 
difference in number of retrieved lymph nodes between 
LATG and OTG, and 2 meta-analyses [38, 39] found an 
equal 60-month recurrence-free survival. Concerns were 
raised about higher anastomotic leak rates after LATG in 
another publication [40]. Although the results after laparo-
scopic distal and total gastrectomies are promising, it must 
be borne in mind that the evidence level is only moderate 
owing to the shortage of RCTs and the heterogeneity of data 
in the prospective and retrospective series on which these 
trends are based.

Most publications suggest that LATG results in a lower 
rate of postoperative complications and shorter hospital stay. 
Data are inconclusive regarding oncological safety for 
advanced gastric cancer. LATG may be recommended for 
early gastric cancer wherever surgeons are proficient in the 
technique and the procedure is established.

 Wound Catheters and Transversus Abdominis 
Plane Block

Wound catheters and transversus abdominis plane (TAP) 
block offer the potential of incisional analgesia without the 
need for more invasive methods such as epidural analgesia 
(EDA). The technique offers an attractive alternative to EDA, 
as peripheral block of afferent stress-mediating impulses is 
achieved without troublesome and potentially hazardous 
hypotension. Furthermore, the risks of complications such as 
epidural hematomas and abscess formation are avoided. 
Although there are no specific data regarding gastrectomy, 
several meta-analyses [41–43] have assessed the efficacy of 
wound infusion with local anesthetic agents for postopera-
tive analgesia after abdominal surgery in general. One meta- 
analysis [42], comprising a wide range of surgical procedures, 

including general surgical laparotomies, showed a signifi-
cant reduction in postoperative pain, opioid consumption, as 
well as postoperative nausea and vomiting (PONV). 
Similarly, in patients undergoing colorectal surgery, there 
was a reduced use of opioids and reduction in length of hos-
pital stay in patients randomized to preperitoneal wound 
catheter placement [44]. A more recent meta-analysis [41] 
did not, however, show any effect of wound infusion with 
regard to postoperative pain intensity or in opioid consump-
tion after laparotomy. The inconsistency in results may 
reflect the heterogeneity in techniques used, including cath-
eter placement (subcutaneous, subfascial, preperitoneal), 
and type, concentration, and dose of local anesthetic. No dif-
ferences in risk of infectious complications were found 
between patients in whom a wound catheter was used and 
those managed without one [41, 43–45].

Several RCTs and meta-analyses [46–49] have suggested 
a significant reduction in postoperative pain and opioid con-
sumption during the first 24–48 hours after surgery with the 
use of TAP blocks. There are no studies specifically address-
ing gastrectomy, and most procedures included in these trials 
(such as cholecystectomies, appendectomies, and caesarian 
deliveries) are indeed less invasive, both with regard to 
abdominal wall incision and extent of internal dissection, 
than open gastrectomy for cancer [46–49]. Another limita-
tion of TAP blocks in postgastrectomy analgesia is that there 
is no evidence of an effect exceeding the first 48 hours after 
operation [46–49]. None of the studies available has sug-
gested an increased risk of infection related to TAP blocks 
[46–49]. One RCT [50] comparing wound infiltration and 
patient-controlled analgesia (PCA) using opiates to EDA 
after open liver resection found that the latter conferred supe-
rior analgesia but not faster mobilization or recovery.

Evidence is strong in support of TAP blocks for abdomi-
nal surgery in general, although the effect is only evident 
during the first 48 hours after surgery and none of the evi-
dence is from gastrectomies.

 Intravenous Analgesia

One RCT from 2013 with patients undergoing laparoscopic 
gastrectomy showed a reduction in postoperative fentanyl 
consumption and pain with preoperative and intraoperative 
injection of lidocaine by PCA [51]. A double-blinded RCT 
from 2016 compared oxycodone and sufentanil administra-
tion in patient-controlled intravenous analgesia after lapa-
roscopic radical gastrectomy. The overall satisfaction 
degree was higher in the oxycodone group, while the inci-
dences of side effects were comparable between the two 
groups [52]. Similar effects benefits were found upon pre-
operative oxycodone infusion in another RCT published 
the same year [53]. In an RCT from 2017, 171 patients who 
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planned open gastrectomy were randomly distributed into 
one of the three groups: conventional thoracic E-PCA 
(E-PCA group, n = 57), dexmedetomidine in combination 
with fentanyl- based IV-PCA (dIV-PCA group, n = 57), or 
fentanyl-based IV-PCA only (IV-PCA group, n  =  57). 
Dexmedetomidine in combination with fentanyl-based 
IV-PCA significantly improved postoperative analgesia in 
patients undergoing open gastrectomy without hemody-
namic instability, which was comparable to thoracic E-PCA 
[54]. Most recently an RCT from 2018 found that intraop-
erative nefopam administration decreased postoperative 
pain and opioid consumption in the acute postoperative 
period after laparoscopic gastrectomy [55].

Several alternative methods for intravenous analgesia 
exist—most conferring comparable analgesia to traditional 
EDA and opioids.

 Nasogastric/Nasojejunal Decompression

Ten RCTs [1, 56–61] and two meta-analyses [62, 63] have 
specifically studied nasogastric/nasojejunal tubes in gas-
trectomies. One RCT [64] not included in the published 
meta- analyses showed results compatible with those from 
the RCTs and meta-analyses. A Cochrane review [65] evalu-
ated nasogastric/nasojejunal tubes after several types of 
operation with a subgroup analysis dedicated to “gastroduo-
denal operations.”

There is strong evidence against the routine use of naso-
gastric/nasojejunal decompression following gastrectomy. 
Surgical morbidity was not significantly reduced by decom-
pression [62, 63, 65]. On the contrary, the most recent of 
the meta-analyses [62] and the Cochrane review [65] con-
cluded that patients without routine decompression experi-
enced significantly fewer pulmonary complications, earlier 
time to passage of flatus, earlier time to oral diet, and 
shorter hospital stay. This was not confirmed in another 
meta-analysis [63].

Nasogastric/nasojejunal tubes should not be used rou-
tinely in the setting of enhanced recovery protocols in gas-
tric surgery.

 Perianastomotic Drains

Two RCTs [66, 67] including a total of 278 patients treated 
by subtotal gastrectomy with D1 or D2 lymphadenectomy 
found no difference in postoperative course in terms of time 
to passage of flatus, intake of soft diet, or length of hospital 
stay between patients in whom drains were or were not used. 
Postoperative complication rates at 30 days were also simi-
lar. Another RCT [68] with 60 patients undergoing D2 gas-
trectomy found that the group with drains experienced longer 

hospital stays, higher postoperative morbidity with more fre-
quent reoperations, and longer time to oral intake.

A meta-analysis of 4 RCTs [69] including 438 patients 
randomized to either perianastomotic drain or no drain found 
no differences between the groups in respect to wound infec-
tion, postoperative pulmonary infection, intra-abdominal 
abscess, mortality, time to flatus, and initiation of soft diet. 
Both incidence of postoperative complications and length of 
stay were lower in the no-drain group. A Cochrane analysis 
in 2011 [70] concluded that there was no convincing evi-
dence to support routine use of postoperative drains after 
gastrectomy for gastric cancer. This was reiterated in a new 
Cochrane review published in 2015 [71].

Avoiding the use of abdominal drains may reduce drain- 
related complications and shorten hospital stay after 
gastrectomy.

 Early Postoperative Diet and Artificial 
Nutrition

Patients subjected to total gastrectomy are probably at greater 
risk of malnutrition and cachexia at the time of surgery than 
other groups of patients with abdominal cancer [20]. This 
may result both from the location of their tumors but also 
following neoadjuvant chemotherapy in a large proportion of 
the patients. A nil-by-mouth regimen for several days after 
surgery has traditionally been used for these patients [72]. 
Most trials challenging the ubiquitous nil-by-mouth routine 
have done so in the setting of distal gastrectomy [73, 74] or, 
only partly, introducing light food on postoperative day 
(POD) 1 [21, 75, 76]. Data from Western centers are scant. A 
large Norwegian multicenter trial [77] randomized patients 
undergoing major upper gastrointestinal and HPB surgery to 
food at will from POD 1. Of 447 patients included, 77 had 
undergone total gastrectomy, and a significant reduction in 
the number of intra-abdominal abscesses was demonstrated 
for those allowed food at will in this subgroup. Importantly, 
no trial has reported any adverse outcome from any attempt 
at introducing patient-controlled or early introduction of 
food for patients undergoing gastrectomy.

It may be assumed that total calorie intake is low for the 
first few days and that some patients will need additional sip 
feeds or artificial tube or catheter feeding. A recent educa-
tional review [20] on nutritional care for patients undergoing 
esophagus and gastric surgery recommends nutritional sup-
port after operation in patients who have not reached the per-
cent of desired intake by the first week following surgery. 
Nutritional support should preferably be by high-energy oral 
sip feeds. Enteral tube feeding is indicated where oral intake 
is not possible, and parenteral nutrition only when the gut is 
not working or is inaccessible. Although robust data are lack-
ing, it appears pragmatic and safe to provide more intensive 
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nutritional support both before and after operation to severely 
malnourished patients.

Patients undergoing total gastrectomy should be offered 
drink and food at will from POD 1. They should be advised 
to begin cautiously and increase intake according to toler-
ance. Patients clearly malnourished or those unable to meet 
60% of daily requirements by POD 6 should be given indi-
vidualized nutritional support, as detailed above.

 Audit

Regular audit is crucial to determine clinical outcome and 
ascertain the implementation and sustained use of a care pro-
tocol. There are indications that audit in itself improves clini-
cal results through feedback, and several real-time graphical 
methods are now available to monitor surgical treatment out-
comes of gastroesophageal surgery [78]. It is vital to distin-
guish between unsuccessful implementation and lack of 
desired effect from an implemented protocol if results are 
short of the desired quality standards. Multi-institutional 
agreement on a common evidence-based treatment platform 
and joint use of a prospective database is a powerful tool for 
audit and research.

Systematic audit improves compliance and clinical 
outcomes.

 Results Part 2: General (Not Procedure- 
Specific) Items

The author group found that the data and recommendations 
published previously for patients undergoing pancreaticodu-
odenectomy seem valid for gastrectomy [79]. In the follow-
ing sections, these recommendations are reiterated and the 
background for each recommendation addressed briefly. For 
a fuller consideration of the available literature with expanded 
references, the reader is referred to the aforementioned pub-
lication. A summary of the general items is shown in 
Table 42.2.

 Preoperative Smoking and Alcohol 
Consumption

Overall postoperative morbidity is increased markedly in 
alcohol abusers [80], and 4 weeks of abstinence before sur-
gery has been shown to improve outcomes in patients who 
drank five or more drinks (60 g of ethanol) a day without 
clinical or historical evidence of alcohol-related illness [81]. 
Daily smokers have an increased risk of complications [82, 
83]. RCTs [83–85] have shown reduced postoperative mor-

bidity after 1  month of smoking cessation. Preoperative 
physiotherapy reduces postoperative pulmonary complica-
tions and length of hospital stay after elective cardiac surgery 
[86], and preoperative pulmonary rehabilitation before lung 
cancer surgery decreases postoperative respiratory morbidity 
and complications [87, 88].

For alcohol abusers, 1 month of abstinence before surgery 
is beneficial. For daily smokers, 1  month of abstinence 
before surgery is beneficial. For appropriate groups, both 
should be attempted. Preoperative pulmonary rehabilitation 
is advised.

 Preoperative Fasting and Preoperative 
Treatment with Carbohydrates

Fasting from midnight is not supported by evidence [89] and 
increases insulin resistance and discomfort following abdom-
inal surgery [90, 91]. Guidelines [92] recommend intake of 
clear fluids up to 2 hours before induction of anesthesia and 
solids up to 6 hours. A complex clear carbohydrate- rich drink 
designed for use within 2  hours before anesthesia reduced 
hunger, thirst, anxiety, and length of stay, as well as postop-
erative insulin resistance [93–95]. The most recent meta-anal-
ysis [96] showed no reduction in in-hospital complication 
rates. Data on patients having gastrectomy are inadequate, 
and data for diabetic patients are wanting [97, 98].

Preoperative fasting should be limited to 2 hours for clear 
fluids and 6 hours for solids. Data extrapolation from studies 
in major surgery suggests that preoperative oral carbohy-
drate treatment should be given to patients without diabetes.

 Antithrombotic Prophylaxis

A large tumor burden, major surgery, chemotherapy, and 
prolonged periods of recumbency are risk factors for venous 
thromboembolism (VTE). Heparins are effective at 
 preventing VTE [99], and fractionated low-molecular-weight 
heparin (LMWH) has better compliance (once-daily admin-
istration) [100]. Injections are usually started 2–12  hours 
before surgery and continued until the patient is mobilized. 
Data even support postdischarge treatment for several weeks 
[101]. Use of LMWH and epidural catheters is controversial 
[102–105], and a 12-hour interval should probably separate 
LMWH and catheter insertion and removal. Mechanical 
measures (intermittent pneumatic leg compression and elas-
tic stockings) may provide additional benefits in patients at 
increased risk of VTE [106, 107].

LMWH reduces the risk of thromboembolic complica-
tions. Administration should probably be continued for 
4 weeks after hospital discharge. Concomitant use of EDA 
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Table 42.2 General (not procedure-specific) enhanced recovery care items as suggested recently for pancreaticoduodenectomy

Summary and recommendations Evidence level
Recommendation 
grade

Preoperative smoking 
and alcohol consumption

For alcohol abusers, 1 month of abstinence before surgery is beneficial 
and should be attempted

Alcohol abstention: 
low

Strong

For daily smokers, 1 month of abstinence before surgery is beneficial Smoke cessation: 
moderate

Strong

For appropriate groups, both should be attempted Strong
Preoperative fasting and 
preoperative treatment 
with carbohydrates

Intake of clear fluids ≤2 hours before anesthesia does not increase 
gastric residual volume and is recommended before elective surgery

Fluid intake: high

Intake of solids should be withheld 6 hours before anesthesia Solid intake: low Fasting: strong
Data extrapolation from studies in major surgery suggests that 
preoperative oral carbohydrate treatment should be given to patients 
without diabetes

Carbohydrate 
loading: low

Carbohydrate 
loading: strong

Antithrombotic 
prophylaxis

LMWH reduces the risk of thromboembolic complications. 
Concomitant use of epidural analgesia necessitates close adherence to 
safety guidelines. Mechanical measures should probably be added for 
patients at high risk

High Strong

Antimicrobial 
prophylaxis and skin 
preparation

Antimicrobial prophylaxis prevents surgical-site infections and should 
be used in a single-dose manner initiated within 1 hour before skin 
incision. Repeated intraoperative doses may be necessary depending 
on the half-life of the drug and duration of procedure

High Strong

Epidural analgesia Mid-thoracic epidurals are recommended based on data from studies 
on major open abdominal surgery showing superior pain relief and 
fewer respiratory complications compared with use of intravenous 
opioids

Pain: high
Reduced respiratory 
complications: 
moderate
Overall morbidity: 
low

Weak

Anesthetic management Short-acting anesthetic drugs and short-acting muscle relaxants are 
suggested. Titration of anesthetic agents can be achieved using the 
BIS

BIS: high Strong

Low-tidal-volume ventilation is suggested Low-tidal-volume 
ventilation: high

Strong

PONV Data from the literature on gastrointestinal surgery in patients at risk 
of PONV show the benefits of using different pharmacological agents 
depending on the patient’s PONV history, type of surgery, and type of 
anesthesia. Multimodal intervention during and after surgery is 
indicated

Low Strong

Avoiding hypothermia Intraoperative hypothermia should be avoided by using cutaneous 
warming, i.e., forced-air or circulating-water garment systems

High Strong

Postoperative glycemic 
control

Insulin resistance and hyperglycemia are strongly associated with 
postoperative morbidity and mortality. Treatment of hyperglycemia 
with intravenous insulin in the ICU improves outcomes, but 
hypoglycemia remains a risk. Several enhanced recovery protocol 
items attenuate insulin resistance and facilitate glycemic control 
without the risk of hypoglycemia. Hyperglycemia should be avoided 
as far as possible without introducing the risk of hypoglycemia

Low Strong

Fluid balance Near-zero fluid balance, avoiding overload of salt and water results in 
improved outcomes

Fluid balance: high Strong

Perioperative monitoring of stroke volume with transesophageal 
Doppler to optimize cardiac output with fluid boluses may improve 
outcomes

Esophageal Doppler: 
moderate

Strong

Balanced crystalloids should be preferred to 0.9% saline Balanced crystalloids 
versus 0.9% saline: 
Moderate

Strong

In the absence of procedure-specific evidence for these items, the author group considers extrapolation of these recommendations to patients 
undergoing total gastrectomy to be safe and feasible. For discussion and references, please see original paper
MBP mechanical bowel preparation, LMWH low-molecular-weight heparin, PCA patient-controlled analgesia, BIS bispectral index, PONV post-
operative nausea and vomiting, ICU intensive care unit, POD postoperative day
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necessitates close adherence to safety guidelines. Mechanical 
measures should probably be added for patients at high risk.

 Antimicrobial Prophylaxis and Skin 
Preparation

There is sufficient evidence to support the prescription of 
antimicrobial prophylaxis for major abdominal procedures 
[108, 109]. Recent studies recommend prescription in a 
single- dose manner [109], usually advocated within 1 hour 
before incision; however, recent data suggest that the timing 
may not be crucial [110]. An extra dose should be given 
every 3–4 hours during the procedure if drugs with a short 
half-life are used [111]. The choice of antibiotic varies 
according to local guidelines but should be different from the 
drug used for management of established infections. Skin 
preparation with a scrub of chlorhexidine-alcohol has been 
claimed to be superior to povidone-iodine in preventing 
surgical- site infections [112].

Antimicrobial prophylaxis prevents surgical-site infec-
tions and should be used in a single-dose manner initiated 
before skin incision. Repeated intraoperative doses may be 
necessary depending on the half-life of the drug and duration 
of the procedure.

 Epidural Analgesia

Continuous EDA with or without opioids leads to signifi-
cantly less postoperative pain than parenteral opioids after 
open abdominal surgery [113]. A Cochrane review [114] 
demonstrated that EDA is better than patient-controlled 
intravenous opioid analgesia in relieving pain 72 hours after 
open abdominal surgery, and epidural administration of local 
anesthetic led to a lower rate of ileus after laparotomy than 
systemic or epidural opioids [115]. EDA was also associated 
with fewer complications, as well as an improvement in pul-
monary function, decreased risk of postoperative pneumo-
nia, better arterial oxygenation after abdominal or thoracic 
surgery [116], and reduced insulin resistance [117]. Data 
from a recent RCT [118] indicate that, for patients undergo-
ing gastrectomy for cancer specifically, patient-controlled 
EDA appears to result in superior pain relief and lower stress 
response than patient-controlled intravenous analgesia.

Adverse perfusion effects of EDA may be caused by pro-
longed and extended sympathetic block. This suggests that 
the beneficial effects of EDA can be preserved provided that 
the hemodynamic consequences are adequately controlled 
with vasopressors [119]. Concerns about negative effects on 
anastomotic healing have been raised after colorectal sur-
gery, but one meta-analysis [120] did not identify differences 
in rates of anastomotic leakage between patients treated with 

postoperative local anesthetic epidurals and those receiving 
systemic or epidural opioids. A potential drawback with 
EDA is that up to one-third of epidurals may not function 
adequately [120, 121] possibly owing to catheter misplace-
ment, inadequate dose, or pump failure. For upper abdomi-
nal incisions, epidural catheters should be inserted between 
T5 and T8 root levels. Sensory block should be tested before 
induction of general anesthesia. EDA should continue for 
48 hours and, after a successful stop test, replaced by oral 
multimodal analgesia. If needed, functioning epidural cath-
eters may be used for a longer duration.

Mid-thoracic epidurals are recommended based on data 
from studies on major open abdominal surgery showing 
superior pain relief and fewer respiratory complications 
compared with intravenous opioids.

 Anesthetic Management

Although no trials exist, short-acting induction anesthesia 
agents such as propofol and dexmedetomidine and opioids 
such as sufentanil and remifentanil are widely used. Likewise, 
short-acting muscle relaxants are suggested. Deep neuro-
muscular block is usually necessary to ensure optimal access, 
particularly in laparoscopic surgery. Titration of anesthetic 
agents can be achieved using the bispectral index (BIS), 
thereby avoiding sedation that is too deep, which can be 
harmful in elderly patients [122]. Recent data suggest that a 
significant benefit on postoperative morbidity can be 
achieved by intraoperative low-tidal-volume ventilation 
[123].

Short-acting induction agents, opioids, and muscle relax-
ants are recommended. Maintenance should be guided by 
BIS. Low-tidal-volume ventilation is suggested.

 Postoperative Nausea and Vomiting

A comparative non-randomized study [124] indicated that an 
enhanced recovery protocol with early mobilization, meto-
clopramide, and removal of the nasogastric tube on POD 1 or 
2 reduced the rate of PONV after pancreaticoduodenectomy. 
Until further evidence becomes available for gastric cancer 
surgery, the suggestions for patients undergoing colorectal 
surgery [7] should be applicable. Patients with two risk fac-
tors—non-smokers, female, a history of motion sickness (or 
PONV), and postoperative administration of opioids [125, 
126]—should be given prophylaxis with dexamethasone 
upon induction or a serotonin receptor antagonist at the end of 
surgery [127]. High-risk individuals (three risk factors) 
should receive general anesthesia with propofol and remifen-
tanil and no volatile anesthetics, with dexamethasone 4–8 mg 
at the start of surgery, with the addition of a serotonin receptor 
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antagonist or droperidol [127] or 25–50 mg metoclopramide 
30–60 minutes before the end of surgery [128]. A possible 
risk of impaired anastomotic healing caused by single-dose 
dexamethasone or other perioperative steroids is of concern 
but remains unclear [129–132].

Data from the literature on gastrointestinal surgery in 
patients at risk of PONV show the benefits of using different 
pharmacological agents depending on the patient’s history of 
PONV, type of surgery, and type of anesthesia. Multimodal 
intervention, during and after surgery, is indicated.

 Avoiding Hypothermia

Numerous meta-analyses and RCTs have shown that pre-
venting hypothermia during major abdominal surgery 
reduces the occurrence of wound infections [133, 134], car-
diac complications [134–136], bleeding and transfusion 
requirements [134–137], as well as the duration of postanes-
thetic recovery [138]. Prolonging systemic warming in the 
perioperative period (2 hours before and after surgery) con-
fers further benefits [139]. There is even evidence to con-
clude that circulating-water garments offer superior 
temperature control to forced-air warming systems 
[140–142].

Intraoperative hypothermia should be avoided by using 
cutaneous warming in the form of forced-air or circulating- 
water garment systems.

 Postoperative Glycemic Control

Morbidity and mortality after major gastrointestinal surgery 
are associated with insulin resistance [143] and plasma glu-
cose levels [144]. Treatment of hyperglycemia with intrave-
nous insulin in the intensive care setting improves outcomes, 
although hypoglycemia remains a risk. Core elements of 
enhanced recovery protocols alleviate postoperative insulin 
resistance and, therefore, also lower glucose concentrations 
[145, 146]. The most evident protocol items are avoidance of 
preoperative fasting and oral bowel preparation; use of oral 
carbohydrate treatment and stimulation of gut function by 
optimal fluid balance and avoidance of systemic opioids; and 
reduction of the stress response by use of EDA.  Target 
thresholds for glucose are disputed, but glucosuria with the 
risk of hypovolemia will ensue when the renal threshold is 
exceeded at 12 mmol/l [147]. This level has been used as the 
control regimen in seminal studies and should [148, 149] 
probably be regarded as a limit, irrespective of settings.

Insulin resistance and hyperglycemia are associated with 
postoperative morbidity and mortality. Excessive hypergly-
cemia should be avoided as far as possible without introduc-
ing the risk of hypoglycemia.

 Fluid Balance

Overload of salt and water and hypovolemia in the periopera-
tive period all increase postoperative complication rates 
[150–153], suggesting that near-zero fluid balance should be 
achieved around the time of surgery. Deciding the correct 
amount required is complicated by the use of EDA as it causes 
vasodilatation and hypovolemia with hypotension—often 
diagnosed and treated as fluid depletion. This may result in 
the administration of unnecessary and large volumes of fluid 
[154]. To avoid unnecessary fluid overload, vasopressors 
should be considered for intraoperative and postoperative 
management of epidural-induced hypotension, bearing in 
mind the risk of drug-induced splanchnic vasoconstriction 
[155]. Several cardiac output monitoring devices provide 
dynamic indicators of fluid responsiveness and hemodynamic 
assessment. These vary from invasive pulmonary artery cath-
eters to noninvasive pulse pressure analysis, bioimpedance, 
applied Fick principle, and Doppler imaging [156]. 
Intraoperative flow-guided fluid therapy with transesophageal 
Doppler ultrasonography to accurately assess and monitor 
fluid status has been shown to reduce complications and 
length of hospital stay after major abdominal surgery [157, 
158]. All devices providing hemodynamic surveillance only 
show whether an increase in fluids infused actually leads to 
improved cardiac output, and not whether the patient actually 
has hypoperfusion in need of treatment. Data for high-risk 
patients (American Society of Anesthesiologists grade III) are 
lacking. Excessive use of 0.9% saline leads to an increase in 
postoperative complications compared with balanced crystal-
loids [159–161]. Although use of colloids results in improved 
blood volume expansion and less interstitial space overload 
than administration of crystalloids [162], there is no evidence 
from clinical trials or meta-analyses that they contribute to 
better clinical outcome [163].

Near-zero fluid balance as well as avoiding overload of 
sodium results in improved outcomes. High-risk patients 
need dedicated, individualized goal-directed fluid therapy 
handled by an experienced team to secure optimal tissue 
 perfusion. A Doppler-guided technique may improve out-
come. Balanced crystalloids should be preferred to 0.9% 
saline.

 Comments

Although the magnitude of effect following the successful 
implementation of these guidelines is yet to be established, 
they represent an opportunity to apply the best available, 
updated perioperative practice to a group of patients at high 
risk of complications and morbidity.

For many of the items included, evidence is scarce and of 
low quality, and the use of a consensus-based process by an 

42 Enhanced Recovery After Gastrectomy



404

international author group is an attempt to minimize these 
shortcomings.

Consensus was unproblematic for most of the procedure- 
specific items covered in these guidelines, with the excep-
tion of IN and access. Literature on the former subject is 
incongruent and further high-quality RCTs with single-
component administration in enhanced recovery settings are 
needed to reach more definite conclusions and recommen-
dations. The subject of access is complex. Although there is 
an abundance of literature confirming perioperative benefits 
of laparoscopic treatment and safety for distal gastrectomy, 
there is a significant learning curve and studies describing 
outcomes after total gastrectomy are still wanting. 
Furthermore, the oncological aspect of minimally invasive 
surgery for proximal gastric cancer remains largely undocu-
mented in RCTs, as literature reporting long-term survival 
after total gastrectomy is limited and further studies are 
needed. Comparing laparoscopic and open resections in 
RCTs is challenging owing to the skill-dependent nature of 
these interventions and consequently a predictably low 
validity of the results [164]. Implementation of minimally 
invasive surgery for the treatment of gastric cancer, never-
theless, offers a potential evolution in the postoperative 
clinical course of these patients.

A recent review [165] on enhanced recovery in upper gas-
trointestinal surgery calls for international guidelines with 
standardization of clinical pathways, allowing comparison of 
results between institutions and across nations. The present 
consensus-based guidelines for enhanced recovery after gas-
trectomy offer such a framework, allowing the establishment 
of multi-institutional prospective cohort registries.
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Bariatric Surgery

Erik Stenberg and Anders Thorell

 History and Background

Obesity is associated with several cardiometabolic comorbid 
diseases, increased risk for cancer, and a shorter expected 
lifespan. Over the last decades, obesity has evolved into a 
major public health threat all over the world. Bariatric sur-
gery offers excellent long-term weight-loss results for most 
patients, as well as resolution or improvement of many of the 
comorbid diseases, reduced new onsets of cancer, and 
reduced overall mortality rates.

Ever since the first bariatric surgical procedure was per-
formed by Dr. Henriksson in 1952 [1], the surgical technique 
has been improved, and new techniques have been developed. 
During the 1990s the minimal invasive technique was devel-
oped for bariatric surgery. With the evolvement of the technique, 
postoperative recovery has been improved and hospital stay, 
postoperative complications, and mortality rates have been 
reduced. The development of minimally invasive surgical tech-
niques together with the increasing number of patients fulfilling 
the criteria for bariatric surgery has contributed to the enormous 
expansion in bariatric surgery seen during the last decades.

Today almost 500,000 bariatric operations are performed 
annually worldwide [2]. Although modern bariatric surgery 
can be considered to be safe with low perioperative compli-
cation and mortality rates, severe postoperative adverse out-
come still occurs. Given the high number of operations 
performed annually, a large number of patients will still suf-
fer from postoperative complications resulting in not only 
severe morbidity to the individual but also a large economic 
strain on the healthcare system.

Although some factors related to patient characteristics 
may affect the risk of complications, several intraoperative 
and perioperative factors are of major importance for out-
come after bariatric surgery [3, 4]. Introduction of periopera-
tive evidence-based interventions may help in optimizing 
patients for surgery and improving safety and efficacy of the 
operation [5]. To date, only one randomized clinical trial 
comparing enhanced recovery after surgery (ERAS) with 
standard care for bariatric surgery has been performed—
reporting a reduction of hospital costs and shortening of the 
length of stay by 1 day [6].

 ERAS in Bariatric Surgery

Although there is no consensus concerning all details of the 
optimal perioperative care for the bariatric surgical patient, 
the ERAS pathway has been shown to offer a reduced stress 
response to the surgical trauma, and as a result thereof, 
reduced complication rates, improved pain and nausea con-
trol, as well as earlier mobilization and recovery (Fig. 43.1).

By adapting the surgical techniques and perioperative 
care to updated, evidence-based guidelines (Table  43.1), 
complication rates and mortality rates are low in bariatric 
surgery today. Although there are several parts of the periop-
erative care that have been well studied within the bariatric 
surgical field, many recommendations still have to rest on 
extrapolation of data from other surgical fields.

 Preoperative Interventions

Even before the operation, several steps can be taken in order 
to optimize perioperative outcome. These steps include the 
selection of patients for surgery, preoperative information 
and weight loss, prehabilitation, cessation of alcohol use and 
smoking, as well as optimization of any comorbidities before 
surgery. Although several patient-related risk factors for 
postoperative adverse outcome are known today, the number 
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Short-acting anesthetics

Audit compliance & outcomes

Avoiding tubes and drains
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Fig. 43.1 General ERAS principles for bariatric surgery. VLCD very low-calorie diet, PACU postanesthesia care unit, HDU high-dependency 
unit, ICU intensive care unit, PONV postoperative nausea and vomiting

Table 43.1 Summary of recommendations for bariatric surgery

Element Recommendation Evidence Recommendation
Preoperative care:
Preoperative 
information

Preoperative information and education adapted to the needs of the 
patient should be provided. The education should include 
preparation before surgery, lifestyle modifications, types of 
surgery, expected perioperative course, surgical complications, 
realistic efficacy outcomes, and long-term management

Moderate Strong

Prehabilitation and 
exercise

Due to limited data for bariatric surgery, no recommendations 
regarding prehabilitation can be given at present

Low Weak

Smoking and alcohol Cessation of smoking and alcohol at least 4 weeks prior to surgery 
reduces the risk for perioperative complications. A combination of 
education, repeated counseling, nicotine replacement therapy (for 
smoking) and abstinence prophylaxis (for alcohol dependency) 
seems to be the most effective approach. Due to an increased risk of 
alcohol abuse after bariatric surgery, patients with previous alcohol 
abuse should be abstinent for at least 2 years before surgery

High (smoking) Strong (smoking)
Moderate (alcohol) Strong (alcohol)

Preoperative weight 
loss

A preoperative weight-loss regimen of 2–4 weeks on low-calorie 
diet with the goal of reaching a weight loss of 5–10% of the total 
body weight is associated with reduced risk for perioperative 
complications and better long-term weight-loss results and should 
therefore be adhered to

High (for 
postoperative 
complications)

Strong (for postoperative 
complications)

Low (for 
postoperative weight 
loss)

Strong (for postoperative 
weight loss)

Preoperative fasting Clear fluids can be allowed up to 2 hours before surgery and light 
meals up to 6 hours before surgery

High (nondiabetic 
obese patients)

Strong (nondiabetic 
obese patients)

Moderate (diabetic 
patients without 
autonomic 
neuropathy)

Weak (diabetic obese 
patients with or without 
autonomic neuropathy)

Low (diabetic 
patients with 
autonomic 
neuropathy)
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of patients with so severe cardiovascular, pulmonary, or psy-
chiatric comorbidity that surgery should be avoided will be 
small. For most patients, the increased risk associated with 
each factor is small in relation to other aspects of the periop-
erative care, and at present there are no models available to 
predict the risk of complications for the individual patient. 
Patient selection will therefore be discussed later in this 
chapter (see “Conclusions and Future Focus of Research” 
section).

 Preoperative Information
Involving patients in the decision-making should be consid-
ered crucial in modern medicine, not least within surgical 
care. Although most patients fulfilling the criteria for bariat-
ric surgery might consider that they do not have any realistic 
alternative, the decision to have major abdominal surgery 

with the obligation to make fundamental lifestyle changes 
and adhere to lifelong supplementation might be difficult to 
make for the individual patient [7].

Preoperative information and education of patients is 
therefore a necessary step in order to increase knowledge, 
ensure an accurate risk perception, reduce internal decisional 
conflicts, and increase the possibility to make active, well- 
informed choices. The information may also reduce anxiety, 
improve postoperative compliance, and result in shorter 
length of stay. Preferably, the information should focus on 
preparation before surgery and necessary lifestyle modifica-
tions, type of surgery, the expected perioperative course, 
potential complications, realistic efficacy outcomes, and 
long-term management. The information can be provided 
online and in individual or group sessions complemented by 
written information with more specific attention to specific 

Table 43.1 (continued)

Element Recommendation Evidence Recommendation
Carbohydrate loading Due to lack of data for obese patients undergoing bariatric surgery, 

no firm recommendations can be given at present
Low Strong

Premedication Glucocorticoids can be used safely to prevent postoperative nausea 
and vomiting, but the effect is less clear with full adherence to all 
other aspects of the ERAS-protocol. No recommendations on 
preemptive analgesia can be given at present. Benzodiazepines 
should be avoided except in selected cases due to delayed recovery

Low Strong

Intraoperative care:
Anesthesia Endotracheal intubation is the reference standard for bariatric 

surgery. Propofol for induction, avoidance of volatile anesthetics, 
minimization of opioids, and avoidance of fluid overload is 
recommended. Deep neuromuscular blockade should be used with 
monitoring of the degree of blockade using TOF. Pharmacological 
reversal of the blockade facilitates early recovery and is therefore 
recommended

Low Strong

Fluid management A conservative approach avoiding fluid overload should be 
preferred

Moderate Strong

Surgical technique Laparoscopy should be the standard approach for non-revisional 
bariatric surgery whenever possible. Complication rates are higher 
during the learning-curve period but can be reduced with active 
supervision for experienced bariatric surgeons. Nasogastric tubes 
should be used intraoperatively to facilitate leakage tests. In 
uncomplicated bariatric surgery, postoperative nasogastric tubes 
and abdominal drains should be avoided

High (laparoscopy) Strong (laparoscopy)
Low (nasogastric 
tubes)

Strong (nasogastric 
tubes)

Low (abdominal 
drains)

Weak (abdominal drains)

Postoperative care:
Thromboprophylaxis A combination of compression stockings, early ambulation, and 

pharmacological prophylaxis using LMWH reduces the risk for 
VTE and is therefore recommended

High Strong

Postoperative analgesia Local wound infiltration either before skin incision or at the end of 
surgery reduces early postoperative pain and can be recommended. 
A multimodal approach using a combination of acetaminophen, 
NSAID/COX-2 inhibitors, and opioids (if necessary) should be 
used in the postoperative setting

High Strong

Nutrition Oral intake of clear fluids should be commenced already at the day 
of surgery with gradual introduction of liquid diet and eventually 
more dense protein sources

Moderate Strong

Substitution of vitamins 
and micronutrients

Vitamin B12, multivitamins, and calcium + vitamin D should be 
routinely prescribed after bariatric surgery. Vitamin and minerals 
should be measured annually and deficiencies corrected when 
necessary

High Strong

TOF train of four, LMWH low-molecular-weight heparin, VTE venous thromboembolism, NSAID nonsteroidal anti-inflammatory drug
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requirements during individual doctor-patient interaction. 
The ability to acquire and understand information differs 
between patients and may affect postoperative recovery. 
Preferably, the information and teaching methods should be 
adapted in order to ensure that all patients receive the neces-
sary information in a way they can understand. Including 
peer support in this step may also be of benefit for the post-
operative support.

Although a long time lapse between preoperative educa-
tion and surgery may result in reduced knowledge, the opti-
mal timing for this intervention remains unclear.

 Prehabilitation and Exercise
Multimodal prehabilitation including exercise, nutritional 
assessment, and anxiety-coping interventions may improve 
functional capacity at the time of surgery and has been 
reported to reduce complication rates and length of stay after 
major abdominal and cardiothoracic surgery [8]. Despite 
being an attractive approach, there is still only limited data 
supporting the effectiveness of such prehabilitation pro-
grams. The applicability of the evidence is therefore yet to be 
decided for the obese patient undergoing bariatric surgery.

 Smoking and Alcohol
Chronic smoking impairs lung function and the immune sys-
tem, effects that may be reversed by smoking abstinence. 
Smoking increases the risk of severe postoperative morbidity 
after bariatric surgery, mainly related to infectious complica-
tions. Cessation of smoking from 4–8 weeks prior to surgery 
reduces postoperative complications after non-bariatric sur-
gery, mainly wound and cardiovascular complications as 
well as need for secondary surgery [9, 10]. Although this risk 
reduction is not specifically evaluated in bariatric surgical 
patients, it appears reasonable to assume that similar effects 
can be achieved within this group of patients as well. 
Interventions beginning at least 4  weeks before surgery 
including weekly counseling and use of nicotine replace-
ment therapy seem to be the approach to most likely impact 
complications and long-term smoking cessation [11].

High alcohol consumption (more than two standard drinks/
day) is associated with an increased risk for postoperative 
adverse events—mainly infectious and cardiopulmonary com-
plications, as well as complications related to wound healing. 
Although not studied specifically within the bariatric surgical 
field, the risks appear to be increased after most other types of 
surgery and seem to be particularly related to the consumption 
during the weeks most prior to the operation. Many of the 
negative effects of alcohol on organ functioning will improve 
already after a few weeks of alcohol abstinence. In fact, 
1 month of abstinence in high consumers has been shown to 
markedly reduce the risk of postoperative complications [12]. 
A combination of education, abstinence prophylaxis, and 
disulfiram appears to have a very high success rate [13].  
In addition to the increased risk of postoperative complica-

tions, the changes in alcohol absorption after both gastric 
bypass (Fig. 43.2) and sleeve gastrectomy (Fig. 43.3) might 
increase the risk for later alcohol overconsumption and alco-
hol dependency. It is, however, still not known if a period of 
preoperative alcohol cessation can reduce the risk for later 
alcohol overconsumption after bariatric surgery. Due to the 
increased risk of alcohol dependence, 1–2 years of abstinence 
before surgery is usually considered mandatory in patients 
with previous overconsumption [5].

 Preoperative Weight Loss
A rapid reduction of weight during the last weeks before sur-
gery has been shown to reduce liver volume and the amount 
of intra-abdominal fat. Accordingly, the surgeon’s perceived 
complexity of the procedure also improves. A preoperative 
low-calorie diet (1000–1200 kcal/day) or a very low-calorie 
diet (800 kcal/day) with a goal of reaching a reduction of the 
total body weight by 5–10% is usually recommended [5]. The 
preoperative weight loss has been reported to be associated 
with a reduction of postoperative complications in the range 
of 12–56% [14, 15]. A preoperative weight loss might also be 
associated with improved long-term weight-loss results.

Based on current evidence, a preoperative weight- 
reduction regimen using 2–4  weeks of low-calorie diet is 
recommended. One concern is whether patients not achiev-
ing satisfactory weight loss, although being prescribed this 
diet, should be denied surgery or have this postponed. In 
addition, for patients with diabetes on glucose-lowering 
drugs (with risk of hypoglycemia), and patients with por-
phyria (with a risk of triggering relapse), evidence-based 
guidelines are lacking.

 Preoperative Fasting
Anesthesia societies recommend intake of clear fluids and 
light meals up to 2 and 6 hours, respectively, before induc-
tion of anesthesia in healthy patients [16, 17]. Data from 
recent studies suggests that there is no difference in residual 
fluid volume, pH, or gastric emptying rates in obese com-
pared to lean patients. Moreover, in healthy patients, there 
are no differences in residual gastric fluid volume and pH 
after drinking clear fluids up to 2 hours before surgery com-
pared to after overnight fasting. The residual gastric fluid 
volume and pH also appear to be similar in obese diabetic 
patients (with or without autonomic neuropathy) as in non-
diabetic patients. Intake of clear fluids up to 2 hours and light 
meals 6 hours before induction of anesthesia can therefore be 
recommended also in obese patients undergoing bariatric 
surgery [17].

 Carbohydrate Loading
Preoperative carbohydrate loading, using iso-osmolar 
drinks containing complex carbohydrates ingested 
2–3 hours before induction of anesthesia, reduces postop-
erative insulin resistance and nitrogen/protein losses and 
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maintains lean body mass after major abdominal surgery. 
In recent meta- analyses, a reduction of postoperative 
length of stay has also been demonstrated [18, 19]. This 
effect is most pronounced in patients undergoing major 
surgery. Preoperative carbohydrate loading can be used 
safely in bariatric surgery, also in patients with type 2 dia-
betes. When given to nonobese patients with type 2 diabe-
tes, no differences in gastric emptying rates were noted 
compared to healthy subjects. It does not seem to increase 
the risk of hyperglycemia or aspiration, but in a compara-
tive study, patients with type 2 diabetes reached higher 
postprandial glucose peak and slower reduction to normal 
levels [20]. Compliance to preoperative carbohydrate load-
ing has been reported to be as low as 15% in bariatric sur-
gery, and no difference in overall postoperative 
complication rates has been reported [6, 21]. There are 

conflicting data reported as to the effect of carbohydrate 
loading on postoperative nausea and discomfort. Therefore, 
no evidence- based recommendations regarding the use of 
preoperative carbohydrate loading can be given for bariat-
ric surgery at present.

 Premedication
Premedication may be administered mainly in order to 
reduce preoperative anxiety and postoperative pain and 
nausea.

Due to their anti-inflammatory and antiemetic effect, glu-
cocorticoids have been used to reduce the stress-response to 
elective surgery and to prevent postoperative nausea and 
vomiting (PONV). In a meta-analysis of 11 randomized clin-
ical trials, no effect on complication rates and length of stay 
was seen [22]. For bariatric surgery, results from a retrospec-
tive analysis of 2000 consecutive patients suggested that a 

Fig. 43.2 Illustration of gastric bypass. (Published with permission 
from Ethicon – Johnson & Johnson)

Fig. 43.3 Illustration of sleeve gastrectomy. (Published with permis-
sion from Ethicon – Johnson & Johnson)
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steroid bolus was a predictor for successful outpatient dis-
charge [23]. However, no effect on postoperative nausea was 
seen in a randomized trial of 100 patients comparing gluco-
corticoids with no glucocorticoids in gastric bypass surgery 
within an ERAS-protocol [24]. The safety of a single dose of 
glucocorticoids has been addressed in two meta-analyses, 
showing no increase in the risk for adverse outcome [22, 25]. 
However, if glucocorticoids are given, blood glucose should 
be monitored intra- and postoperatively to avoid hyperglyce-
mia, which is associated with increased postoperative, 
mainly infectious, complications.

Pain during and after surgery may induce sensitization, 
with a risk of subsequent transformation into chronic pain. 
However, the main purpose of pain treatment is to alleviate 
discomfort and reduce anxiety. A preemptive analgesia is 
thought to decrease postoperative hyperalgesia and thereby 
the magnitude and duration of postoperative pain. Although 
preemptive analgesia provides a theoretical benefit, clinical 
trials in humans have reported inconsistent results with ques-
tionable generalizability to minimally invasive bariatric sur-
gery. Non-opioid analgesia (in particular with COX-2 
inhibitors and gabapentin) has more recently been shown to 
reduce postoperative pain if given in the preoperative setting. 
For bariatric surgery, results from a randomized clinical trial 
including 60 patients indicate that 300  mg of gabapentin 
given in the preoperative setting may reduce postoperative 
pain and nauseas/vomiting as well as need for opioids [26].

Anxiety is common in the preoperative setting. 
Pharmacological treatment, traditionally by the use of ben-
zodiazepines, offers a potential relief. In a randomized trial 
of 1062 patients, however, benzodiazepines did not improve 
patients’ experience but were associated with longer time 
until endotracheal extubation and delayed cognitive recovery 
[27]. Melatonin may be an alternative option to benzodiaze-
pines. In a meta-analysis of 12 randomized controlled trials 
(RCTs), melatonin given preoperatively reduced preopera-
tive anxiety compared to placebo. The effect was less clear in 
the postoperative setting [28]. In a small, randomized trial 
comparing melatonin to placebo in bariatric surgery, a reduc-
tion of postoperative pain, and improvement in quality of 
postoperative recovery was reported [29].

 Intraoperative Interventions

 Anesthesia
The bariatric surgical patient usually has several risk factors 
for postoperative nausea and vomiting (PONV), a high risk 
for difficult airway access, and may also be difficult to bag 
and mask ventilate. Endotracheal intubation remains the ref-
erence standard for airway maintenance in bariatric surgery. 
The tubes should be correctly sized in order to reduce the 
risk for micro-aspiration and pulmonary complications [5]. 

A “ramped” position, aligning the auditory meatus and the 
sternal notch horizontally, has been reported to be a superior 
technique to obtain a good laryngeal view during direct 
laryngoscopy.

Various volatile agents have been compared in bariatric 
surgery, with a small advantage in terms of earlier extuba-
tion and recovery of mental functioning for short-acting 
agents with lower absorption [5]. In a randomized clinical 
trial of 119 patients, an opioid-free, intravenous anesthetic 
technique using propofol for induction and maintenance of 
anesthesia was associated with marked reduction of PONV 
compared with balanced anesthesia [30]. Although other 
prospective comparisons of the anesthesiological tech-
niques in bariatric surgery are lacking, the use of propofol, 
avoidance of volatile anesthetics, minimization of opioid 
use, and avoidance of fluid overload (see below) can be 
recommended.

Although not studied specifically in the bariatric setting, a 
low-tidal volume ventilation has been shown to improve 
clinical outcomes in patients with intermediate to high risk 
of pulmonary complications after major abdominal surgery. 
A combination of positive end-expiratory pressure and 
recruitment maneuvers may improve oxygenation and pul-
monary mechanisms.

Good visualization facilitates the laparoscopic surgical 
procedure. High pressure pneumoperitoneum may, however, 
affect the microcirculation of the bowel and the renal cortex 
as well as cardiac output. A deep neuromuscular blockade 
allows adequate surgical access and visualization while 
avoiding over pressure pneumoperitoneum. Residual neuro-
muscular blockade is, however, common in the early postop-
erative period and associated with an increased risk of 
pulmonary complications. Train of four (TOF) provides 
objective data on the degree of neuromuscular blockade and 
should preferably be monitored routinely in laparoscopic 
bariatric surgery. A TOF  >  0.9 is associated with earlier 
recovery, improved patient satisfaction, and a reduced risk 
for residual blockade and thus also a reduced risk for pulmo-
nary complications. Reversal of neuromuscular blockade 
using acetylcholine esterase inhibitors or selective cyclodex-
trin binding (sugammadex) is a safe and effective measure to 
reduce the incidence of residual blockade and to facilitate 
earlier recovery.

 Fluid Management
Morbidly obese patients optimized in the preoperative set-
ting with rapid weight loss might be hypovolemic at the time 
of surgery, which has been reported in up to 71% of patients 
[31]. In combination with other risk factors—such as male 
sex, higher body mass index (BMI) (>52 kg/m2), and in par-
ticular, prolonged operation time—rhabdomyolysis may 
occur with a high risk for acute renal failure. However, in a 
single-center, retrospective analysis, the incidence of acute 
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renal failure was 2.3% with full resolution among all patients 
who had a normal renal function preoperatively [32].

Although obese patients have an increased total blood 
volume, the volume/body weight is less than that in non-
obese (in the range of 50  mg/kg compared to 75  mg/kg). 
After elective, open abdominal surgery, the risk of transient 
hypervolemia in response to liberal volume infusion is rela-
tively high, with a potential risk for postoperative complica-
tions and prolonged length of stay. In bariatric surgery, 
aggressive fluid therapy (>2000 mL/h) has been suggested to 
reduce the risk for rhabdomyolysis, postoperative nausea 
and vomiting, renal failure, and length of stay. With a more 
conservative approach (15  mL/kg/h) compared to liberal 
intraoperative fluid volume (40 mL/kg/h), no difference in 
the incidence of rhabdomyolysis was seen [33]. In a random-
ized clinical trial comparing low volume (4 mL/kg/h) with 
high volume (10 mL/kg/h) infusion, no difference in urine 
output was seen [34].

During standard laparoscopic bariatric surgery, a conser-
vative, low-volume approach can therefore be 
recommended.

 Surgical Technique
The use of laparoscopic technique in bariatric surgery 
reduces hospital stay and postoperative complications, is 
associated with a more rapid recovery and improvements in 
quality of life as well as a marked reduction in abdominal 
wall hernias compared to open surgery. Due to lack of adhe-
sions, the laparoscopic approach is, however, associated with 
an increased risk of small bowel obstruction caused by inter-
nal hernia. Routine intraoperative closure of the mesenteric 
defects will markedly reduce this risk [35]. The higher 
immediate costs related to laparoscopic surgery has been 
estimated to be well compensated for by the reduction in 
complication rates, the shorter hospital stay, and the more 
rapid recovery [36].

During the learning curve period, operation times and 
complication rates are higher. This period can be expected to 
be in the range of 50–100 operations for the individual sur-
geon and up to 400 operations when gastric bypass is intro-
duced at a center. The learning curve can be shortened if 
there is substantial previous experience from advanced lapa-
roscopic surgery and by active supervision from experienced 
bariatric surgeons. Furthermore, the number of bariatric sur-
gical procedures performed annually at the center is associ-
ated with reduced risk of postoperative complications, at 
least up until a volume in the range of 200 operations/year.

 Abdominal Drains and Nasogastric Tube
Abdominal drains may be placed with the intention to detect 
postoperative gastrointestinal leaks or bleedings. The sensitiv-
ity of detecting such leaks has been reported to vary between 
0% and 94%. The risk of failure for conservative, non-opera-

tive management of leaks is also high. At present there are no 
RCTs published evaluating routine abdominal drainage in bar-
iatric surgery. In modern laparoscopic bariatric surgery, leak 
rates can be expected to be as low as 0.8–1.6%, and the use of 
prophylactic drains does not appear to reduce leaks and reop-
eration rates. Despite lack of evidence in bariatric surgery, rou-
tine abdominal drainage is, thus, likely to be unnecessary.

Although postoperative anastomotic leaks are relatively 
uncommon, they may have severe consequences. Leaks can 
occur from locations such as the suture line of the gastroen-
terostomy and the back wall of the gastric pouch in gastric 
bypass surgery (Fig.  43.2). Many of these leaks can be 
detected through an intraoperative leak test using air or 
methylene blue, or through intraoperative gastroscopy with a 
combination of air insufflation and visual inspection. A leak 
test does not appear to reduce the risk for leaks after sleeve 
gastrectomy (Fig. 43.3).

In a Cochrane meta-analyses, it was recommended that 
postoperative nasogastric tubes should only be used selec-
tively in open abdominal surgery [37]. In the same report, a 
subgroup analysis of gastroduodenal surgery showed an 
increased risk of pulmonary complications associated with 
routine postoperative nasogastric tubes. Also, routine use of 
nasogastric tubes may prolong the time until resumption of 
oral diet after gastric resection for cancer. In a retrospective, 
single-center analysis, no difference in complication rates 
was seen without postoperative nasogastric tubes compared 
to routine usage after gastric bypass surgery [38]. Based on 
current knowledge, the routine use of intra-abdominal drains 
or nasogastric tubes cannot be recommended in uncompli-
cated bariatric surgery.

 Postoperative Interventions

In order to reduce the risk for serious complications, focus in 
the immediate postoperative phase should be on adequate 
analgesia and early mobilization. Immediate postoperative 
tissue oxygenation has been reported to be lower in obese 
patients compared to nonobese [39]. Supplementary oxygen 
may therefore be needed within the first 24 hours postopera-
tively. Furthermore, a head-elevated, semi-sitting, or prone 
position should be adapted in order to prevent pulmonary 
atelectasis.

 Thromboprophylaxis
Morbid obesity is in itself a risk factor for venous thrombo-
embolism (VTE), which also remains one of the more com-
mon causes for mortality after bariatric surgery. In addition, 
morbidly obese patients often have other risk factors such 
as mobility limitations and a sedentary lifestyle. Other 
known risk factors are previous history of VTE, venous 
insufficiency, chronic heart failure, male gender, and older 

43 Bariatric Surgery



416

age. Chemoprophylaxis reduces the risk for postoperative 
VTE after non-orthopedic and bariatric surgery, although 
adherence after discharge can be expected to be low. Low- 
molecular- weight heparin (LMWH) has the advantage of a 
more predictable dose response, increased bioavailability, 
and longer plasma half-life compared to unfractionated 
heparin, allowing once-daily dosing. LMWH has also been 
reported to be equal or better than unfractionated heparin in 
terms of safety and efficacy and should be considered rou-
tine in modern bariatric surgery. Patients with high risk 
may benefit from a prolonged prophylaxis of 3–4 weeks, 
although the effect is questionable in an otherwise opti-
mized perioperative care using a fast-track program. 
Mechanical prophylaxis with sequential compression 
stockings and early ambulation may further reduce the risk 
of VTE after surgery. With application of these preventive 
measures, the rate of VTE can be expected to be as low as 
0.1–0.25% after laparoscopic bariatric surgery.

Although theoretically promising for patients at high risk 
for venous thromboembolic complications, vena cava filters 
cannot be recommended at present due to the risk for adverse 
events and lack of evidence for its efficacy.

A combination of LMWH, sequential compression stock-
ings, and early ambulation should be considered a standard 
part of modern bariatric surgery.

 Postoperative Analgesia
An effective postoperative control of pain facilitates early 
mobilization with improved pulmonary functioning and 
overall experience of the operation. Acute pain in the periop-
erative setting develops secondary to the tissue trauma and 
direct nerve injury causing a combination of central and 
peripheral pain. The use of sedative drugs and opioids can be 
effective in reducing pain but may expose the bariatric surgi-
cal patients to drug-related side effects, upper airway 
obstruction, and postoperative hypoxemia. A multimodal 
approach using a combination of medication and local or 
regional anesthetics is likely to give the best pain control 
[40]. At the same time, patients at risk for postoperative pain 
should be recognized. Women, patients with preexisting 
pain, and younger ages have been reported to have increased 
risk for postoperative pain after various types of surgery. 
After laparoscopic bariatric surgery, younger age and preex-
isting pain have been reported to be the strongest risk factors 
for severe postoperative pain.

A combination of opioids, nonsteroidal anti- 
inflammatory drugs (NSAIDs)/COX-2 inhibitors, and 
acetaminophen/paracetamol reduces pain intensity and opi-
oid consumption compared to standard non-multimodal, 
opioid-based treatment. NSAID/COX-2 inhibitors should 
be used cautiously in risk groups due to a small increased 
risk for bleeding and renal failure after major abdominal 
surgery. Although a small decrease in hemoglobin has been 
reported in small observational studies, the risk of severe 

complications related to ulcers and anastomotic leaks from 
limited doses of NSAIDs has not been reported in bariatric 
surgery. Furthermore, the use of ketorolac as part of a mul-
timodal analgesia in bariatric surgery may effectively 
reduce pain during the first postoperative day [41, 42].

Wound infiltration of local anesthetics can be administered 
safely and has been reported to reduce postoperative pain dur-
ing the first 4–8 hours after surgery. Although the quality of 
evidence remains weak, there seems to be no difference 
whether local anesthetics are administered before skin inci-
sion or at the end of surgery. After the first postoperative hours, 
there appears to be no improvement in pain experience or 
return to normal activities with the use of local anesthetics.

Thoracic epidural analgesia improves pulmonary func-
tion after open abdominal surgery, but does not seem to 
have the same benefits as patient-controlled analgesia or 
intravenous morphine after laparoscopic surgery, and can 
therefore not be recommended for routine use in laparo-
scopic bariatric surgery [5].

 Nutrition and Substitution of Micronutrients
Patients undergoing bariatric surgery should resume oral 
intake of clear liquids already at the day of surgery. Although 
the evidence level remains low, a liquid diet should be 
adhered to during the first 2 postoperative weeks, after which 
soft, moist, or diced protein sources should be introduced. 
After 4 weeks, a standard diet is usually well tolerated.

Deficiencies of vitamins and minerals are common among 
morbidly obese patients before surgery, and even more so 
after bariatric surgery. Vitamin B12 absorption is dependent 
on intrinsic factor and if not substituted, deficiency might 
likely appear after gastric bypass, sleeve gastrectomy, and 
duodenal switch operations. Iron deficiency is also not 
uncommon, in particular among menstruating women and 
adolescents. Without substitution of calcium and vitamin D, 
patients are at risk for secondary hyperparathyroidism result-
ing in bone resorption and ultimately higher risk for frac-
tures. All bariatric surgical patients should therefore receive 
supplementation with vitamin B12 (1 mg daily), multivita-
mins (twice daily containing a minimum of 1.4 mg thiamin, 
400 μ[mu]g folate and 14 mg zinc), and calcium + vitamin D 
(500 mg/800 IE twice daily)—although the optimal dose of 
vitamin D and calcium is still a matter of debate. Iron depos-
its should be monitored and supplemented when necessary. 
Adherence to recommended supplementation has been 
reported to be as low as 52–83% at 5 years after surgery [43].

 Groups of Patients Requiring Specific 
Considerations

 Diabetes
Depending on the definition, the incidence of diabetes in 
patients undergoing bariatric surgery has been reported in 
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the range of 15–34%. Gastric bypass, duodenal switch, and 
sleeve gastrectomy are all effective treatments for diabetes. 
The improvement in glucose homeostasis occurs early after 
the operation due to a combination of caloric restriction, 
changes in secretion of gut-derived hormones and nutrient 
flow [44]. For patients with type 2 diabetes, there is low- 
grade evidence supporting discontinuance of insulin secreta-
gogues, while insulin doses should be adjusted postoperatively 
to minimize the risk of hypoglycemia. Treatment with met-
formin should be continued until prolonged resolution of 
diabetes is verified. Glucose should be monitored closely 
and insulin therapy used when necessary, aiming at a fasting 
blood-glucose <6.1 mmol/l (<110  mg/dl) and postprandial 
blood-glucose <10 mmol/l (<180 mg/dl) [45].

 Sleep Apnea
In a bariatric surgical population, as many as 40–44% may 
suffer from moderate to severe sleep apnea, of which many 
are previously undiagnosed. Untreated sleep apnea and 
hypoxemia in the perioperative phase are factors associated 
with increased risk for postoperative complications. The 
STOP-Bang questionnaire for preoperative screening for 
sleep apnea has a high predictive value and is recommended 
in the preoperative evaluation of candidates for bariatric sur-
gery [46]. Oxygen therapy alone may increase the risk of 
apnea/hypopnea postoperatively. A combination of oxygen 
and positive airway pressure support is preferred for patients 
with sleep apnea. Patients using continuous positive airway 
pressure (CPAP) at home should continue their treatment in 
the postoperative phase. Compliance with CPAP treatment 
may, however, be as poor as 50–80% [47]. Patients with 
symptoms of sleep apnea but not given positive pressure 
treatment should be monitored closely. An oxygen satura-
tion <90% during the postoperative period may indicate a 
need for positive airway pressure treatment. For patients 
with sleep apnea, intraoperative anesthetic and surgical fac-
tors play the most important role for the need of positive 
pressure ventilator support. Short-acting anesthetic drugs 
and restrictive use of opioids should be considered for this 
group of patients [5].

 Conclusion and Future Focus of Research

With increasing volumes and adherence to evidence-based 
perioperative interventions, bariatric surgery today is safe 
with satisfactory results in terms of sustained weight loss and 
improvement/resolution of obesity-associated comorbidities 
in most patients. However, as in all areas of surgical care, 
some patients undergoing bariatric surgery still experience 
less satisfactory outcome than expected, such as those suffer-
ing from postoperative complications or unsatisfactory 
weight development. Moreover, in a small but significant 

number of patients, long-term adverse events including 
chronic abdominal pain, postprandial hypoglycemia, or 
nutritional deficiencies are seen.

Therefore, in order to further improve outcome after bar-
iatric surgery, some specific aspects of perioperative care 
might deserve particular attention, such as selection of 
patients, adherence to follow-up, and use of optimal surgical 
technique.

Several patient-related risk factors are known to be asso-
ciated with increased risk of postoperative adverse outcome, 
such as high age, cardiovascular and pulmonary diseases, 
diabetes, depression, gastroesophageal reflux, mobility limi-
tations, previous venous thromboembolism, bleeding disor-
der, and BMI in the extremes [3, 48–50]. These risk factors 
should be identified during the preoperative assessment and, 
if possible, optimized before surgery, which has been shown 
to reduce complication rates. However, for preoperative 
identification of patients at risk for chronic abdominal pain, 
poor weight development, or loss to follow-up with nutri-
tional deficiencies, sufficient knowledge is still lacking and 
therefore constitutes an important area for future research. 
With such increased knowledge, improved selection of the 
patient to optimal obesity treatment, being surgical or non- 
surgical, should be possible.

Another important area with room for improvement is 
objective data regarding which surgical technique that is 
optimal to use. Worldwide, Roux-en Y gastric bypass 
(RYGB) and sleeve gastrectomy (SG) are the two most com-
monly used techniques (Fig.  43.2 and Fig.  43.3), together 
constituting more than 90% of all procedures. Although 
available data suggest that there are no major differences 
between these two in terms of efficacy or adverse events at 
short- or median-time follow-up, the possible superiority of 
any of these in the long-term is yet to be decided. In order to 
address this and other similar research questions, large-scale 
multicenter RCTs need to be conducted with sufficient long- 
term follow-up. In Sweden, such a study is presently run-
ning, in which 17 participating centers are including patients 
that are being randomized to SG or RYGB, respectively with 
5 years follow-up (Clin Trials.gov Identifier NCT02060630). 
An important aspect is that the number of included patients 
in such a study should be sufficiently high in order to enable 
analysis within relevant subgroups such as by sex, BMI, age, 
or presence of diabetes. If there is access to a national or 
regional registry that could be used as a base for registration 
of study data, this might be associated with several major 
advantages as has been shown previously regarding closure 
of mesenteric defects in RYGB by use of the Scandinavian 
Obesity Surgery Register (SOReg) [35]. Other examples of 
areas in which there is a need for proper evaluation before 
being introduced in routine bariatric clinical practice are new 
techniques such as “single-anastomosis gastric bypass” or 
the use of robotic surgery.
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 ERAS in Urology: Background

 Rationale for Enhanced Recovery Pathways 
in Urology

Despite substantial improvement of anesthetic and surgical 
technique in different fields over the past years, postopera-
tive complications remain one of the major drawbacks of 
surgery for the patient but also for the surgeon and the care 
team. Assuming no anesthetic or surgical failure occurs, one 
of the main pathogenic factors leading to postoperative mor-
bidity is the so-called surgical stress response [1].

Enhanced recovery after surgery (ERAS) is a multi-
modal concept combining preoperative, perioperative, and 
postoperative evidence-based elements aiming to reduce 
surgical stress. First developed and applied to colorectal 
surgery in the 1990s [2], ERAS principles have been shown 
to significantly reduce morbidity, length of stay (LOS), and 
total costs [3–5].

Radical cystectomy (RC), including bilateral extended 
pelvic lymphadenectomy, is considered to be one of the most 
significant complication-prone surgeries in urology, and still 
remains a very invasive surgical procedure. Morbidity after 
both open and robotic-assisted RC (RARC) with urinary 
diversion or neobladder reconstruction has been estimated to 
be up to 60% [6, 7]. Therefore, RC patients may be ideal 
candidates for an ERAS pathway (Fig.  44.1) in order to 
potentially benefit from less surgical stress and postoperative 
complications.

ERAS guidelines, issued from colorectal surgery, might 
not be applied identically to bladder cancer patients as the 
surgical procedure itself differs widely (small bowel anasto-
mosis, risk of renal insufficiency in obstructive bladder 
tumors, urine within the peritoneal cavity during and after 
surgery, both extra- and intraperitoneal access, longer oper-
ative time, increased risk of blood loss). Moreover, colorec-
tal ERAS items, such as the avoidance of urinary and 
abdominal drains, might not be fully applicable to RC 
patients [8]. It is therefore of utmost importance to tailor 
each ERAS protocol elements to the specific surgical proce-
dure of interest. In urology, initial efforts have therefore 
been undertaken to develop ERAS protocols specific for 
open RC because of its surgical challenge, rather than for 
radical prostatectomy (RP) or nephrectomy, which are more 
frequent but less invasive [8, 9].

 Background and History of the ERAS® Society – 
Urology Chapter

Based on Kehlet’s work and hypothesis that reducing surgi-
cal stress through multimodal, evidence-based perioperative 
care could improve a patient’s recovery, a group of pioneers 
created the ERAS study group in 2001. They soon discov-
ered that there was not only a great discrepancy between the 
actual practice and what was already known in the literature 
to be the best practice, but surprisingly they noticed also a 
wide variation between institutions [10].

The ERAS study group evolved over the years, and the 
ERAS® Society was created in 2010. In 2012, the first 
International ERAS® World Society congress was held in 
Cannes, France, with 237 delegates from 28 countries, 
including key players from different subspecialties. During 
this congress, a small group of urologists and anesthesiolo-
gists decided to adopt ERAS principles and adapt them to 
RC. A systematic literature review was undertaken, and this 
fruitful collaboration resulted in the publication of the first 
ERAS recommendation for RC in 2013 [9]. The ERAS® 
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Society – Urology Chapter was then officially recognized in 
2014. Since then, many original studies adopting these 
guidelines have been published [11]. The ERAS Urology 
guidelines have been then adapted to RARC [12]. The ERAS 
Urology group has now matured to a core group of about 
10–12 people involved in the improvement of RC guidelines 
and the development of new guidelines for radical nephrec-
tomy and RP, with the goal of increasing the awareness of the 
ERAS program in urology worldwide. It is important to note 
that this collaborative and structured effort was neither the 
first nor the only one toward the development of enhanced 
recovery principles applicable to urology. However, to our 
knowledge, the ERAS urology guideline was the first one to 
incorporate a fully documented protocol including more than 
20 evidence-based elements (Table 44.1).

 Summary of ERAS Guideline for Urological 
Surgery

A non-systematic review of the literature through the elec-
tronic databases MEDLINE, EMBASE, and Web of Science 
was performed, using the keywords “ERAS,” “radical cys-
tectomy,” “radical prostatectomy,” “radical nephrectomy,” 
“enhanced recovery,” “surgery,” “colorectal,” “prognosis,” 
and “survival.” In particular, the retrieved articles for data on 
ERAS for urological surgery were screened, with emphasis 

on studies published between 2012 and 2017. The evidence 
included in this chapter was based on the consensus of all 
authors.

 The Preoperative Phase

 Preoperative Counseling
Adequate preoperative counseling, using verbal or written 
materials, diminishes anxiety, postoperative complications, 
and reduces the average LOS [13, 14]. Indeed, an active par-
ticipation of the patient to his or her own postoperative 
recovery seems to have a positive impact on the healing pro-
cess because of a better adherence to ERAS criteria [14–17]. 
Social status assessment, stoma management, or neobladder 
care appear to be critical points for early discharge.

 Preoperative Optimization
Comorbidities such as hypertension, diabetes, and anemia 
should be anticipated and corrected before surgery. This is 
especially true in the era of neoadjuvant chemotherapy. 
Avoidance of tobacco exposure and reduced alcohol con-
sumption have shown beneficial effects on surgical outcomes 
and complications [15, 16]. Improvement of the preoperative 
nutritional status is also a crucial point. It has been estimated 
that around one-fifth of urological patients are malnourished 
and could benefit from preoperative nutritional supplements, 

PRE INTRA POST

Pre-hospital Surgery POD 0 POD 1 POD 2 POD 3

Normothermia

Antimicrobial prophylaxis

Audit compliance & outcomes

Urinary drainage

Standard anesthetic protocol and optimal fluid management

Early oral nutrition

Patient optimization

Counseling/education 

Carbohydrate loading

No prolonged fasting

Multimodal opioid-sparing analgesia

DischargeAdmission

PONV and PPOI prevention

Early mobilization

POD 4 POD 5 POD 6 POD 7 POD 8 POD 9

Thrombosis prophylaxis Thrombosis prophylaxis 

Minimally invasive approach
General ERAS
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Procedures 
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Fig. 44.1 General ERAS principles for urology. PONV postoperative nausea and vomiting, PPOI prolonged postoperative ileus
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reducing the risk of anastomotic leaks and infections [17]. In 
RC patients, malnutrition appears to be a strong predictor 
factor of mortality at 3 months (HR 2.91; p < 0.01) [18]. In 
colorectal surgery, preoperative immunonutrition seems to 
reduce the LOS and the rate of infectious complications 
compared to conventional nutritional supplements [19], but 
few data are available for RC [20–22]. Preoperative enteral 
immunonutrition for RC patients could have a benefit in 
reducing major complications, such as infections and ileus 
[23]. Recent evidence indicates that preoperative physical 
exercise, nutritional support, and stoma education improves 
health-related quality of life [24]. These interventions should 
be considered as an extension of ERAS protocol in all 
patients undergoing major urological surgeries and a possi-
ble way to alleviate the recovery burden.

 Oral Mechanical Bowel Preparation
There is a high level of evidence suggesting to avoid any 
bowel preparation prior to RC [25, 26]. However, prior to 
RARC with intracorporeal urinary reconstruction, it is rec-
ommended to avoid only vegetables and any fiber-rich nutri-
tional elements 24 hours before surgery, in order to reduce 
spillage from the intra-abdominally opened ileum [12].

 Preoperative Fasting
Preoperatively, solid foods and clear fluids (including pre-
operative carbohydrate loading [PCL]) must be prohibited 
for 6  hours and 2  hours, respectively, in order to ensure 
safe intubation. However, prolonged fasting and fluid 
abstention is detrimental to optimal preparation against 
surgical stress [27].

Table 44.1 Overview of care plan and proposed interventions for each ERAS item

ERAS items Surgeon Anesthesiologist Nurse/dietician/stoma specialist
  1. Counseling and education Counseling, stoma education and identification of best location
  2. Medical optimization Risk factors correction

Prehabilitation
Intervention on request if 
malnourished

  3.  Oral mechanical bowel 
preparation

Should be avoided

  4. Preoperative fasting Solids: 6 hours optimal
Clear fluids: 2 hours optimal

  5. Carbohydrates loading 2 hours preoperatively
  6. Preanesthesia medication Avoid long-lasting drugs
  7. Thromboprophylaxis LMWH 12 hours prior to surgery, 

6 hours postoperatively
Should be prolonged 1 month from 
discharge

Compressive stocking or 
intermittent pneumatic 
compression

  8. Analgesia CWI TEA
  9. Minimally invasive approach Clear evidence for nephrectomy

Use of surgeon’s best mastered 
approach for RP and RC

10. Resection site drainage No routine use
11.  Antimicrobial prophylaxis and 

skin preparation
Single perioperative course of a 2nd- or 
third-generation cephalosporin

12. Standard anesthetic protocol Refer to consensus statement
13.  Perioperative fluid 

management
Restriction vs liberal 
remains to be assessed

14.  Preventing intraoperative 
hypothermia

Forced air warming

15. Nasogastric intubation No routine use
16. Urinary drainage Ureteroileal stenting
17. Prevention of postoperative ileus Multimodal approach

Alvimopan
Minimally invasive
Ureteroileal stenting

Optimized fluid 
management

Early oral diet
Early mobilization

18. Prevention of PONV Multimodal approach Optimized fluid 
management

19. Postoperative analgesia Paracetamol/NSAID
CWI

TAP block
TEA

20. Early mobilization Recommended
21. Early oral diet Recommended
22. Audit Recommended

LMWH low-molecular-weight heparin, CWI continuous wound infiltration, TEA thoracic epidural analgesia, RP radical prostatectomy, RC radical 
cystectomy, PONV postoperative nausea and vomiting, NSAID nonsteroidal anti-inflammatory drug, TAP transversus abdominis plane
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 Preoperative Carbohydrates Loading
Metabolic preparation for surgery using preoperative carbo-
hydrate loading (PCL) 2–4 hours prior to anesthesia seems to 
reduce anxiety and postoperative insulin resistance, and at 
the same time, it maintains body weight, with a positive 
impact on LOS. For colorectal surgery, PCL has been found 
to be an independent predictor of improved postoperative 
clinical outcomes [15, 28, 29]. However, no data on urologic 
procedures are available to date. Concerns remain in diabetic 
patients.

 Preanesthesia Medication
Pharmacological management of anxiety prior to surgery 
should be limited to a well-selected group of patients and 
administered using short-acting sedation. Long-acting 
drugs may lead to delayed mobilization and oral intake and 
overall a reduced adherence to the recovery protocol. 
Careful use in the elderly population is recommended given 
the risk of induced cognitive impairment and paradoxical 
delirium [15, 30].

 Thrombosis Prophylaxis
Patients undergoing RC are at high risk of postoperative 
deep vein thrombosis (DVT) with an incidence of 5% within 
30 days of surgery, despite adequate prophylaxis. Age, race, 
gender, smoking status, medical comorbidities, extended 
lymph node dissection, and procedure length are identified 
as independent risk factors [31, 32]. Patients treated with 
cisplatin-based neoadjuvant chemotherapy have an addi-
tional risk of DVT and should be carefully followed [33].

An injection of low-molecular-weight heparin (LMWH) 
is recommended 12  hours prior to surgery and can be 
repeated as early as 6  hours after surgery, without any 
increased risk of bleeding complications [34]. Since VTE 
has been linked with increased 30-day and 2-year mortality, 
prolonged prophylaxis in high-risk patients is recommended 
[35–37]. The use of compression stocking is a valuable strat-
egy to reinforce pharmacological prophylaxis, particularly if 
there is delayed mobilization [38]. Intermittent pneumatic 
compression could be considered for high-risk cancer sur-
gery as a mechanical prophylaxis [39].

 The Surgical Phase

 Analgesia
There is strong evidence in open colorectal surgery of the 
benefit of 48- to 72-hour thoracic epidural analgesia (TEA), 
as better pain control appears to facilitate overall recovery 
with lower complications rate and opioid consumption [15, 
40]. In RC, TEA showed better outcomes and its superiority 
compared to patients treated with intravenous (IV) morphine 
analgesia [41, 42]. Rectus sheath catheters could be a safe 

and efficient alternative to TEA in urologic surgery [43, 44]. 
A randomized clinical trial is ongoing comparing 36-hour 
bupivacaine/fentanyl TEA to rectus sheath catheters in major 
abdominal surgery including RC [45].

 Minimally Invasive Approach
RARC with extra- or intracorporeal urinary diversion is 
raising interest alongside early recovery protocols. On a 
surgical point of view, RARC appears equivalent to the 
open approach in terms of major complications. However, 
intraoperative blood loss, abdominal wall complications 
rate and LOS are reduced according to several clinical tri-
als [7, 12, 46]. These results remain to be assessed in 
appropriately powered studies with equivalently experi-
enced surgeons. On the oncological point of view, RARC 
seems to have similar disease recurrence rate, cancer-spe-
cific survival, and overall survival compared to open RC 
[47]. Interestingly, a recurrence pattern analysis found a 
potential increased risk of local abdominal recurrence rate 
in RARC patients. According to the results of the LAFA 
study, the highest LOS reduction was found combining a 
minimally invasive approach with the ERAS protocol [48]. 
Similar evidence has been found in robotic-assisted pan-
creatoduodenectomy [49].

 Resection Site Drainage
A meta-analysis in colorectal surgery demonstrated no dif-
ference in anastomotic leaks and overall outcomes with or 
without peritoneal/pelvis drainage. Avoidance of system-
atic use of the resection site drainage is therefore recom-
mended. In RC, no specific data are available, but due to the 
ureteroileal anastomosis and extended lymph node dissec-
tion, drainage may be useful to diagnose urinary leakage. 
Drainage avoidance cannot be formulated based on the 
available data [15].

 Antimicrobial Prophylaxis and Skin Preparation
Aerobes and anaerobes bacteria should be covered due to 
intestinal interruption. As RC is considered as a “clean- 
contaminated” surgery, a single perioperative course of a 
second- or third-generation cephalosporin is recommended 
[50]. The particular resistance pattern of local common 
germs should be assessed by an infectious disease special-
ist to determine an appropriate antibiotic prophylaxis regi-
men. Prolonged (>24  hour) antibiotic prophylaxis may 
increase the risk for hospital acquired Clostridium difficile 
infection [51].

 Standard Anesthetic Protocol
Given the absence of specific studies investigating the role of 
different anesthetic regiment applied to RC, we recommend 
to follow the ERAS® Society consensus statement for gastro-
intestinal surgery [13, 15, 52].
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 Perioperative Fluid Management
Fluid management has evolved substantially since the intro-
duction 20 years ago of dynamic parameters (systolic pres-
sure or pulse pressure variation) indicating fluid 
responsiveness and driving anesthesiologists’ decisions. 
Initially, liberal fluid therapy went along with significant 
weight gain following surgery, and more restrictive regimens 
have been postulated, although there is no clear definition to 
date [53]. Despite heterogeneous studies, goal-directed fluid 
therapy (GDFT), based on minimal fluid administration for 
dynamic parameters maintenance, appears to decrease surgi-
cal morbidity and postoperative complications, reducing the 
need for postoperative intensive care [54]. Lack or excess of 
fluid may lead to a paralytic ileus, which is considered one of 
the major concerns for early recovery. Consequently, a so- 
called zero fluid balance strategy has been contemplated as 
an optimal perioperative fluid management [55].

In RC, norepinephrine combined with restrictive fluid 
administration showed improved surgical outcomes [56, 57]. 
The use of esophageal Doppler during the intervention has 
optimized intraoperative fluid management. Near-maximal 
stroke volume showed a decreased ileus rate, probably due to 
better cardiac output optimization, particularly in the first 
operative hour [58]. Interestingly, this strategy has shown no 
advantages when applied to colorectal surgery [59].

Restrictive fluid management has been quite challenged 
lately as GDFT benefit appears attenuated by the ERAS 
recovery protocol in major abdominal surgeries [60, 61]. 
Recent prospective studies did not link an increased com-
plication rate with increased intraoperative IV fluid intake 
in patients undergoing RC [62]. Moreover, a potential 
increased risk of acute kidney injury has been found when 
restrictive fluid management is applied in major abdominal 
surgery [63]. Despite the ERAS subgroup analysis of the 
Myles study confirming these results in the urological pop-
ulation [64], prospective study is mandatory to assess dif-
ferent fluid regimens in an ERAS protocol applied to RC/
nephrectomy patients to elude this ongoing controversy.

 Preventing Intraoperative Hypothermia
Maintaining constant body temperature during major surgery 
appears to be critical as it has been demonstrated that hypo-
thermia increases postoperative complications in colorectal 
surgery [13]. Preoperatively debuted forced-air warming with 
intraoperative monitoring seems to be the most effective and 
convenient strategy, especially in vulnerable patients [65].

 The Postoperative Phase

 Nasogastric Intubation
In RC, nasogastric intubation (NGI) seems to have no benefit 
[66–70]. A Cochrane meta-analysis evaluating the impact of 

NGI in major abdominal surgery showed an increased rate of 
complications, especially pulmonary, and no advantages. 
Routine use of prolonged NGI can therefore be safely 
avoided [71].

 Urinary Drainage
Ureteroileal anastomosis stenting (UAS) seems to reduce 
postoperative upper tract dilatation and the risk of metabolic 
acidosis in RC, regardless of the type of urinary derivation 
[72]. Moreover, patients with a perioperative stenting may 
significantly improve recovery of bowel function compared 
to those without a stent. UAS may have no impact on the risk 
of early postoperative stricture. No specific study assessed 
the appropriate duration of UAS.

 Prevention of Prolonged Postoperative Ileus
Prolonged postoperative ileus (PPOI) is a major challenge 
for early discharge of RC patients and a key feature in the 
ERAS protocol. It has been estimated that more than 50% of 
patients will be diagnosed with PPOI during the postopera-
tive phase after RC [58]. The consensus on the definition of 
PPOI is lacking and ranges from clinical ileus on postopera-
tive day 4 to reinsertion of nasogastric tube [73]. Identified 
risk factors are age, male gender, low preoperative albumin, 
opioid use, previous abdominal surgery, long operative time, 
and blood loss [74]. ERAS patients seem to have lower PPOI 
rates following RC when compared to those treated with tra-
ditional postoperative care [75, 76].

PPOI prevention is a key step. Intraoperative fluid man-
agement (splanchnic hypoperfusion/salt and fluid overload), 
minimally invasive surgery (reduced bowel handling, trauma 
and inflammation) and ureteral stenting showed earlier bowel 
recovery [72, 74, 77]. In the postoperative phase, prokinetic 
agents such as metoclopramide and dexamethasone prevent 
nausea and vomiting but may not have an impact on bowel 
recovery. No benefit on time to flatus and oral intake toler-
ance was observed when erythromycin was administered. 
On the other hand, use of laxatives may be beneficial. 
Nonsteroidal anti-inflammatory drugs (NSAIDs) may be a 
valid alternative to opioid-sparing strategy, but there are 
some concerns about anastomosis healing impairment.

Following the same trend, TEA showed reduction of 
PPOI after major open surgery compared to systemic opioid 
[78]. Magnesium sulfate also showed decreased need for 
opioid consumption and PPOI reduction in gastrointestinal 
surgery [79]. Early oral nutrition showed LOS and complica-
tion rate reduction in colorectal surgery but no impact on the 
risk of nasogastric tube reinsertion [80]. A large Cochrane 
review confirmed the benefit of chewing gum to enhance 
bowel recovery [81]. In RC, significantly decreased time to 
first flatus and bowel movement was observed [82, 83].

Alvimopan is a peripherally acting μ(mu)-opioid recep-
tor antagonist showing very interesting results in prevent-
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ing PPOI. μ(mu)-opioid receptors are largely present in 
the gut, and Alvimopan has limited passage to the central 
nervous system, preserving analgesic effect of systemic 
opioid drugs. Since its approval by the US Food and Drug 
Administration (FDA) in 2013 for primary bowel anasto-
mosis surgery, a few randomized clinical trials have 
shown it could reduce the incidence of PPOI and nasogas-
tric tube reinsertion in RC patients [84–87]. However, 
potential increased cardiovascular events are related to 
Alvimopan. Finally, cost- effectiveness analysis reports a 
modest but significant benefit [88].

 Prevention of Postoperative Nausea 
and Vomiting
A multimodal approach is recommended to prevent postop-
erative nausea and vomiting (PONV). A combination of 
anesthetic gas and opioid use contributes to PONV, and 
female patients, history of PONV/motion sickness, non-
smokers, and chronic opioid users have higher risk [9]. 
Perioperative fluid optimization and UAS seem to reduce 
PONV [58, 72].

 Postoperative Analgesia
Opioid use and abuse is a serious public health concern, 
especially in the United States where opioids misuse has led 
to a public health crisis [89]. Pain management and opioid- 
sparing strategies are two ERAS protocol’s cornerstones 
[13]. The ERAS opioid-sparing protocol seems to reduce 
PPOI and LOS [90].

Use of para-incisional subfascial catheters is gaining 
more importance as part of opioid-sparing strategies. A 
recent meta-analysis including 2059 patients has demon-
strated the effectiveness, reliability, and cost effectiveness of 
continuous wound infiltration (CWI) [91]. Better recovery 
parameters, less opioid consumption, reduced incidence of 
hypotension, and even patient satisfaction seemed to advo-
cate the use of preperitoneal CWI. These results are of par-
ticular interest when dealing with ERAS [92, 93].

To the best of our knowledge, there is to date no specific 
study for urological procedures, but given some evident 
similarities with abdominal surgery, benefits could be 
expected. In laparoscopic RP, paracetamol/NSAID com-
bined with transversus abdominis plane block showed good 
analgesic effect and may potentially lead to an “opioid-free” 
pain control [94, 95].

 Early Mobilization
Although no specific study to date has demonstrated an asso-
ciation with improved postoperative outcomes and early 
mobilization, bed rest promotes thromboembolic, musculo-
skeletal, and pulmonary complications [96]. In RC and RP 
patients, LOS and readmission rate may be reduced when 

early mobilization is implemented as part of the ERAS pro-
tocol [66, 75, 97, 98]. A structured mobilization plan and 
multidisciplinary approach are crucial [99].

 Early Oral Diet
In the ERAS protocol, avoiding postoperative starvation 
seems to be a key step to improve postoperative outcomes. 
Catabolic state and insulin resistance induced by fasting lead 
to poor wound healing and amplified postoperative stress 
[100]. In urological surgery, early oral diet is increasingly 
adopted. In a recent series, higher infectious complication 
rates and no improvement on LOS and return to gastrointes-
tinal functions have been reported when total parenteral 
nutrition was used [101].

No specific study has been designed on RC patients. In 
colorectal surgery, the rate of wound infection, intra- 
abdominal abscess, or anastomotic leak was not increased 
when early enteral feeding was used [102, 103]. Therefore, a 
fast return to normal oral diet should be reached, avoiding 
prolonged fasting after RC.

 Audit
In healthcare, audit and feedback lead to small but poten-
tially important quality improvement, in particular when 
baseline adherence to available protocols is low [104]. One 
strength of the ERAS protocol is the implementation of a 
dedicated auditing system, ERAS® Interactive Audit System 
(EIAS® – Encare AB, Stockholm, Sweden), although com-
pliance assessment seems to be critical when ERAS is 
implemented at the beginning [103]. A recently published 
retrospective study showed an association between high 
adherence to ERAS protocol (i.e., >70%) and improved 
5-year cancer-specific survival after colorectal cancer sur-
gery [104].

 Do Guidelines Really Work? Clinical Results 
in the “After Guidelines” Era (2014–2018)

Before the publication of the first ERAS guidelines for RC in 
2013, other’s ERAS protocols were applied to urological 
patients. However, the compliance was low/not reported and 
far from a so-called full ERAS protocol, including all 20 or 
so items recommended by the ERAS Society guidelines. The 
definition of specific guidelines for RC improved the compli-
ance to the protocol.

In a recent meta-analysis on the impact of ERAS on RC 
patients’ recovery [11], implementation of a standardized 
pathway clearly improves early discharge and bowel func-
tion and reduces postoperative complications.

After urologic ERAS guidelines publications, reported 
compliance to ERAS items is increasing in published studies. 
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Daneshmand et  al. followed 17 ERAS items with a LOS 
reduced from 8 to 4 days without affecting complication or 
readmission rates [105]. To achieve these outstanding results, 
specific items such as home IV hydration and use of 
Alvimopan were added to the protocol. In many European 
countries, patients would be reluctant to be discharged home 
with equipment such as IV hydration, which makes these 
results hardly reproducible due to each population’s culture 
and healthcare system differences.

Since high adherence to ERAS protocol seems to be 
linked with better outcomes, as shown before, an important 
remark has to be made. In a recent survey, 68% of surgeons 
identify themselves as “ERAS-surgeons” when only a fifth 
endorsed all the 11 ERAS core principles [106]. Lack of con-
vincing evidence and the belief that a full ERAS protocol 
does not improve recovery were the two main reasons for 
nonadherence to ERAS.

The ERAS concept is built to evolve constantly, through 
internal audit of quality and outcomes in implemented cen-
ters, but also by pooling the collected results to permanently 
challenge the best practices. To reach this goal, multicentric, 
prospective, powerful studies are needed, taking into account 
urological specificities.

 Urological Specific Highlights

Although ERAS guidelines on open RC have been built 
based on the colorectal experience, some important points 
remain to be addressed. Despite optimized and standard-
ized pathways, RC remains a surgical intervention with 
high risk of morbidity. Indeed, even when performed in a 
high-volume center, 50–60% of patients will have some 
kind of postoperative complications [105]. As pinpointed 
by Danna et  al., multiple factors can contribute to high 
complication rates and impair optimal recovery [107]. 
Patients who suffered from muscle invasive bladder cancer 
are often elderly with poorer health status. Furthermore, 
RC is a complex and challenging surgical procedure per se 
with extensive lymphadenectomy, digestive anastomosis, 
and a prolonged reconstructive phase in case of urinary 
diversion. In contrast to colonic surgery, a minimally inva-
sive technique is not prerequisite since there is no robust 
data showing a significant benefit in case of RC. Moreover, 
the use of intraabdominal drainage, ureteral stents, and 
transurethral catheters can be useful in urological surgeries 
even if an ERAS mindset tends to avoid it. Indeed, drainage 
and catheterization are often responsible for low compli-
ance rates. This has to be kept in mind when performing 
benchmarking and studies.

RP remains to date one of the primary therapeutic 
options for localized prostate cancer and represents one of 
the most extensively performed urological procedures 

worldwide. To date, few data are available on the impact 
of ERAS for RP in the literature. Abou-Haidar et  al. 
showed a reduction of LOS from 3 to 2  days without 
increasing complications rates or hospital readmissions, 
regardless of the surgical approach [108]. The trend 
toward robot-assisted RP (RARP) has decreased the aver-
age LOS significantly worldwide. Whether there could be 
an added benefit of ERAS protocols in reducing LOS, 
which is usually between 1 and 3 days after RARP, can be 
questioned [109]. We believe that classical endpoints such 
as LOS or complications rate might not be well suited for 
RARP [110]. Other endpoints such as cost-effectiveness, 
patient satisfaction, and cancer-specific survival should 
definitely be evaluated in randomized clinical trials and 
could be positively influenced by ERAS pathways. As for 
RC, a prehabilitation program for RARP is feasible and 
safe and leads to increased physical and psychological 
well-being [111].

Similar conclusions can be drawn for radical nephrec-
tomy. Several studies report a LOS reduction ranging from 
40% to 50% in open surgery if ERAS principles were 
applied [112, 113]. Since the dissemination of minimally 
invasive techniques from the 1990s, LOS, pain control and 
complication rates have been improved dramatically [114, 
115], despite heterogeneity in the studied populations (liv-
ing kidney donors, small or large renal mass). Therefore, for 
this type of procedure, the potential of an ERAS protocol 
might be reduced.

 Conclusion and Future

ERAS principles allowed for a change in paradigm. This 
multidisciplinary approach based on available and acquired 
evidence has succeeded in reducing LOS, complication 
rates, and aided bowel recovery in many studies involving 
RC patients. Considering the optimization of the periopera-
tive phase rather than focusing all efforts on the operative 
period has allowed for clinical outcomes improvements. 
While the interest for ERAS has grown in the urological 
community lately, there is still a lack of evidence and aware-
ness worldwide. We strongly believe that clinical pathway 
standardization, communication, benchmarking, and strict 
scientific evaluation of new strategies and technologies will 
help improve patient outcomes. In our opinion, this will 
only be achieved if multidisciplinary and multi-institutional 
efforts are undertaken. Finally, aiming for the development 
of a standardized ERAS protocol, most studies were 
designed to evaluate immediate to short-term outcomes 
such as morbidity, 30-day mortality, or LOS. Longer-term 
outcomes such as 90-day morbidity, patient’s satisfaction, 
and overall or cancer-specific survival should be considered 
for future studies.
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ERAS for Breast Reconstruction

Claire Temple-Oberle and Carmen Webb

 What Is Breast Reconstruction?

Breast reconstruction encompasses a wide range of proce-
dures that can be done at the time of mastectomy (immedi-
ate) or at a later date once oncologic care is complete 
(delayed). Breast reconstruction may involve the use of 
implants (alloplastic reconstruction), a patient’s own tissue 
called a “flap” (autologous reconstruction), or a combination 
of an implant and a flap. Breast reconstruction is rarely a 
single operation—it commonly involves multiple surgeries 
over time as planned or unplanned procedures [1].

 Why Do Women Choose Reconstruction?

Each woman’s decision is based on unique factors personal 
to her health and situation. Women’s reasons for undergoing 
breast reconstruction vary and may include easing clothing 
fitting challenges, avoiding an uncomfortable or inconve-
nient prosthesis, feeling “whole” or “normal,” and averting a 
constant reminder of breast cancer [2]. Some women describe 
restoration of self-image, femininity [3], and other improve-
ments of quality of life [4].

Breast reconstruction is an elective procedure, and not all 
women interested in reconstruction undergo it. Some women 
have cancer factors that preclude reconstruction in the imme-
diate setting, such as an anticipated need for radiation after 
mastectomy. Some women have health issues, such as mul-
tiple comorbidities that preclude reconstruction even in the 
delayed setting [5]. A patient may view the projected aes-
thetic and functional results and feel these results may not 

justify the risk of complications that may occur. Risks can 
vary from trivial to severe but occur relatively frequently [6].

When considering reconstruction, it must be remembered 
that the cancer treatment comes first, including ablative sur-
gery and any neoadjuvant or adjuvant therapies required. In 
early-stage breast cancer, reconstruction can often be done in 
the immediate setting with a low likelihood of delaying can-
cer therapy [7]. However, in more advanced situations, it is 
best to allay the risk associated with reconstruction and pro-
ceed at a later date when a woman’s oncologic care is com-
plete. Often multidisciplinary discussions are required to 
optimize the timing of reconstruction.

 What Types of Breast Reconstruction  
Are Available?

Alloplastic breast reconstruction generally involves initial 
placement of a temporary tissue expander under the chest 
musculature [8]. The device is inflated over weeks to months, 
and once the soft tissues are suitably stretched, the expander is 
removed and replaced with a permanent implant. At this sec-
ond procedure, it is not unusual to have a balancing breast 
augmentation, reduction, or lift to try to symmetrize the con-
tralateral breast [9]. Another option for implant reconstruction 
is a direct-to-implant single-stage approach that can be used in 
the setting of immediate breast reconstruction (Fig. 45.1) [10]. 
An acellular dermal matrix is generally used in this situation to 
effectively lengthen the pectoralis major muscle in lieu of the 
tissue expansion process [11]. The appeal of a single-stage 
reconstruction must be weighed against an increase in compli-
cations [12]. An even newer technique is a pre-pectoral implant 
placement under a large piece of acellular dermal matrix [13]. 
These direct-to-implant techniques hinge on tissue perfusion 
assessment to minimize necrosis complications [14, 15].

Autologous breast reconstruction involves fashioning a 
new breast from tissue harvested and transplanted from a 
distant part of the woman’s body. A common autologous 
reconstructive option is to use an abdominal flap based on 
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the circulation from the deep inferior epigastric artery 
(DIEA). Common variants of these flaps include the TRAM 
(transverse abdominis myocutaneous) flap and the DIEP 
(deep inferior epigastric artery perforator) flap (Figs. 45.2 
and 45.3). The TRAM flap involves resecting the entire rec-
tus abdominis muscle to perfuse the overlying lower abdom-
inal pannus, while the DIEP involves dissecting within, yet 
preserving the rectus abdominis muscle and retrieving small 
perforating branches of the vascular system in continuity 
with the main pedicle. Both of these procedures violate the 
abdominal wall fascia, thus carrying the morbidity of an 
abdominal and fascial incision with subsequent risk of 
abdominal wall weakness, bulge or frank hernia, in addition 
to the morbidity of the breast surgical site [16]. Furthermore, 
these flaps are often transplanted using microvascular tech-
nique, which adds time to the procedure [17] and increases 
the risk of fluid overload. Overly aggressive fluid resuscita-
tion is a known risk factor for flap failure and other compli-
cations after abdominal flap reconstruction [18].

The latissimus dorsi (LD) myocutaneous flap is another 
common reconstruction option (Fig. 45.4). The LD flap is a 
shorter operation than an abdominal flap since the circula-
tion remains attached (pedicled) during the transfer of the 
back tissue to the breast. This flap is often used in combina-
tion with an implant to provide increased volume; thus this 
combination modality carries the risks associated with 
implants (infection, dehiscence, skin necrosis, capsular con-
tracture, implant rupture) and the consequences of latissi-
mus flap harvest (seroma, partial flap necrosis, shoulder 
girdle weakness) [19]. A newer technique avoids the pros-
thesis by lipofilling the pectoralis and latissimus muscle 
[20]. Other microvascular flap options also exist but are 
used less commonly, including tissue from the abdomen 
based on the superficial vascular system (SIEA – superficial 
inferior epigastric artery flap), tissue from the upper inner 
thigh (TUG – transverse upper gracilis flap), and tissue from 
the buttocks (SGAP  – superior gluteal artery perforator 
flap), to name a few.

ba
Fig. 45.1 This patient has a 
genetic predisposition for 
breast cancer. (a) Preoperative 
photo prior to immediate 
bilateral nipple-sparing 
mastectomies and direct-to- 
implant reconstruction with 
acellular dermal matrix.  
(b) Postoperative results

ba
Fig. 45.2 This patient has 
had a previous left modified 
radical mastectomy for breast 
cancer. (a) Preoperative photo 
prior to delayed 
reconstruction with a deep 
inferior epigastric artery 
perforator (DIEP) flap.  
(b) Postoperative results
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 Why Do Women Undergoing Breast 
Reconstruction Need an Enhanced  
Recovery After Surgery (ERAS) Pathway?

 Recovery Is Unexpectedly Difficult

Women undergoing breast reconstruction report feeling 
ill- prepared for the unexpectedly challenging recovery 

process [21]. The unanticipated strain of the recovery pro-
cess contributes to poorer satisfaction with breast recon-
struction outcomes [22]. Recovery scores, as reported on 
the validated BRECON-31 (breast reconstruction satisfac-
tion questionnaire), are consistently low across a variety of 
breast reconstructive options when patients are on tradi-
tional recovery pathways [23].

ba
Fig. 45.3 (a) This patient is 
planned for right skin-sparing 
mastectomy and immediate 
deep inferior epigastric artery 
perforator (DIEP) flap breast 
reconstruction.  
(b) Postoperative result after 
right nipple reconstruction 
and areolar tattooing

ba

dc

Fig. 45.4 This patient has a 
recurrent right breast cancer 
after lumpectomy and 
radiation. (a) Preoperative 
photo prior to right skin- 
sparing mastectomy, left 
prophylactic nipple-sparing 
mastectomy. (b) Early result 
after immediate right 
latissimus dorsi (LD) flap and 
implant, and left direct to 
implant with an acellular 
dermal matrix. (c) Donor site 
scar right back. (d) Final 
result after left to right 
nipple-sharing graft, right 
areolar tattoo, and scar- 
camouflaging tattoos
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 Women are Undergoing More Breast Surgery 
than in the Past

Women with unilateral breast cancer are increasingly 
choosing bilateral mastectomies for fear of contralateral 
breast cancer and in a desire for optimal symmetry [24]. 
Bilateral reconstruction doubles the surgical trauma and 
stress response and increases operative times [25]. Venous 
thromboembolism in microvascular breast reconstruction 
increases with the additional operative time required in 
bilateral reconstruction [26].

While women are undergoing twice the surgical injury to 
the chest, there is ever-increasing pressure from institutions 
to shorten hospital stay. Three decades ago, Canadian women 
in Alberta undergoing breast cancer surgery were hospital-
ized on average for 15  days [27]. By the year 2000, this 
decreased to 2.9  days without increasing complication or 
readmission rates and maintaining patient satisfaction. By 
2013, the combined average length of stay in an Alberta ter-
tiary care hospital for a mastectomy with or without immedi-
ate implant-based reconstruction was 2.1 days [28]. In the 
United States, implant patients are undergoing bilateral mas-
tectomies, node surgery, and bilateral implant breast recon-
struction with planned same-day discharge [29]. This has 
been shown to be safe as long as comorbidities are taken into 
consideration. In order to facilitate increasingly shorter peri-
ods of inpatient care, patients need the kind of careful and 
comprehensive perioperative care that an enhanced recovery 
after surgery (ERAS) protocol is designed to provide to 
ensure their pain, nausea, and vomiting are managed effec-
tively in order to enable an acceptable quality of recovery at 
home. National and international trends are now moving the 
standard of care for mastectomies and implant breast recon-
structions to the outpatient setting, without negatively 
impacting complication or readmission rates and maintain-
ing patient satisfaction [30–35].

In the case of abdominal flap patients, these procedures 
are full-day operations involving both abdominal and breast 
surgical sites, considerable pain, and risks of deep vein 
thrombosis (DVT) and pulmonary embolism (PE). These 
major surgeries benefit from ERAS© for the same reasons 
that other major abdominal procedures do [36]. A Toronto 
team implementing an ERAS protocol was able to success-
fully move their nonmicrovascular abdominal flap recon-
struction patients to a single overnight stay [37].

 Postoperative Nausea and Vomiting Risk Is 
Particularly High in This Patient Population

Breast reconstruction patients are at high risk for postopera-
tive nausea and vomiting (PONV) given that they are female, 
are generally nonsmokers by selection, and are having breast 
surgery [38].

 Breast Reconstruction Is Almost Always 
a Series of Operations, Resulting  
in Multiple Recovery Periods

It is rare that breast reconstruction is a single operation. Tissue 
expanders require a second operation for implant exchange. 
Direct-to-implant procedures with an acellular dermal matrix 
often require revision for reasons of asymmetry or changes in 
volume preference. Abdominal flap procedures occasionally 
require an emergency take-back for a clotted anastomosis 
and, in the nonurgent setting, often require surgery for 
abdominal scar and breast mound revision. For patients with 
a unilateral reconstruction, there is often an additional sur-
gery for symmetrizing the contralateral healthy breast. Over 
time, age effects may differ between a reconstructed breast 
and a natural breast; asymmetry may redevelop, and this may 
require further surgical revision. Finally, over time implants 
can degrade and require replacement. These additional proce-
dures can be painful and nausea- inducing, and each carries its 
own period of recovery. Maximizing each recovery is an 
important goal in breast reconstruction patients.

 What Are the Recommendations 
in the ERAS© Guideline That  
Are Unique to Breast Reconstruction?

Experts from Canada, the United States, Brazil, Belgium, 
and Sweden developed the ERAS® Breast Reconstruction 
guideline [39]. Eighteen recommendations were developed, 
many of which are similar to other major surgical guidelines 
[40]. A few breast-specific guidelines were developed for 
this unique patient population and are described below. The 
recommendations, the level of evidence to support the rec-
ommendations, and the grade of recommendation are shown 
in Table 45.1 (see also Fig. 45.5 for general ERAS principles 
for breast reconstruction).

 Preadmission

Preadmission information, education, and counseling are criti-
cal in this patient population. In addition to standard ERAS 
counseling, extensive counseling is required regarding breast 
reconstruction choices. Specific information regarding type and 
timing of breast reconstruction, outcomes, and recovery impacts 
patient satisfaction with her reconstruction [21]. Appropriate 
preoperative information and a shared decision-making process 
can maximize satisfaction across a variety of reconstructive 
options [9]. Preadmission optimization is also important as obe-
sity, smoking, and poorly controlled diabetes are all indepen-
dently related to complications with breast reconstruction [41]. 
Given the time-sensitive nature of cancer surgery, full optimiza-
tion may not be possible.
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Table 45.1 ERAS® Society enhanced recovery after surgery recommendations for perioperative care in breast reconstruction

Item Recommendation
Evidence 
level

Recommendation 
grade

1.  Preadmission 
information, 
education, and 
counseling

Patients should receive detailed preoperative counseling Moderate Strong

2.  Preadmission 
optimization

For daily smokers, 1 month of abstinence before surgery is beneficial Moderate 
(smoking)

Strong

For patients who are obese, weight reduction to achieve a BMI ≤ 30 kg/m2 before 
surgery is beneficial

High 
(obesity)

For alcohol abusers, 1 month of abstinence before surgery is beneficial Low 
(alcohol)

For appropriate groups, referral should be made to resources for these behavior 
changes

3.  Perforator flap 
planning

If preoperative perforator mapping is required, CTA is recommended Moderate Strong

4. Perioperative fasting Preoperative fasting should be minimized, and patients should be allowed to drink 
clear fluids up to 2 hours before surgery

Moderate Strong

5.  Preoperative 
carbohydrate loading

Preoperative maltodextrin-based drinks should be given to patients 2 hours before 
surgery

Low Strong

6.  Venous 
thromboembolism 
prophylaxis

Patients should be assessed for venous thromboembolism risk. Unless 
contraindicated and balanced by the risk of bleeding, patients at a higher risk 
should receive low-molecular-weight heparin or unfractionated heparin until 
ambulatory or discharged. Mechanical methods should be added

Moderate Strong

7.  Antimicrobial 
prophylaxis

Chlorhexidine skin preparation should be performed and intravenous antibiotics 
covering common skin organisms should be given within 1 hour of incision

Moderate Strong

8.  Postoperative nausea 
and vomiting 
prophylaxis

Women should receive preoperative and intraoperative medications to mitigate 
postoperative nausea and vomiting

Moderate Strong

9.  Preoperative and 
intraoperative 
analgesia

Women should receive multimodal analgesia to mitigate pain Moderate Strong

10.  Standard anesthetic 
protocol

General anesthesia with TIVA is recommended Moderate Strong

11.  Preventing 
intraoperative 
hypothermia

Preoperative and intraoperative measures, such as forced air, to prevent 
hypothermia should be instituted. Temperature monitoring is required to ensure 
the patient’s body temperature is maintained above 36 ° C

Moderate Strong

12.  Perioperative 
intravenous fluid 
management

Over-resuscitation or under-resuscitation of fluids should be avoided, and water 
and electrolyte balance should be maintained. Goal-directed therapy is a useful 
method of achieving these goals. Balanced crystalloid solutions, rather than 
saline, is recommended. Vasopressors are recommended to support fluid 
management and do not negatively affect free flaps

Moderate Strong

13.  Postoperative 
analgesia

Multimodal postoperative pain management regimens are opioid-sparing and 
should be used

High Strong

14. Early feeding Patients should be encouraged to take fluids and food orally as soon as possible, 
preferably within 24 hours after surgery

Moderate Strong

15.  Postoperative flap 
monitoring

Flap monitoring within the first 72 hours should occur frequently. Clinical 
evaluation is sufficient for monitoring, with implantable Doppler devices 
recommended in cases of buried flaps

Moderate Strong

16.  Postoperative wound 
management

For incisional closure, conventional sutures are recommended High 
(sutures)

Strong

Complex wounds following skin necrosis are treatable with debridement and 
negative-pressure wound therapy

Moderate 
(NPWT)

17. Early mobilization Patients should be mobilized within the first 24 hours after surgery Moderate Strong
18.  Postdischarge home 

support and 
physiotherapy

Early physiotherapy, supervised exercise programs, and other supportive care 
initiatives should be instituted after discharge

Moderate Strong

Reprinted with permission from Temple-Oberle et al. [39]
BMI body mass index, CTA computed tomographic angiography, TIVA total intravenous anesthesia, NPWT negative-pressure wound therapy
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 Preoperative

Minimizing fasting time and ensuring preoperative carbohy-
drate loading of breast reconstruction patients align with 
other ERAS® guidelines, but venous thromboembolism 
(VTE) prophylaxis bears special mention. The Caprini score 
is valid in plastic surgery patients [42] and should be applied. 
Even a seemingly low-risk patient—a 45-year-old woman 
with early-stage breast cancer undergoing mastectomy and 
sentinel node biopsy along with a direct-to-implant breast 
reconstruction—scores reasonably high on the Caprini scale. 
This patient requires both mechanical and pharmaceutical 
VTE prophylaxis. Utility of extended pharmaceutical VTE 
prophylaxis is less well known [43].

Intravenous antibiotics should be given within an hour of 
skin incision and for 24 hours postoperatively to limit surgi-
cal site infection. The usefulness of longer duration of antibi-
otics is uncertain [44]. Skin preparation solutions should be 
chlorhexidine based to limit peri-prosthetic breast implant 
infections [45]. Drains are still commonly used, as seroma 
formation following mastectomy is ubiquitous [46]. Seromas 
carry a high risk of surgical site infection and are particularly 
detrimental to acellular dermal matrix revascularization [47]. 
Prophylaxis against postoperative nausea and vomiting is 
critical as these patients carry many risk factors for PONV 

including female gender, nonsmokers (generally by selec-
tion), and having breast surgery [48].

 Intraoperative

Multimodal analgesia is a necessity in efforts to minimize 
opioids. Maintaining normothermia is an element common 
to all ERAS protocols. Goal-directed fluid resuscitation is 
important, particularly in long procedures for microvascular 
breast reconstruction, given the direct correlation of rate of 
fluid administration and complications in free flap breast 
reconstruction [18]. Vasopressors are safe in a normovole-
mic patient undergoing microvascular breast reconstruction 
[49]. Salt-containing solutions should be minimized. A stan-
dard anesthetic protocol, and in particular the use of a total 
intravenous anesthetic (TIVA), further minimizes 
PONV. Paravertebral blocks [50] are useful to limit opioids 
but need to be balanced against the rare risk of pneumotho-
rax that could lead to delay of surgery [51]. There is some 
controversy whether pectoralis blocks are as safe and effec-
tive [52, 53]. The role of transversus abdominis plane (TAP) 
blocks at the abdominal donor site is less clear in regard to 
reducing opioid requirements [54]. Ongoing work to ascer-
tain whether regional anesthesia reduces breast cancer 

Pre-hospital Day of surgery POD 0
PACU 

POD 1 POD 2 POD 3 POD 4

Maintaining Normothermia

Standard anesthetic protocol

Audit compliance & outcomes

Optimal fluid management

Early oral nutrition

Patient optimization

Preadmission information, education and counseling

Multimodal opioid-sparing analgesia

Postoperative flap monitoring

DischargeAdmission

ERAS principles
for Breast
Reconstruction  

PONV prevention

Early mobilizationAntimicrobial prophylaxis

Perforator flap planning

VTE prophylaxis   

Postoperative wound management

Carbohydrate loading

No prolonged fasting

Post discharge 
support and 
physiotherapy

- Optimization - - Protocolized normalization -- Stress minimization -

Pre Intra Post

Fig. 45.5 General ERAS principles for breast reconstruction. VTE venous thromboembolism, PONV postoperative nausea and vomiting
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 recurrence may further tip the scales toward regional 
adjuncts in breast reconstructive surgery [55, 56].

 Postoperative

Multimodal pain management after surgery is important to 
continue efforts to minimize opioids. A combination of acet-
aminophen, nonsteroidal anti-inflammatory drugs (NSAIDs), 
and gabapentin are typically used to minimize the need for 
narcotics [57]. Patient-controlled anesthesia is avoided as it 
delays time to ambulation [58]. For microsurgical recon-
struction, early identification of perfusion issues is critical to 
optimize possible flap salvage. Most thromboses occur in the 
first 72 hours; close monitoring is necessary during this time 
to intervene with attempted salvage [59]. Traditionally, 
microvascular surgeons restricted oral intake for the first 
24  hours in case of need to return to the operating room. 
Because this happens infrequently, the recommendation is to 
progress with oral intake as soon as the patient is able. Early 
mobilization in the first 24  hours is straightforward for 
implant patients, but for those with abdominal reconstruc-
tion, it can be more challenging. Efforts to ambulate free flap 
patients are necessary to avoid many complications of bed-
rest [60]. Wound closure is optimized by standard layered 
suture closure. Chronic wounds from skin necrosis are best 
managed by vacuum-assisted closure [61, 62].

 Post Discharge

The at-home recovery for patients following breast recon-
struction is arduous [63]. Physiotherapy should be arranged 
to promote early return to baseline function [64]. Post- 
discharge support including outreach from the physician 
team is important and improves patient satisfaction [65].

 What Has the Research Shown  
in Terms of Efficacy of ERAS®  
in Breast Reconstruction?

 Autologous Breast Reconstruction

The first reported use of ERAS in pedicled TRAM flap breast 
reconstruction was in 2013 when Davidge [37] reported the 
safety of expedited discharge in a retrospective series of 
patients undergoing pedicled abdominal flap. Forty percent 
of women achieved discharge in 24 hours. It was noted that 
early discharge increased as experience with the ERAS pro-
tocol grew. In a larger prospective series, Davidge [66] dem-

onstrated good quality of recovery in this ambulatory model 
of care.

The first report of ERAS in microvascular breast recon-
struction was in 2015 when Batdorf [67] demonstrated stable 
pain scores, reduced narcotic use, and a shorter hospital stay 
in an ERAS cohort. Bonde [68] found similar results and, 
after refinement of the protocol, described further reductions 
in length of stay [69]. Additional investigators including 
Alfonso [70], Astanehe [71], and Kaoutzanis [72] described 
similar reductions in opioid use and length of stay. A 2018 
systematic review of 9 studies and 1191 patients confirmed 
decreased length of stay and, particularly relevant in view of 
the opioid epidemic, decreased opioid consumption [73].

 Alloplastic Breast Reconstruction

In 2017, the first report of implant-based reconstruction pro-
cedures transitioned to outpatient surgery with an ERAS pro-
tocol was published by Dumestre [44]. She demonstrated an 
improved recovery experience with ERAS compared with 
traditional hospital stay. Traditionally managed inpatients 
and ERAS outpatients completed the Quality of Recovery 15 
[74], with the ERAS cohort having less nausea, enjoying 
food more, having less severe pain, and feeling more rested. 
She also showed the safety of this program in a larger cohort 
of patients with no increase in complications or emergency 
room visits, even among those undergoing more extensive 
surgery such as bilateral mastectomies and immediate 
implant reconstruction [75]. Chiu [76] confirmed a 23-hour 
stay ERAS model was successful in women undergoing 
implant-based breast reconstruction in terms of experiencing 
less pain, nausea, and vomiting.

 What Is the Next Frontier of Breast 
Reconstruction ERAS?

 Consistency

A British team in the optiFLAPP initiative surveyed practitio-
ners in the United Kingdom and showed marked variation in 
application of ERAS principles to microvascular breast recon-
struction patients [77]. An ERAS® interactive audit system has 
been developed for breast reconstruction to help teams identify 
areas of non-compliance with ERAS® recommendations and to 
monitor whether complications can be reduced through com-
pliance with poorly adhered elements. Now that the benefits of 
ERAS have been shown internationally and across common 
types of breast reconstruction, team audit and feedback is the 
next step in improving perioperative care for women.
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 Better Support at Home

Expedited discharge carries the risk of a woman feeling less 
cared for after breast surgery. Outpatient breast reconstruction 
patients on ERAS protocols report feeling as equally sup-
ported by hospital staff as traditional inpatients through the 
use of a simple phone call in the immediate postoperative 
period [43]. Armstrong [78] demonstrated that in-person visits 
can be reduced via a smartphone application where the patient 
has an asynchronous virtual visit at home. Patient- reported 
satisfaction is high, and the technology is cost- effective [79].

The use of telemedicine applications has an increasing 
role in healthcare and has been shown to reduce post- 
discharge anxiety, provide early alerts of potentially prob-
lematic postoperative complications, increase patient 
convenience, and reduce healthcare costs [66, 80]. 
Technological innovation to alleviate burdens for both the 
healthcare system and individual patients, including asyn-
chronous digital medical care [81], is essential for healthcare 
systems to incorporate into the pursuit of quality care and 
patient safety [82]. Further research into the integration of 
ERAS and telemedicine for home support is the next frontier 
of enhanced recovery.
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 Introduction

The evidence for benefit of enhanced recovery after surgery 
(ERAS) in gastrointestinal (GI) surgery is well-documented 
[1]. Until recently, however, there was very little published 
on ERAS in gynecologic surgery [2, 3]. A review of enhanced 
recovery pathways in gynecologic oncology concluded that 
it was difficult to compare results among the studies found 
because of mixed populations and inconsistent enhanced 
recovery elements. While the protocol elements in the stud-
ies appeared to show benefit, the dissimilarities among the 
protocols demonstrated the need to develop a formalized, 
evidence-based ERAS guideline for patients undergoing sur-
gery for gynecologic cancer [4].

 ERAS Gynecologic/Oncology Guidelines

In March 2014, an international group of experts was assem-
bled with the goal of developing an ERAS guideline for 
gynecologic/oncology surgery. The authors convened in July 

2014 to discuss topics for inclusion. The topic list was based 
on the ERAS colonic surgery [5] and rectal/pelvic [6] guide-
lines, which were used as templates. The literature search 
(1966–2014) used Embase and PubMed to search medical 
subject headings including “gynecology,” “gynecologic 
oncology,” and all preoperative, intraoperative, and postop-
erative ERAS items. Meta-analyses, systematic reviews, ran-
domized controlled studies, nonrandomized controlled 
studies, reviews, and case series were considered for each 
individual topic. The quality of evidence and recommenda-
tions was evaluated according to the Grading of 
Recommendations, Assessment, Development and 
Evaluation (GRADE) system [7]. The guidelines were even-
tually published in two parts: the preoperative and intraop-
erative recommendations in Part I [8] and the postoperative 
recommendations in Part II [9]. A summary of common 
guideline components is shown in Table  46.1 (see also 
Fig. 46.1). For a complete list of components, please refer to 
the original guidelines [8, 9].

There has been widespread interest in the ERAS gyneco-
logic/oncology guidelines as evidenced by these articles 
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being the most downloaded from the journal Gynecologic 
Oncology (>60,000 downloads as of August 2018). Despite 
this, many clinical departments still struggle with how to ini-
tiate their ERAS program, particularly as it relates to translat-
ing the guidelines into an actual protocol. With the goal of 
addressing this gap, recently Nelson and colleagues published 

a series of practical recommendations including ERAS order 
sets and instructions for both ERAS team development and 
ERAS program audit [10].

The ERAS gynecologic/oncology guidelines have now 
been translated onto the ERAS Interactive Audit System 
(EIAS). Bisch et al. were the first to use EIAS for gynecology 

Table 46.1 Summary of ERAS gynecologic/oncology guideline components

Preoperative
Preadmission patient education Did the patient get specific ERAS information preoperatively? (Yes = compliant)
Avoidance of oral bowel preparation Did the patient receive oral bowel preparation preoperatively? (No = compliant)
Oral carbohydrate treatment Was the patient treated with a preoperative carbohydrate-rich drink? (Yes = compliant)
Avoidance of long-acting sedative medication Did the patient get any long-acting sedative premedication after midnight prior to surgery? 

(No = compliant)
Thrombosis prophylaxis Did the patient get thrombosis prophylaxis preoperatively? (Yes = compliant)
Antibiotic prophylaxis before incision Was antibiotic prophylaxis given before skin incision? (Yes = compliant)
PONV prophylaxis administered Was PONV prophylaxis given before operation? (Yes = compliant)
Intraoperative
Avoidance of systemic opioids Did the patient receive long-acting systemic opioids intraoperatively? (No = compliant)
Upper-body forced-air heating cover used Was an upper-body forced-air heating cover used during the operation? (Yes = compliant)
Avoidance of nasogastric tube use Was a nasogastric tube left in place after the operation? (No = compliant)
Avoidance of resection-site drainage Were abdominal and/or pelvic drains used? (No = compliant)
Postoperative
Prompt termination of urinary drainage When was urinary drainage successfully terminated? (removed POD1 = compliant)
Stimulation of gut motility Was the patient’s gut motility stimulated? (laxatives, chewing gum = compliant)
Patient weight recorded POD1 What was patient’s weight POD1 (in A.M.)? (weight gain <2 kg = compliant)
Prompt termination of intravenous fluid 
infusion

When was the intravenous infusion successfully terminated? (on day of 
operation = compliant)

Postoperative nutrition Was a regular diet started within the first 24 hours after surgery? (Yes = compliant)
Mobilization at all on day of surgery Did the patient mobilize at all postoperatively, on day of surgery? (Yes = compliant)

PONV postoperative nausea and vomiting

- Optimization - - Protocolized Normalization -- Stress Minimization -

PRE INTRA POST

Pre-hospital Day of Surgery POD 0
PACU 

POD 1 POD 2 POD 3 POD 4

Normothermia

Short-acting anesthetics

Audit compliance & outcomes

Minimize drains

Minimally Invasive Surgery
where appropriate

Optimal fluid management

Early oral nutrition

Patient optimization

Counseling/education 

Carbohydrate loading

No prolonged fasting

Multimodal opioid-sparing analgesia

Early removal urinary catheter and IV 

DischargeAdmission

ERAS for
Gynecologic/Oncology
Surgery 

PONV prevention

Early mobilization

Risk stratification
Ward

HDU/ICU

Fig. 46.1 General ERAS principles for gynecologic/oncology surgery. PACU postanesthesia care unit, HDU high-dependency unit, ICU intensive 
care unit, IV intravenous, PONV postoperative nausea and vomiting
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and showed that in 519 patients, mean compliance with 
ERAS care elements increased from 56% to 77% (p < 0.0001). 
Median length of stay (LOS) for all surgeries decreased from 
4 days to 3 days post-ERAS (p < 0.0001). In medium−/high-
complexity surgery, median LOS was reduced by 2  days 
(p  =  0.0005). Complications prior to discharge decreased 
from 53% to 36% post-ERAS (p  =  0.0003). There was no 
significant difference in readmissions, complications post-
discharge up to 30  days, or mortality between the cohorts. 
The overall net cost savings to the healthcare system attribut-
able to ERAS implementation was $350,784 with a return on 
investment (ROI) ratio estimated at 2.1 [11].

Meyer and colleagues compared clinical outcomes among 
a cohort of 607 women undergoing open gynecologic sur-
gery before and after implementation of ERAS.  Median 
length of stay was reduced by 25% for patients in the ERAS 
pathway (p < 0.001). Overall, patients in the ERAS group 
had a 72% reduction in median opioid consumption, and 
16% were opioid-free during admission up to postoperative 
day 3 (p < 0.001). There were no significant differences in 
complications, rates of readmission, or reoperation between 
the pre- and post-ERAS groups [12].

 Updates and Areas for Future Inclusion 
in Guidelines

Since the ERAS gynecologic/oncology guidelines were 
published, there have been a number of important updates to 
the field that should be discussed and warrant inclusion in 
the next version of the guidelines. These updates are high-
lighted below.

 Perioperative Nutritional Care

Multiple randomized studies on early re-feeding have been 
performed in gynecologic oncology and ovarian cancer [13–
18]. The maintenance of an appropriate nutritional status in 
the postoperative period is recommended and supported 
[19]. Improvements have included accelerated return of 
bowel activity, reduced length of stay, and equivalent com-
plication rates related to wound healing, anastomotic leaks, 
or pulmonary complications [15, 16]. It is important to note 
that early feeding is associated with a higher rate of nausea, 
but not vomiting, abdominal distension, or nasogastric tube 
use, and was defined as intake of fluid or food within 
24 hours. Patient satisfaction with control of vomiting in one 
series was more than 90% with early feeding despite a higher 
incidence of nausea in the enhanced recovery group [2]. 
Finally, in colorectal patients, delivery of postoperative 
nutrition on day 1 is an independent prognostic factor for 
5-year survival and mortality [19–21]. Many gynecologic 

oncology centers have progressed to allow their patients a 
standard diet during the immediate postoperative period.

Perioperative nutritional supplementation, or immunonu-
trition, is another emerging area. Current research is examin-
ing the roles of polyunsaturated fatty acids, arginine, 
glutamine, antioxidants, and nucleotides on the effects of 
inflammation and postoperative healing [19, 22, 23]. 
Arginine-supplemented diets, which may improve vasodila-
tion and tissue oxygenation, have been examined in a large 
systematic review and showed a reduction in overall infec-
tion (RR = 0.59) and length of hospital stay; there was no 
difference in mortality [24]. Although most of the included 
trials were from gastric/colon surgery, one study in gyneco-
logic oncology supported these results [25]. Several large 
randomized trials in colorectal patients compared an immu-
nonutrition/high-protein feed to a high-calorie supplement 
and found a lower rate of infection and length of stay in the 
study group [26, 27]. Currently there are no clear guidelines 
on protein needs in surgical patients; however, in the acute 
care setting, guidelines have recommended 2.0 g of protein/
kg/day and 25–30  kcal/kg/day [19, 28]. It appears that a 
high-protein diet postoperatively may reduce complications. 
The full role of immunonutrition and arginine supplementa-
tion continues to evolve.

 Venous Thromboembolism Risk in Gynecologic 
Cancer Surgery

Among patients with cancer, venous thromboembolism 
(VTE) is the second leading cause of death [29]. The diagno-
sis of epithelial ovarian cancer (EOC) is an independent pre-
dictor of VTE among women undergoing surgery for 
gynecologic cancer [30]. Recent studies suggest that up to 
10% of women with EOC have a clinically evident VTE at the 
time of their cancer diagnoses, and among women undergo-
ing neoadjuvant chemotherapy for EOC, the risk of VTE is up 
to 27% during the course of their primary cancer treatment 
[31]. Among women who undergo primary surgery for EOC, 
the risk of VTE within the first 30 days after surgery is 7.5% 
[32] and can reach as high as 42% within the first 6 months of 
EOC diagnosis [33]. Current recommendations for periopera-
tive VTE prophylaxis in women undergoing surgery for gyne-
cologic cancer follow guidelines outlined by the American 
College of Chest Physicians (ACCP) [34], American Society 
of Clinical Oncology (ASCO) [35], and the National 
Comprehensive Cancer Network (NCCN). All guidelines rec-
ommend perioperative dual prophylaxis: mechanical prophy-
laxis with sequential compression devices and chemical 
prophylaxis with unfractionated or low- molecular- weight 
heparin (LMWH). In addition, patients at highest risk for 
VTE—those who have a score of ≥5  in the Caprini risk 
assessment model for postoperative VTE [36]—should 

46 Gynecologic/Oncology Surgery



446

receive a daily prophylactic dose of LMWH for a total of 
28 days following surgery [34, 35]. The ENOXACAN 2 ran-
domized controlled trial (RCT) provided the Level 1 support 
of 28 days of prophylactic-dose LMWH, as that trial demon-
strated a reduction in postoperative VTE by 60% at both 30 
and 90 days in those who received 28 days of LMWH [37].

Women undergoing surgery for gynecologic cancer often 
fall into the ACCP highest-risk category [34]; however, the 
Caprini risk assessment was developed based on the risk of 
VTE in open general surgery [36]. With the advent of mini-
mally invasive surgery in gynecologic cancer care, the gener-
alizability of this risk assessment tool has been questioned, 
and retrospective data suggests that the risk of VTE follow-
ing minimally invasive gynecologic cancer surgery is very 
low and may not warrant extended prophylaxis [38]. 
However, there are no current guidelines that specifically 
guide VTE prophylaxis in the setting of minimally invasive 
surgery.

As patients diagnosed with a solid tumor malignancy 
often require adjuvant chemotherapy following surgery, the 
intervention of extended prophylaxis into the adjuvant che-
motherapy period has been studied in two placebo-controlled 
RCTs. In the PROTECHT (PROphylaxis of 
ThromboEmbolism during CHemoTherapy) trial, patients 
with solid tumors (lung, breast, gastrointestinal, ovary, head/
neck, pancreatic) were randomized 2:1 to prophylactic-dose 
LMWH vs. placebo while receiving outpatient chemother-
apy [39]. While there was a 50% reduction in VTE, the base-
line of 4% VTE risk translated to a large number needed to 
treat among those who met low or intermediate risk for VTE 
[40] based on their Khorana score [41]. There were similar 
findings in the SAVE-ONCO RCT of semuloparin vs. pla-
cebo during chemotherapy in patients with solid tumors [42]. 
As such, ASCO and NCCN guidelines do not recommend 
VTE prophylaxis during ambulatory chemotherapy for solid 
tumor malignancies [35]. As both the PROTECHT and 
SAVE-ONCO trials comprised only 12% of ovarian cancers 
in their patient population [39, 42] and recent data suggests 
that women with EOC are at a markedly high risk of devel-
oping a VTE during the course of their cancer care [31, 33], 
the baseline risk of VTE may well have been diluted in these 
large RCTs by the greater proportion of cancer diagnoses 
that carry lower VTE risks. As such, further prospective trials 
of VTE prophylaxis, including novel agents such as factor 
Xa inhibitors, exclusively in woman with active ovarian can-
cer are currently needed.

 Preoperative Bowel Preparation: Current Data 
and Alternative Approaches

In the 1970s, Nichols and Condon published one of the first 
reports of a preoperative bowel preparation that combined an 

oral antibiotic preparation (OAP) with a mechanical bowel 
preparation (MBP). The potential and perceived benefits 
included a decrease in the bacterial load within the colon and 
emptying of the colon, which allowed for better palpation of 
intraluminal lesions [43]. Since then, the preoperative bowel 
preparation (OAP + MBP) has been shown to be associated 
with improvements in surgical site infection (SSI), anasto-
motic leak, reduction in ileus, and reduction in readmission 
[44–48]. However, bowel preparation can lead to dehydra-
tion, electrolyte abnormalities, and decreased patient satis-
faction [49, 50]. With the introduction of ERAS pathways in 
colorectal surgery, there appeared to be a national swing 
toward abandoning the bowel preparation in colorectal sur-
gery. However, large studies, including two out of the 
American College of Surgeons National Surgical Quality 
Improvement Program (ACS-NSQIP) targeted colectomy 
cohort [47, 51], provided data that has supported the current 
trend moving back toward bowel preparation in colorectal 
surgery.

Much of the benefit from bowel preparation is likely 
derived by the OAP as utilization of an OAP alone appears to 
improve SSI rates and is associated with a reduction in anas-
tomotic leak. In the most recent ACS-NSQIP study of bowel 
preparation utilizing the targeted colectomy cohort (nearly 
28,000 patients included), organ/space SSI and anastomotic 
leak reduction were essentially the same whether the prepa-
ration utilized was OAP alone or OAP + MBP. There was, 
however, improved wound dehiscence rate among those who 
received OAP + MBP, and this was not observed with OAP 
alone [51]. The addition of MBP is theorized to enhance 
transit of oral antibiotics through the gastrointestinal tract 
and may enhance the impact of an OAP.

While the combination of OAP + MBP is associated with 
decreases in postoperative SSI and anastomotic leak, the uti-
lization of MBP alone can be harmful. Importantly, a MBP 
typically consists of an orally ingested agent such as an 
osmotic cathartic (i.e., magnesium citrate), a non-absorbed 
osmotic (i.e., polyethylene glycol), stimulant laxative (i.e., 
bisacodyl), or a combination of an osmotic with a laxative 
[52].There is Level 1 evidence illustrating MBP alone is 
ineffective in achieving improved postoperative complica-
tions and is potentially harmful. A meta-analysis of seven 
randomized controlled trials of MBP alone vs. no bowel 
preparation demonstrated there were higher complication 
rates, including increased rates of anastomotic leak, SSI, and 
reoperation, observed with MBP alone [53]. Additionally, 
MBP contributes to preoperative dehydration, decreased 
exercise capacity, and electrolyte abnormalities [49]. In a 
systematic review in gynecologic surgery, MBP had no 
improvement in operative time or surgical field view and led 
to a more unpleasant patient experience [50]. In the most 
recent ACS-NSQIP study of bowel preparation, MBP alone 
had no impact on SSI, wound dehiscence, or anastomotic 
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leak [51]. As such, the contemporary preoperative bowel 
preparation should not consist of only a MBP; it should also 
include an OAP.

While the current data in colorectal surgery may support 
the utilization of OAP + MBP as a modality to improve cer-
tain postoperative outcomes, in gynecologic oncology sur-
gery, the utilization of bowel preparation in the setting of an 
ERAS program remains controversial. Given the importance 
of euvolemia in ERAS pathways, dehydration secondary to 
bowel preparation may counteract some of the beneficial 
impact of ERAS. Importantly, there is no RCT data compar-
ing OAP alone vs. OAP + MBP, and even among the largest 
retrospective series reported [51], important counterbalances 
such as euvolemia and dehydration were not reported. 
Additionally, there are targeted approaches to mitigate the 
rates of postoperative complications that have been imple-
mented in the setting of gynecologic oncology surgery ERAS 
programs with no bowel preparation that have yielded reduc-
tions in anastomotic leak, SSI, and ileus.

Complications such as anastomotic leak and SSI are 
often multifactorial. In the setting of a quality improvement 
project designed to decrease the rate of anastomotic leak in 
women undergoing rectosigmoid resection as part of their 
gynecologic cancer surgery, recognition of the risk factors 
for anastomotic leak led to the development of a guideline- 
based approach. Among those who met risk criteria, such as 
prior pelvic radiation, hypoalbuminemia, and anastomosis 
≤6 cm from the anal verge, a protective diverting loop ile-
ostomy was added to their surgical procedure, and this 
resulted in a reduction of anastomotic leak from 7.8% to 
2.6% [54]. Risk factors for SSI include those of host fac-
tors, colonization and endogenous flora, surgical procedure 
variables, as well as surgical team and hospital practice fac-
tors. As such, the approach to reducing SSI must be multi-
dimensional. There are several measures that are considered 
category 1A recommendations by the Centers for Disease 
Control and Prevention (CDC), including appropriate intra-
venous antibiotic prophylaxis, skin antisepsis, normother-
mia, glycemic control, nicotine cessation, and increased 
oxygenation [55–62]. Additionally, the implementation of 
SSI reduction bundles, which often include the CDC rec-
ommendations, has been shown to decrease SSI in both 
colorectal surgery and gynecologic cancer surgery with and 
without a bowel resection [63, 64].

Reducing the rate of ileus also appears to be feasible with-
out a bowel preparation. In a retrospective cohort study, the 
addition of liposomal bupivacaine to an ERAS protocol led 
to reduced opioid consumption and reduced ileus by nearly 
50% in women undergoing high-complexity ovarian cancer 
debulking [65]. Additionally, the novel agent alvimopan, 
which is a peripherally acting, selective, μ(mu)-opioid antag-
onist, has been shown to decrease ileus-associated morbidity 
in both colorectal surgery and radical cystectomy by 56% 

and 72%, respectively [66, 67]. Alvimopan is US Food and 
Drug Administration (FDA) approved for ileus prophylaxis 
in patients undergoing a planned large or small bowel resec-
tion. In an RCT of alvimopan vs. placebo, alvimopan 
decreased the rate of ileus following ovarian cancer surgery 
by 70% [68].

In summary, the utilization of preoperative bowel prepa-
ration remains controversial. The beneficial component to 
the preparation is likely the OAP; however, there is no Level 
1 evidence comparing OAP alone vs. OAP + MBP. There is 
Level 1 evidence demonstrating that MBP alone is harmful. 
As such, if a bowel preparation is incorporated into periop-
erative care, OAP + MBP appears to carry the most benefit. 
However, the benefits long perceived and shown to be 
achieved with bowel preparation, such as reduced rates of 
SSI, anastomotic leak, and ileus, can be achieved without the 
side effects of bowel preparation. Even in the highest com-
plexity gynecologic cancer surgeries, these complications 
can be greatly reduced through alternative approaches of 
risk-based guideline utilization, bundled interventions, and 
novel agents.

 Multimodal Pain Control: Strategy to Reduce 
Postoperative Opioid Consumption

Achieving satisfactory postsurgical pain control is among 
the top concerns of most patients before and after surgery. 
The use of minimally invasive approaches—such as laparo-
scopic, vaginal, and robotic surgery—significantly reduces 
pain and is one of many reasons these approaches should be 
utilized before laparotomy when possible. While opioids are 
likely to continue to be an important aspect of multimodal 
pain control, the ongoing opioid crisis in the United States 
has highlighted the importance of using the minimal amount 
of opioid to minimize the risk of dependence and diversion. 
In this way, postoperative pain endpoints should include not 
only reducing pain scores but restoring function with the 
least amount of opioid possible, including minimizing the 
use of patient-controlled analgesia (PCA). While some have 
advocated for the total abandonment of opioids in the periop-
erative setting, this may not be an achievable or even desir-
able goal for all patients.

Strategies for achieving satisfactory pain control with the 
least amount of opioid possible include the use of synergistic 
non-opioid alternatives, local injection, and regional analge-
sia. These options are particularly important for patients who 
are not opioid-naïve prior to surgery. The most well-known 
form of multimodal analgesia is the use of nonsteroidal anti- 
inflammatory drugs (NSAIDs) with acetaminophen and has 
been shown to be superior to the use of either drug alone 
[69]. Similarly, the combination of oral acetaminophen and 
cyclooxygenase (COX)-2 inhibitors (celecoxib or parecoxib) 
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is commonly employed as preemptive analgesia together 
with gabapentin in many enhanced recovery pathways [2, 
70]. Other adjuncts such as intravenous (IV) lidocaine, cloni-
dine, magnesium, and dexamethasone may also be effective 
in reducing opioid requirements, nausea and vomiting, and 
inflammation—although the optimal timing, dosage, and 
potential risks remain to be defined [71–74].

The use of thoracic or lumbar epidural analgesia is effec-
tive in controlling postsurgical pain, reducing opioid require-
ments, and may speed recovery of GI function [75, 76]. 
However, recent investigations have cast doubt on its effi-
cacy compared to multimodal oral regimens in addition to 
potential side effects. Controlling pain is ideally accom-
plished without interfering with regaining function, includ-
ing ambulation, which may be delayed in patients with 
epidurals. Up to 30% of epidurals may not be functional, and 
many patients will nevertheless require a PCA [77]. 
Furthermore, epidurals are frequently associated with intra-
operative hypotension, which often requires fluid boluses 
and will interfere with the goal of euvolemia, and many will 
nevertheless require systemic opioids [78].

Local injections into the wound or as TAP (transversus 
abdominis plane) blocks may be particularly effective when 
used in combination with multimodal oral pain regimens. 
While a randomized trial did not show that TAP blocks were 
more effective than incisional injection, some continue to 
advocate for this approach [79]. Both interventions have 
minimal side effects and may offer sustained efficacy when 
long-acting forms of anesthetic are used, such as liposomal 
bupivacaine; such injections should be strongly considered 
for opioid-tolerant patients. In one investigation the use of 
incisional injection with liposomal bupivacaine reduced the 
rate of PCA use below 5% when combined with an oral mul-
timodal regimen for patients undergoing complex cytoreduc-
tion for ovarian cancer [65].

 Total Intravenous Anesthesia (TIVA)

There is an emerging trend toward the use of total intrave-
nous anesthesia (TIVA) for gynecologic oncology surgery 
within an ERAS pathway. The use of TIVA allows the anes-
thesiologist to achieve certain intraoperative goals in the 
pathway, such as rapid awakening in combination with 
opioid- sparing multimodal analgesia and reduction in post-
operative nausea and vomiting (PONV). In addition, poten-
tial benefits were described by Wigmore and colleagues 
when they looked at overall long-term survival for patients 
undergoing volatile versus IV anesthesia for all cancer surgi-
cal procedures. This retrospective analysis demonstrates an 
association between the type of anesthetic delivered and sur-
vival. Mortality was approximately 50% greater with volatile 
than with IV anesthesia, with an adjusted hazard ratio of 1.46 

(1.29–1.66) [80]. Several intravenous anesthetic agents may 
be used in combination to execute an effective TIVA regi-
men. Propofol (considered the model drug for TIVA) along 
with several adjuncts such as dexmedetomidine, ketamine, 
and lidocaine is used in order to avoid routine use of 
opioids.

Propofol remains the mainstay drug for TIVA. In addition 
to its favorable pharmacodynamics and pharmacokinetic 
profile, propofol offers distinct benefits over inhaled anes-
thetics. Studies of propofol have shown advantages: Propofol 
reduced coughing during emergence from anesthesia [81] 
and the depression in bronchial mucus transport velocity 
associated with general anesthesia [82]. In addition, the 
stress hormone response [83] and the expression of pro- 
inflammatory cytokines in alveolar macrophages [84] were 
lower in patients receiving propofol than in those receiving 
inhaled anesthetics. It is also known that propofol serves as a 
volatile anesthetic-sparing technique for patients with a his-
tory of PONV.

Dexmedetomidine is an alpha-2 agonist sedative- 
analgesic that inhibits endogenous norepinephrine release. 
Dexmedetomidine is eight times more selective for the 
alpha-2 receptor than clonidine, with an alpha-2/alpha-1 
receptor ratio of 1600:1 [85]. Evidence suggests that its main 
effector sites are the locus coeruleus for sedative action and 
the spinal cord for analgesic action. Interestingly, sedation 
with dexmedetomidine has been observed to mimic natural 
sleep in that hypercapnic arousal phenomenon upon expo-
sure to a CO2 challenge is preserved [86]. In addition to its 
direct sedative-analgesic properties, dexmedetomidine also 
reduces opioid requirements [87–94] and minimum alveolar 
concentration levels for inhalational anesthetics [95–97].

Ketamine is an N-methyl-o-aspartate receptor antagonist 
that induces a “dissociative state” in which sensory input 
(sight, hearing, touch) normally perceived by the patient is 
blocked from reaching consciousness. Because of its pro-
found analgesic, sedative, and amnestic properties, it is occa-
sionally used as an adjunct to propofol in TIVA regimens. 
Ketamine is particularly valuable because it has bronchodi-
lating properties, does not depress respiration, may reduce 
pain postoperatively, reduces narcotic requirement, and 
exerts sympathomimetic effects. There is potential for ket-
amine to have benefits in reducing chronic postoperative 
pain, but the optimum treatment duration and dose for differ-
ent operations have yet to be identified [98].

Intravenous lidocaine has also been described as an adju-
vant in TIVA. It has been described as having analgesic, anti- 
hyperalgesic, and anti-inflammatory properties. The 
mechanism of action and mechanism of analgesia of intrave-
nous lidocaine reveal its potential advantages in 
TIVA.  Intravenous lidocaine infusion in the perioperative 
period is safe and has clear advantages, such as decreased 
intraoperative anesthetic requirements, lower pain scores, 
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reduced postoperative analgesic requirements, as well as 
faster return of bowel function and decreased length of hos-
pital stay [99–106]. The final analgesic action of intravenous 
lidocaine is a reflection of its multifactorial action. It has 
been suggested that its central sensitization is secondary to a 
peripheral anti-hyperalgesic action on somatic pain and cen-
tral on neuropathic pain, which results in the blockade of 
central hyper-excitability.

Traditionally, TIVA has been administered through cal-
culator pumps that deliver a preset dose per unit of time. 
Dosages are based on recommended minimum infusion 
rates that are determined based on age and weight and 
titrated to clinical effect through measurement of hemody-
namics and subjective patient assessment. However, intrave-
nous agents have a narrow therapeutic window that may be 
difficult to target and maintain [107]. Therefore, computer-
controlled IV drug delivery systems, or target-controlled 
infusion (TCI) systems, have been developed to address the 
shortcomings of traditional calculator pumps and mimic the 
convenience, advantages, and familiarity of vaporizers 
[108]. TCI systems administer intravenous anesthesia based 
on real-time pharmacokinetic models, derived from popula-
tion studies specific for each intravenous agent. Although 
TCI systems are widely available throughout the world (in 
at least 96 countries), they have yet to be introduced com-
mercially in the United States. Because TCI systems inher-
ently fuse drug and device, the FDA is uncertain whether to 
regulate TCI as a drug or a device and has stalled TCI sys-
tem approval; this regulatory roadblock has, unfortunately, 
hindered commercial interest in furthering TCI technology 
for the US market [108–110].

Anesthetic depth monitors analyze and process a patient’s 
spontaneous electroencephalogram (EEG) and/or mid- 
latency auditory-evoked potentials (MLAEP) to gauge hyp-
notic depth [111]. To date, however, studies have failed to 
show that anesthetic depth monitors are consistently capable 
of either detecting intraoperative awareness or distinguishing 
between consciousness states [112]. However, an increased 
risk of intraoperative recall in TIVA has never been docu-
mented using the Brice interview [113].

In summary, the TIVA technique for gynecologic onco-
logical procedures is a balanced technique, which allows for 
reduced dosages of medications and opioid sparing.

 Goal-Directed Fluid Therapy (GDFT)

Hypovolemia with subsequent tissue hypoperfusion might 
occur during and after high-risk surgery. Hypovolemia, if 
undetected, may lead to postoperative complications, includ-
ing organ dysfunction, prolonged hospital stay, and increased 
mortality [114–116]. The outcome of patients undergoing 
high-risk surgery improves by intraoperative fluid manage-

ment using goal-directed stroke volume (SV) optimization 
[117–122]. Two meta-analyses demonstrated that intraopera-
tive hemodynamic optimization is effective in reducing both 
postoperative complications and mortality [123] and postop-
erative infections [124]. In addition, postoperative organ 
dysfunction including gastrointestinal complications [122, 
125] and renal impairment [126] can be reduced by a goal- 
directed approach. Since studies aiming at maximizing phys-
iological variables (e.g., cardiac output, oxygen delivery, 
mixed venous oxygen saturation) had inconsistent results 
[127–130], a more individualized approach has been advo-
cated [122]. Hypovolemia is the major reason for hemody-
namic instability in the perioperative setting [131]. On the 
other hand, there is evidence that volume excess may also be 
dangerous [132]. Volume administration is required and is 
achieved by using dynamic variables, stroke volume varia-
tion (SVV), pulse pressure variation, or systolic pressure 
variation [133]. Fluid optimization guided by SVV is associ-
ated with hemodynamic stability and decreased lactate levels 
as well as reduced postoperative organ complications [134].

For high-risk surgical patients, goal-directed fluid therapy 
(GDFT)—a technique used to manipulate hemodynamics 
with the use of fluids and inotropes to improve tissue perfu-
sion and oxygenation—has been associated with improve-
ments in short- and long-term outcomes [135, 136].

One of the key components of an ERAS program in the 
intraoperative period is the use of GDFT to optimize end 
organ tissue perfusion [137, 138]. The impact of GDFT in 
ERAS pathways is much different when compared to the 
period prior to implementation of such programs. ERAS 
patients are well-optimized, not exposed to prolonged peri-
ods of fasting, or mechanical bowel preparations, and, in 
addition, are given carbohydrate-loading solutions allowing 
for better hydration, euvolemia, and less hypotension during 
induction of anesthesia.

There is limited evidence that GDFT poses significant 
risk, and the use of advanced hemodynamic monitoring 
equipment may enhance clinical decision-making when 
compared with the use of conventional monitors [138]. 
Several investigators have examined device-guided GDFT 
in ERAS programs. Three groups independently tested a 
“zero balance” or “restrictive” strategy against conven-
tional minimally invasive cardiac output monitoring-
guided GDFT within the context of colorectal ERAS 
programs, and all found no difference in the length of stay 
or incident  complications (335 total patients). None of 
these studies demonstrated adverse outcomes from the use 
of GDFT [138–141].

Intraoperative GDFT data suggests either a reduction in 
length of stay or complications; and also because most 
devices used for GDFT present minimal risk to the patient, 
GDFT should be implemented when available. Depending on 
patient- and procedure-specific risks, clinicians may utilize 
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conventional monitors or minimally and noninvasive cardiac 
output monitoring devices [138].

Recently Lasala and colleagues investigated the incidence 
of acute kidney injury (AKI) using the RIFLE criteria (Risk, 
Injury, Failure, Loss of kidney function, and End-stage kidney 
disease) in 582 gynecologic oncologic patients undergoing 
elective surgery within a fully developed ERAS program com-
pared to 74 pre-ERAS patients. The incidence of AKI was 
9.6% for the ERAS group and 9.5% for the non-ERAS group. 
Patients in the ERAS group received less fluids (p < 0.0062) 
and less blood products (p < 0.0028). They concluded that the 
implementation of GDFT within an ERAS program in gyne-
cologic oncology did not result in an increased rate of AKI and 
was not harmful [142]. A recent study in major abdominal sur-
gery has shown some adverse effects of restrictive fluids 
regarding AKI among patients at increased risk for complica-
tions [143]. It has been widely debated, as the results from this 
study differ from others [144–146]. Of note, this study was not 
run according to ERAS standard of care. The actual paradigm 
of ERAS perioperative fluid therapy advocates for euvolemia 
through goal-directed fluid therapy optimizing stroke volume 
through the perioperative period with the resulting effect of 
optimizing splanchnic and tissue perfusion while avoiding 
hypervolemia and fluid excess.

 Surgical Site Infection Reduction Bundles

Surgical site infections occur at great economic cost to 
society—an estimated $3.5–10 billion in the United States 
alone—and are a major cause of both morbidity and mor-
tality [147, 148]. The recognition that most infections are 
preventable has led to the implementation of many inter-
ventions to reduce surgical site infections after gynecologic 
surgery. The root causes of SSI include patient risk factors 
(e.g., obesity, hyperglycemia, immunosuppression), insti-
tutional factors (sterile processing, facilities), and subopti-
mal perioperative management. This section will focus on 
the last category, which is under comparatively greater con-
trol by the surgical team. However, it is worth emphasizing 
that no matter how perfect, no perioperative pathway will 
result in low infection rates in the face of flawed sterile pro-
cessing, and it may be an important reason that SSI rates 
vary so greatly between institutions. Many elements and 
decision points in the perioperative workflow impact SSI; 
for these reasons, initiatives to lower SSI rates commonly 
include bundles of interventions (3–5 at minimum) rather 
than a single intervention alone. While this practice makes 
determination of the most important elements difficult, 
they have nevertheless been shown to be efficacious in 
reducing rates of SSI.

Three interventional studies have published results fol-
lowing implementation of SSI reduction bundles in patients 

undergoing surgery for gynecologic malignancies, with and 
without enteric resections. Baseline infection rates varied 
from 6% to 37%, demonstrating the huge variation across 
facilities due to case mix, patient mix, and institutional fac-
tors. All interventions were successful, reducing SSI to a 
range of 1.1–12% [64, 149, 150]. Of note, each bundle inves-
tigated varied slightly from one another but shared many 
common elements. These included standardized patient edu-
cation with use of 4% chlorhexidine gluconate for daily 
showering; the use of preoperative and, when appropriate, 
intraoperative prophylactic antibiotic prophylaxis; preopera-
tive and intraoperative skin preparation with 4% chlorhexi-
dine gluconate; use of a sterile closing tray with re-gloving 
and re-gowning for fascia and skin closure of type II inci-
sions; attention to perioperative glycemic control with a goal 
of <180 mg/dL; good hand hygiene by all providers in the 
care team; use of a sterile dressing for at least 24–48 hours 
after surgery; and early follow-up with the surgical team 
post-discharge. While the improvement in SSI rates refer-
enced here included patients undergoing laparotomy, these 
principles should also be followed for patients undergoing 
minimally invasive surgery. The use of minimally invasive 
surgery is itself very effective in reducing SSI; in one inves-
tigation rates were 14-fold higher in patients undergoing 
laparotomy [151].

 Patient-Reported Outcome (PRO) Measures

There are multiple dimensions to postoperative recovery, 
including physical, physiological, social, psychological, and 
economic factors [152]. Patient-reported outcome (PRO) 
instruments measure any aspect of a patient’s health status 
with information derived directly from the patient [153]. As 
such, PRO instruments are uniquely able to measure the var-
ied domains of recovery. To date, there is a paucity of PRO 
studies focusing on gynecologic patients within ERAS pro-
grams. One study that utilized the MD Anderson Symptom 
Inventory to measure longitudinal symptom burden demon-
strated that patients on an ERAS pathway were found to have 
improvements in symptom burden and functional recovery 
compared to those not on an ERAS pathway [12].

Careful consideration of PRO instrument selection 
should include evaluation of the specific content and pur-
pose of the instrument, responsivity in a surgical population, 
designed recall period, minimally important difference, and 
mode of administration. Timing of measures must include a 
preoperative baseline, with the remainder of measurements 
designed thoughtfully based on a priori hypothesis to bal-
ance patient burden with expected fluctuations in the PRO 
responses. A joint consensus statement by the American 
Society for Enhanced Recovery and Perioperative Quality 
Initiative on PROs in enhanced recovery pathways suggests 
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that institutions consistently document PROs within their 
enhanced recovery programs [154]. Specific recommenda-
tions included utilizing the quality of recovery score-15 
(QoR-15) [155] for PRO assessment during the immediate 
postoperative period and the World Health Organization 
Disability Assessment Schedule (WHODAS) 2.0 [156] or 
Patient- Reported Outcomes Measurement Information 
System (PROMIS) measures for post-discharge assessments 
at 30  days and 90  days postoperatively [154, 157]. It is 
important to note that the QoR-15 was not developed or 
validated in a large proportion of gynecologic patients. 
Further research is encouraged to validate existing instru-
ments or create new specific instruments to adequately cap-
ture symptom burden and recovery from the patient’s 
viewpoint.

 Minimally Invasive Surgery

With currently available data, it is not clear whether ERAS 
has a greater impact on minimally invasive surgery (MIS) 
or if MIS has a greater impact as one of the tenets of 
ERAS. Surgical trauma induces a well-documented physi-
ologic stress response, which includes a cascade of hor-
monal and metabolic changes, as well as alterations in 
organ function [158]. One of the key tenets of ERAS from 
its inception was a focus on the reduction of complications 
by both decreasing the stress response and by modifying 
the metabolic response to surgical insult [1]. Laparoscopic 
surgery has been associated with a decrease in both the 
inflammatory and immunomodulatory response compared 
to open surgery [159, 160]. While some studies suggest 
that classic endocrine metabolic responses are less influ-
enced by MIS, other studies have suggested that MIS 
decreases the cortisol stress response compared to moder-
ate and highly invasive surgeries [161]. Given the pub-
lished benefits of MIS in relation to the reduction in 
surgical stress, MIS was included as an element within the 
published ERAS practice guidelines for gynecologic sur-
geries. Specifically, the guidelines state that “MIS is rec-
ommended for appropriate patients when expertise and 
resources are available” [8]. There is a paucity of studies 
focusing on the impact of ERAS in MIS gynecologic sur-
gery. In at least one retrospective series, ERAS implemen-
tation in MIS demonstrated an association with 
improvements in length of stay and cost [162]. Another 
series described an association of ERAS implementation 
with decreased intraoperative and postoperative morphine 
equivalents, decreased cost, and increased patient satisfac-
tion [163]. Within the changing landscape of the applica-
tion of MIS in gynecologic oncology, special attention 
should be paid to the word “appropriate” within the guide-
line statement. Recent evidence from a randomized trial 

suggests that in early cervical cancer, women undergoing 
MIS have higher recurrence rates and worse survival. 
Thus, benefits of MIS need to be carefully weighed against 
oncologic outcomes [164].

 Conclusion

The ERAS gynecologic/oncology guidelines have helped 
integrate existing knowledge into practice and aligned peri-
operative care within our discipline. Future investigations 
using EIAS Gynecology will address knowledge gaps and 
improve clinical outcomes for patients.
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Enhanced Recovery After Surgery: 
Cesarean Delivery

R. Douglas Wilson, Jeffrey Huang, Cathy Cao, 
and Gregg Nelson

 Introduction

Enhanced recovery after surgery (ERAS) programs are stan-
dardized, perioperative care pathways that—when combined 
with an audit (measure)/evaluation process for use (positive 
outcome) and against use (negative outcome) system with a 
dedicated multidisciplinary team—result in diminished sur-
gical stress, enhanced patient physiologic and functional 
recovery, and decreased hospital length of stay (LOS) and 
complications [1–4].

There has been little implementation of ERAS in obstetrical 
surgery. A recent uncontrolled, observational study demon-
strated that an enhanced recovery pathway could be success-
fully integrated into a labor and delivery unit. This program has 
resulted in a substantial increase in the number of patients leav-
ing hospital 1 day after elective cesarean delivery (CD) com-
pared to those leaving on the second postoperative day [4]. 
There was no difference in hospital readmissions among the 
two groups. The results suggested that an ERAS program could 
be successfully implemented into labor and delivery units [4].

In 2014, the Canadian Institute for Health Information 
(CIHI) and healthydebate.ca reported that cesarean delivery 
rates had increased from 17% of all births in 1995 to 29% in 
2010/2011 [5]. The repeat CD rate for this group (would 

allow for scheduled CD innovation) was 76–90% and 
accounted for 11.3% of all deliveries in five Canadian prov-
inces for the period of 2007–2011 [6].

 When Do You Start the ERAS Cesarean 
Delivery Process?

There is much debate about when to start the ERAS cesarean 
delivery (ERAS CD) process. The “focus” is directly on the 
surgical cesarean delivery process rather than the larger 
“optimized” vision of woman, pregnancy, and outcome for 
mother and baby.

The proposed “focused and optimized” process/elements 
of ERAS relevant to surgery and the cesarean delivery are 
summarized in Fig. 47.1.

There are certain modifiable and non-modifiable obstet-
rical confounders that increase the “probable” use of CD 
for delivery such as maternal body mass index (BMI) > 40 
and other maternal comorbidities (Table 47.1, Fig. 47.2).

Each ERAS CD element (focused/optimized) has 
recommendation(s) with evidence level/recommendation 
grade. Table 47.2 summarizes the ERAS CD recommenda-
tions (see Chap. 46 for the GRADE working group level of 
evidence and strength definitions).

 Optimized Preconception and Antenatal 
Care Period

 Patient and Family Education

During preconception and antenatal maternity education, 
healthcare providers should provide preconception and 
pregnant women evidence-based education information 
and support. This evidence-based information about possi-
ble or planned cesarean delivery can help pregnant women 
recognize their obstetrical care requirements and also help 
women with informed decision-making [7].
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 Antenatal Care Optimization

Antenatal medical optimization is necessary to decrease the 
associated risk with surgery. Preconception and pregnant 
women with poor nutrition status, obesity, hypertension, dia-
betes, iron deficiency anemia, and substance use (tobacco, 
marijuana, alcohol) should be routinely assessed and coun-
seled prepregnancy or during the first trimester [8–20].

 Focused Preoperative Period: 30–60 Minutes

 Scheduled or Unscheduled Cesarean Delivery

 Anesthetic Medications
Antacids and histamine H2 receptor antagonists should be 
administered as premedication to reduce the risk from aspi-

ration pneumonitis [21]. Preoperative sedation should not be 
used for scheduled cesarean delivery because of the potential 
for detrimental effects on the mother and neonate [22].

A meta-analysis including a Cochrane review of 22 ran-
domized controlled trials (RCTs) showed that intake of 
clear fluids until 2  hours before surgery did not increase 
gastric content, reduce the pH of the gastric fluid, or 
increase complication rates compared with fasting over-
night [23]. The American Society of Anesthesiologists 
(ASA) recommends that pregnant women undergoing elec-
tive surgery should have a fasting period for solids of 
6–8  hours depending on the type of food ingested; they 
may have clear liquids up to 2 hours before induction of 
anesthesia [24]. Before surgical procedures, consider the 
timely administration of non- particulate antacids, hista-
mine H2 receptor antagonists, and/or metoclopramide for 
aspiration prophylaxis [24].

Pre Peri Post

Pre-hospital Day of surgery

Intraoperative focused
1. Pre- and intra-operative anesthetic

management
2. Procedures for prevention of intra-

operative hypothermia
3. Cesarean delivery surgical

techniques (opening-delivery-
closure) 

4. Perioperative fluid management

Preoperative focused
1. Anesthetic medications
2. Maternal Fasting 
3. Carbohydrate Supplementation
4. Antimicrobial prophylaxis
5. Abdominal/vaginal antimicrobial cleansing

Postoperative focused
1. Urinary drainage management
2. ERAS Sham feeding/chewing gum
3. Nausea and vomiting management
4. Analgesia
5. Perioperative nutritional care/early 

feeding
6. Glucose control
7. Thromboembolism prevention
8. Early mobilization

DischargeAdmission

ERAS CD
Focused and Optimized Elements 

Maternal and neonate
discharge focused 

Antenatal optimized 
1. Educational/counseling for scheduled CD

or possible unscheduled CD 
2. Maternal comorbity management; ie,

obesity, hypertension, diabetes, iron
deficiency anemia, substance with
teratogenic risk (tobacco, alcohol, street
drugs, marijuana)    

Neonatal optimized
1. Neonatal immediate care/delayed cord

clamping (Optimized element) 

Fig. 47.1 ERAS cesarean delivery (CD) focused and optimized elements [36–38]

Table 47.1 ERAS for cesarean delivery: preoperative modifiable clinical factors

Non-modifiable clinical factor Modifiable clinical factors/audit
Maternal age
Paternal age
Past history (obstetrics/medical/surgery/BMI) Optimization of selected comorbidities (hypertension/diabetes/anemia/

smoking)
(SGA/LGA/SB/PTB < 34 weeks)

Family history (genetics/birth defects/multifactorial disease) Surgical pathway (preoperative, intraoperative, postoperative)
Gestational weeks 0–20 (chromosomes/birth defects/
miscarriage)

BMI body mass index, SGA small for gestational age, LGA large for gestational age, SB stillborn, PTB preterm birth
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Pre Intra Post

Pre-hospital Day of surgery POD 0
PACU 

POD 1 POD 2 POD 3 POD 4

Normothermia: maternal 
(monitor; forced air; IV fluid 
warming; room temperature) and 
neonate (see text)

Regional anesthesia

Audit compliance & outcomes

Abdominal skin closure:: 
subcuticular

Uterine Incision: 
blunt expansion; 2 
layer closure; no 
peritoneal closure; 
sub-cutaneous fat > 2 
cm tissue re-
approximation

Optimal fluid management: maintain euvolemia

Early oral nutrition: regular diet within 2
hours; use of gum chewing 

Patient optimization: Antenatal Care
(maternal co-morbidities: obesity; hypertension; 
diabetes (pre-existing or pregnancy induced); 
anemia; cigarette use)  

Counseling/education: Cesarean delivery preparation for unscheduled or scheduled CD
Cesarean delivery without medical/surgical indication should not be recommended

Focused preoperative
30-60 minutes 
- Antacids and histamine H2 
receptor antagonists
- No preoperative  sedation
- Carbohydrate loading 2 
hours before incision
-IV antibiotics within 60 
minutes of incision
-Abdominal skin prep 
chlorhexidine--alcohol
-Consider vaginal prep of 
povidine-iodine

No prolonged fasting: 
- clear fluids until 2 hours 
before incision
- Light meal until 6 hours 
before incision 

Oxytocin for uterine hypotonia: IV low dose infusion

Immediate removal of Foley catheter in the OR

DischargeAdmission

ERAS: Cesarean
delivery  

PONV prevention: multi-modal (pre-load with ephedrine or phenylephrine; anti-emetic use)

Early mobilization; use of 
pneumatic compression 
stockings; no routine heparin
Multi-modal analgesia (NSAIDS; 
acetaminophen; limited use of 
opioid analgesics)

Risk stratification

Post-partum Ward with early discharge
planning/breast feeding 

Based on maternal co-morbidity: tight control of
diabetes and/r hypertension 

- Optimization - - Protocolized normalization -- Stress minimization -

Fig. 47.2 ERAS treatment pathway for cesarean delivery (CD). PACU postanesthesia care unit, IV intravenous, PONV postoperative nausea and 
vomiting, NSAIDs nonsteroidal anti-inflammatory drugs, OR operating room

Table 47.2 ERAS cesarean delivery (CD) recommendations: focused and optimized protocols

ERAS CD recommendations Evidence level Recommendation strength
“Focused” preoperative recommendations
1.  Although high-quality evidence is lacking, good clinical practice would include 

informing the patient about procedures before, during, and after the cesarean 
delivery. The information should be adapted to whether the cesarean delivery is an 
unscheduled or is a scheduled surgery

Very low to low Strong

2.  Cesarean delivery without medical indication should not be recommended without 
a solid preadmission evaluation of the harms and benefits, for both mother and her 
baby

Very low to low Strong

3.  Antacids and histamine H2 receptor antagonists should be administered as 
premedication to reduce the risk from aspiration pneumonitis

Low Strong

4.  Preoperative sedation should not be used for a scheduled cesarean delivery because 
of the potential for detrimental effects on the mother and neonate

Low Strong

5.  Women should be encouraged to drink clear fluids (pulp-free juice, coffee, or tea 
without milk) until 2 hours before surgery

High Strong

6. A light meal may be eaten up to 6 hours before surgery High Strong
7.  Oral carbohydrate fluid supplementation, 2 hours before a cesarean delivery, may 

be offered to nondiabetic women
Low Weak

8.  Intravenous antibiotics should be administered routinely within 60 minutes before 
the cesarean delivery skin incision. In all women, a first-generation cephalosporin 
is recommended; in women in labor or with ruptured membranes, the addition of 
azithromycin confers additional reduction in postoperative infections

High Strong

9.  Chlorhexidine-alcohol is preferred to aqueous povidone- iodine solution for 
abdominal skin cleansing before cesarean delivery

Low Strong

10.  Vaginal preparation with povidone-iodine solution should be considered for the 
reduction of post-cesarean infections

Moderate Weak

(continued)
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Table 47.2 (continued)

ERAS CD recommendations Evidence level Recommendation strength
“Focused” intraoperative recommendations
1.  Regional anesthesia is the preferred method of anesthesia for cesarean delivery as 

part of an enhanced recovery protocol
Low Strong

2.  Appropriate patient monitoring is needed to apply warming devices and avoid 
hypothermia

Low Strong

3.  Forced-air warming, intravenous fluid warming, and increasing operating room 
temperature are all recommended to prevent hypothermia during a cesarean 
delivery

High Strong

4.  Blunt expansion of a transverse uterine hysterotomy at time of cesarean delivery is 
recommended to reduce surgical blood loss

Moderate Weak

5.  Closure of the hysterotomy in two layers may be associated with a lower rate of 
uterine rupture

Low Weak

6.  The peritoneum does not need to be closed because closure is not associated with 
improved outcomes and increases operative times

Low Weak

7.  In women with ≥2 cm of subcutaneous tissue, re-approximation of that tissue layer 
should be performed

Moderate Weak

8.  The skin should be closed with a subcuticular suture in most cases, because of the 
evidence of reduced wound separation compared to those women with staples and 
removal <4 days postoperatively

Moderate Weak

9.  Perioperative and intraoperative euvolemia are important factors in patient 
perioperative care and appear to lead to improved maternal and neonatal outcomes 
after cesarean delivery

Low moderate Strong

“Focused” postoperative recommendations
1.  Urinary catheter should be removed immediately after cesarean delivery, if placed 

during surgery
Low Strong

2.  Fluid preloading, the IV administration of ephedrine or phenylephrine, and lower 
limb compression are effective to reduce hypotension and the incidence of 
intraoperative and postoperative nausea and vomiting

Moderate (multiple 
interventions)

Strong

3.  Antiemetic agents are effective to prevent PONV during cesarean delivery. 
Multimodal approach should be applied to treat PONV

Moderate Strong

4.  Pneumatic compression stockings should be used to prevent thromboembolic 
disease in patients undergoing cesarean delivery

Low Strong

5.  Heparin should not be routinely used for VTE prophylaxis in post-cesarean patients Low Weak
6.  Multimodal analgesia including regular NSAIDs and paracetamol is recommended 

for enhanced recovery for cesarean delivery
Moderate Strong

7. A regular diet within the 2 hours after cesarean delivery is recommended High Strong
8.  Gum chewing appears to be effective and is low-risk. It may be a redundant 

treatment if a policy for early oral intake is being used. However, it should be 
considered if delayed oral intake is planned

Low Weak

9. Tight control of capillary blood glucose is recommended Low Strong
10. Early mobilization after cesarean delivery is recommended Very low Weak
11.  Standardized written discharge instructions should be used to facilitate discharge 

counseling
Low Weak

“Optimized” recommendations
Antenatal
1.  Maternal obesity (body mass index >40 kg/m2) significantly increases the risks of 

maternal and fetal complications. Optimal gestational weight gain management 
should be used to control their weight during pregnancy. Surgical complexity 
requires multidisciplinary planning

High Strong

2.  Maternal hypertension should be managed during the pregnancy because maternal 
chronic hypertension has been found to increase significantly the incidence of 
maternal and fetal morbidity and cesarean delivery

High Strong

3.  Maternal gestational diabetes mellitus has been found to significantly increase the 
risk for maternal and fetal morbidity. Maternal diabetes should receive timely and 
effective management during preconception and pregnancy

High Strong

4.  Maternal anemia during pregnancy is associated with low birthweight and preterm 
birth and increases perioperative morbidity and mortality rates. The cause of the 
anemia should be identified and corrected

Moderate Strong
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One RCT showed carbohydrate loading before surgery 
accelerated recovery, reduced postoperative insulin resis-
tance and associated increased risks for complications, and 
reduced hospital length of stay (LOS) [25]. There is no study 
that has assessed the effect of carbohydrate drinks before 
elective CSD.

An RCT evaluation of preoperative oral carbohydrate use 
reported improved breastfeeding after CD for time to first 
breastfeeding and breastfeeding frequency and duration [26].

 Antimicrobial Prophylaxis and Vaginal/
Abdominal Skin Preparation
CD antibiotic prophylaxis that is administered preopera-
tively has significantly reduced the incidence of maternal 
infection especially endometritis and wound infection com-
pared with administration of antibiotics after neonatal umbil-
ical cord clamping [27–29]. An RCT showed that the addition 
of 500 mg of intravenous azithromycin to standard regimens 
for antibiotic prophylaxis before cesarean delivery further 
reduced the rate of endometritis, wound infection, and seri-
ous maternal adverse events [29].

An RCT showed the use of chlorhexidine-alcohol for pre-
operative skin antisepsis resulted in a significantly lower risk 
of surgical site infection (SSI) after cesarean delivery than 
did the use of iodine-alcohol [30].

 Focused Intraoperative Cesarean Delivery

 Obstetrical Anesthesia Choice

The advantages of regional over general anesthesia for cesar-
ean delivery are well established. A prospective study showed 
that spinal anesthesia for elective cesarean delivery is associ-
ated with a shorter length of postoperative hospital stay [31]. 

Regional anesthesia enables early oral intake and recovery of 
gastrointestinal (GI) functions with lower oxytocin consump-
tion, prolonged interval to first analgesic requirement [31].

 Maternal and Neonate Hypothermia 
Prevention

Perioperative hypothermia is estimated to occur in more than 
60% of patients undergoing cesarean delivery [32]. 
Perioperative hypothermia is associated with surgical site 
infection, myocardial ischemia, an altered drug metabolism, 
coagulopathy, prolonged duration of hospitalization,  shivering, 
reduced skin integrity, and poor patient satisfaction [33, 34].

An RCT showed a warmed intravenous (IV) fluid load 
and a lower body forced-air warming blanket for scheduled 
cesarean delivery under spinal anesthesia increased maternal 
temperature on arrival at the postanesthesia care unit (PACU), 
minimized the perioperative temperature drop, decreased the 
incidence of perioperative hypothermia, and improved 
maternal thermal comfort [35].

 Surgical Techniques and Abdominal Entry

ERAS is a systematic quality improvement process that has 
published three guidelines with elements in focused (30–
60 minutes pre-skin incision to maternal/neonate hospital 
discharge) and optimized (antenatal, maternal comorbidity 
management) pathways for cesarean delivery pre-, intra-, 
and postoperative periods including immediate neonatal 
care at delivery [36–38]. Table 47.3 summarizes the more 
detailed ERAS abdominal entry, hysterotomy entry, and 
abdominal closure technique with their evidence and rec-
ommendation grading [37, 39–41].

ERAS CD recommendations Evidence level Recommendation strength
5.  Maternal cigarette smoking is associated with adverse medical and reproductive 

morbidity and should be stopped before or in early pregnancy
High Strong

Immediate neonatal care
1.  Delayed cord clamping for at least 1 minute at a term delivery is recommended Moderate Strong
2.  Delayed cord clamping for at least 30 seconds at a preterm delivery is 

recommended
Low moderate Strong

3.  Body temperature should be measured and maintained between 36.5 °C and 
37.5 °C after birth through admission and stabilization

Low moderate Strong

4.  Routine suctioning of the airway or gastric aspiration should be avoided and used 
only for symptoms of an obstructive airway (by secretions or meconium)

Low Strong

5.  Routine neonatal supplementation with room air is recommended because the use 
of inspired air with oxygen may be associated with harm

Low moderate Strong

6.  In all settings that perform cesarean delivery, a capacity for immediate neonatal 
resuscitation is mandatory

High Strong

IV intravenous, PONV postoperative nausea and vomiting, VTE venous thromboembolism, NSAIDs nonsteroidal anti-inflammatory drugs
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 Maternal Fluid Management

Maintaining maternal euvolemia is the key to achieve optimal 
outcomes after surgery. Intravascular volume is one of the 
important factors of cardiac output and oxygen delivery. 
Optimal uterine perfusion is not only required for adequate 
fetal oxygenation but also for the delivery of nutrients and the 
elimination of waste products from the contracting myome-
trium [42]. Maternal fluid overload has also been associated 
with increased cardiovascular work and pulmonary edema 
[43]. There are additional concerns over newborn weight loss 
during the first 3 days following birth that occurs when moth-
ers have received large volumes of intravenous fluids [44].

Therefore, adequate fluid therapy with vasopressors could 
be effective to reduce incidence and severity of hypotension 
during spinal anesthesia for cesarean section [45]. Minimally 
invasive hemodynamic monitors have been used to detect flow-
related parameters of fluid responsiveness to optimize end-
organ tissue perfusion (goal-directed intravenous fluid therapy 
[GDFT]) [46, 47]. However, there was little published data 
about the effects of GDFT during CD. High- quality research 
trials need to be conducted to clarify this recommendation.

 Prevention of Uterine Hypotonia: Oxytocin 
Dose

Administration of oxytocin after the newborn is delivered 
reduces postpartum blood loss and risk of hemorrhage. 

However, the optimal dose and route of administration (i.e., 
bolus dose versus infusion of oxytocin at CD) are debatable 
[48]. Since the elective cesarean delivery has minimal con-
cern of prior prolonged exposure to oxytocin and related 
desensitization, it is not necessary to apply bolus, which 
might cause hypotension, nausea and vomiting, or even elec-
trocardiogram changes.

 Foley Catheter Removal

Traditional indications for indwelling Foley catheter included 
the need for measured urine output (e.g., hemorrhage, hyper-
tension), urinary tract injury, and/or postoperative urinary 
retention/failed voiding efforts.

A prospective clinical trial has demonstrated that the 
mean postoperative ambulation time, time till the first void-
ing, and length of hospital stay were significantly shorter in 
women who had immediate removal of the catheter com-
pared with women who had the catheter removed after 
12 hours [49].

 Neonatal Immediate Care  
in the Operating Room

This optimized ERAS CD element is important as these sur-
gical processes have impact on both maternal and neonatal 
outcomes. This resuscitation process is usually away from 

Table 47.3 ERAS abdominal entry and hysterotomy entry and closure technique [37, 39–41]

Intraoperative ERAS element/process Recommendation for Recommendation against Reference
Abdominal entry Skin incision type

  Pfannenstiel
  Joel-Cohen

Moderate weak [40, 41]
[39]
[39]

Moderate strong
Moderate strong

Second scalpel Moderate strong [40]
[39]weak

Rectus muscle cutting Moderate strong [40]
Hysterotomy Uterine incision: transverse Moderate weak [38]

Blunt expansion: cephalad-caudad Moderate weak [37(ERAS CD)]
[39, 40]High strong

Closure: two layer Low weak [37(ERAS CD)]
[39, 40]Moderate weak

Continuous suture Moderate weak [40]
Abdominal closure Bladder flap Moderate strong [40]

Peritoneum left open Low weak [37(ERAS CD)]
[39, 40]Moderate strong/weak

Rectus muscle Low weak [40]
Fascia Moderate strong [39]
Subcutaneous
^2 cm depth

Moderate weak [37(ERAS CD)]
[39, 40]High strong

Wound irrigation Low weak [40]
Skin closure
subcuticular

Moderate weak [37(ERAS CD)]
[40]Moderate weak

Oxytocin Low weak [39]
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the maternal surgical field, but close communication with the 
mother is required. Pediatric/neonatology medical and nurs-
ing team members are generally in attendance, but this is 
dependent on location and standard hospital policies [37].

 Focused Postoperative Cesarean Delivery

 Maternal Prevention of Postoperative Nausea 
and Vomiting

Nausea and vomiting are common symptoms experienced 
during cesarean delivery under regional anesthesia and may 
occur in the postoperative period following cesarean section 
under either regional or general anesthesia [50]. There are 
multiple underlying causes of nausea and vomiting at cesar-
ean delivery. Postoperative nausea and vomiting (PONV) 
reduced patient dissatisfaction and delayed discharge from 
hospital. There are no prospective observational studies to 
estimate the exact incidence of nausea and vomiting during 
cesarean delivery and in the postoperative period. The identi-
fied risk factors are hypotension, reduced cardiac output 
from aorto-caval compression, surgical stimulation, and 
intraoperative medications such as opiates and uterotonics 
including Pitocin and particularly ergometrine [51].

A multimodal approach to PONV prevention is becoming 
an expectation for the standard of care. These interventions 
include 5-hydroxytryptamine receptor (serotonin) (5-HT3) 
antagonists, dopamine antagonists, and sedatives [51].

 Prophylaxis Against Maternal 
Thromboembolism

Venous thromboembolism (VTE) is associated with consid-
erable maternal morbidity and mortality. Pregnancy is asso-
ciated with a number of physiological and anatomic changes 
that increase the risk of VTE and include a hypercoagulable 
state, increased venous stasis, decreased venous outflow, 
compression of the inferior vena cava and pelvic veins by the 
enlarging uterus, and decreased mobility [52]. Other 
pregnancy- related factors identified to increase the risk 
include multiple gestations, preeclampsia, prolonged labor, 
and cesarean delivery [53].

Pharmacological agents—such as heparin, Lovenox, and 
aspirin—have been used in VTE prevention due to their 
anticoagulant properties, but caution is required when used 
with neuraxial block [54]. Non-pharmacological methods—
such as graduated compression stockings, intermittent 
pneumatic compression, or venous foot pumps—have been 
used for their ability to reduce venous stasis and blood stag-
nation by promoting venous blood flow through external 
compression [54].

 Postoperative Analgesia (Multimodal 
Analgesia)

The goal of multimodal analgesia is to minimize the use of 
and side effects from opioids and to speed up the overall 
postoperative recovery quality [55]. The disruptive physio-
logical and psychological consequences from poorly man-
aged pain can lead to delayed recovery and postpartum 
frustration and depression, as well as contribute to the emo-
tional detachment of the mother from her newborn [56].

Split doses of oral opioid use in a post CD order set was 
associated with a 56% reduction in the 48-hour opioid use 
[57]. Review and management of non-opioid pain manage-
ment requires directed medication use [58, 59].

 Nonsteroidal Anti-inflammatory Drugs

Nonsteroidal anti-inflammatory agents (NSAIDs) are potent 
analgesics that function as inhibitors of cyclooxygenase and 
prostaglandin synthesis. Ideally, NSAIDs should be adminis-
tered as the first option for breakthrough pain after giving 
neuraxial long-acting opioids. If CD is done without 
 neuraxial anesthesia, then either IV and/or PO NSAIDs 
should be used as the scheduled “around the clock” first-line 
analgesics instead of IV opioids. Recent meta-analysis dem-
onstrated that the perioperative use of IV/intramuscular (IM) 
NSAIDs in CD patients resulted in significantly lower pain 
scores, less opioid consumption, and less drowsiness/seda-
tion but no difference in nausea or vomiting compared to 
those who did not receive NSAIDs [60].

Even though there is theoretical concern that NSAIDs are 
associated with platelet dysfunction, gastrointestinal irritation/
bleeding, and renal dysfunction, clinically it is safe to admin-
ister ketorolac in postpartum patients. A recent meta- analysis 
reveals that IV ketorolac does not increase bleeding [61].

 Acetaminophen

As with NSAIDs, IV or PO acetaminophen should be admin-
istered on a “scheduled basis” to achieve the optimal effect. 
Acetaminophen and NSAIDs together will bring an additive 
if not synergistic analgesic result [62]. One caveat is its 
potential liver toxicity—the maximum dosage for obstetric 
patients should be limited to 3–4 g/day (i.e., 60 mg/kg/day).

 Opioid Analgesics

Traditionally, IV PCA (patient-controlled analgesia) has 
been prescribed as the gold standard regimen for post CD 
patients when neuraxial techniques have not been used or 
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have failed. Continuous background infusion is not recom-
mended in an opioid-naïve parturient, as there may be a 
higher risk for respiratory depression [63]. However, given 
the multiple side effects related to the opioids such as nau-
sea, vomiting, decreased gastrointestinal movement, pruri-
tus, urinary retention, sedation, and respiratory depression, 
opioids have become the least favorable regimen in the era of 
enhanced recovery after surgery [63].

 Other Adjuvant Agents

• Gabapentinoids [64]
• Tramadol [63]
• N-methyl-D-aspartate (NMDA) antagonists: ketamine [65]
• Alpha-2-agonists [66]
• Glucocorticoids [67]

 Oral Nutrition

Upon arrival in the post anesthesia care unit after CD, as soon 
as patients are fully awake, they should be encouraged to 
drink. If they can tolerate some oral fluids, they can be 
advanced to eat a normal diet. The presence of fluid and semi-
digested food in the gut elicits all natural gut- stimulating 
reflexes via sight, smell, taste, salivation, mastication, and 
swallowing. The replenishment of good and balanced nutri-
tion will help generate healthy milk to feed the baby. Early 
oral intake after CD is safe, enhances bowel function recov-
ery, and does not increase the incidence of postoperative ileus 
[68]. Following blood glucose levels and treating abnormal 
values in diabetics are also important to prevent gastroparesis. 
A meta-analysis (81 studies and 9000 participants) showed 
that patients who chewed gum after an operation have bowel 
movements sooner and have shorter hospital stays than peo-
ple who did not chew gum [69]. Chewing gum may not have 
been able to show clear benefit in all trials, but it is a cheap 
and easy intervention with unknown adverse effect.

 Prevention of Postoperative Ileus

Given the exact etiology of postoperative ileus (POI) is 
unclear and has multifactorial aspects, there needs to be con-
sideration of the many complex interactions when successful 
ERAS pathway is implemented to combat POI, including 
autonomic dysfunction to stress response, activation of gut 
opioid receptors, GI hormone imbalance with gut peptides 
alteration, electrolyte derangement, impaired GI contractil-
ity and intestinal wall stretch with edema, as well as activa-
tion of mast cells, monocytes, and macrophages, releasing 
histamine and cytokines [70].

Even though current research data have not shown defini-
tive evidence that an ERAS strategy will lead to diminished 
incidence of POI, the indirect evidence of decreased length 
of hospital stay and presumed alleviation of ileus-inducing 
stress factors support the implementation of enhanced recov-
ery principles toward decreasing POI incidence [71].

 Perioperative Glucose Control

Diabetes in pregnancy is associated with adverse outcomes, 
including an increase in morbidity and mortality for both 
mother and fetus [72, 73]. Patients with diabetes who 
undergo surgery have increased complications with wound 
infection, length of hospital stay, and death [74].

The level of control of capillary blood glucose (CBG) is a 
complex area, and lower limits of 4–8 mmol/L are recom-
mended at the time of delivery to reduce fetal hypoglycemia 
[75]. The use of variable rate insulin infusions (VRII), previ-
ously known as a “sliding scale,” is recommended—usually 
with endocrinology expertise. Type 1 diabetes patients 
receiving insulin should never stop their insulin as ketoaci-
dosis may develop rapidly. The manipulation of periopera-
tive insulin is complex, with small evidence base for patients 
undergoing cesarean delivery [76].

Oral carbohydrate preloading is an area of controversy for 
patients with impaired glucose control as in the nondiabetic 
surgery population it has shown value for reduced complica-
tion and length of stay [38].

Following delivery of the fetal/placental unit, maternal 
insulin requirements fall rapidly, and CBG should be checked 
if the patient is receiving insulin; diabetic expertise for both 
mother and baby management is required [77].

 Early Mobilization and Rehabilitation

Preoperative physical movement and breathing exercises are 
correlated with enhanced ambulation and improved patient 
outcomes postoperatively. Postoperative pain and fatigue 
contributes to decreased mobility, which in turn results in 
suppressed cardiopulmonary and musculoskeletal system 
function. Early movement after CD will minimize the sup-
pression and deconditioning; facilitate high-quality interac-
tion between mothers and newborns; speed up returning to 
baseline function; and achieve the goal of better overall 
physical, mental, and economical outcomes [78, 79].

Early mobility helps patients maintain flexibility, strength, 
and endurance. Randomized controlled trials of enhanced 
recovery pathways (ERPs) have shown a decrease in atelec-
tasis, pneumonia, thromboembolism, and delirium; increased 
muscle strength and tissue oxygenation; decreased opioid 
use; prevention of pressure ulcers; and potential benefit of 
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prevention of ileus; all of the ERPs include early ambulation. 
The timing of mobilization is crucial. The authors recom-
mend a minimal 15 minutes on the day of CD and 3 hours on 
postoperative day 1, i.e., six times of 30 minutes, of walking. 
Ultimately, patient postoperative mobility and post-discharge 
rehabilitation should be adapted to meet the needs of each 
individual patient [38].

It is critically important to ensure the safety of both the 
mothers and the newborns after discharging home. An RCT 
of women discharged on day 1 or 2 following elective CD 
looked at two primary outcomes: patient satisfaction score 
and exclusive breastfeeding rates at 6 weeks. They found no 
difference between the two groups on either outcome [79].

Two issues need to be addressed before sending patients 
home earlier. One concern is the optimal timing of neonatal 
comprehensive examination. Most experts consider the neo-
natal exam should be performed ideally within 24 hours fol-
lowing CD [80]. Another caveat is that the provision of safe 
and robust follow-up community care after discharge will 
offset some of the cost savings from less in-hospital care [81].

In enhanced recovery, goals of discharge care are clearly 
communicated to the patient and family. Discharge instruc-
tions should include but not be limited to nutritional recom-
mendations; medication changes; pain control; blood 
pressure and glucose monitoring and control; follow-up 
information with obstetrician, pediatrician, and primary care 
physician; and exercise recommendations.

 Conclusion

ERAS elements have the potential to be successfully imple-
mented in CD based on the evidence obtained from this 
review. The ERAS CD knowledge transfer and implementa-
tion will require multidisciplinary team coordination in the 
preoperative, intraoperative, and postoperative phases and the 
development of a formalized ERAS® CD guideline. Such a 
guideline will require pairing with an audit system (e.g., 
ERAS® Interactive Audit System) to enable teams to review 
their protocol compliance on a regular basis. The ERAS team 
(typically comprised of at least a surgeon, anesthesiologist, 
and nurse) determines where their compliance is low and then 
is able to focus their efforts on improving compliance, which 
then translates into improved clinical outcomes.
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ERAS in Spine Surgery

G. Damian Brusko and Michael Y. Wang

 Introduction

Spine surgery is one of the most recent specialties to adopt 
enhanced recovery after surgery (ERAS) principles. The suc-
cess of ERAS programs in other specialties catalyzed this 
movement in order to approach several mounting challenges 
in spine surgery. Importantly, growing surgical demand, ris-
ing costs, and wide variability in hospital length of stay 
(LOS) outcomes across the globe favored the need for inno-
vation, with enhanced recovery programs identified as a 
promising solution [1]. In addition to the broader benefits of 
ERAS programs such as reduced costs and faster recovery, 
spine surgery reaps benefits from standardized pain reduc-
tion interventions inherent to ERAS as well. Spine surgery, 
and in particular lumbar fusion, is regarded as one of the 
most painful surgical procedures [2]. This, in turn, predis-
poses to a risk for increased narcotics consumption and mis-
use among spine surgery patients. However, through 
commonly employed interventions in ERAS programs, the 
opioid crisis—which has hit the United States (US) particu-
larly hard [3]—may be curbed.

Although numerous opportunities for improvements 
through ERAS implementation in spine surgery have been 
identified, at present, there are no published guidelines. 
Thus, assessment of a complete set of enhanced recovery 
elements in the field is yet to be elucidated, and literature 
examining such concepts remains limited. The aim of this 
chapter is to assemble the literature that could serve as the 
foundation for future development and testing of enhanced 
recovery programs in spine surgery and drive discussion at 
the international level for continual improvements in princi-
ples, techniques, and implementation strategies.

This chapter will explore the knowledge in various 
enhanced recovery topics within spine surgery. Additionally, 

the chapter will highlight studies that have already tailored 
certain enhanced recovery principles to this subspecialty. 
Finally, this chapter will identify important topics for future 
discussion of ERAS to shape its use in spine surgery.

 Recommendations for Spine Surgery

The current ERAS review for lumbar spinal fusion was 
developed based on specific search criteria, to allow a com-
prehensive review of the literature according to PRISMA 
guidelines to identify all relevant articles pertaining to the 
selected enhanced recovery topics and lumbar fusion sur-
gery. Articles were narrowed down using strict inclusion and 
exclusion criteria and then underwent full-text review as the 
final part in the selection process. The following sections 
outline the current knowledge related to ERAS and its ele-
ments for lumbar fusion.

 Preoperative Period

The first crucial intervention in every ERAS specialty guide-
line is patient education regarding the enhanced recovery pro-
cess. Within lumbar surgery, the common perception of 
uncertain outcomes and lengthy recovery can be particularly 
challenging [4], but preoperative education programs have 
demonstrated improvements in patient satisfaction and 
decreased healthcare costs [5, 6]. The use of cognitive behav-
ioral therapy and expectation setting for recommended psy-
chological optimization overlaps with these interventions and 
may provide a greater benefit [7, 8]. In addition to managing 
patient expectations prior to surgery, optimizing the patient’s 
health status through weight loss, if necessary, and prehabili-
tation programs is also recommended. Although no specific 
weight loss programs have been identified as superior, studies 
comparing prehabilitation exercise interventions under the 
guidance of physiotherapists to standard care demonstrated 
reductions in length of stay and improvements in satisfaction 
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and outcome metrics such as the Oswestry Disability Index 
(ODI) or visual analogue scale (VAS) for back pain [9, 10]. 
As part of the health optimization goals for patients undergo-
ing spine surgery, nutrition protocols designed to balance 
enteral supplementation and maintain euglycemia are recom-
mended to prevent malnutrition and reduce complications 
[11, 12]. The deleterious effects of smoking, both biochemi-
cally and clinically, are well- described in the spine literature 
and include significantly increased risks of pseudoarthrosis, 
infection, and adjacent- segment disease [13]. To reduce com-
plications and further optimize patient health, smoking cessa-
tion should be encouraged at least 4 weeks prior to surgery 
and maintained postoperatively [14].

Furthermore, two common elements integral to ERAS 
pathways were found to be effective interventions within 
lumbar fusion: multimodal analgesia preoperatively and 
fluid management perioperatively. Non-narcotic medication 
regimens that include pregabalin [15], nonsteroidal anti- 
inflammatory drugs (NSAIDs) [16], and ketamine [17] dem-
onstrated the greatest pain management benefits for patients. 
A single study examined the use of a preemptive analgesic 
protocol that included celecoxib, pregabalin, extended- 
release oxycodone, and acetaminophen, which amounted to 
significant reductions in narcotic consumption postopera-
tively [18]. Additionally, goal-directed fluid therapy is com-
monplace in complex general surgery guidelines, but there is 
a paucity of literature on the subject related to spine surgery. 
One study showed a benefit for fluid management in spine 
surgery on five or more levels [19], but other studies did not 
demonstrate a benefit for surgeries of fewer levels [20, 21].

 Intraoperative Period

Recommendations during the intraoperative period focus on 
three distinct surgical interventions. First, studies on antimi-
crobial prophylaxis have shown mixed results. The use of 
intravenous antibiotics prior to skin incision may lead to 
additional costs without much added benefit [22]. Application 
of intraoperative vancomycin powder, although common 
practice, does not appear to reliably reduce surgical site 
infections in spine surgery [23, 24]. Similarly, use of 
tranexamic acid [25] and cell saver devices [26] to control 
intraoperative blood loss has not demonstrated cost- 
effectiveness nor reduced blood losses in lumbar fusions less 
than three levels, and therefore usage is not recommended 
for these procedures.

One recommended intervention related to the overall mul-
timodal analgesic approach is the intraoperative use of local 
injectable pain reduction techniques, which includes local, 
regional, and spinal anesthesia. Epidural administration of 
various analgesics is commonly employed, and many studies 
have shown a clear benefit in reducing pain scores and narcot-

ics consumption [27, 28]. Field blocks with a combination of 
bupivacaine and clonidine have also augmented pain relief 
and may be used as well [29]. Most recently, studies examin-
ing liposomal bupivacaine, a long- acting local anesthetic, 
have shown reductions in both length of stay and acute care 
costs while also demonstrating decreased narcotics consump-
tion compared to controls [30, 31].

 Postoperative Period

There are a number of recommended interventions during 
the postoperative period, many of which are also similar to 
other specialty guidelines. Central to all ERAS recommen-
dations are multimodal analgesic protocols, a few of which 
have already been discussed in this chapter for the preopera-
tive and intraoperative periods. During the postoperative 
period, a similar medication protocol is recommended and 
includes a combination of non-narcotic medications such as 
acetaminophen, NSAIDs, gabapentin, S-ketamine, dexa-
methasone, ondansetron, and epidural local anesthetic infu-
sion or patient-controlled analgesia with morphine [32]. Use 
of multimodal analgesic protocols that limit the amount of 
opioids consumed also helps to alleviate postoperative nau-
sea and vomiting (PONV), which is common after surgery 
[32]. Although ramosetron appears to be a more efficacious 
antiemetic, it is not currently available in the United States, 
and, therefore, ondansetron remains the recommended medi-
cation of choice [33]. Furthermore, the use of total intrave-
nous anesthesia for non-intubated patients has demonstrated 
a lower incidence of PONV and thus may be used to reduce 
symptoms further [34].

Placement of urinary catheters is another common prac-
tice during surgery because it allows for close monitoring of 
kidney function and urine output, as well as provides com-
fort to patients who are slow to ambulate after surgery. 
However, early removal of urinary catheters is recommended 
to decrease length of stay and limit complications such as 
infection [35]. Also, prophylaxis against venous thromboem-
bolism is advised through a multimodal approach that 
includes low-molecular-weight heparin, mechanical com-
pression devices, and early mobilization [36–38].

Early mobilization is another important aspect in the 
ERAS guidelines for spine surgery. Programs should con-
sist of physical therapy-led standing exercises on the day of 
surgery, followed by assisted and then independent inten-
sive physiotherapy on subsequent postoperative days [9, 
39]. Such early mobilization strategies should be the foun-
dation for a rehabilitation program after surgery that 
improves the functional outcomes of patients as they 
recover on an outpatient basis.

A summary of the literature recommendations for lumbar 
fusion is shown in Table 48.1. The above findings represent 
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the first review of enhanced recovery principles applied to 
spine surgery. These need to be further developed into a con-
sensus protocol to allow studies examining the use of the 
complete set of recommendations. This will likely provide 
greater insight into the most effective strategies to optimally 
improve recovery, thus guiding future development of ERAS 
for this operation.

 Current Implementation Strategies

A recent review of the spine literature found only a few pub-
lished studies describing implementation of ERAS programs 
to a variety of different spine procedures [40]. One study 
from the United Kingdom discussed implementation of an 
elective spine surgery program in a hospital experienced in 
implementing enhanced recovery protocols for hip and knee 
arthroplasty [41]. The aim of the program was to institute 
interventions applicable to each of the elective spine proce-
dures and to standardize enhanced care between surgeons, 
nurses, and physiotherapists. The program demonstrated a 
significant reduction in LOS from an average of 6 days down 
to 2.9 days and decreased readmission rates from 7% to 3%. 
Importantly, a median of 100% of patients stated their care 
was “good” or “excellent.” Another study from the United 

Kingdom examined an enhanced recovery program for lum-
bar and cervical spine surgeries, finding that 95% of cases 
were classified as ambulatory and the remaining 5% as short- 
stay procedures [42]. The authors concluded that application 
of enhanced recovery principles to spine cases can be used to 
significantly shorten length of stay without increasing com-
plications or readmissions. Preliminary results from an ERAS 
program in the United States for metastatic spine surgery 
have also demonstrated up to a 2-day decrease in LOS [43].

Two studies performed by the same institutional group 
developed an ERAS program for adolescent idiopathic sco-
liosis surgery [44, 45]. In addition to decreases in length of 
stay, both studies linked reductions in opioid usage and the 
effectiveness of early mobilization to the creation of a stan-
dardized multimodal analgesic regimen. Additionally, 
Gornitzky et al. included an analysis of ERAS protocol com-
pliance, which provides additional evidence that high com-
pliance rates lead to even better outcomes [44].

A Chinese team recently examined the use of ERAS for 
mobile microendoscopic discectomy-transforaminal lumbar 
interbody fusion (MMED-TLIF) [46]. The authors con-
cluded that the addition of enhanced recovery elements to a 
minimally invasive TLIF procedure improved several out-
come measures including intraoperative blood loss, postop-
erative pain scores, and LOS.  Similarly, Wang et  al. 

Table 48.1 Summary of ERAS recommendations for lumbar spinal fusion

Preoperative
Patient education Preoperative patient education of the enhanced recovery process is recommended
Weight loss Preoperative weight loss is recommended
Prehabilitation Prehabilitation exercise programs are recommended
Psychological optimization Preoperative psychological optimization through CBT and expectation setting is 

recommended
Nutritional optimization Preoperative nutritional optimization through enteral supplementation, euglycemic 

maintenance, and smoking cessation is recommended
Non-narcotic medications Use of multimodal analgesic regimens that include pregabalin, NSAIDs, and ketamine 

preoperatively is recommended
Perioperative fluid management Goal-directed fluid therapy should be used for fusions at 5 or more levels but is not 

recommended for 1–2 level fusions
Intraoperative
Antimicrobial prophylaxis Intravenous antibiotic prophylaxis prior to skin incision is recommended
Local and injectable pain reduction techniques Use of long-acting local anesthetics such as liposomal bupivacaine is recommended. Use of 

epidural analgesics or field blocks is also recommended
Blood loss protocol Use of tranexamic acid, aminocaproic acid, or cell saver devices is not recommended
Postoperative
Nausea and vomiting protocols Use of ondansetron is recommended to control PONV. Use of multimodal analgesic 

protocols is also recommended to decrease opioid use and minimize PONV
Multimodal analgesia protocol Use of multimodal analgesic regimens that include ketamine and acetaminophen is 

recommended. Use of NSAIDs following lumbar fusion is not recommended
Urinary catheter management Early removal of urinary catheters is recommended
Thromboembolic prevention Use of a multimodal prevention approach that includes low-molecular-weight heparin, 

mechanical compression devices, and rapid mobilization is recommended
Early ambulation Intensive physiotherapy the day of surgery and each day during hospitalization is 

recommended
Rehabilitation Participation in a structured physiotherapy program is recommended

Abbreviations: PONV postoperative nausea and vomiting, CBT cognitive behavioral therapy
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previously demonstrated the success of enhanced recovery 
elements for improving outcomes and reducing acute care 
costs in one- and two-level endoscopic transforaminal lum-
bar interbody fusions [31, 47].

Building on the initial study, Wang et al. recently devel-
oped a novel “bottom-up” approach for staged implemen-
tation of three key elements of enhanced recovery at a 
time. Patients undergoing posterior, one-to-three level 
lumbar fusion with one of three spine surgeons received an 
intraoperative injection of liposomal bupivacaine, an intra-
venous infusion of 1 gram of acetaminophen immediately 
after surgery, and daily postoperative rounding checks by a 
member of the ERAS care team. A preliminary unpub-
lished analysis after the first 3 months of implementation 
demonstrated that pain scores recorded by the physical/
occupational therapy teams each day were consistently 
lower in the ERAS cohort compared to the control group, 
importantly on postoperative day (POD) 1 (4.35 vs. 6.52; 
Fig. 48.1). The total amount of oxycodone and meperidine 
consumed were also decreased in the ERAS group. 
Additionally, distance ambulated on each POD was 
increased in the ERAS cohort, with significance achieved 
on POD2 (186  ft. vs. 90.5  ft) and POD3 (290.4  ft. vs. 
113.0  ft.; Fig.  48.2). LOS was decreased in the ERAS 
group (3.09  days) compared to the control cohort 
(3.72 days) but did not achieve significance.

The success of the studies and preliminary data described 
in this section indicates promise for the future of ERAS in 
spine surgery and highlights the importance of the upcoming 
guidelines. A standard set of recommendations for spine pro-
grams across the globe may enable more accurate monitor-
ing of interventions that are providing the greatest 
benefit—and testing to elucidate which are not. Furthermore, 
collaboration among providers and programs regarding the 
most effective ways to boost protocol compliance will poten-

tially alleviate some of the challenges to implementation that 
ERAS programs often face.

 Topics for Future Discussion

Because of the recent adoption of ERAS in spine surgery, 
discussion regarding the most effective interventions and 
implementation strategies has not yet evolved. While several 
groups around the world have begun applying enhanced 
recovery tenets to the field, each has incorporated general 
principles first outlined in other subspecialty guidelines 
(Fig. 48.3). Therefore, the publication of guidelines specific 
to spine surgery will likely foster a more focused discussion 
of interventions providing maximal benefit specifically to 
spine patients.

While developing the guidelines, there were several top-
ics for which available literature pertaining to spine surgery 
was limited. For example, discussions of nutritional optimi-
zation and fluid management, while highly important for 
other fields, have not been rigorously examined in the spine 
literature as yet. Additionally, the literature regarding the 
most effective antimicrobial prophylaxis method does not 
permit a definitive recommendation, even though certain 
interventions are common practice. However, the use of vari-
ous multimodal analgesic and antiemetic protocols has been 
widely studied for spine surgery in particular. Non-narcotic 
pain management is essential and universal for any ERAS 
program, but in spine, there has been a long debate as to the 
effects of NSAIDs on bony fusion following spine surgery. 
Therefore, further research will be needed to explore regi-
mens providing the greatest benefit for patients enrolled in a 
comprehensive spine ERAS program. This will be the begin-
ning of the iterative process inherent to other ERAS pro-
grams now applied to spine surgery for the first time.
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 Conclusion

Spine surgery is one of the most recent subspecialties to 
begin studying and incorporating ERAS into its practice. 
Enhanced recovery aims to minimize pain, speed recovery, 
and improve patient satisfaction through a multimodal 
approach and will help provide a greater benefit to patients 
undergoing spine surgery. Therefore, recommendations 
based on available evidence are being developed and will be 
published to guide spine programs. This initial iteration will 
serve as the foundation for future intervention and imple-
mentation strategies and foster discussion among providers 
in many disciplines to continually improve ERAS in spine. 
Several programs have already begun applying enhanced 
recovery principles to spine procedures, and the results have 
been promising. Thus, as demand for surgery increases and 
emphasis on healthcare value grows, ERAS should play an 
important role in the future of spine surgery.
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Orthopedic Surgery in Enhanced 
Recovery After Surgery

Thomas W. Wainwright and Tikki Immins

 Background and History of ERAS 
in Orthopedic Surgery

The systematic implementation of an evidence-based peri-
operative care pathway—an enhanced recovery after sur-
gery (ERAS) pathway (also known as fast-track)—has 
demonstrated that hospital length of stay and complica-
tions can be reduced, without increasing readmissions [1]. 
The first orthopedic surgeries to use ERAS pathways were 
total hip arthroplasty (THA) and total knee arthroplasty 
(TKA). These surgeries were chosen as they were both 
high volume, had long hospital length of stays, and carried 
high costs. ERAS pathways were first widely adopted in 
countries such as Denmark and the United Kingdom (UK) 
[2–5] through the use of centrally organized improvement 
programs. Their success led to their spread internationally, 
and their use is now broadly accepted as best practice for 
hip and knee arthroplasty surgeries (Fig. 49.1).

ERAS pathways aim to reduce a patient’s recovery time 
following surgery and improve patient outcomes. To do this, 
orthopedic ERAS pathways encourage the patient to be 
active in the process of their recovery. Multidisciplinary 
teams focus on combining the evidence-based clinical steps 
with the required process and system changes, so that care is 
consistent for each patient. Logistical processes as well as 
clinical steps are optimized for each patient, so that postop-
erative recovery is quickened and complications, adverse 
events, and morbidity are reduced.

The overarching principles of an orthopedic ERAS 
pathway can be divided into four stages. At the preopera-
tive stage, the focus is on optimization of preoperative 
health (such as the management of anemia and the promo-
tion of smoking cessation), preoperative education and 

counseling, and the preemptive organization of discharge 
arrangements. Intraoperatively, atraumatic surgical tech-
niques are used; anesthesia and analgesia protocols are 
optimized; multimodal opioid-sparing analgesia regimes 
are adopted; blood loss is spared; normovolemia and nor-
mothermia are promoted; and hypoxia is prevented. 
Postoperatively, early ambulation is encouraged; effective 
analgesia is given, avoiding opioids where feasible; cath-
eters, drains, and drips are not used or removed as soon as 
possible; and patients are encouraged to eat and drink 
early and wash, dress, and socialize as soon as possible. 
All patients are discharged home, using agreed criteria 
managed by the multidisciplinary team, with clear instruc-
tions and support on progressing independently. The 
details of effective ERAS programs have been previously 
reported [2].

ERAS pathways have been so successful in reducing 
length of stay that there is now growing evidence to suggest 
that outpatient surgery for THA and TKA is feasible for 
selected patients. A recent prospective study [6] found that 
of 557 unselected patients who were referred for surgery, 
actual discharge on the day of surgery occurred for 13–15%. 
Fifty- four percent had been identified as potentially being 
eligible for outpatient surgery. Twenty-eight percent of 
THA patients who had been identified as being eligible went 
on to have outpatient surgery, along with 24% of identified 
TKA patients. It was noted that 25% of those originally 
identified as being eligible for outpatient surgery could not 
be discharged on the same day as they had no adult available 
to stay with them for more than 24  hours following dis-
charge. The most common reasons for not being discharged 
were lack of motivation, not fulfilling discharge criteria, and 
inability to mobilize safely.

Two recent systematic reviews [7, 8] also suggest that 
outpatient arthroplasty can be a safe and effective proce-
dure for carefully selected patients; however, more research 
is required in order to critically examine its safety and 
potential cost savings.
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 ERAS in Total Hip Arthroplasty and Total 
Knee Arthroplasty

 Clinical Outcomes

ERAS has been reported to improve the quality of care for 
patients in orthopedic surgery across a range of quality out-
come measures, and it should be remembered that fast-track 
and ERAS protocols have always been based on the concept 
of “first better – then faster.” Quality in healthcare is com-
plex and multifaceted; however, the six dimensions through 
which the overall concept of quality is usually expressed 
(safety, effectiveness, patient-centeredness, timeliness, effi-
ciency, and equity) can all be argued to have been improved 
through the implementation of ERAS within THA and TKA 
pathways.

 Length of Stay, Readmissions, 
and Complications

Total hip arthroplasty (THA) and total knee arthroplasty 
(TKA) are common major surgical procedures often per-
formed in older patients with complex comorbidities. ERAS 
has evolved during the past 20 years and has been shown to 

be effective in reducing length of hospital stay (LOS) from 
4–12 days to 1–3 days [9, 10] without increasing complica-
tions or readmission rates or compromising patient safety 
[11]. In one of the most comprehensive reports of readmis-
sions post ERAS in hip and knee arthroplasty, Husted et al. 
[2] found that in fast-track protocols, there was no increase 
in readmission rates and complications, such as dislocation 
after THA and reduced range of motion after TKA requiring 
manipulation.

The literature has been consistent in finding that readmis-
sions do not increase following the implementation of ERAS; 
however, studies should be read carefully to ensure classifi-
cation of readmissions is provided. In addition, the compari-
son of readmission rates after ERAS between different 
countries and institutions is difficult because readmissions 
may be classified differently. For example, a suspected deep 
vein thrombosis (DVT) patient may be admitted to hospital 
in some hospital systems or seen as an outpatient in others. 
Some patient groups are still more likely to be readmitted 
than others, even with ERAS; for example, a study of 2734 
hip arthroplasty patients on a fast-track pathway found that 
patients aged 75 and over, and with pharmacologically 
treated psychiatric disease, were at an increased risk of dis-
location [12]. In another study, the same research group con-
cluded that surgery-related falls and subsequent readmission 
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after both hip and knee arthroplasty were related to patient 
characteristics rather than the fast-track pathway [13].

 Mortality

Historically, mortality rates in hip and knee arthroplasty sur-
geries are relatively low, but the implementation of ERAS 
has been found to further reduce mortality rates. A large and 
well-conducted UK study comparing 3000 unselected 
ERAS patients with 3000 who had been on a traditional pro-
tocol reported reductions in mortality [10]. Mortality at 
30 days and at 90 days was 0.1% and 0.5%, respectively, as 
compared to 0.5% and 0.8% when patients were on a tradi-
tional protocol (p = 0.03 and p = 0.1). A follow-up to this 
study [14] reported a mortality rate of 2.7% at 2 years, com-
pared to 3.8% for those on the traditional protocol (p = 0.05). 
The authors suggest that a reduced stress response, shorter 
length of stay (LOS), and improved pain control for the 
ERAS cohort may have contributed to this lower rate. 
Importantly, in another large study of THA and TKA 
patients in Denmark, in which more than 17,000 on an 
ERAS pathway were compared to nearly 62,000 on a tradi-
tional pathway, no increase in mortality was found follow-
ing ERAS, although this study fell short of proving a 
decrease in mortality within 90 days of surgery [11].

 Patient-Reported Measures

Patient-reported outcome measures (PROMs) and patient- 
reported experience measures (PREMs) are considered an 
important patient-centered measure of quality within ERAS 
pathways [15, 16]. In the United Kingdom, hospitals are now 
required to collect PROMs for all primary total hip and knee 
arthroplasty patients as part of a national monitoring pro-
gram. In the United Kingdom, the measures used comprise 
generic (e.g., EQ5D-5  L, EQ-VAS) and condition-specific 
measures (e.g., Oxford hip and knee scores).

A systematic review of patient-generated data following 
orthopedic surgery [17] for patients on an ERAS pathway 
found a lack of data. Their review included data on 2208 
THR and TKR patients, from 8 papers. Six of the papers 
reported on patient satisfaction and found that scores were 
high and not affected by length of stay. Quality of life, 
reported in two papers, continued to increase following sur-
gery for up to 12 months; however, one paper highlighted 
problems for patients in gaining necessary support 
post-discharge.

There are, however, issues in using PROMs as an out-
come when assessing function. In a recent study of 80 
patients [18], no correlation was found between objectively 
assessed function and improvements found using PROMs at 

14 days post-surgery for THA patients and at 21 days post- 
surgery for TKA patients. While PROMs had improved fol-
lowing surgery, functional ability was decreased when 
objectively assessed using the 40 m paced walk test, a 30s 
chair stand test, and a 9-step stair-climb test and by an actig-
raphy recording of the level of activity. Consequently, in the 
future, objective functional data will be increasingly impor-
tant from both a population and economic perspective, given 
the known increased healthcare costs and lower income lev-
els of patients after THA and TKA [19], especially in light of 
recent research that has found little evidence that physical 
activity increases following TKA or THA [20–22].

 Economics

Economic considerations are important when considering 
THA and TKA.  They have been quoted to be two of the 
most successful operations and hence are being performed 
with increasing volume year-on-year around the world in 
order to reduce pain and improve function [23]. Although 
ERAS pathways have been shown to reduce LOS without 
increasing complications and readmissions, few studies 
have investigated the cost-effectiveness of implementing 
these protocols. A systematic review evaluating the cost- 
effectiveness of ERAS across a variety of surgical special-
ties concluded that ERAS protocols appeared to be 
cost-effective in the short term; however, data on costs post-
discharge were lacking [24].

A study in Denmark [25] used a time-driven activity- 
based costing method to analyze time consumed by different 
staff members involved in the treatment of THA and TKA 
patients on ERAS pathways at two different hospitals. They 
found costs (excluding the prosthesis) of $2511 for THA and 
$2551 for TKA. Although these costs were not directly com-
parable to those published for more conventional pathways 
[26, 27] due to differences in process and logistics, impor-
tantly the ERAS pathways were cheaper.

 Implementation

ERAS pathways have been shown to safely reduce length of 
stay to between 1 and 3 days, and outpatient surgery is now 
possible in unselected patients [6]. However, despite this 
there is evidence that only 40% of hospitals detail ERAS in 
patient information leaflets for THA and TKA [28], suggest-
ing that adoption of the practice may not be complete. 
Therefore, in addition to further examine how to optimize the 
pathophysiological challenges that may affect early patient 
recovery, the present state of the implementation of ERAS in 
clinical practice should be considered. This is pertinent, 
because in order to achieve the goal of a “pain- and risk-free 
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surgery,” we need to combine clinical evidence with imple-
mentation in order to do “the right things right” (Fig. 49.2). 
However, despite the established evidence-based and wide-
spread acceptance of ERAS for THA and TKA principles 
over the last 20 years, mean LOS for both THA and TKA is 
still greater than 4 days in a socialized health system such as 
the National Health Service (NHS) in the United Kingdom 
[29]. The reasons that may underpin the slow adoption of 
ERAS have been previously described [30] and include a lack 
of understanding, a lack of acceptance, a lack of ability, no 
organizational will to change, deficient leadership, and poor 
audit mechanisms. Therefore, the immediate challenge for 
health systems such as the NHS to improve surgical outcomes 
is a quality improvement one, where efforts to implement 
what is already known should be prioritized given the 
improvement seen in clinical outcomes with ERAS.

 The Development of ERAS® Society Guidelines 
for Hip and Knee Arthroplasty

Over the last 15  years, the systematic implementation of 
ERAS pathways has shown that hospital LOS and complica-
tions can be reduced [1] for a number of surgical procedures 
and ERAS protocols have been published for rectal, urologi-
cal, pancreatic, gastric, breast and reconstructive, head and 
neck cancer, bariatric, and liver surgery [31–38].

For hip and knee arthroplasty, up until now there have 
only been narrative reviews on fast-track/enhanced recovery 
protocols [39–41], and a systematic and evidence-based 
guideline has just been produced [42]. The ERAS® Society 
recently brought together a group of international ERAS 
experts, in order to produce ERAS® Society recommenda-
tions for hip and knee arthroplasty. These recommendations 
[42, 43] represent an extremely important document in sum-
marizing the large volume of heterogeneous studies across 
all ERAS components within hip and knee arthroplasty sur-
gery. The recommendations are detailed in Table 49.1 and 
are represented schematically in Fig. 49.2. Many of the prin-
ciples are consistent with the core principles of ERAS in 
other surgical procedures.

These guidelines include a total of 17 topic areas. Best 
practice includes optimizing preoperative patient education, 
anesthetic technique, and transfusion strategy, in combina-
tion with an opioid-sparing multimodal analgesic approach 
and early ambulation. There is insufficient evidence to rec-
ommend that one surgical technique (type of approach, use 
of a minimally invasive technique, prosthesis choice, or use 
of computer-assisted surgery) over another will indepen-
dently effect achievement of discharge criteria. The guide-
lines are consistent with other ERAS surgical procedures in 
recommending the limitation of fasting preoperatively, along 
with intraoperative optimization of fluid management, main-
tenance of normothermia, and prophylactic treatment for 
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infection and thrombosis. Postoperatively, in addition to 
early mobilization, early oral feeding is recommended. The 
published guidelines [43] will provide a detailed narrative 
review of all of the current literature and explain why certain 
components have been included and why other elements are 
not currently recommended.

The recommendations provide a starting point for imple-
mentation for teams new to ERAS and as a point of reflection 
for experienced ERAS teams to examine their current prac-
tice. These guidelines and the testing of their implementa-

tion, as has been performed in other ERAS procedures, will 
hopefully allow us to consolidate consensus within the evi-
dence base, and generate new evidence, through systematic 
prospective data collection and through clinical trials.

 Future Directions for Research

Future research for ERAS in hip and knee arthroplasty 
should focus on reaching the goal of the “pain- and risk-free” 

Table 49.1 ERAS® Society recommendations for hip and knee arthroplasty

Number Item Recommendation Evidence level
Recommendation 
grade

1 Preoperative information 
education and counseling

Patients should routinely receive preoperative education Low Strong

2 Preoperative optimization 4 weeks or more smoking cessation is recommended prior to 
surgery. Alcohol cessation programs are recommended for 
alcohol abusers

Smoking: high Strong
Alcohol: low

Anemia should be actively identified, investigated, and 
corrected preoperatively

High Strong

3 Preoperative fasting Clear fluids should be allowed up to 2 h and solids up to 
6 h hours prior to induction of anesthesia

Moderate Strong

4 Standard anesthetic 
protocol

General anesthesia and neuroaxial techniques may both be used 
as part of multimodal anesthetic regimes

General 
anesthesia: 
moderate
Neuroaxial 
techniques: 
moderate

Strong

5 Use of local anesthetics for 
infiltration analgesia and 
nerve blocks

Within a multimodal opioid-sparing analgesic regimen, the 
routine use of LIA is recommended for knee replacement but 
not for hip replacement. Nerve block techniques have not 
shown clinical superiority over LIA

LIA in knee 
replacement: 
high

Strong

6 Postoperative nausea and 
vomiting

Patients should be screened for and given multimodal PONV 
prophylaxis and treatment

Moderate Strong

7 Prevention of perioperative 
blood loss

Tranexamic acid is recommended to reduce perioperative blood 
loss and the requirement for postoperative allogenic blood 
transfusion

High Strong

8 Perioperative oral 
analgesia

A multimodal opioid-sparing approach to analgesia should be 
adopted. The routine use of paracetamol and NSAIDs is 
recommended for patients without contraindications

Paracetamol: 
Moderate

Strong

NSAIDs: High Strong
9 Maintaining normothermia Normal body temperature should be maintained peri- and 

postoperatively
High Strong

10 Antimicrobial prophylaxis Patients should receive systemic antimicrobial prophylaxis Moderate Strong
11 Antithrombotic 

prophylaxis treatment
Patients are at increased risk of VTE and should undergo 
pharmacologic and mechanical prophylaxis in line with local 
policy

Moderate Strong

12 Perioperative surgical 
factors

Surgeons are recommended to use a proven prosthesis and 
surgical approach

High Strong

13 Perioperative fluid 
management

A fluid balance should be maintained to avoid over- and 
under-hydration

Moderate Strong

14 Postoperative nutritional 
care

An early return to normal diet should be promoted Low Strong

15 Early mobilization Patients should be mobilized as early as they are able in order 
to facilitate early achievement of discharge criteria

Moderate Strong

16 Criteria-based discharge A team-based functional discharge criteria should be used to 
facilitate patient discharge directly to their home

Low Strong

17 Continuous improvement 
and audit

The routine audit of process measures, clinical outcomes, 
cost-effectiveness, patient satisfaction/experience, and changes 
to the pathway is recommended

Low Strong

LIA local infiltration analgesia, PONV postoperative nausea and vomiting, VTE venous thromboembolism
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hip and knee arthroplasty [44]. In order to do this, we need to 
better understand the pathophysiological mechanisms of 
recovery and the potential to optimize post-discharge func-
tional outcomes [45]. This will be important because for 
some of the ERAS components, there is a strong need for 
properly designed randomized controlled studies that are 
sufficiently powered and performed in ERAS settings and 
that allow for discrimination between outcome parameters.

More specifically, it has been identified by Wainwright 
and Kehlet [45] that future trials should examine the preop-
erative prediction of high-inflammatory responders, with 
further dose-finding or repeat-dosing glucocorticoid or other 
anti-inflammatory agents in studies in high-inflammatory 
responders [46] as well as more specific studies on high-pain 
responders (preoperative opioid users, pain catastrophizers, 
sensitized patients, etc.) [47].

In addition, work is still required in order to understand 
how to reduce impairment of physical activity and improve 
function quicker postoperatively; how to better identify 
patients at high risk of complications owing to psychiatric 
disorders, chronic renal failure, and orthostatic intolerance; 
anemia and transfusion thresholds; postoperative urine reten-
tion and urinary bladder catheterization; and how to improve 
sleep. Intertwined with this will be the need for further 
research on the feasibility of same-day surgery and the type, 
timing, and duration of physiotherapy post-discharge [45, 
48]. The future directions recommended for research are 
summarized within Fig.  49.2 along with the recognized 
implementation factors identified earlier in the chapter.

 ERAS in Other Orthopedic Procedures

Given the excellent outcomes for ERAS in hip and knee 
arthroplasty patients, it would therefore seem prudent to 
apply ERAS to every orthopedic procedure so that all ortho-
pedic patients may benefit from the approach. Given the high 
volumes of orthopedic procedures, there is significant scope 
to improve patient outcomes and also significantly increase 
hospital productivity if ERAS pathways are implemented 
more widely. The staff involved in treating and looking after 
joint arthroplasty patients are often the same teams that care 
for all other types of orthopedic patients. Therefore, it should 
be relatively straightforward to achieve strong commitment 
and “buy-in” from these people to change the pathway and 
improve patient outcomes for other procedures.

 Fractured Neck of Femur

Despite the fact that fractured neck of femur (FNOF) is an 
emergency procedure, given the similarities to primary and 
revision hip arthroplasty and the substantial scope for 

improvement, the application of ERAS to this population 
demands attention. The National Hip Fracture Database 
reports that in 2016 more than 65,000 people were treated for 
hip fracture in England, Wales, and Northern Ireland. A 
study of NHS Trusts in England from November 2013 to 
October 2014 found that LOS for NHS Trusts ranged from 
12.3 days to 33.7 days, even though predicted LOS for these 
NHS Trusts, when adjusted for case mix, only ranged from 
21.5 to 24.4 days [49]. Other studies have also found signifi-
cant variation in practice in the treatment and care of trauma 
patients [50, 51]. Wainwright et  al. [49] contend that the 
introduction of an adapted and FNOF procedure-specific 
ERAS pathway could reduce variations in practice and there-
fore overall LOS.

As with other orthopedic procedures, pain is a major con-
tributor to delayed mobilization and recovery in FNOF 
patients, and Wainwright et al. [49] highlighted the role that 
peripheral nerve blocks may have in this pathway. A recent 
Cochrane Review found that compared with other modes of 
analgesia, peripheral nerve blocks used to treat FNOF reduce 
pain on movement better within 30 minutes, the risk of post-
operative pneumonia is reduced, there is a reduced time to 
first mobilization after hip fracture surgery (approximately 
11  hours earlier), and the use of a peripheral nerve block 
given as a single injection leads to a reduced cost of analge-
sic drugs [52].

A further study in New Zealand [53] supports the imple-
mentation of ERAS for this patient cohort, showing that 
overall LOS reduced for FNOF patients by 4 days after the 
introduction of an ERAS pathway. Time in the emergency 
department was reduced by 30 minutes, and the overall time 
in rehabilitation reduced by 3–7 days depending on the type 
of facility, so that patients spent 95 hours less in hospital than 
a comparable group on a conventional pathway in the 3 years 
prior to the ERAS pathway introduction. The FNOF-specific 
ERAS pathway focused on full interdisciplinary involve-
ment. Orthopedic assessment was encouraged on the ortho-
pedic ward that specialized in FNOF management, rather 
than in the emergency department, and every possible 
attempt was made to operate on the patient either that day or 
the following morning. Outstanding investigations were pri-
oritized so that patients could proceed to surgery quickly. It 
was agreed that all patients should be suitable for rehabilita-
tion and weight bearing 48  hours following surgery. The 
rehabilitation team was multidisciplinary, comprising nurses, 
medical, occupational therapists, physiotherapists, and social 
workers. Electronic data on the management of the patients 
was available in real time and was analyzed by staff on a 
weekly basis so that cross-functional teams could explore 
process issues and agree on actions to continue to improve 
clinical outcomes. A second study by Haugan et al. [54] in 
Norway, comparing 1032 FNOF patients on an ERAS proto-
col to 788 on a conventional pathway, found no differences 
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between the groups in mortality and readmission within 
365 days after the initial hospital admission. LOS was also 
reduced by 3.4 days in the ERAS group.

The findings of these initial studies on using ERAS path-
ways in FNOF are encouraging. If the success of implement-
ing ERAS in elective pathways can be reproduced in FNOF 
pathways, this would have a big impact on health systems in 
terms of resources and cost economics and help to reduce 
some of the capacity and economic pressures on these 
systems.

 Shoulder Arthroplasty

Total shoulder arthroplasty (TSA) is becoming increasingly 
popular, with the United States (US) reporting an increase in 
procedure rates of 319% between 1993 and 2007 [55]. As 
yet, there are few studies reporting on ERAS concepts being 
applied to TSA.  An examination of Hospital Episode 
Statistics [56] from April 2015 to March 2016 found that 
NHS Trusts in England had LOS that varied from 1.0 to 
6.4  days for TSA [57]. Expected case mix-adjusted LOS 
ranged from 10.0 to 3.9 days, thereby suggesting that there is 
scope to reduce LOS for TSA with the introduction of ERAS.

As with all types of surgery, procedure-specific guidance 
will be required for ERAS in TSA, whereby principles from 
THA/TKA are adapted and added to TSA. One such exam-
ple is in the multimodal pain management strategies that 
have been successfully adapted and implemented in TSA 
pathways [58, 59]. Routman et al. [60] found that the addi-
tion of intravenous dexamethasone and liposomal bupiva-
caine injections to the surgical site intraoperatively in 
patients undergoing TSA under general anesthesia, with a 
single-injection interscalene block, reduced median LOS 
from 2 days to 1 day, with reductions in pain and the need for 
opioids. As with other orthopedic surgeries, conflicting 
results have been found on the most effective combination of 
regional blocks [61, 62] in total shoulder arthroplasty (TSA).

A US retrospective study [63] matched 136 TSA patients 
in a tertiary referral center (TRC) to 136 patients at an ortho-
pedic specialty hospital (OSH) with protocols similar to 
ERAS.  They found that although readmission rates were 
similar, the OSH had a lower LOS than the TRC 
(1.3 ± 0.5 days vs 1.9 ± 0.6 days, p < 0.001). Previously a 
study in Germany [64] had introduced ERAS concepts in 
areas such as pain management, drainage and catheter man-
agement, physiotherapy, and early mobilization and found 
improvements in LOS and patient and staff satisfaction.

Recent research, mostly retrospective, also indicates that 
outpatient TSA, implementing ERAS concepts such as mul-
timodal pain strategies and minimizing blood loss, is feasible 
in appropriately selected patients [65, 66].

 Ankle Arthroplasty

Until recently arthrodesis has been the routine treatment for 
end-stage osteoarthritis of the ankle. However total ankle 
arthroplasty (TAA) is now becoming more common with the 
introduction of better surgical techniques and training and a 
third generation of three-component mobile-bearing implants 
[67, 68]. Hospital Episodes Statistics (HES) data from NHS 
Trusts in England from April 2015 to March 2016 show that 
the mean LOS for TAA was 3.3 days, with a staggering range 
of 17.3 days between the hospitals with the minimum and 
maximum mean LOS [69]. The range of case mix-adjusted 
expected LOS was just 3.7 days, suggesting that those hospi-
tals with a longer LOS were not outliers due to case mix but 
due to the pathway of care, and so therefore improvements 
may be possible with the introduction of ERAS.

There is little in the literature on the application of ERAS 
concepts to TAA. However, there is some evidence support-
ing the use of regional anesthesia and analgesia over sys-
temic opioids [70–72], and pain management is a vital 
consideration in TAA patients. However, as yet there is lim-
ited evidence on multimodal pain management as part of 
ERAS pathways for TAA.  One recent small study gave 
patients 30–50 ml of bupivacaine as local infiltration anal-
gesia (LIA) intraoperatively as part of a newly introduced 
ERAS pathway. LOS reduced from 3.6 to 2.3  days, and 
there was a significant improvement in pain scores follow-
ing the introduction of the new pathway [73]. There have 
been some small retrospective studies on outpatients under-
going TAA that have used a single-shot popliteal block with 
ropivacaine followed by periarticular liposomal bupivacaine 
at the end of the surgery [74] or a popliteal and saphenous 
nerve block prior to surgery [75]; however further research 
is required in this area.

These studies therefore provide evidence to suggest that 
outpatient TAA can be successful for selected patients, if 
teams are experienced and if there is a good postoperative 
support network [75, 76]. Further work is required, espe-
cially within rehabilitation where discharge can be delayed 
due to social/home circumstances, and post-discharge reha-
bilitation improvements are required in order to expedite 
return to functional activities.

 Spinal Surgery

The demand for complex spinal surgery is increasing [77, 
78] and may be undertaken within both orthopedic and neu-
rosurgical settings. Wide variations in LOS, complications 
rates, postoperative pain, and functional recovery are 
reported [77, 79], and so, as for TSA and TAA surgeries, 
there are strong clinical and economics arguments to improve 
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outcomes for spinal surgery by implementing ERAS 
principles.

There is little evidence as yet published on the imple-
mentation of ERAS pathways in spinal surgery [80]. The 
introduction of a novel minimally invasive surgical 
approach with ERAS components [81] for 42 patients 
undergoing one- or two-level spinal fusion was found to 
be successful. A quality improvement study [82] exam-
ined the development of an ERAS pathway in an elective 
spinal service, in a hospital experienced in implementing 
ERAS for hip and knee arthroplasty patients. The service 
included more complex procedures, such as posterior sco-
liosis correction. ERAS components of the pathway 
included a leaflet describing what to expect following sur-
gery, carbohydrate drinks, laxatives, minimally invasive 
surgical techniques, the use of tranexamic acid for longer 
operations, and an estimated discharge date. Standardized 
multimodal anesthetic and analgesic regimens were 
implemented, avoiding large doses of intraoperative opi-
oids. The ERAS pathway was successful with overall 
mean LOS reduced by 3 days to 3 days and readmissions 
reduced to 3% from 7%. In addition, nearly all patients 
rated their satisfaction with the pathway as good or excel-
lent. Studies have also shown that ERAS pathways can be 
successfully implemented for adolescent idiopathic scoli-
osis surgery [83, 84].

These initial successes indicate that ERAS pathways 
should be applicable to all spinal surgery patients, although 
there is a need for spinal-specific guidelines to enable more 
widespread adoption. These guidelines need to allow for 
adaptation to different procedures and the varying levels of 
preoperative disability and pain [42]. A dedicated chapter on 
spinal surgery and neurosurgery, providing more details of 
this patient group, can be found in this book.

 Conclusion

This chapter has detailed that ERAS is a proven and widely 
adopted technique for improving outcomes in hip and knee 
arthroplasty. While outcomes have improved dramatically 
in the last 10 years, challenges remain in order to achieve 
widespread adoption and implementation of what is already 
known, and there are future research challenges in order to 
improve our understanding of the pathophysiology of fac-
tors effecting recovery, such as the inflammatory response 
and pain, and the most effective rehabilitation regimes. The 
new ERAS Guidelines will hopefully help to bridge both the 
implementation gap for those new to ERAS and help to con-
solidate the current heterogeneous evidence base, where 
direct comparison of ERAS components is difficult with so 
many differences to the ERAS pathways currently used. The 
application and development of ERAS in other elective and 

emergency orthopedic procedures is an exciting and emerg-
ing area that looks set to bring the benefits of ERAS to even 
more patients.
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 Background

Modern healthcare is the best we have ever seen. Life expec-
tancy for men and women in the Western world is now more 
than 80  years, and mortality from major diseases such as 
heart disease, stroke, and cancer continue to improve. Modern 
surgery, when combined with anesthesiology and intensive 
care, delivers outstanding outcomes for many patients. Yet, 
despite these encouraging results, there are problems with the 
design, delivery, and effectiveness of clinical care. Variation 
in the design and delivery of healthcare is a longstanding and 
well-known problem [1, 2]. In the surgical realm, over- and 
underutilization of surgical procedures are common, and vari-
ation in perioperative care is frequently observed. In 2000 and 
2001, the Institute of Medicine (IOM) published two reports 
highlighting the frequency of serious adverse events in 
American hospitals and also proposed solutions to these 
problems [3–5]. A subsequent national study found similar 
outcomes in the publicly funded Canadian healthcare system 
[6], suggesting that these problems were not confined to a 
single-country or healthcare system. It is also evident that 
many of these challenges are not due to lack of knowledge but 
rather a failure to translate what we know into practice [7].

Why does modern healthcare fail to meet our own and our 
patients’ expectations? Many blame the “culture” of medi-
cine as a root cause, but the reasons are more complex. 
Medical knowledge expands at a rate far beyond the human 
brain’s ability to acquire it, and therefore systems that support 
the delivery of “best care” or “evidence-based care” are one 
potential solution to inappropriate variation and the knowl-
edge translation gap. This chapter will explore the develop-
ment of pathways and protocols that support delivery of 
surgical care and examine the results arising from their use. 

The chapter will focus on ORL, but knowledge and evidence 
from other surgical areas will also be used to illustrate the 
value of coordinated, team-based care. Special attention will 
be paid to enhanced recovery after surgery (ERAS) protocols 
as a means of optimizing perioperative care and improving 
clinical outcomes.

Care pathways and clinical protocols have been published 
since the early 1990s. Early experience using these tools 
came from Intermountain Healthcare as well as other centers 
[8]. What constitutes a care pathway is also an important 
consideration. For this chapter a care pathway is defined as a 
tool that defines specific interventions and timelines for a 
particular group of patients. Furthermore, a care pathway 
must also incorporate a measurement, audit, and feedback 
mechanism so that providers know the results of their clini-
cal interventions. The feedback system is also useful for 
modifying and improving pathways based on data. Because 
care pathways are time-consuming and expensive to design, 
deliver, and maintain, it is important to select high-priority 
clinical processes for their application [9].

Otolaryngology-head and neck surgery (ORL) is a broad 
surgical specialty in which many patients are managed on an 
outpatient or same-day surgery basis. These types of day sur-
gery procedures are probably not the highest priority for 
enhanced recovery protocols. On the other hand, major head 
and neck surgery with free flap reconstruction represents an 
area of ORL practice that is complex, costly, time- consuming, 
and potentially harmful. Patients undergoing these major 
oncologic procedures frequently have hospital lengths of 
stay (LOS) of 14 days or greater. Recognizing this need, in 
1997 Cohen et al. published the first study investigating the 
use of a care pathway in the management of patients under-
going major head and neck surgery [10]. The authors showed 
significant improvements in LOS and costs in a diverse 
group of head and neck surgery patients. In addition to these 
benefits, the authors also commented on the positive impact 
of their pathway on team collaboration and the organization 
and delivery of care. Another study of laryngectomy patients 
showed similar improvements in LOS and healthcare costs 
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[11]. Patients requiring flaps were excluded from this study. 
In a 1999 study, Husbands and colleagues looked at a 
pathway- treated cohort compared to a non-pathway-treated 
group [12, 13]. LOS and costs were reduced, although few 
details of the actual pathway were published. A study of 
patients undergoing neck dissection showed improved LOS 
in pathway patients compared to a historical cohort but, 
interestingly, no difference when compared to a contempora-
neous non-pathway group [14].

In the first 4 years of the new millennium, seven publica-
tions focused on the impact of pathways on recovery from 
head and neck oncologic procedures [12, 14–19]. Each of 
these studies stated different benefits including better team 
satisfaction, reduced LOS, and reduced costs of care. Yueh’s 
2003 study had an interesting design in which he compared 
two hospitals—one pathway hospital and one non-pathway 
hospital—and concluded that a care pathway did not impact 
LOS [19]. However, this study excluded complicated 
patients, making the results difficult to interpret. The Calgary 
group published a series of studies showing the impact of 
care pathways on complications, tracheotomy management, 
and cost-effectiveness [20–23]. The Calgary program also 
demonstrated the association between care pathway-directed 
management of head and neck patients and post-discharge 
healthcare utilization [24], suggesting that pathway-directed 
treatment had benefits that persisted after discharge. In 2016 
Gordon conducted a systematic review of head and neck care 
pathways and concluded that care pathways seemed to be a 
promising tool for reducing LOS and costs of care [24, 25]. 
However, study heterogeneity and overall low quality pre-
cluded formal meta-analysis or pooling of results.

Bater and colleagues published a study of an enhanced 
recovery protocol in head and neck surgery patients [26]. 
This study is the first to look at the impact of interventions on 
all three phases of surgical care (preoperative, intraoperative, 
and postoperative) in a cohort of head and neck patients 
undergoing resection with free flap reconstruction. The 
authors found a shorter LOS in the enhanced recovery group 
but no differences in complications. Protocol-treated patients 
tended to be younger and more likely to have a soft-tissue- 
only reconstruction. Yetzer et  al. concluded care pathways 
were beneficial, but their study had significant design flaws, 
and the results may not be generally applicable [27].

 What Is ERAS and How Does It Differ 
from Current Care Pathways in Head 
and Neck Surgery?

All of the studies discussed in the previous section illustrate 
that care pathways (CP) are a focus of interest and research 
in head and neck surgery. No prospective trials comparing 
pathway to non-pathway management have been published 

in the head and neck surgery literature, and such studies 
would be difficult to implement given the body of evidence 
that suggests pathway-managed patients have better out-
comes. None of the current studies investigated a full ERAS 
program and its impact on clinical outcomes.

What, therefore, is the difference between a CP and 
ERAS? At a basic level, both CPs and ERAS are protocols 
that guide the nature and timing of care in a defined patient 
group. However, ERAS is founded on improving distinct 
phases of surgical care: preadmission, preoperative, intraop-
erative, and postoperative. ERAS protocols are designed to 
reduce the surgical stress response by optimizing patient 
education, using pre-habilitation where feasible, avoiding 
fasting and implementing preoperative carbohydrate load-
ing, balanced fluid management, and multi-modal pain man-
agement so as to reduce postoperative nausea and vomiting. 
The principles and practice of ERAS were first developed 
and applied in patients undergoing colorectal surgery.

Henrik Kehlet, a Danish general surgeon, developed and 
published the initial concepts that resulted in “fast-track” 
protocols [28, 29]. Kehlet’s work on fast track was further 
expanded by Fearon, Ljungqvist, and others who developed 
the concepts and protocols that are now recognized as ERAS. 
Extensive research shows the beneficial metabolic, physio-
logic, and clinical impacts that form the scientific basis of 
ERAS [30–32]. An international ERAS® Society was for-
mally constituted in 2010, and ERAS has now spread to mul-
tiple surgical specialties including major head and neck 
surgery with free flap reconstruction. The details of ERAS in 
colorectal and other areas of surgery are extensively covered 
elsewhere in this book and will not be repeated here. The 
reader is encouraged to read these chapters to learn more.

 Current ERAS Guideline for Major Head 
and Neck Surgery with Free Flap 
Reconstruction

The results of ERAS in colorectal and other surgical disci-
plines were extensively published after 2010. As this litera-
ture was assimilated, it became obvious that patients 
undergoing major head and neck surgery with free flap 
reconstruction were ideally suited to ERAS-guided care. It 
was clear from the literature and our own experience that 
designing and implementing care pathways for this patient 
population resulted in dramatic improvements in clinical 
and financial performance. It was therefore hypothesized 
that the additional care elements inherent in ERAS-guided 
care might result in further performance enhancement. In 
2015 an international group of experts was formed from 
head and neck surgery, general surgery, anesthesiology, 
intensive care, nutrition, and literature synthesis. This head 
and neck working group approached the ERAS® Society, 
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and work began on creating an ERAS guideline for patients 
undergoing major head and neck resection with free flap 
reconstruction [33].

 Methodology

The working group met regularly from May to November 
2015. Group discussions were managed by a modified Delphi 
process, and consensus was reached in all discussions. 
Initially the group focused on understanding the usual ERAS 
care elements and determining the major areas where head 
and neck patients differed from other surgical populations. It 
was clear from the beginning that a simple “transplant” of 
ERAS from colorectal to head and neck surgery was neither 
feasible nor desirable.

The working group analyzed the various care processes 
inherent in managing patients undergoing head and neck 
resection and reconstruction and defined 17 crucial care ele-
ments that were necessary for an ERAS guideline. Some of 
the “standard” care elements—for example, preoperative 
teaching, fasting guidelines, and mobilization—were obvi-

ously beneficial for head and neck patients. However, other 
elements such as tracheotomy management, flap monitoring, 
donor site care, and others had to be customized for the head 
and neck surgical population.

After defining the care elements, an extensive, structured 
literature search was conducted, topics were assigned to 
group members, and the literature was evaluated using a 
standardized approach to quality assessment. After each 
topic was written, recommendations were formulated and 
debated by all team members. Several rounds of revision 
were required before consensus was reached. The final man-
uscript was drafted and submitted for publication. Detailed 
description of the methods can be found in the published 
consensus statement [33].

 Guideline Summary

The care elements and recommendations are summarized in 
Table 50.1 [33]. One challenge faced by the working group 
was the relatively low-quality evidence found in the head and 
neck literature. Many of the studies found were retrospective, 

Table 50.1 Enhanced recovery after surgery recommendations for perioperative care in head and neck cancer surgery with free flap 
reconstruction.

Item Recommendation Evidence Recommendation
1.  Preadmission 

education
All patients undergoing major head and neck cancer surgery with free flap 
reconstruction should receive structured teaching from a qualified health practitioner

Low Strong

2.  Perioperative 
nutritional care

All patients undergoing major surgery for head and neck cancer should undergo 
preoperative comprehensive nutritional assessment, with a special focus on dysphagia 
and risk for refeeding syndrome. Preoperative nutrition intervention is recommended 
for those identified as malnourished

High Strong

In patients for whom oral feeding cannot be established, postoperative tube feeding 
should be initiated within 24 hours. Nutrition interventions should be developed in 
consultation with the multidisciplinary team and individualized according to 
nutritional status and surgical procedure

Moderate Strong

Preoperative fasting should be minimized. In patients suitable for oral intake, clear 
fluids should be permitted for up to 2 hours, and solids for up to 6 hours, prior to 
anesthesia. Preoperative carbohydrate (CHO) treatment may be offered to head and 
neck cancer patients with appropriate screening and management for those presenting 
with dysphagia or risk of refeeding syndrome

High – 
fluids
Low – 
solids
Low – 
CHO

Strong – fluids
Strong – solids
Conditional – 
CHO

3.  Prophylaxis against 
thromboembolism

Patients undergoing head and neck cancer surgery with free flap reconstruction are at 
increased risk of venous thromboembolism (VTE) and should undergo 
pharmacologic prophylaxis; however, the risk of bleeding must be weighed against 
the benefits on an individualized basis

High Strong

4.  Antibiotic 
prophylaxis

Perioperative antibiotics are not indicated for short, clean head and neck oncologic 
procedures. In clean-contaminated procedures, perioperative antibiotics should be 
given 1 hour prior to surgery and continued for 24 hours

High Strong

5.  Postoperative nausea/
vomiting prophylaxis

Patients undergoing head and neck cancer surgery should receive preoperative and 
intraoperative medications to mitigate PONV. A combination of corticosteroid and 
antiemetic should be considered

High Strong

6.  Pre-anesthetic 
medication

Patients should not receive short-acting anxiolytics, given intravenously and titrated 
to required effect

High Strong

Multimodal analgesia, including paracetamol (acetaminophen), celecoxib, and 
possibly gabapentin, should be given to mitigate postoperative pain

High Strong

(continued)
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often with smaller cohort sizes. This contrasted with the 
ERAS colorectal literature, which was more mature and 
therefore higher quality.

Nutritional assessment and optimization is believed to be 
an important aspect of head and neck care that, for a variety 
of reasons, is often neglected. Other elements such as venous 
thromboembolism prophylaxis, antibiotic prophylaxis inten-
sive flap monitoring are common practices in most major 
head and neck programs and are all strongly recommended.

Standardizing anesthetic practices and coordinating these 
with multimodal analgesia and postoperative nausea and 
vomiting prophylaxis are important care elements that 
require a high level of communication and cooperation 
among members of the care team. Fluid management is simi-
larly important and also requires close communication 
between the surgeon, anesthesiologist, and intensive care 
unit (ICU). Goal-directed fluid therapy is one approach to 
managing fluid balance intraoperatively but has not been 
well studied in the head and neck population.

It was apparent from the working group and from the 
literature that there is significant variation in pain manage-
ment protocols for head and neck patients. Most programs 
rely heavily on narcotics to control pain and few currently 
use multimodal analgesia protocols. Mobilization is 
another area where considerable variation exists. The 
working group felt that, despite the lack of strong evidence 
for mobilization, this patient group should be mobilized 
within the first 24  hours after surgery. Mobilization is 
important in reducing pulmonary complications, contrib-
utes to patient well-being, and enables an early transition 
to self-care. Early removal of urinary catheters reduces the 
risk of urinary tract infection and also facilitates early 
mobilization.

Tracheotomy care is important in this patient population, 
and there is wide variation in tracheotomy management. 
Working group members all agreed that tracheotomy 
removal as soon as feasible is a good strategy for reducing 
complications and enabling early discharge. Early suturing 

Table 50.1 (continued)

Item Recommendation Evidence Recommendation
7.  Standard anesthetic 

protocol
Patients should undergo airway assessment. General anesthesia is recommended; 
however, there is little in the literature to recommend a specific anesthetic regimen

Low Strong

8.  Preventing 
hypothermia

Normothermia should be maintained intraoperatively. Temperature monitoring is 
necessary to ensure normothermia is maintained

High Strong

9.  Perioperative fluid 
management

Fluids should be managed in a goal-directed manner, avoiding over- and 
under-hydration

Moderate Strong

10.  Routine 
postoperative 
intensive care 
admission

Routine ICU admission to facilitate an immediate postoperative period of deep 
sedation and artificial respiration should be avoided. A subset of low-risk 
uncomplicated patients may be managed safely after recovery from anesthesia on a 
high-dependency unit or specialist ward, provided adequate skilled nursing and 
medical coverage is provided

Low Weak

11.  Postoperative 
analgesia

Patient-controlled anesthesia is an efficient way to control postoperative pain and 
may be employed in patients undergoing head and neck cancer surgery. Multimodal 
analgesia approaches are also effective and can reduce the need for narcotic 
analgesics. No recommendation can be made on the role of additional nerve blocks

High Strong

12.  Postoperative flap 
monitoring

Free flap monitoring should be performed at least hourly for the first 24 hours 
postoperatively. Monitoring should be continued for the duration of the patient’s stay, 
with tapering of intensity after the first 24 hours. Method of monitoring should 
include, at a minimum, clinical examination by staff experienced with free flap 
monitoring. Adjunct monitoring techniques should be considered

Moderate Strong

13.  Postoperative 
mobilization

Early mobilization, within the first 24 hours of surgery if possible, is recommended 
for patients undergoing major head and neck cancer surgery

Moderate Strong

14.  Postoperative 
wound management

Vacuum-assisted closure is recommended for complex cervical wounds. High Strong
Vacuum-assisted closure may be considered for free flap donor site. Moderate Strong
Polyurethane film or hydrocolloid dressings should be used for skin graft donor site 
management

High Strong

15.  Urinary 
catheterization

Urinary catheters should be removed as soon as the patient is able to void, ideally 
less than 24 hours after completion of surgery

High Strong

16.  Tracheostomy 
management

Decannulation after tracheostomy and stoma closure is recommended High Strong
Surgical closure of the tracheostomy site is recommended Moderate Strong

17.  Postoperative 
pulmonary  
physical therapy

Pulmonary physical therapy should be initiated as early as possible after head and 
neck reconstructions in order to avoid pulmonary complications

High Strong

Reprinted with permission from Dort et al. [33]
PONV postoperative nausea and vomiting, ICU intensive care unit
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of the tracheotomy site is also a simple method of enhancing 
swallowing and wound healing after decannulation.

 Approaches to Implementation

Creating and publishing a guideline provides the intellectual 
framework for improving care and is an important first step 
toward changing practice. However, implementing a guide-
line into routine clinical workflow is challenging and requires 
a coordinated multidisciplinary approach [34]. ERAS has 
been used for colorectal surgery for 5 years in the Province 
of Alberta, Canada, and was implemented at multiple sites 
across the province [35, 36]. The Alberta colorectal experi-
ence developed an approach that guided implementation in 
other Alberta surgical disciplines. Support for measurement, 
audit, and feedback is an important part of the implementa-
tion plan. The ERAS interactive audit system (EIAS) is a 
commercial product developed to collect, analyze, and report 
colorectal surgical data based on ERAS® Society developed 
guidelines. EIAS has been modified to support other surgical 
disciplines, and a head and neck surgery module is now 
available. Gramlich and colleagues emphasize the impor-
tance of teamwork and timely feedback in making ERAS 
implementation successful [35].

 Application to Practice and Early Results

As outlined in the Background section of this chapter, few 
head and neck surgery programs have long-term expertise 
with care pathway development and implementation. In 
Calgary the group had 8 years of experience using a postop-
erative care pathway that includes a prospective measure-
ment, audit, and feedback system. This background proved 
to be a useful platform to launch a full ERAS program. Other 
programs with similar experience are also well-prepared to 
make the transition to ERAS.

Since the publication of the head and neck consensus 
statement, the Guidelines group has worked collaboratively 
to customize a head and neck version of EIAS. The full head 
and neck ERAS program has been in operation at the 
Foothills Medical Centre (FMC) in Calgary since December 
2017. Although a postoperative pathway was fully functional 
for many years, FMC did not have formal protocols for pre-
operative management, multimodal analgesia, and intraop-
erative fluid management. Developing these aspects of 
ERAS required meetings, presentations, and focus group 
sessions with a full range of providers. Patient feedback was 
also sought and integrated into the process. Intensivists and 
anesthesiologists were actively involved in ERAS develop-
ment, and several iterations of the protocol were required 

before consensus was achieved. Finally, in order to facilitate 
their adoption, the protocols and processes were translated 
into surgical booking forms and computerized order sets.

Patients are identified as “ERAS eligible” at their first 
visit with a surgeon. Preoperative orders and processes spe-
cific to ERAS are then implemented, and preoperative teach-
ing occurs in the preoperative assessment clinic so that 
patients are familiar with ERAS. Modern fasting guidelines 
and instructions for carbohydrate loading are also reviewed 
at that visit. Prior to coming to the operating room, patients 
are administered acetaminophen and a nonsteroidal anti- 
inflammatory drug (NSAID) as well as a gabapentinoid. In 
patients with compromised renal function, the NSAID is 
withheld. At the present time, FMC does not have a formal 
“prehabilitation” program for head and neck patients, but 
such a program is being planned. Intraoperative ERAS inter-
ventions are discussed during the presurgical safety briefing 
so that the surgical and anesthesiology teams can discuss the 
intraoperative and early postoperative management plan and 
identify any areas requiring clarification. Postoperatively 
most patients are sent to the intensive care unit for overnight 
monitoring, and in the majority of cases, patients are fully 
awake and do not need ventilation. Postoperative care is 
managed on a dedicated head and neck nursing unit. The 
overall workflow followed for an ERAS head and neck 
patient is summarized in Figs. 50.1 and 50.2.

Preliminary results after the first 7 months of ERAS 
implementation are promising. However, there are too few 
data to draw meaningful conclusions about ERAS impact 
compared to our standard postoperative care pathway. Also 
the EIAS system is significantly different than our current 
audit system, and we are working to adapt and learn the 
nuances of EIAS. Between December 2017 and June 2018, a 
total of 34 patients were enrolled in the head and neck ERAS 
program. All patients underwent major head and neck resec-
tion with free flap reconstruction. ERAS patients were com-
pared to a baseline cohort of 50 patients who had similar 
procedures between September 2016 and September 2017. 
The average age of the baseline cohort was 61.4 years, and 
80% were males. The average age of the ERAS cohort was 
61.9 years, and 62% were males.

Table 50.2 shows overall and item-specific compliance 
for several ERAS measures, and overall compliance is 
improving. Furthermore, some of the poor compliance out-
comes in the baseline group are due to missing documenta-
tion and evolving operational definitions within EIAS.

The median length of hospital stay (LOS) was 12 days 
pre-ERAS and 10 days in the ERAS group. The ERAS group 
had fewer patients requiring tracheotomy, which reduced the 
overall LOS in this group. Our ERAS implementation is at a 
very early stage, and more work is needed on data collection, 
analysis, and feedback.
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 Knowledge Gaps

The current literature provides compelling evidence for sev-
eral of the recommended ERAS interventions. Kehlet’s 2002 
review article summarizes the evidence and rationale for 
avoidance of nasogastric intubation, intraoperative normo-
thermia, pain control, antibiotic prophylaxis, and 
 management of postoperative nausea and vomiting (PONV) 
[29]. Several more recent studies provide the physiologic 

and pathologic basis for the commonly employed ERAS 
interventions [31, 32].

However, little is known about the impact of ERAS in 
patients undergoing major head and neck resection with free 
flap reconstruction. In particular, care elements such as tra-
cheotomy management, swallowing rehabilitation, wound 
and flap care, and management of pain and PONV all need to 
be carefully studied in the head and neck surgery population. 
Preoperative optimization in head and neck patients is also 

ERAS workflow

Head & neck
clinic

Preoperative
assessment

clinic

Surgical
holding area

Operating
room

Intensive
care unit

Inpatient unit

1. Patient is identified
    as “ERAS eligible”
2. Preoperative
    discussion
3. Preoperative
    investigations
4. ERAS orders
    submitted with
    surgical booking
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    for prehabilitation
    if appropriate
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2. Identify any
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    medical concerns

1. Multimodal
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Fig. 50.1 Overview of ERAS head and neck workflow summarizing main activities taking place at each checkpoint along the patient’s path
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Fig. 50.2 ERAS for major head and neck surgery with free flap reconstruction. ICU intensive care unit, Trach tracheotomy, FEES fiber-optic 
endoscopic evaluation of swallowing, PONV postoperative nausea and vomiting
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an area that requires further exploration. Typical surgical 
wait times for head and neck patients are shorter than for 
many other cancers: usual wait times are 2–4  weeks. 
Therefore, designing and implementing a prehabilitation 
program that fits into this time frame and offers benefit to 
patients is a major research question. We believe that by 
adopting ERAS in the head and neck population, it will be 
possible to answer these questions in a rigorous, evidence- 
based manner and to develop better approaches to managing 
this challenging group of patients.

 Organizational Context and Support

Designing an ERAS protocol is something well within the 
grasp of a cohesive multidisciplinary team. Reviewing the 
literature, convening meetings and focus groups, and design-
ing care pathways are important steps in starting an ERAS 
program for any area of surgery including head and neck. 
However, designing a protocol and implementing it are fun-
damentally different activities. Implementation requires a 
committed clinical team as well as an organizational envi-
ronment that values quality management and supports it 

with appropriate resources. Resources include support for 
ongoing measurement, audit, and feedback that extend 
beyond the initial startup phase and continue into ongoing 
clinical operations. Lack of ongoing institutional support is 
a key contributor to failure of ERAS and other care pathway 
initiatives.

Brent James and colleagues eloquently describe the tran-
sition undertaken by Intermountain Healthcare as it moved 
to become one of the best healthcare systems in the world 
[9]. Highly functioning microsystems combined with an 
engaged and supportive mesosystem are necessary compo-
nents that lead to successful implementation and continuous 
outcomes improvement. The ERAS® Society runs ERAS 
Implementation Programs employing breakthrough method-
ology adapted for driving changes in perioperative care in 
many countries around the world (www.erassociety.org).

In Alberta, Canada, ERAS was first introduced in 2013 in 
collaboration with the ERAS® Society for colorectal surgery 
and has since expanded to numerous other surgical special-
ties including head and neck. Support for ERAS, including 
ongoing measurement, audit, and feedback, is provided at a 
provincial level, and this sustained organizational support 
has provided significant return on investment. Thanh et al. 

Table 50.2 Overall and item-specific compliance for several ERAS measures

6.1. Hospital compliance measure
6.2. Compliance
Baseline Post- ERAS

Overall compliance 39.9% 60.5%
Preoperative Total 52.9% 86.6%
Preop Preadmission patient education 0.0% 79.4%
Preop Preoperative oral carbohydrate treatment 0.0% 76.5%
Preop Thrombosis prophylaxis 96.0% 94.1%
Preop Antibiotic prophylaxis before incision 96.0% 97.1%
Preop PONV prophylaxis administered 72.7% 85.7%
Intraoperative Total 45.3% 48.0%
Intraop No long-acting systemic opioids given 34.0% 47.1%
Intraop Forced-air heating cover used 100.0% 97.1%
Intraop Fluid administration guidance 2.0% 0.0%
Postoperative Total 35.6% 55.6%
Postop Time to termination of urinary drainage 62.0% 76.5%
Postop Enteral/nasogastric supplements initiated  

within the first 24 hours postoperatively
75.0% 87.5%

Postop Suture closure of tracheostomy site 40.9% 80.0%
Postop Flap care monitoring every 1 hour  

for the first 24 hours postoperatively
26.5% 88.2%

Postop Flap monitoring completed POD2 81.6% 93.9%
Postop Flap monitoring completed POD3 79.6% 97.0%
Postop Weight change on POD 1 4.0% 18.2%
Postop Total IV volume of fluids day 0 34.0% 50.0%
Postop Pulmonary physical therapy initiated 68.0% 85.3%
Postop Mobilization at all on day of surgery 6.0% 0.0%
Postop Mobilization at all on POD1 52.0% 90.9%
Postop Mobilization on postoperative day 2 0.0% 54.5%
Postop Mobilization on postoperative day 3 0.0% 51.5%
Postop 30-day follow-up performed 89.8% 97.1%

PONV postoperative nausea and vomiting, IV intravenous
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showed that in Alberta, every dollar invested in ERAS 
yielded $4  in savings to the healthcare system [36]. 
Furthermore clinical outcomes were significantly improved. 
ERAS would not be feasible without this organizational 
support.

A subsequent Alberta study highlights some important 
issues that arise when implementing ERAS in a “real-world” 
setting across a large health system [37]. In this large retro-
spective cohort study, the authors found that ERAS was 
associated with reduced hospital LOS, but the decrease was 
probably due to a temporal trend and not implementation of 
ERAS.  ERAS was not associated with any harmful out-
comes, and there were nonsignificant associations between 
ERAS and reduced post-discharge mortality, hospital read-
missions, and emergency department visits. This apparent 
lack of effect of ERAS was perhaps due to compliance with 
care elements of 60% when it is believed that compliance of 
70% or greater is most likely to yield optimal outcomes. 
Nevertheless, this research highlights the importance of con-
ducting studies in real-world settings as a means of augment-
ing what is learned from randomized controlled trials 
(RCTs). Translating ERAS from single hospitals to health 
systems is therefore challenging and requires system-level 
focus on maintaining compliance across multiple sites.

 ERAS in Other Areas of Otolaryngology

Long-term experience with care pathways and more recent 
experience with a full ERAS implementation at FMC clearly 
show that better organization and delivery of care combined 
with robust measurement, audit, and feedback is beneficial 
for patients undergoing major head and neck surgery with 
free flap reconstruction. It is also apparent that the “ERAS 
mindset” among team members transfers to other patients’ 
groups managed on the ORL inpatient service. A laryngec-
tomy clinical pathway that borrows many of the ERAS prin-
ciples and applies them to this patient group was recently 
implemented, and there are other areas of otolaryngology 
care that could benefit from the ERAS approach.

ORL as a specialty is concentrated on same-day or outpa-
tient surgical procedures. Furthermore, designing and imple-
menting ERAS protocols is time-consuming and can be 
costly. In its current form, ERAS is designed to support the 
management of patients undergoing inpatient surgery. 
Although ERAS offers many benefits, it is unlikely it could 
be applied to all areas of surgical endeavor. A measured 
approach focusing ERAS on high-cost and/or high-harm 
procedures is probably the best way to start designing and 
implementing these protocols.

The question of whether same-day or outpatient surgical 
procedures/patients could benefit from ERAS is interesting 
and has not been rigorously studied. High-volume otolaryn-

gology procedures, such as tonsillectomy and endoscopic 
sinus surgery, as well as evolving procedures, such as tran-
soral surgery, are all worthy of further investigation. Adapting 
and modifying ERAS principles to these areas of ORL makes 
sense and is an important area for future research.

 Conclusion

ERAS and care pathways and fast-track protocols are well- 
known and validated tools to improve the quality, safety, and 
effectiveness of surgical care. These approaches, at least in 
higher-intensity surgical procedures, represent a standard of 
care that all high-performing centers should strive to imple-
ment. Emerging evidence from large health system ERAS 
implementations suggests that system-level improvements 
are challenging to measure. A disciplined focus on measure-
ment, audit, and feedback as well as ensuring compliance are 
key steps toward sustained improvement. Broader applica-
tion of ERAS principles to other areas of ORL needs further 
investigation and represents an important area for future 
clinical research.

References

 1. Wennberg J, Gittelsohn. Small area variations in health care deliv-
ery. Science. 1973;182(4117):1102–8.

 2. Wennberg JE, Fisher ES, Skinner JS.  Geography and the debate 
over Medicare reform. Health Aff (Millwood). 2002 Jul-Dec;Suppl 
Web Exclusives:W96–114.

 3. Medicine Io. In: Kohn LT, Corrigan JM, Donaldson MS, editors. To 
err is human: building a safer health system. Washington, DC: The 
National Academies Press; 2000.

 4. Schumann R, Shikora S, Weiss JM, Wurm H, Strassels S, Carr 
DB. A comparison of multimodal perioperative analgesia to epi-
dural pain management after gastric bypass surgery. Anesth Analg. 
2003;96(2):469–74, table of contents.

 5. Institute of Medicine (U.S.). Committee on Quality of Health Care 
in America. Crossing the quality chasm : a new health system for 
the 21st century. Washington, D.C.: National Academy Press; 2001.

 6. Baker GR, Norton PG, Flintoft V, Blais R, Brown A, Cox J, et al. 
The Canadian adverse events study: the incidence of adverse events 
among hospital patients in Canada. CMAJ. 2004;170(11):1678–86.

 7. McGlynn EA, Asch SM, Adams J, Keesey J, Hicks J, DeCristofaro 
A, et al. The quality of health care delivered to adults in the United 
States. N Engl J Med. 2003;348(26):2635–45.

 8. Morris AH. Adult respiratory distress syndrome and new modes of 
mechanical ventilation: reducing the complications of high volume 
and high pressure. New Horiz. 1994;2(1):19–33.

 9. James BCL, Lazar JS. Sustaining and extending clinical improve-
ments: a health system’s use of clinical programs to build qual-
ity infrastructure. In: Nelson ECB, Batalden PB, Lazar JS, editors. 
Practice-based learning and improvement: a clinical improve-
ment action guide. 2nd ed. Oakbrook Terrance: Joint Commission 
Resources Mission; 2007. p. 95–108.

 10. Cohen J, Stock M, Andersen P, Everts E.  Critical pathways for 
head and neck surgery. Development and implementation. Arch 
Otolaryngol Head Neck Surg. 1997;123(1):11–4.

J. C. Dort



495

 11. Hanna E, Schultz S, Doctor D, Vural E, Stern S, Suen J. Development 
and implementation of a clinical pathway for patients undergo-
ing total laryngectomy: impact on cost and quality of care. Arch 
Otolaryngol Head Neck Surg. 1999;125(11):1247–51.

 12. Gendron KM, Lai SY, Weinstein GS, Chalian AA, Husbands JM, 
Wolf PF, et al. Clinical care pathway for head and neck cancer: a 
valuable tool for decreasing resource utilization. Arch Otolaryngol 
Head Neck Surg. 2002;128(3):258–62.

 13. Husbands JM, Weber RS, Karpati RL, Weinstein GS, Chalian AA, 
Goldberg AN, et  al. Clinical care pathways: decreasing resource 
utilization in head and neck surgical patients. Otolaryngol Head 
Neck Surg. 1999;121(6):755–9.

 14. Chen AY, Callender D, Mansyur C, Reyna KM, Limitone E, 
Goepfert H.  The impact of clinical pathways on the practice of 
head and neck oncologic surgery: the University of Texas M. D. 
Anderson Cancer Center experience. Arch Otolaryngol Head Neck 
Surg. 2000;126(3):322–6.

 15. Rogers SN, Naylor R, Potter L, Magennis P. Three years' experi-
ence of collaborative care pathways on a maxillofacial ward. Br J 
Oral Maxillofac Surg. 2000;38(2):132–7.

 16. Sherman D, Matthews TW, Lampe H, LeBlanc S. Laryngectomy 
clinical pathway: development and review. J Otolaryngol. 
2001;30(2):115–20.

 17. Chalian AA, Kagan SH, Goldberg AN, Gottschalk A, Dakunchak A, 
Weinstein GS, et al. Design and impact of intraoperative pathways 
for head and neck resection and reconstruction. Arch Otolaryngol 
Head Neck Surg. 2002;128(8):892–6.

 18. Kagan SH, Chalian AA, Goldberg AN, Rontal ML, Weinstein 
GS, Prior B, et al. Impact of age on clinical care pathway length 
of stay after complex head and neck resection. Head Neck. 
2002;24(6):545–8; discussion.

 19. Yueh B, Weaver EM, Bradley EH, Krumholz HM, Heagerty 
P, Conley A, et  al. A critical evaluation of critical pathways 
in head and neck cancer. Arch Otolaryngol Head Neck Surg. 
2003;129(1):89–95.

 20. Dautremont JF, Rudmik LR, Yeung J, Asante T, Nakoneshny SC, 
Hoy M, et al. Cost-effectiveness analysis of a postoperative clinical 
care pathway in head and neck surgery with microvascular recon-
struction. J Otolaryngol Head Neck Surg = Le Journal d'oto-rhino- 
laryngologie et de chirurgie cervico-faciale. 2013;42:59.

 21. Smith KA, Matthews TW, Dube M, Spence G, Dort 
JC. Changing practice and improving care using a low-risk tra-
cheotomy clinical pathway. JAMA Otolaryngol Head Neck Surg. 
2014;140(7):630–4.

 22. Smith MD, McCall J, Plank L, Herbison GP, Soop M, Nygren 
J.  Preoperative carbohydrate treatment for enhancing recov-
ery after elective surgery. Cochrane Database Syst Rev. 
2014;8:CD009161.

 23. Yeung JK, Dautremont JF, Harrop AR, Asante T, Hirani N, 
Nakoneshny SC, et al. Reduction of pulmonary complications and 
hospital length of stay with a clinical care pathway after head and 
neck reconstruction. Plast Reconstr Surg. 2014;133(6):1477–84.

 24. Dautremont JF, Rudmik LR, Nakoneshny SC, Chandarana SP, 
Matthews TW, Schrag C, et  al. Understanding the impact of a 
clinical care pathway for major head and neck cancer resection on 
postdischarge healthcare utilization. Head Neck. 2016;38(Suppl 
1):E1216–20.

 25. Gordon SA, Reiter ER. Effectiveness of critical care pathways for 
head and neck cancer surgery: a systematic review. Head Neck. 
2016;38(9):1421–7.

 26. Bater M, King W, Teare J, D'Souza J. Enhanced recovery in patients 
having free tissue transfer for head and neck cancer: does it make a 
difference? Br J Oral Maxillofac Surg. 2017;55(10):1024–9.

 27. Yetzer JG, Pirgousis P, Li Z, Fernandes R. Clinical pathway imple-
mentation improves efficiency of care in a Maxillofacial Head and 
Neck Surgery Unit. J Oral Maxillofac Surg. 2017;75(1):190–6.

 28. Kehlet H, Mogensen T. Hospital stay of 2 days after open sigmoid-
ectomy with a multimodal rehabilitation programme. Br J Surg. 
1999;86(2):227–30.

 29. Kehlet H, Wilmore DW. Multimodal strategies to improve surgical 
outcome. Am J Surg. 2002;183(6):630–41.

 30. Fearon KC, Ljungqvist O, Von Meyenfeldt M, Revhaug A, Dejong 
CH, Lassen K, et al. Enhanced recovery after surgery: a consensus 
review of clinical care for patients undergoing colonic resection. 
Clin Nutr. 2005;24(3):466–77.

 31. Feldheiser A, Aziz O, Baldini G, Cox BP, Fearon KC, Feldman LS, 
et al. Enhanced Recovery After Surgery (ERAS) for gastrointesti-
nal surgery, part 2: consensus statement for anaesthesia practice. 
Acta Anaesthesiol Scand. 2016;60(3):289–334.

 32. Scott MJ, Baldini G, Fearon KC, Feldheiser A, Feldman LS, Gan 
TJ, et al. Enhanced Recovery After Surgery (ERAS) for gastroin-
testinal surgery, part 1: pathophysiological considerations. Acta 
Anaesthesiol Scand. 2015;59(10):1212–31.

 33. Dort JC, Farwell DG, Findlay M, Huber GF, Kerr P, Shea-
Budgell MA, et  al. Optimal perioperative care in major head 
and neck cancer surgery with free flap reconstruction: a con-
sensus review and recommendations from the enhanced recov-
ery after surgery society. JAMA Otolaryngol Head Neck Surg. 
2017;143(3):292–303.

 34. Coyle MJ, Main B, Hughes C, Craven R, Alexander R, Porter G, 
et al. Enhanced recovery after surgery (ERAS) for head and neck 
oncology patients. Clin Otolaryngol. 2016;41(2):118–26.

 35. Gramlich LM.  Implementation of Enhanced Recovery after 
Surgery: a strategy to transform surgical care across a health sys-
tem. Implement Sci. 2017;12:1–17.

 36. Thanh NX, Chuck AW, Wasylak T, Lawrence J, Faris P, Ljungqvist 
O, et al. An economic evaluation of the Enhanced Recovery After 
Surgery (ERAS) multisite implementation program for colorectal 
surgery in Alberta. Can J Surg. 2016;59(6):415–21.

 37. AlBalawi Z, Gramlich L, Nelson G, Senior P, Youngson E, 
McAlister FA. The impact of the implementation of the Enhanced 
Recovery After Surgery (ERAS((R))) Program in an entire health 
system: a natural experiment in Alberta, Canada. World J Surg. 
2018;42(9):2691–700.

50 ERAS in Otolaryngology-Head and Neck Surgery



497© Springer Nature Switzerland AG 2020
O. Ljungqvist et al. (eds.), Enhanced Recovery After Surgery, https://doi.org/10.1007/978-3-030-33443-7_51

Cardiac Surgery ERAS
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 Introduction

Cardiac surgery has a rich history of outcomes-based imple-
mentation of multimodal intervention bundles. In the 1990s, 
in an effort to limit intensive care unit (ICU) length of stay, 
a balanced anesthetic technique with reduced opioid depen-
dency anchored the “fast-track” movement in cardiac sur-
gery. Pioneered by Dr. Richard Engelman, the first published 
fast-track protocol recommended a bundle consisting of 
patient education, multi-target chemical prophylaxis, early 
extubation and mobilization, as well as short- and medium- 
term follow-up [1]. Following implementation of this proto-
col, extubation times were reduced by 30%, while ICU and 
hospital lengths of stay were each reduced by 20%. 
Following widespread adoption, fast-track care strategies 
have consistently been shown to reduce intubation times 
and ICU lengths of stay without any adverse increase in 
mortality or morbidity [2, 3].

Beyond “fast-track,” the cardiac surgical community has 
historically undertaken initiatives that, although not labelled 
as “enhanced recovery,” were focused on optimizing patient 
care. Examples include designing risk stratification models 
[4–7], building large multinational databases [8, 9], pioneer-
ing new surgical techniques [10], embracing new technolo-
gies, and pursuing consensus through a variety of 
multidisciplinary practice guidelines [11–14]. Progress has 
been made in developing standardized pathways within the 
formal ERAS framework. This multidisciplinary and collab-
orative effort has resulted in the publication of ERAS® 
Cardiac Society (www.erascardiac.org) evidence-based rec-
ommendations for patients undergoing cardiac surgery 
(Table 51.1) [15].

 Unique Challenges

There are unique challenges faced by the cardiac surgical 
subspecialty in designing and implementing an ERAS pro-
gram. The result is an enhanced recovery paradox: The very 
reasons that cardiac surgical patients are likely to benefit 
from the standardized application of ERAS protocols are 
often the same reasons that the implementation of such pro-
tocols can be difficult to achieve.

 Variable Surgical Procedures

Cardiac surgery involves a variety of subcategorizations 
spanning a wide range of surgical technique and periopera-
tive considerations (Table 51.2). The challenges creating a 
“one-size-fits-all” enhanced recovery strategy are clear. The 
use of tailored ERAS protocols in colorectal, pancreatic, and 
hepatobiliary surgical specialties has been well established 
[16–18]. A similar subdivision within cardiac surgery is 
likely necessary in the future for any protocol to be both 
inclusive and comprehensive.
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Table 51.1 ERAS Cardiac Society recommendations

ERAS component Recommendation Level Grade
Blood conservation Tranexamic acid or epsilon-aminocaproic acid is recommended 

during on-pump cardiac surgical procedures
High Strong

Medical optimization Perioperative glycemic control is recommended Moderate Moderate
Antimicrobial prophylaxis A care bundle of evidence- based best practices is recommended to 

reduce surgical site infections
Moderate Moderate

Maintaining fluid balance Goal-directed fluid therapy is recommended to reduce postoperative 
complications

Moderate Moderate

Multimodal opioid-sparing 
analgesia

A multimodal, opioid- sparing, pain management plan is 
recommended postoperatively

Moderate Moderate

Control of body temperature Persistent hypothermia after cardiopulmonary bypass should be 
avoided in the early postoperative period

Moderate Moderate

Tube and drain management Maintenance of chest tube patency is recommended to prevent 
retained blood

Moderate Moderate

Postoperative optimization Postoperative systematic delirium screening is recommended at 
least once per nursing shift

Moderate Moderate

Pre-admission optimization Smoking and hazardous alcohol consumption should be stopped 
4 weeks before elective surgery

Low Moderate

Postoperative optimization Early detection of kidney stress and interventions to avoid acute 
kidney injury are recommended following surgery

Moderate Moderate

Postoperative optimization Rigid sternal fixation can be useful to improve/accelerate sternal 
healing and reduce mediastinal wound complications

Moderate Moderate

Pre-admission optimization Prehabilitation is recommended for patients undergoing elective 
surgery with multiple comorbidities or significant deconditioning

Moderate Moderate

Medical optimization An insulin infusion is recommended to treat hyperglycemia in all 
patients postoperatively

Moderate Moderate

Postoperative optimization Strategies to ensure extubation within 6 hours of surgery are 
recommended

Moderate Moderate

Patient engagement Patient engagement tools, including online/application- based 
systems to promote education, compliance, and patient-reported 
outcomes, are recommended

Low Moderate

Prophylaxis against thrombosis Chemical thromboprophylaxis is recommended following surgery Low Moderate
Pre-admission optimization Preoperative measurement of hemoglobin A1c is recommended to 

assist with risk stratification
Low Moderate

Pre-admission optimization Preoperative correction of nutritional deficiency is recommended 
when feasible

Low Moderate

Preoperative optimization Clear liquids may be continued up until 2–4 hours before general 
anesthesia

Low Weak

Preoperative optimization Preoperative carbohydrate loading may be considered before 
surgery

Low Weak

Tube and drain management Stripping or breaking the sterile field of chest tubes to remove clot 
is not recommended

High No benefit

Control of body temperature Hyperthermia (>37.9 °C) while rewarming on cardiopulmonary 
bypass is potentially harmful and should be avoided

Moderate Harm

Table 51.2 Examples of a variety of surgical techniques that could be categorized as “cardiac surgery” from an ERAS perspective

Coronary Valve Aortic Percutaneous Heart Failure Other
Coronary bypass
CABG + valve
Off-pump CABG
Robot-assisted 
CABG
Coronary artery 
unroofing

Single valve 
replacement
Single valve repair
Multiple valve 
procedures
Minimal incision 
valve surgery

Aortic root
Ascending aorta
Aortic arch
Descending thoracic aorta
Thoracoabdominal aorta
Hybrid repairs (open + 
TEVAR)

TAVI/TAVR
MitraClip
Valve-in-valve 
implantation procedure
ASD repair
LA appendage occlusion
Pulmonary vein ablation
TEVAR

LVAD
RVAD
Biventricular 
assist device
Total artificial 
heart
Heart transplant

Arrhythmia surgery 
(Cox-Maze, Convergent)
ASD repair
VSD repair
Anomalous pulmonary 
vein repair
Other pediatric and adult 
congenital

Abbreviations: ASD atrial-septal defect, CABG coronary artery bypass graft, LA left atrium, LVAD left ventricular assist device, RVAD right ven-
tricular assist device, TAVI transcatheter aortic valve implantation, TAVR transcatheter aortic valve replacement, TEVAR thoracic endovascular 
aortic repair, VSD ventricular-septal defect
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 Increased Patient Perioperative 
Multimorbidity

The increasing burden of perioperative morbidities in older 
patients undergoing cardiac surgery poses several chal-
lenges, many of them unique to the specialty. Cardiac dis-
ease seldom exists in isolation and typically coexists with 
multiple multi-system comorbidities (Table  51.3). These 
conditions increase the perioperative risk for mortality and 

both short- and longer-term morbidity, making them impor-
tant targets for ERAS protocols. They also add to the chal-
lenge of designing a protocol that will accommodate the 
wide variety of diseases, their effects on multiple organ sys-
tems, and their impact on the postoperative recovery phase.

 Cardiopulmonary Bypass

Cardiopulmonary bypass (CPB) is unique to cardiac surgery 
and represents both a target and a challenge for an ERAS 
program. The use of CPB activates many inflammatory, sym-
pathetic, immune, humoral, and coagulation pathways 
(Fig.  51.1). Systemic inflammatory response syndrome 
(SIRS) is nearly universally seen following the use of CPB 
[19–22]. Sympathetic nervous system activation, a priority 
target for many ERAS protocols, is also highly prevalent 
[23]. Moreover, the cardiac surgical patient is often systemi-
cally cooled, and some operations, including those of the 
aortic arch, utilize deep hypothermia and even planned circu-
latory arrest. The need for CPB and cooling/rewarming 
introduces additional considerations regarding anticoagula-
tion, temperature management, coagulation monitoring and 
transfusion, goal-directed therapies, advanced monitoring, 
and organ protection.

 Broad Spectrum of Multidisciplinary Care

It is common for cardiac surgical patients to begin their post-
operative recovery in an intensive care unit. This provides 
patients with access to continuous advanced monitoring, 
multidisciplinary assessment and management, supportive 
therapies for multi-organ dysfunction, and focused attention 
to return to normal function (i.e., mobility, enteral nutrition, 
physical rehabilitation). The inner workings of a modern 
postsurgical ICU have many moving parts, typically involv-
ing a large interdisciplinary team whose members contribute 
in different but complimentary ways to the patient’s recov-
ery. From an ERAS standpoint, this is beneficial; it provides 
several perspectives and targets for potential enhanced 
recovery interventions. However, it also adds complexity 
when attempting to make a protocol comprehensive enough 
to extract the potential benefits.

The cardiac surgery patient is at the center of any ERAS 
program. The importance of incorporating non-physician dis-
ciplines such as nursing (operating room, ICU, and ward), per-
fusionists, respiratory therapists, physiotherapists, dieticians, 
and pharmacists cannot be understated as they are crucial con-
tributors to optimal delivery of patient care in the post-cardiac 
surgery patient. Out of necessity, any ERAS program will also 
require the involvement of a diverse group of physicians in 
addition to these non-physician individuals: cardiac surgeons, 

Table 51.3 Potential patient comorbidities in cardiac surgical patients

Vascular disease
  Hypertension
  Cerebrovascular disease
  Peripheral vascular disease
  Venous insufficiency
Pulmonary disease
  Congestive heart failure
  COPD
  Interstitial lung disease
  OSA
  Pulmonary hypertension
Renal dysfunction
  Cardiorenal syndrome
  Diabetic nephropathy
  Hypertensive nephropathy
  Acute kidney injury
Endocrine/metabolic
  Diabetes mellitus
  Dyslipidemia
  Osteoporosis
Hematologic
  Anemia
  Bleeding diathesis
  Thrombophilia
  Antiplatelet medications
  Anticoagulant medications
  Thrombocytopenia
Rheumatologic
  SLE
  RA
  Ankylosing spondylitis
  Immunosuppression
Neoplastic
  Cardiac tumors
  Carcinoid
  Radiation-induced heart disease
  Chemotherapy-induced heart disease
Infectious
  Endocarditis
  Rheumatic heart disease
Genetic
  Congenital heart disease
  Hereditary aortopathies
  Connective tissue disorders
Hepatic dysfunction
  Cirrhosis
  Congestive hepatopathy

Abbreviations: COPD chronic obstructive pulmonary disease, OSA 
obstructive sleep apnea, RA rheumatoid arthritis, SLE systemic lupus 
erythematosus

51 Cardiac Surgery ERAS



500

cardiologists (including various cardiology sub-specialists), 
cardiac anesthesiologists, intensivists, pulmonologists, endo-
crinologists, and others. Coordinating all the various stake-
holders is an essential albeit challenging endeavor. The team 
members must be engaged, consulted, and invested in the suc-
cess of any ERAS program for it to succeed.

 Lack of Pre-existing Evidence

ERAS programs are more successfully adopted and imple-
mented when they are based on robust evidence. The ini-
tial colorectal ERAS protocol (and subsequent subspecialty 
protocols) has bundled best-practice interventions based 
on pre- existing evidence. Many of the common ERAS 

interventions, such as preoperative carbohydrate loading, 
multimodal analgesia, antiemetic prophylaxis, peripheral 
nerve block techniques, intraoperative normothermia, and 
glycemic control, have either poor or conflicting evidence 
in the cardiac surgical population [24]. The unique charac-
teristics of cardiac surgical patients and their perioperative 
care make transference of non-cardiac evidence problem-
atic. Moreover, a large evidence gap exists in many areas 
that would be considerations for an ERAS protocol, such 
as CPB mean arterial pressure parameters, ultrafiltration, 
cooling/rewarming, etc. The current ERAS Cardiac 
Society recommendations are an important first step 
(Fig. 51.2), but further research should provide the basis 
for these additional areas to be incorporated into future 
guidelines.

Neuromonitoring and protection

Lung protection measures

Goal-directed perfusion

AKI biomarkers

Pre-op nutrition optimization

Patient blood
management programs

POC coagulation monitors

Developments in CPB technology

Anti-inflammatory therapies

Infection prevention bundles

Neurologic injury

Pulmonary compromise

Acute kidney injury

GI complications

Hematologic

SIRS/Immunosuppression

Temperature management

-   Stroke

-   Delirium
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-   Gl bleed
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Fig. 51.1 Examples of the potential detrimental physiologic effects of 
cardiopulmonary bypass (CPB), as well as potential targets to be 
explored within an ERAS cardiac program. Abbreviations: AKI acute 
kidney injury, ALI acute lung injury, ARDS acute respiratory distress 

syndrome, GI gastrointestinal, POC point-of-care, POCD postoperative 
cognitive dysfunction, SIRS systemic inflammatory response syndrome, 
VAP ventilator-associated pneumonia
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 Special ERAS Considerations in the Cardiac 
Surgical Patient: Preoperative

 Frailty and Prehabilitation

Prehabilitation (or “prehab”) optimizes preoperative func-
tional capacity with the goal of enabling patients’ organ sys-
tems to better withstand the physiologic stress of surgery 
[25, 26]. Exercise is a vital component of any prehabilitation 
program [27–29]. A comprehensive prehabilitation approach 
to the cardiac surgery patient should also include significant 
dedication of time and effort toward patient education and 
psychosocial support. Raising patients’ physical and psycho-
logical readiness for surgery should help reduce postopera-
tive complications, shorten hospital length of stay, and 
provide a more seamless transition to recovery following 
discharge back into the community [25, 30, 31]. One barrier 
is that cardiac surgical patients are often scheduled emer-
gently or semi-urgently, reducing the window of opportunity 
to provide prehabilitation. Another is that the degree of car-
diac disease may limit the amount of physical activity that 
can be safely performed, though this issue can often be 
resolved with appropriate planning and supervision during 
exercise activities. Finally, though it is generally seen as a 
low-risk intervention with broad benefits, a robust program 

would require new inputs of time, labor, and cost. More stud-
ies demonstrating a direct relationship between raising pre-
operative functional capacity and improved perioperative 
outcomes are needed [32, 33].

 Glycemic Control and Insulin Infusions

Management strategies for control of blood glucose are 
important in each phase of care of the cardiac surgical 
patient: preoperative, intraoperative, and postoperative 
[34–36]. Preoperatively, optimal glycemic control, as 
defined by an HbA1c  <  6.5%, has been associated with 
significant decreases in the incidence of deep sternal 
wound infection, ischemic events, and other complica-
tions [37, 38].

The morbidity of hyperglycemia is likely multifactorial 
and has been attributed to glucose toxicity, increased oxida-
tive stress, development of a prothrombotic state, and inflam-
mation [39–41]. Insulin infusions may contribute to 
postoperative hypoglycemia, particularly when a tight blood 
glucose target range (e.g., 80–110 mg/dl or 4.4–6.1 mmol/l) 
is selected [39, 42, 43]. Therefore, although perioperative 
glycemic control with insulin infusions is recommended, 
more high-quality studies are needed in this area [44].

Pre-hospital Day of surgery

PostPre

POD 0 POD 1 POD 2 POD 3 POD 4

Post-op normothermia

Anti-fibrinolytics

Audit compliance & outcomes

Avoid hyperthermia

Extubation

Goal-directed fluid therapy

Maintain chest-tube patency

Patient optimization & prehabilitation

Patient engagement, counseling, and education
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Multimodal opioid-sparing analgesia

Chemical thromboprophylaxis

Intra

DischargeAdmission
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surgery 

Perioperative glycemic control (including insulin infusions when needed)

Detection of kidney stress and AKI reduction

- Optimization - - Protocolized normalization -- Stress minimization -

Systematic delirium screening 

Rigid sternal fixation 
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Surgical-site infection reduction bundle
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Fig. 51.2 ERAS treatment principles for cardiac surgery. ICU intensive care unit, HDU high-dependency unit, AKI acute kidney injury
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 Special ERAS Considerations in the Cardiac 
Surgical Patient: Intraoperative

 Bleeding, Coagulation, and Transfusion

Perioperative management of the hematologic system and 
transfusion practices are complex topics, having been previ-
ously reviewed in a multi-society publication of comprehen-
sive guidelines [13]. Cardiac surgical patients are among the 
highest in terms of required transfusion of blood products and 
are proportionately one of the largest consumers of hospitals’ 
blood supply [45]. Anemia, with reduced oxygen delivery, 
can result in increased physiologic stress at the cellular level, 
leading to organ injury and dysfunction [46, 47]. However, 
increased infection rates, transfusion reactions, organ injury, 
increased cost, and mortality are all associated with transfu-
sions [48–50]. The Transfusion Requirements in Cardiac 
Surgery study (TRICS III) demonstrated that a transfusion 
trigger of 7.5  g/dL was not associated with an increase in 
30-day and 6-month mortality, nonfatal myocardial infarc-
tion, stroke, or renal failure requiring dialysis compared to 
transfusing at a trigger of 9.5 g/dL in the  operating room (OR) 
and 8.5 g/dL on the postsurgical ward [51, 52].

Postoperative coagulopathy and platelet dysfunction, often 
a result of CPB, can be life-threatening and often require 
transfusion of fresh frozen plasma, cryoprecipitate, platelets, 
and various factor concentrates. Point-of-care testing (POCT) 
has emerged as a potential tool to assist clinicians in deter-
mining the presence, characteristics, and optimum therapies 
for complex coagulopathic hemorrhage. A recent trial, using 
rotational thromboelastometry, demonstrated a decrease in 
the amount of red cell and platelet transfusion, as well as less 
major bleeding, by treating specific coagulation abnormali-
ties [53]. Other examples of potential POCT monitors for 
guiding transfusion include systems that use cartridges, func-
tional platelet assay machines, and sonorheometry—where 
clot firmness is quantified using sound waves [54–56].

Tranexamic acid and epsilon-aminocaproic acid are anti-
fibrinolytic drugs used to reduce surgical bleeding. Both are 
synthetic lysine-analogues that reversibly block the lysine 
binding site of plasminogen, which inhibits the lysis of 
polymerized fibrin [57, 58]. In cardiac surgery, tranexamic 
acid has been shown to reduce total units of blood products 
transfused and reoperation for major hemorrhage or tampon-
ade [59, 60]. Higher dosages have been associated with sei-
zures, and a maximum total dose of 100 mg/kg, especially in 
patients over 50 years of age, is recommended [58, 59, 61].

 Goal-Directed Fluid Therapy

Avoidance of excessive fluid administration is a mainstay of 
other ERAS programs. The additional complexity from 
altered myocardial function, the need for cardiopulmonary 

bypass (including the bypass circuit volume), and the promi-
nent effects of surgical stress on vascular endothelium add to 
the challenges in determining appropriate fluid management 
in cardiac surgery [62]. Goal-directed therapy (GDT) can 
assist in the decision process regarding administration of flu-
ids and inotropic/vasoactive pharmacologic support. It 
involves the use of multiple monitoring modalities, in com-
bination with our knowledge of cardiovascular physiology 
and pharmacology, to produce a management plan that aims 
to optimize delivery of oxygen and nutrients to the body’s 
cells in the most efficient manner [63]. The experience with 
GDT for cardiac surgery is in its early phases, but outcomes 
suggest potential benefits [64]. A new area of development is 
the extension of GDT into the cardiopulmonary bypass 
period [65]. This includes the use of hemoconcentration, 
where vacuum-assisted filtration reduces the patient’s 
“water” load and increases the concentration of red blood 
cells. Excessive hemoconcentration may lead to patients 
being hypovolemic, relying on excessive use of vasoactive 
medications, and has been associated with postoperative 
renal injury [66]. Therefore, GDT for the entire perioperative 
cardiac surgical period is conceptually attractive, but more 
studies need to be done to decipher the best physiologic 
goals, the most helpful monitors to direct our actions, and the 
proper therapies to achieve enhanced recovery outcomes.

 Sternal Closure

Most cardiac surgery procedures are performed through a 
median sternotomy, with the majority using wire cerclage for 
closure because of the perceived low rate of sternal wound 
complications and the low cost of wires [67]. This approach 
does not fully achieve the principles of rigid fixation applied 
by other specialties: approximation, compression, and stabili-
zation of the bone [68]. Due to concern about inadequate bone 
healing, most cardiac surgery patients are recovered under 
“sternal precautions,” which limits their ability to mobilize 
after surgery [69]. Sternotomy closure with rigid plate fixation 
has demonstrated improved bone healing, fewer sternal com-
plications, and no additional cost compared with wire cerclage 
at 6 months after surgery [68, 70]. Patient-reported outcomes 
(PROs) also showed significantly less pain, better upper 
extremity function, and improved Short Form Health Survey 
(SF-36) quality of life scores at multiple time points [71]. 
Additional research has demonstrated a decrease in mediasti-
nitis and painful sternal nonunion [67, 72].

 Temperature Management

Protecting patients from hypothermia and its deleterious effects 
has demonstrated a reduction in surgical-site infections, major 
cardiac complications, blood transfusion, and hospital length 
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of stay in vascular and major abdominal procedures [73–76]. 
Unfortunately, the picture is not as clear for cardiac surgical 
patients. Certain procedures, such as surgery on the aortic arch, 
require therapeutic hypothermia to provide neuroprotection 
during periods of circulatory arrest. The advent of a variety of 
neurocirculatory perfusion techniques such as selective ante-
grade cerebral perfusion (sACP) have allowed for safe surgery 
with warmer temperatures, but most surgeons still use at least 
mild hypothermia (defined as 28.1–34 ° C) [77].

Even for procedures where circulation is maintained 
throughout, it is common for surgeons to allow a patient’s 
temperature to drop to varying degrees of hypothermia. 
Beyond traditional practice patterns, the paucity of evidence 
and the contradictory interpretation of the data that does exist 
are significant barriers to adopting a universal temperature 
goal for cardiac surgical patients. Two reported studies on the 
use of normothermia had stark differences in their conclu-
sions. One study showed no increase in risk with maintaining 
normothermia and less transfusion compared to hypothermia 
[78]. However, a second study suggested an increase in mor-
tality when patients were maintained at normal temperatures 
[79]. Neither of these studies were specifically designed to 
assess the full risk-benefit ratio of normothermia vs. mild 
hypothermia in non-circulatory arrest procedures. Further 
study will need to be undertaken prior to any decision on the 
inclusion of this target in an ERAS program.

Regardless of the temperature during CPB, patients 
should be rewarmed prior to separation from the circuit. 
Unfortunately it is common for patients arriving in the ICU 
after cardiac surgery to be hypothermic [80, 81]. Hypothermia 
is defined as a core temperature <36 °C persisting 2–5 hours 
after return from the operating room in the ICU [81, 82]. 
Even mild hypothermia is associated with multiple physio-
logic derangements including coagulopathy, increased inci-
dence of wound infection, prolonged hospital stay, and death 
[80, 83–85]. Hypothermia can be reduced by using forced- 
air warming blankets, warming irrigation, and intravenous 
(IV) fluids [86–88].

While there is disagreement on the impact of hypothermia 
in cardiac surgery, no such debate exists on the harm from 
hyperthermia [14]. Rewarming the patient on CPB too quickly, 
at elevated arterial perfusate temperatures, or to a final naso-
pharyngeal temperature above 37 °C can all result in harm to 
the patient, particularly neurologic injury [89–91]. 
Hyperthermia has also been associated with increased rates of 
mediastinal infection and post-op acute kidney injury [92, 93].

 Special ERAS Considerations in the Cardiac 
Surgical Patient: Postoperative

 Biomarkers to Reduce Acute Kidney Injury

Acute kidney injury (AKI) complicates nearly 40% of car-
diac surgical procedures, doubling total hospital costs and 

decreasing survival [94–98]. Importantly, AKI increases 
long-term mortality independent of other risk factors, even 
if kidney function has recovered [99]. Current diagnostic 
criteria for AKI rely on changes in serum creatinine or 
urine output, which reflect kidney function and underesti-
mate the degree of injury or dysfunction [100]. Hemodilution 
from cardiopulmonary bypass (CPB), volume resuscita-
tion, and liberal diuretic administration can further dimin-
ish the utility of these criteria to diagnose AKI in cardiac 
surgery patients [101].

Two novel renal biomarkers, insulin-like growth factor- 
binding protein 7 (IGFBP7) and tissue inhibitor of metallo-
proteinases- 2 (TIMP-2), are involved in G1 cell cycle arrest, 
are upregulated in renal stress situations, and can help iden-
tify patients at high risk for AKI [102]. Despite the predic-
tive power of preoperative renal function biomarkers, 
preventing AKI through detection of biomarkers of postop-
erative kidney stress and initiation of a renal-optimization 
bundle appears to be the superior strategy [103–105]. Urine 
levels of TIMP-2 and IGFBP7 are predictive for AKI as 
early as 1 hour after starting cardiopulmonary bypass [106]. 
High- risk postoperative cardiac surgical patients with posi-
tive urinary biomarkers had reductions in incidence of AKI, 
length of stay (both ICU and hospital), and costs of care 
following application of an AKI-prevention bundle. An 
AKI-prevention bundle would include avoidance of nephro-
toxic agents (angiotensin-converting enzyme inhibitors, 
angiotensin II receptor blockers, nonsteroidal anti-inflam-
matory drugs, and radiocontrast), close monitoring of serum 
creatinine and urine output, avoidance of hyperglycemia, 
and hemodynamic monitoring with the goal of optimizing 
volume status and hemodynamic parameters using a goal-
directed algorithm [107–109].

 Chest Tube Maintenance

Chest tubes, which evacuate shed mediastinal blood, are 
prone to clogging with clotted blood [110]. The incidence of 
retained blood in prospective observational studies is 9% 
after isolated coronary artery bypass grafting (CABG), 20% 
in a broader population of general cardiac surgery patients, 
and 51% in patients requiring ventricular assist device 
implantation [111–113]. When this occurs in the setting of 
active bleeding, the result can be mechanical compression of 
the heart or lungs, which may require interventions for tam-
ponade or hemothorax [114, 115]. Even if the volume of 
retained blood is small, hemolysis and thrombin generation 
promotes an inflammatory process that can contribute to 
increases in several postoperative complications: the develop-
ment of pleural and pericardial effusions, postoperative atrial 
fibrillation (POAF), bleeding, AKI, time of mechanical venti-
lation, length of stay, and mortality [111, 112, 114, 116].

Traditional methods to minimize chest tube occlusion and 
retained blood, such as milking or stripping tubes, have been 
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shown in meta-analyses to be time-consuming, ineffective, 
and potentially harmful [117–119]. Breaking the sterile field 
to open chest tubes at the bedside to suction clot has the 
potential to increase infections and potentially damage inter-
nal structures [120]. Active clearance chest tubes are 
designed to allow for regular clot disruption without break-
ing the sterile field, allowing for maintenance of patency 
without the issues identified above. This approach, when 
compared to conventional chest tube drainage, prevented 
chest tube occlusion and reduced retained blood in cardiac 
surgical patients [113, 121–123]. A reduction in retained 
blood through this approach has demonstrated less reopera-
tions for bleeding and a lower incidence of POAF [113, 116, 
121, 123, 124].

 Delirium

Delirium has long been recognized as a neurologic compli-
cation following cardiac surgery [125, 126]. In recent years, 
clinicians have gained a greater appreciation for its role in 
increased healthcare costs and poor postoperative outcomes, 
including decreased long-term survival, freedom from hospi-
tal readmission, and reduced cognitive and functional recov-
ery [127, 128]. While a clear mechanism has not been 
elucidated, it is felt that delirium is a marker of an injured or 
injury-prone brain [127].

Current contemporary reports suggest up to 20% of car-
diac surgery patients have postoperative delirium (nearly 
twice the rate observed in other elective non-cardiac proce-
dures) with a three- to eightfold increased risk if the patient 
has significant preoperative frailty [129–133]. Identification 
of preoperative frailty improves risk prediction and provides 
targets for patient optimization. Three key patient factors 
have emerged: (1) a baseline vulnerability of the brain in the 
older adult cardiac patient, with lower psychologic, socio-
logic, and physiologic reserves; (2) experiencing an acute 
cardiac stressor (i.e., cardiac surgery); and (3) potential brain 
injury further compounded by postsurgical stressors that 
include processes of care [134].

An integral component for the prevention of delirium 
is the establishment of baseline patient factors that are 
associated with an increased risk of postoperative delir-
ium. Determination of baseline cognition using the 
Montreal Cognitive Assessment, Mini-Cog, or the Short 
Portable Mental Status Questionnaire is a key first step 
and may provide valuable insight into the patient’s cogni-
tive reserve [135–137]. Similarly, testing for frailty, 
abnormal albumin, anxiety, depression, and pre-proce-
dure pain may also provide important information [132, 
133, 138–141].

In the intraoperative and postoperative periods, addi-
tional monitoring may assist in optimizing cerebral perfu-
sion and neuroprotective strategies. Intraoperative and 
postoperative hemodynamic perturbations that result in 
reduced cerebral blood flow (i.e., brain hypoxia) appear to 
contribute to subsequent brain dysfunction that results in 
delirium [142–144]. There are, at present, ongoing investi-
gations on the use of near-infrared spectroscopy (NIRS) 
and modifications in the depth of anesthesia on the occur-
rence of postoperative delirium [145–147]. Due to the 
complexity of the various potential mechanisms that have 
been proposed, it is unlikely that a single intervention (i.e., 
one pharmacologic agent or treatment) is likely to impact 
the rates in the cardiac surgery patient [148]. An optimal 
balance of analgesia, sedation, anxiety, and delirium man-
agement in the ICU may result in reduced pain, decreased 
anxiety, managed delirium, enhanced quality of sleep, and 
improved recovery [149].

 Early Extubation

Prolonged mechanical ventilation after cardiac surgery is 
associated with longer hospitalization, higher morbidity, 
mortality, increased costs [150], ventilator-associated pneu-
monia, and significant dysphagia appearing after extubation 
[150, 151]. Overutilization of anesthetic agents administered 
in the operating room and ICU are associated with prolonged 
mechanical ventilation [152].

Early extubation (generally considered extubation within 
6 hours of arrival in the ICU) can be achieved with time- 
directed extubation protocols and low-dose opioid general 
anesthesia. Tracheal extubation within approximately 
6 hours is commonly shown in studies to be safe and associ-
ated with reduced time in the ICU, length of stay, and 
decreased use of hospital resources [153–159]. Programmatic 
transitioning to earlier extubation in low- and moderate-risk 
cardiac surgical patients appears to also provide a cost- 
effective improvement in outcomes [160]. In a meta-analy-
sis of more than 30 studies, ICU times and length of stay 
were reduced; however, no difference in morbidity and mor-
tality could be demonstrated due to disparate study designs 
and under-powering [161].

 Multimodal Analgesia

Optimizing postoperative pain control accelerates normal-
ization of quality of life and functionality that may other-
wise persist for weeks after an elective operation [162]. 
During the period of time when patients are intubated and 
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nonverbal, alternative pain assessments such as the criti-
cal-care pain observation tool (CPOT) and behavioral pain 
scale (BPS) can assist in detecting and properly treating 
pain [163–165]. Inadequately treated acute pain can con-
tribute to the development of chronic pain, which can 
occur in up to 20% of cardiac-surgery patients [166]. As in 
other ERAS programs, multimodal opioid-sparing analge-
sic strategies strive to optimize analgesia and reduce medi-
cation side effects, though special considerations exist for 
patients having cardiac surgery.

The cardiac surgery patient may be limited in some 
analgesic strategies regularly used in their non-cardiac 
surgery counterparts. Nonsteroidal anti-inflammatories 
(NSAIDs) have been associated with renal dysfunction 
and myocardial infarction following cardiac surgery [167, 
168]. Epidural or spinal analgesia is well described in the 
cardiac surgical literature, though used by a minority of 
anesthesiologists [169]. The purported benefits of tho-
racic epidurals, including decreased opioid requirements, 
improved pulmonary function, and lower mortality, have 
been inconsistently demonstrated [170–172]. Given that 
the risk of epidural hematoma has been estimated in the 
1:1500 to 1:6000 range, many centers are hesitant to 
include this as a standard component of their analgesic 
plan [170, 173].

Other known options for multimodal adjuncts have less 
definitive evidence in the cardiac surgery population [24]. 
Acetaminophen can reduce opioid consumption, but may 
be insufficient to completely avoid opioids and their 
related side effects [174]. Tramadol, gabapentin, and pre-
gabalin have all been shown to decrease opioid consump-
tion as part of a multimodal analgesic strategy in cardiac 
surgery [175–177]. There is a growing interest in dexme-
detomidine, an intravenous alpha-2 agonist with anes-
thetic and analgesic properties, which has demonstrated 
earlier extubation, reduced delirium, less acute kidney 
injury, and decreased 30-day and 1-year mortality [97, 
178–180]. Unfortunately, the data for all of these options 
is scarce within the cardiac surgical literature, and further 
study will be needed to determine the expected analgesic 
and opioid-sparing capabilities, impact on outcomes, 
proper usage and dosing, side effect profile, and 
cost-effectiveness.

 Special ERAS Considerations in the Cardiac 
Surgical Patient: Audit

Audit of clinical practice is an essential component within 
any ERAS program. Audit allows teams to establish baseline 
guideline compliance, length of hospital stay, and complica-
tions pre-ERAS implementation. It is well established that 
improved overall ERAS compliance is associated with 
reductions in both complications and hospital stay [181]. 
Following implementation of the ERAS program, efforts can 
be focused on areas where compliance is low and therefore 
teams iterate toward improved outcomes [182]. Use of either 
a tailored database or the ERAS Interactive Audit System 
(EIAS)—a web-based software tool that allows programs to 
monitor outcomes and protocol compliance on an ongoing 
basis—can facilitate protocol refinement. Whatever audit 
tool is chosen, it must include parameters, outcomes, and 
workflows that are specific to the cardiac surgical patient.

 Future Directions

The design and implementation of an enhanced recovery 
after cardiac surgery program presents a host of challenges 
unique to the field. Implementation involves a team with 
designated champions from the cardiothoracic surgical 
staff, cardiac anesthesia, intensivist, pharmacy, physical 
therapy, respiratory therapy, advance practice providers, and 
nursing. Buy-in from the individual care units (outpatient, 
OR, ICU, and stepdown) is essential. Future areas that will 
require development include post-discharge monitoring and 
management, development of cardiac surgical subspecialty 
pathways, development and validation of nontraditional 
metrics, and maximizing the use of database and registry 
reporting. The cardiac surgical team is under increasing 
pressure to reduce complications and costs while providing 
the best- possible patient experience. A well-designed and 
implemented ERAS cardiac program can assist in achieving 
the goals. However, it requires the combined efforts of peri-
operative medical-care providers, hospital system adminis-
trators, healthcare financial administrators, and most 
importantly, the patients themselves (Fig. 51.3).
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Fig. 51.3 Example of the steps in an elective outpatient’s cardiac sur-
gical journey through an ERAS program. A non-exhaustive list of 
potential healthcare team members who would be contributing to the 
patient’s care, and thus be involved in the ERAS program is provided. 
In addition, an estimate of the time periods between steps is listed. The 
actual steps, healthcare team member involvement, and time periods 

would vary depending on the patient, type of surgery, institution, 
healthcare system, and scope of the ERAS program. The purpose of the 
flowchart is to illustrate the multitude of steps, team members, and 
timeframes that need to be considered when designing and implement-
ing an ERAS program for cardiac surgery. ICU intensive care unit
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 Introduction

As there are multiple different types of vascular operations, 
with open, endovascular, or hybrid approaches, there are 
varying complications that can affect the patient’s post- 
procedural course. As operative type and location of inci-
sions vary, so do the specific complications associated with 
these procedures. Unlike other surgical specialties that tend 
to perform operations in one area of the body, vascular sur-
geons perform cervical, upper and lower extremity, transab-
dominal and retroperitoneal operations. The common thread 
is the vascular disease with its risk for cerebrovascular and 
cardiovascular complications. But, in addition, some patients 
will experience ileus and other commonalities addressed in 
the hepatobiliary and colorectal guidelines, whereas others 
will experience difficulty with mobility and have needs simi-
lar to patients following orthopedic guidelines. Ideally, vas-
cular teams including surgeons, anesthesiologists, nurses, 
and therapists have the experience and flexibility to address 
these challenges with guidance from clinical pathways or 
protocols. Further engaging patients to participate in preop-
erative nutrition, tobacco cessation, and exercise programs to 
help mitigate known risks is also ideal. Unfortunately, the 
advanced age, frequent comorbidities, decreased mobility, 
and access to resources of the general vascular patient popu-
lation can be problematic without clear direction and support 
from the vascular team. Enhanced recovery after surgery 

(ERAS), with its emphasis on coordinating and improving 
perioperative care, may significantly benefit patients under-
going vascular surgery as it has for the patients in many other 
surgical specialties.

In 2018, the ERAS® Society, ERAS® USA Society, and 
the Society for Vascular Surgery (SVS) developed a multi-
disciplinary, multi-society committee to develop ERAS pro-
tocols for vascular surgery. The guidelines are being 
developed in accordance with ECRI Institute regulations. 
Multiple systematic reviews are being performed by third- 
party methodologists acting as an honest broker. Through an 
iterative process, the committee will critically appraise the 
literature and develop guidelines based on the grading of rec-
ommendation assessment, development, and evaluation 
(GRADE) system [1]. The strength of the recommendations 
in the GRADE system is based on the quality of the evidence 
and the risk/benefit ratio of the therapy. In areas where evi-
dence is lacking, no grade will be assigned, but suggested 
practice based on expert opinion will be provided in order to 
provide a comprehensive clinical guideline.

Vascular surgery patients have not had the benefit of for-
malized perioperative care pathways. There is current work 
being done to synthesize the existing literature describing 
best practices in the preoperative, intraoperative, and postop-
erative care of patients undergoing vascular operations. 
Similar to existing ERAS protocols, the joint guidelines 
committee from the ERAS societies and SVS will be pub-
lishing clinical practice guidelines. Below, the unique chal-
lenges and considerations for vascular surgery patients are 
described.

 Aorta

Patients with supra-inguinal atherosclerosis often have many 
high-risk chronic health problems, such as coronary artery 
disease, heart failure, diabetes, chronic kidney disease, and 
cerebrovascular disease, and must often recover from a high- 
risk, high-stress operation if endovascular options are not 
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available. Major complications have been reported to be as 
high as 20% and 30-day mortality approximately 3.5% [2]. 
Although the pathophysiology is different from aortoiliac 
occlusive disease, abdominal aorta aneurysms (AAA) are 
commonly found in male smokers over the age of 65 years, 
which is another high-risk surgical population. Treatment 
options for Abdominal Aortic Aneurysm (AAA) include both 
open and endovascular approaches, but all are at risk for post-
operative complications and hospital readmissions [3, 4].

Although there are no formal guidelines, there are pub-
lished reports of various ERAS-like clinical care pathways 
for open abdominal aortic surgery. Based on an exhaustive 
literature review, 12 articles were identified providing infor-
mation on ERAS-like clinical care pathways in aortic sur-
gery [5–16]. All of the studies were conducted on patients 
with either infrarenal AAA disease or aortoiliac occlusive 
disease. All pathways had similar protocols, including the 
use of epidural analgesia, oral intake on the day of surgery or 
postoperative day (POD) 1, and ambulation on postoperative 
day 1 (Table 52.1 and Fig. 52.1). The studies are limited by 
study design, heterogeneity, possible confounding, and high 
risk of bias. However with that caveat, the 12 studies uni-
formly demonstrated clinically and statistically significant 
improved outcomes, with patients tolerating regular diets 
within a median of 3 days of surgery, decreased length of 

stay to as little as 3 days, and no increase in morbidity and 
mortality.

The largest reported experience is from the University 
Hospital of Novara in Novara, Italy [14]. From 2000 to 2014, 
1014 patients underwent open aortic surgery as part of a 
“fast-track protocol.” In this case series, 97% of patients tol-
erated a semisolid diet and 97% walked on the day of sur-
gery. Median inpatient length of stay was only 3 days, and 
80% were discharged to their homes by postoperative day 5. 
Hospitals such as the University Hospital of Novara have 
shown that it is possible to have dramatically improved 
results with coordinated clinical care pathways, but their pro-
tocol and results may not be generalizable to all aortic sur-
gery populations. More research and clinical quality 
improvement programs are needed. Special considerations 
for open aortic surgery patients are discussed as follows.

 Preoperative Counseling, Risk Assessment, 
and Optimization

Discussing the intent to use an ERAS pathway in the periop-
erative period serves as a platform for setting timelines and 
goals and can be used to set expectations for postoperative 
mobilization, nutrition, and discharge. Importantly, in 

Table 52.1 Sample open aortic operation pathway

Preoperative Day of surgery POD 1 POD 2 POD 3 – discharge
Preoperative 
optimization

Discuss intent to use 
ERAS. Assess need for 
further preoperative workup 
based on symptoms, history, 
and exercise tolerance

N/A N/A N/A N/A

Tobacco Assess current tobacco use. 
In office tobacco cessation 
consult if appropriate

Provide supplemental 
nicotine therapy

Provide 
supplemental 
nicotine therapy

Provide 
supplemental 
nicotine therapy

Provide supplemental 
nicotine therapy. Develop 
discharge plan for 
continued abstinence from 
tobacco

Ambulation/ 
physical 
activity

Assess current level of 
activity. Discuss with 
patient possible effects of 
baseline activity on 
postoperative recovery

Physical therapy consult
Out of bed to chair

Ambulate at least 
once

Ambulate at least 
3 times daily

Ambulate at least 3 times 
daily

Pain control Assess current sources of 
pain and medications used. 
Discuss plan to use 
regional/local analgesia 
(i.e., epidural catheter)

Epidural placement 
preoperatively for use 
intraoperatively and 
postoperatively. 
Management per acute pain 
team

Continue epidural 
and multimodal 
pain medications

Continue epidural 
and multimodal 
pain medications

Remove epidural. 
Continue multimodal pain 
medications. Wean IV 
breakthrough pain 
medications as early as 
possible

Nutrition Discuss plan for reduced 
preoperative fasting and 
early postoperative enteral 
nutrition

Clear liquid diet until 
2 hours before surgery. 
Resume clear liquid diet 
postoperatively

Advance to 
regular diet. 
Bowel regimen

Continue regular 
diet, bowel 
regimen

Continue regular diet, 
bowel regimen

Early line and 
drain removal

N/A NG tube out postoperatively 
if placed

Foley out Daily discussion 
of need for 
existing lines and 
drains

Daily discussion of need 
for existing lines and 
drains

POD postoperative day, ERAS enhanced recovery after surgery, N/A not applicable, IV intravenous, NG nasogastric
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 vascular surgery, it can also be used to implement a plan for 
preoperative optimization of chronic medical conditions and 
lifestyle considerations.

 Cardiac Risk Assessment and Optimization
Cardiac disease is one of the most common comorbidities 
among vascular patients and contributes to increased mor-
bidity and mortality throughout the perioperative period 
[17]. An ERAS pathway should reinforce the application of 
preexisting American Heart Association (AHA) guidelines 
for preoperative cardiovascular optimization. Based on the 
AHA guidelines, appropriate laboratory tests, electrocardio-
grams, echocardiograms, and stress testing should be ordered 
to assist with preoperative cardiovascular risk assessment 
and management. Beta-blockers, angiotensin-converting 
enzyme (ACE) inhibitors/angiotensin receptor blockers 
(ARBs), statins, and antiplatelet agents are part of optimal 
medical management of vascular disease and should be con-
tinued in the perioperative period. Where appropriate, cardi-
ology referral should be placed for assistance with thorough 
preoperative optimization and also for postoperative man-
agement for inpatients at higher than average risk [17].

 Anticoagulation
The frequent use of systemic anticoagulation may affect tim-
ing of surgery and limit options for regional anesthetic tech-
niques in patients undergoing vascular surgery. Additionally, 
anticoagulation increases the risk of intraoperative and/or 
postoperative hemorrhage. This necessitates judicious anti-
coagulation management strategies. An ERAS pathway 
could establish a clear preoperative and postoperative plan 
for anticoagulation cessation and reimplementation. Ideally, 
this would include guidance regarding preoperative coagula-
tion studies, timing of cessation, and postoperative resump-
tion [18]. Reversal agents for anticoagulants are usually 
reserved for urgent or emergent indications.

 Tobacco Cessation
Tobacco use significantly contributes to the development of 
vascular disease, increases the risk of perioperative compli-
cations, and impairs wound healing postoperatively [19]. 
The use of tobacco products among patients with vascular 
disease is estimated to be 70%; thus, incorporating standard-
ized assessment of tobacco usage and providing assistance 
with tobacco cessation as part of an ERAS pathway would be 

Pre-hospital Day of surgery

PostPre

POD 0
PACU 

POD 1 POD 2 POD 3 POD 4

Normothermia

Short-acting anesthetics

Audit compliance & outcomes

Delirium screening and prevention

Early oralnutrition:  
Early removal of NG tube (if placed), begin
oral nutrition POD 0 or POD 1 

Patient optimization:
Assess risk factors and optimize as able. Focus on
cardiopulmonary status, functional status, and
smoking cessation and make appropriate referrals 

Counseling/education:
Set goals for postoperative course including diet, ambulation, pain control 

No prolonged fasting:
Allow clear liquid diet
until 2 hours
preoperatively

Multimodal opioid-sparing analgesia:
Epidural and multimodal pain medications preop, continue intraopand postop

Early removal lines & drains: 
Daily discussion of need for NG tube, Foley catheter,
arterial line, central line

Intra

DischargeAdmission

ERAS principles
for vascular aorta 

PONV prevention

Early mobilization: 
OOB POD 0, walking on POD 1. Early
physical therapy consultation 

Risk stratification

- Optimization - - Protocolized normalization -- Stress minimization -

Ward

HDU/ICU

Optimal fluid management:
Goal-directed fluids, minimize postoperatively, stop fluids as soon as feasible

Fig. 52.1 ERAS principles for vascular aorta: Epidural anesthesia, 
postoperative intake on postoperative day (POD) 0 or POD 1, ambula-
tion POD 1, CLD up to 2 hours before surgery, limited fluids postop 
(ex, 1  L/day). Preoperative counseling, setting expectations, daily 
goals, early removal of lines and drains, discharge planning. Medical 

screening and optimization. Abbreviations: PACU postoperative anes-
thesia care unit, HDU high-dependency unit, ICU intensive care unit, 
OOB out of bed, POD postoperative day, NG nasogastric, PONV post-
operative nausea and vomiting
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particularly beneficial for the vascular population [20]. 
Patients tend to be motivated to quit during the inpatient stay, 
and this is an opportune time to encourage efforts to do so. 
For the patients not ready to abstain from tobacco, pathways 
should also incorporate a supplemental nicotine treatment 
regimen (i.e., patches, gum) along with counseling efforts.

 Physical Activity
Hayashi et al. found that patients who had regular physical 
activity prior to open AAA repair had earlier ambulation 
postoperatively [21]. As might be expected, the earlier ambu-
lation postoperatively was associated with earlier hospital 
discharge. In this study, regular physical activity was defined 
as at least 30 minutes of exercise twice weekly for at least 
1 year. The exact amount of weekly activity and duration of 
activity needed to achieve the benefit seen in this study is not 
known. However, patients can be counseled that beginning 
or continuing an exercise regimen preoperatively may con-
tribute to a decreased length of stay and accelerated recovery. 
In addition, knowledge of a patient’s baseline level of activ-
ity can be taken into account when discussing the expected 
postsurgical timeline.

 Perioperative Pain Control

 Regional Analgesia
In the 12 existing publications related to ERAS-like path-
ways in open aortic surgery, epidural analgesia is consis-
tently incorporated. Studies that have used epidural 
anesthesia as a component of their ERAS pathway have had 
promising outcomes, including decreased complication 
rates, faster time to extubation postoperatively, shorter inten-
sive care unit (ICU) stay, and shorter hospital stay [6, 9, 11–
13, 15, 16]. Some of these studies have even reported 
adequate pain control without the use of any opioids [6, 14, 
16]. Because epidural anesthesia is only a single component 
of ERAS pathways, the degree to which these outcomes can 
be attributed to the epidurals as opposed to other aspects of 
the pathway is unknown. However, mechanisms by which 
epidurals improve outcomes have been shown in studies of 
other surgical patients and have been speculated for vascular 
surgery patients. For example, in coronary artery bypass 
graft (CABG) patients, epidurals have been shown to 
decrease epinephrine release, possibly decreasing myocar-
dial ischemia (MI) and thereby decreasing morbidity and 
mortality [12]. This decreased stress response can be pre-
sumed to be at least partially responsible for the decreased 
complication rates seen in vascular surgery patients who 
receive epidural anesthesia. In aortic surgery in particular, 
epidural anesthesia combined with general anesthesia has 
been shown to decrease the need for postoperative mechani-
cal ventilation as compared to general anesthesia alone. 

Muehling et al. showed that only 5% of patients with an epi-
dural needed mechanical ventilation postoperatively com-
pared with 33% of those in the “traditional” group who 
received general anesthesia only [11]. This is hypothesized 
to be due to a decrease in the use of inhaled anesthetics intra-
operatively in patients receiving epidural anesthesia.

Another study compared general anesthesia alone to 
general plus epidural anesthesia in open aortic surgery and 
showed no difference in length of ICU stay, length of hos-
pital stay, time to oral intake, time to ambulation, morbid-
ity, or mortality [22]. However, as in Muehling’s study the 
patients in this study who received an epidural were extu-
bated significantly faster than those who received general 
anesthesia alone [11, 22]. A limitation to the generalizabil-
ity of this study is the now outdated practice of leaving the 
operating room and transferring the patient to the intensive 
care unit still sedated and intubated. Additionally, all of 
these patients had a nasogastric (NG) tube in place until 
they had a return of bowel sounds. It is possible that lack of 
aggressive feeding and ambulation protocols inhibited the 
possible beneficial effects of the epidural. It may be that the 
effect of the individual components of an ERAS pathways 
is synergistic and most beneficial when implemented in 
their entirety. Further research may shed light on this 
important question.

 Delirium Screening
Delirium is a common comorbidity of vascular patients [23]. 
Delirium is also an underreported complication that results 
in decreased functional status [24]. Avoidance of the ICU, 
minimizing opioid use, early ambulation, facilitating physi-
ologic sleep, optimizing day/night cycles, and visual and 
verbal orientation reminders may reduce the risk of delirium, 
but similar to the cardiac surgery ERAS guidelines, routine 
delirium screening and aggressive use of preventive mea-
sures are important.

 Nutrition Management

 Reduced Preoperative Fasting
Many ERAS pathways in other surgical specialties allow 
patients to have clear liquids, specifically a high-glucose 
carbohydrate drink, up to 2 hours prior to surgery. There is 
no demonstrable benefit to this particular intervention on 
outcomes after aortic surgery. However, reduced preopera-
tive fasting in animal and human studies has been shown to 
improve patient well-being, decrease the stress response 
from surgery, decrease insulin resistance postoperatively, 
and decrease length of stay [25]. With regard to insulin 
 resistance, this phenomenon is seen postoperatively follow-
ing abdominal operations and leads to decreased uptake of 
exogenous glucose and increased endogenous glucose pro-
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duction (catabolic state). Insulin resistance postoperatively 
has been independently linked to length of stay [25].

 Early Removal of Nasogastric Tubes 
and Resumption of Postoperative Nutrition
Traditionally, open aortic surgery has been associated with 
the expectation that patients will develop a postoperative 
ileus due to the visceral rotation and mobilization of the duo-
denum required to expose the aorta. Traditional practice is to 
place a nasogastric tube in the operating room and leave it in 
place until the patient had return of bowel sounds or flatus. 
Shifting this perspective has been a central component of the 
available studies of ERAS protocols in open aortic surgery 
[5, 7, 10, 13, 15].

The management of nasogastric tubes in ERAS protocols 
varies. Some centers do not place NG tubes at all, some place 
them selectively, and some place them routinely and remove 
them at the end of the case or on the first postoperative day. 
These studies suggest that postoperative ileus is less common 
than previously thought. The likelihood of developing an 
ileus may depend on the surgical approach and whether the 
bowel is eviscerated. Studies comparing surgical approaches 
directly have not been performed. Early nutrition has been 
tolerated in patients undergoing both transperitoneal and ret-
roperitoneal aortic operations. Results have suggested that it 
is safe to give patients enteral nutrition as early as postopera-
tive day 0 and that early nutrition may improve outcomes.

 Promotility Agents
Some studies of ERAS in aortic surgery specifically com-
mented on the use of bowel regimens postoperatively to aid 
in return bowel function. The most commonly used agent 
was scheduled metoclopramide. Other agents included miso-
prostol, vegetable fibers, and senna. There is no clear evi-
dence to recommend for or against the routine use of these 
medications, but it is reasonable to recommend a bowel regi-
men as deemed necessary given the bowel manipulation as 
well as the routine use of opioids. One study implemented a 
postoperative chewing gum protocol and found that chewing 
gum 3 times daily was associated with a shorter time to 
bowel sounds, food intake, and mobilization, though length 
of stay was not significantly different [26].

 Nutrition
Most studies of ERAS protocols in open aortic surgery have 
offered patients clear liquids about 2 hours postoperatively 
and a regular diet by late POD 0 or on POD 1, which is con-
siderably sooner than traditional practice. A change in expec-
tation of surgeons of how open aortic surgery patients will 
progress postoperatively is important. The available litera-
ture suggests that patients tolerate an early nutrition regimen 
and combined with an ERAS protocol, they have better out-
comes and earlier discharge without an increase in 
complications.

 Early Postoperative Mobilization

The 12 identified ERAS studies in aortic surgery patients 
uniformly include early mobilization. Generally this was 
defined as out of bed to chair on POD 0 and walking on POD 
1. Early mobilization is felt to contribute to reduced rates of 
complications (such as deep vein thrombosis [DVT] and pul-
monary complications) and to earlier return of bowel func-
tion and possibly earlier discharge. As this is a patient- and 
nursing-driven effort, implementation of an ERAS protocol 
should include both patient and nursing education. Other 
components of the protocol, such as improved pain control 
with epidural catheters and earlier removal of lines and 
drains, may help promote early mobilization. As discussed in 
the preoperative section, patients’ baseline physical activity 
may predict their postoperative mobility, and counseling 
about activity should begin as early before surgery as possi-
ble. This is of particular importance to the vascular surgical 
population that tends to be older, frailer, and more likely to 
have preexisting mobility limitations.

 Intravenous Fluid Management

Intravenous (IV) fluid management can be a particular chal-
lenge in this group of patients, who may have congestive 
heart failure, chronic kidney disease, or other conditions that 
mandate precise and goal-directed fluid management. An 
additional consideration that requires expert management is 
physiologic changes in cardiac preload and afterload due to 
aortic cross clamping. Suprarenal clamping also impacts 
renal perfusion and must be accounted for with the fluid 
management.

Multiple studies have shown the benefits of goal-directed 
fluid therapy in many types of operations including vascular 
procedures. A meta-analysis of 41 randomized controlled tri-
als (RCTs) evaluating perioperative fluid management for dif-
ferent operations found that patients who received goal- directed 
fluid therapy as opposed to traditional management had sig-
nificantly lower complication rates and lower postoperative 
lactate levels. However, the meta-analysis failed to show a sig-
nificant difference in length of stay or mortality [27].

Two of the RCTs in the meta-analysis evaluated fluid man-
agement in patients undergoing open aortic surgery. The first 
found that patients who were treated with goal-directed ther-
apy had lower complication rates and lower postoperative 
C-reactive protein (CRP) levels with no difference in other 
inflammatory markers or length of stay [28]. The second 
failed to show a difference in complication rate or length of 
stay [29]. A third RCT not included in the meta-analysis ran-
domized 22 patients undergoing elective open abdominal 
aneurysm repair to fluid restriction or standard management. 
The fluid-restricted group had lower complication rates and 
decreased length of stay [30]. A retrospective review by the 
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same author found that patients who developed major com-
plications (such as MI, pneumonia, pulmonary edema, or 
acute renal failure) after open abdominal aortic aneurysm 
repair were more likely to have received higher volume of 
fluids and to have a net positive fluid balance compared to 
patients without complications [31].

Some of the available studies of ERAS in vascular sur-
gery also include a component of postoperative fluid restric-
tion in their protocols. Examples of postoperative fluid 
management plans include limiting IV fluids to 1 L per day 
or stopping fluids once the patient was tolerating a clear diet 
[12, 14]. As with other components of ERAS in vascular sur-
gery, no definitive conclusions on the specific effects of fluid 
management on outcomes can be reached at this time.

 Early Drain and Line Removal

Like other components of ERAS pathways, the effect of the 
early removal of lines and drains postoperatively has not 
been studied as a single intervention. Nonetheless, it is not 
unreasonable to assume that early removal of lines and drains 
has contributed to the overall benefits of ERAS pathways in 
open aortic surgery. Early Foley catheter removal should 
decrease the risk of urinary tract infection risk and increase 
mobility. In this more elderly population, special attention 
must be given to early recognition and treatment of urinary 
retention after Foley catheter removal. Other lines such as 
central venous catheters and arterial lines were not men-
tioned in the available literature but should be removed as 
soon as feasible. Several ERAS pathways transferred post-
operative patients to the floor from the recovery unit as long 
as they were hemodynamically stable. Avoidance of routine 
ICU admission has many potential benefits including earlier 
removal of lines as well as potentially reduced delirium, ear-
lier mobilization, shorter hospitalization, and reduced costs.

 Lower Extremity

Peripheral arterial disease (PAD) is the most common indi-
cation for lower extremity vascular surgery [32, 33]. This 
patient population is also commonly found to have concur-
rent heart disease with a higher risk of cardiovascular mor-
tality than those patients with primary coronary artery 
disease [34–36]. In addition to heart disease, there is a high 
prevalence of chronic health conditions such as diabetes, 
cerebrovascular disease, chronic obstructive pulmonary dis-
ease (COPD), and renal disease [37]. This patient popula-
tion is also more likely to suffer from post-procedural 
delirium [38]. The presence of multiple comorbidities in 
patients with infrainguinal atherosclerosis leads to a high 

rate of perioperative morbidity, mortality, and hospital read-
missions [38, 39].

There have not yet been studies of the use of ERAS pro-
tocols in patients undergoing lower extremity vascular sur-
gery, and more information is needed (Table 52.2). However, 
pain control and mobility, two common aspects of ERAS 
pathways, have been studied (Fig. 52.2).

 Pain Control

There is an increased prevalence of opioid use among vascu-
lar patients for the treatment of chronic pain [40]. Many 
patients requiring lower extremity vascular surgery have pre-
existing chronic pain often treated with opioids. The regular 
use of opioids can have a major impact on analgesic manage-
ment of patients in the perioperative period.

ERAS pathways for patients undergoing lower extremity 
revascularization should accommodate the needs of both 
opioid-naive patients and chronic opioid users. The manage-
ment pathway for chronic opioid users can be challenging. 
For these patients, an ERAS pathway should incorporate the 
degree of opioid usage, and also the reason for opioid use, as 
an operation may reduce or eliminate the patient’s source of 
chronic pain. For patients who have a direct improvement in 
their chronic pain from revascularization, the prescribed reg-
imen should include a tapered dosage. Patients with chronic 
pain unaffected by the operation will most likely require 
analgesics in addition to their baseline analgesic regimens to 
adequately control their postoperative pain.

Continuous peripheral nerve blocks (CPNBs) may be par-
ticularly useful for patients undergoing lower extremity vas-
cular surgery [41]. In the opioid-naive patient, standardized, 
multimodal, and opioid-sparing analgesia including CPNB 
should hasten recovery and reduce the use of analgesics in 
the perioperative period. In the opioid-tolerant patient, 
CPNBs have the potential to reduce additional need for opi-
oids in the perioperative period. Although their use has been 
referenced in the context of ERAS pathways for patients 
undergoing other lower limb procedures (i.e., knee replace-
ment) [42], there are no reports of CPNB in lower extremity 
vascular surgery.

Available studies have shown that the use of local analge-
sia as a central component of pain control regimens in lower 
extremity vascular surgery is both feasible and beneficial. 
Licker et al. implemented a local analgesia and sedation pro-
tocol for 176 patients undergoing saphenous vein ligation 
and phlebectomy compared to 200 prior patients who 
received general anesthesia [43]. Postoperative nausea, diz-
ziness, and headache were reduced to 4% versus 41% 
(p < .001). The mean time to discharge from the ambulatory 
surgical center was reduced by 364  minutes, allowing the 
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Table 52.2 Sample lower extremity operation pathway

Preoperative Day of surgery POD 1 POD 2 POD 3 – discharge
Preoperative 
optimization

Discuss intent to use 
ERAS. For amputation 
patients, preoperative OT 
and PT consult

N/A N/A N/A N/A

Ambulation/ 
physical 
activity

For amputation patients, 
preoperative OT and PT 
consults for planning of 
postoperative mobilization 
and DME

Out of bed to chair or up 
to side of bed for meals. 
Amputees to use limb 
guards for all transfers

Ambulate if 
possible, continue 
work with PT and 
OT. Begin 
disposition 
planning

Ambulate twice daily, 
continue to advance 
mobility with nurses 
and therapists. Inpatient 
rehabilitation 
assessment if 
appropriate

Ambulate twice daily, 
continue to advance 
mobility. Discharge 
safety teaching

Pain control Assess current pain 
medications used and 
reasons for use. If chronic 
pain is expected to improve 
following revascularization 
or amputation, plan for 
postoperative taper of pain 
medications when 
appropriate

Multimodal analgesia 
preoperatively.
CPNB catheter placement 
preoperatively OR 
liposomal bupivacaine at 
incisions intraoperatively. 
Begin IV and PO PRN 
narcotics

Continue 
CPNB. Continue 
multimodal 
therapy.
Continue PRN 
oral narcotics.
Discontinue IV 
narcotics

Continue 
CPNB. Continue 
multimodal therapy.
Continue PRN oral 
narcotics

Remove CPNB.
Continue multimodal 
pain medications. 
Finalize plan for 
chronic opioid taper if 
appropriate

Nursing N/A For amputees, assure 
rigid dressing in place or 
that soft dressing with 
limb guard fits properly

Remove Foley 
catheter

Premedicate by 6 am for 
first post-op dressing 
change

Daily dressing change. 
Assist with discharge 
teaching: stump care 
for amputations, signs 
and symptoms of 
infection for all patients

POD postoperative day, ERAS enhanced recovery after surgery, N/A not applicable, OT occupational therapy, PT physical therapy, DME durable 
medical equipment, CPNB continuous peripheral nerve block, IV intravenous, PRN as needed

Pre-hospital Day of surgery

PostPre

POD 0
PACU 

POD 1 POD 2 POD 3 POD 4

Short-acting anesthetics

Audit compliance & outcomes

Early drain removal:
Foley out POD 1 

Optimal fluid management

Early oral nutrition:
Regular diet postoperatively 

Patient optimization:
Workup and optimize modifiable risk factors –
cardiac disease, pulmonary disease, diabetes

Counseling/education:
Review expectations for early mobility postop and for expected discharge to rehab facility.

Multimodal opioid-sparing analgesia:
Regional pain control with nerve catheters

Discharge planning:
PM&R consult POD 1 

Intra

DischargeAdmission

ERAS principles
for vascular
lower extremity 

PONV prevention

Early mobilization:
Up to side of bed or to chair POD 0, OOB with PT POD1, continue working with PT
throughout hospitalization – BID ambulation. Ensure properly fitting limb guard.

- Optimization - - Protocolized normalization -- Stress minimization -

Discharge teaching:
stump care, signs of infection,
importance of follow-up 

PCA until POD 1, PRN oxycodone, multimodal therapy with Tylenol, Lyrica, Cymbalta

Fig. 52.2 ERAS principles for vascular lower extremity. Abbreviations: 
PACU postoperative anesthesia care unit, PCA patient-controlled anes-
thesia, POD postoperative day, OOB out of bed, PT physical therapy, 

BID twice a day, PM&R physical medicine and rehabilitation, PONV 
postoperative nausea and vomiting
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schedule to accommodate one more case per day without an 
increase in the rate of complications. Another study showed 
that above-knee popliteal bypass can be done using local 
analgesia and sedation with good results [44]. The ten 
patients in the case series tolerated the procedure well and all 
ambulated within 8 hours postoperatively.

 Mobilization and Prosthetics

Postoperative mobilization is a key component of ERAS 
pathways. Patients undergoing lower extremity vascular sur-
gery often have preexisting mobility limitations and reduced 
functional status that may prevent preoperative conditioning. 
Postoperative mobilization presents unique challenges and 
may require specific experienced personnel, such as physical 
therapists. This is a departure from ERAS pathways utilized 
for other operations including open aortic surgery, where it is 
realistic to rely on the assistance of nurses or even family 
members to assist with postoperative ambulation.

For patients undergoing lower extremity amputation, edu-
cation and expectation management regarding healing, phys-
ical therapy, prosthetic fitting, discharge, and rehabilitation 
is critical. ERAS pathways for amputation patients should 
incorporate preoperative education, physiatry consult, and 
ideally a peer visit as well as hands on education dedicated to 
postoperative limb care [45]. Marzen-Groller et al. created 
an inpatient protocol for ambulation after amputation [46]. 
The protocol included a preoperative physical therapy 
assessment for patients with planned above-knee amputation 
(AKA), below-knee amputation (BKA), and transmetatarsal 
amputation (TMA). Therapy plans were initiated preopera-
tively and continued postoperatively. Postoperative care was 
team based with both nurses and physical therapists playing 
key roles. The patients in the study either returned to their 
baseline mobility scores or even improved. The study also 
found a trend toward a lower rate of DVT, though this was 
not statistically significant.

 Endovascular

Endovascular procedures are often overlooked when consid-
ering ERAS pathways since these minimally invasive proce-
dures are often done on an outpatient basis or only require a 
short hospital stay. Endovascular interventions are not asso-
ciated with the postoperative ileus common to intra- 
abdominal surgery or the pain associated with longer 
incisions. Although there is not a formal, society-endorsed 
guideline, the University of North Carolina has published 

their experience with an ERAS pathway for transcatheter 
aortic valve replacement [47], which has been shown to 
reduce the rate of postoperative delirium [48].

There is scant data to guide decisions for patients under-
going catheter-based interventions, but it is reasonable to 
conclude that ERAS concepts will also benefit these patients. 
For example, patients undergoing endovascular aneurysm 
repair are likely to be smokers greater than 65  years old. 
Preoperative expectation setting and education, smoking 
cessation counseling, consideration of regional instead of 
general anesthesia, opioid-sparing multimodal analgesia, 
goal-directed fluid therapy, and assistance with ambulation 
after 2–4 hours of postoperative bedrest required after percu-
taneous arterial access can reasonably be assumed to improve 
care.

Similar benefit may be anticipated for lower extremity 
endovascular revascularizations. Pre-procedure education 
and counseling on a supervised exercise program is benefi-
cial. Additionally, the importance of understanding antiplate-
let therapy, smoking cessation, diabetes management, and 
cardiovascular risk modification in the patients undergoing 
lower extremity endovascular cases cannot be overstated. 
With standardized sedation plans and post-procedure care, 
one could anticipate faster throughput, possibly allowing for 
increased efficiency and case volume. Reduction in postop-
erative recovery time and the associated increase in operat-
ing capacity has been demonstrated in patients undergoing a 
“fast-track” venous ligation and phlebectomy in an outpa-
tient surgical center at the University of Geneva in 
Switzerland. It is reasonable to believe this success can be 
realized in other settings [43].

 Conclusion

ERAS pathways have provided significant benefits to 
patients, providers, and hospitals when used for many differ-
ent surgical operations. Although there is a paucity of data 
for ERAS in vascular surgical patients, we anticipate a simi-
lar improvement for our complex, aged, and frail vascular 
population. There is significant enthusiasm and effort for 
creating well-designed ERAS pathways for vascular opera-
tions. The majority of the existing evidence pertains to open 
aortic surgery, but there will be utility in ERAS pathways for 
lower extremity and endovascular surgery as well. Similar to 
other ERAS pathways, attention to preoperative education, 
expectation setting, along with modifications in nutrition, 
mobilization, analgesia, and IV fluid management should 
result in a better patient experience, improved outcomes, and 
reduced length of stay.
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Thoracic Surgery

Tim J. P. Batchelor

 Lung Surgery and ERAS

Lung cancer is the leading cause of cancer deaths worldwide, 
and, in early-stage disease, surgical resection offers the best 
chance of cure [1, 2]. However, lung cancer surgery is one of 
the more traumatic surgical interventions, often causing 
damage to the nerve, muscle, and bone. It also involves the 
removal of functional lung tissue. The extent of lung resec-
tion is an important factor in determining the risk of postop-
erative morbidity and mortality and central to all guidelines 
on determining fitness for surgery.

The combination of surgical trauma and resection of vital 
functioning tissue, often against a background of decondition-
ing, chronic obstructive pulmonary disease (COPD), and isch-
emic heart disease, means that lung cancer surgery is associated 
with significant complications in up to 50% of cases. This leads 
to delayed recovery, poorer long-term outcomes, and higher 
costs [3, 4]. Long-term survival is also reduced, and this effect 
is more pronounced for more serious complications [3].

Fast-track protocols have been described in thoracic sur-
gery and appear to show an improvement in patient outcomes 
[5–8]. More recently, specific enhanced recovery after sur-
gery (ERAS) pathways for lung cancer surgery have been 
published [9–16]. Despite this, the current evidence base for 
the efficacy of multimodal perioperative care pathways in 
thoracic surgery lags behind more developed specialties such 
as colorectal surgery.

 Guidelines for ERAS After Lung Surgery

The guidelines for ERAS after lung surgery were commis-
sioned by the ERAS® Society and supported by the 
European Society for Thoracic Surgery [17]. They docu-

ment consensus recommendations for the optimal periop-
erative management of patients undergoing lung resection. 
The authors were a mix of surgeons and anesthetists who 
were either experienced in fast-track perioperative care 
pathways or had specific expertise in certain thoracic-spe-
cific elements of an ERAS pathway (e.g., chest drain man-
agement). The guidelines were influenced by other ERAS® 
Society publications, in particular the guidelines on 
colorectal surgery [18] (see Chap. 40) and gynecological 
surgery [19] (see Chap. 46).

In some instances, good quality data was not available. 
Some recommendations had to be based on data extrapo-
lated from other specialties. In other instances, no recom-
mendation could be made due to either equipoise or a 
paucity of evidence. Individual recommendations were 
based not only on the quality of the evidence but also on 
the balance between desirable and undesirable effects. 
Consequently, strong recommendations were reached from 
low-quality or conflicting data and vice versa. Some were 
generic, some were generic but tailored toward thoracic 
surgery, and others were specific to the specialty (see 
Table 53.1).

In total, 45 recommendations were developed for 
enhanced recovery items covering topics related to 4 peri-
operative phases: preadmission, admission, intraoperative 
care, and postoperative care (see Table 53.2). The recom-
mendation grade for most of the included ERAS elements 
was strong, suggesting that the use of a systematic ERAS 
pathway (Fig. 53.1) has the potential to improve outcomes 
after thoracic surgery. Since the guidelines are new, there 
has not been the opportunity to test the package of recom-
mendations presented within. Nevertheless, recent experi-
ences with institution-specific ERAS pathways 
demonstrate benefits such as reduced opiate usage, mini-
mization of fluid overload, reduced length of stay, 
decreased hospital costs, and reduced pulmonary and car-
diac complications [10–16].
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Table 53.1 Components of the ERAS guidelines for lung surgery detailing recommendations that are generic, recommendations that are generic 
but tailored toward thoracic surgery, and recommendations that are specific to the specialty

Generic Generic/thoracic Thoracic
Preadmission Patient education

Perioperative nutrition
Alcohol dependency management
Anemia management

Smoking cessation
Prehabilitation

Admission Preoperative fasting
Carbohydrate treatment
Pre-anesthetic medication

Intraoperative VTE prophylaxis
Antibiotic prophylaxis and skin 
preparation
Preventing hypothermia
PONV control

Standard anesthetic protocol Regional anesthesia
Perioperative fluid management
Atrial fibrillation prevention
Surgical technique: open vs. VATS

Postoperative Urinary drainage Early mobilization Chest drain management

VTE venous thromboembolism, PONV postoperative nausea and vomiting, VATS video-assisted thoracic surgery

Table 53.2 Guidelines for enhanced recovery after lung surgery: Enhanced Recovery After Surgery (ERAS®) Society and European Society of 
Thoracic Surgeons (ESTS) recommendations

Recommendation Evidence level Grade
Preadmission phase
Preadmission information, education, and counseling
Patients should routinely receive dedicated preoperative counseling Low Strong
Perioperative nutrition
Patients should be screened preoperatively for nutritional status and weight loss High Strong
Oral nutritional supplements should be given to malnourished patients Moderate Strong
Immune-enhancing nutrition may have a role in the malnourished patient postoperatively Low Weak
Smoking cessation
Smoking should be stopped at least 4 weeks before surgery High Strong
Alcohol dependency management
Alcohol consumption (in alcohol abusers) should be avoided for at least 4 weeks before surgery Moderate Strong
Anemia management
Anemia should be identified, investigated, and corrected preoperatively High Strong
Pulmonary rehabilitation and prehabilitation
Prehabilitation should be considered for patients with borderline lung function or exercise capacity Low Strong
Admission
Preoperative fasting and carbohydrate treatment
Clear fluids should be allowed up until 2 hours before and solids until 6 hours before induction of 
anesthesia

High Strong

Oral carbohydrate loading reduces postoperative insulin resistance and should be used routinely Low Strong
Pre-anesthetic medication
Routine administration of sedatives to reduce anxiety preoperatively should be avoided Moderate Strong
Intraoperative phase
Venous thromboembolism prophylaxis
Patients undergoing major lung resection should be treated with pharmacological and mechanical 
VTE prophylaxis

Moderate Strong

Patients at high risk of VTE may be considered for extended prophylaxis with LMWH for up to 
4 weeks

Low Weak

Antibiotic prophylaxis and skin preparation
Routine intravenous antibiotics should be administered within 60 minutes of, but prior to, the skin 
incision

High Strong

Hair clipping is recommended if hair removal is required High Strong
Chlorhexidine-alcohol is preferred to povidone- iodine solution for skin preparation High Strong
Preventing intraoperative hypothermia
Maintenance of normothermia with convective active warming devices should be used 
perioperatively

High Strong

Continuous measurement of core temperature for efficacy and compliance is recommended High Strong
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 Smoking Cessation

Following lung resection surgery, there is a clear association 
between smoking and both pulmonary complications and post-
operative death [20, 21]. These risks are mitigated slowly by an 
increasing interval between preoperative cessation and surgery. 
There is not a clear cutoff point after which surgery is safe.

The evidence that smoking cessation measures actively 
decrease postoperative morbidity is weak but would appear 
to be intuitive and is subject to on-going studies. Although 

no optimal interval for smoking cessation can be identified, 
patients should be counseled to stop smoking and, ideally, 
should stop at least 4 weeks before surgery.

 Prehabilitation

Only a small proportion of patients with a diagnosis of lung 
cancer undergo surgical resection. Many present with 
advanced disease and are therefore not eligible for surgical 

Table 53.2 (continued)

Recommendation Evidence level Grade
Standard anesthetic protocol
Lung protective strategies should be used during one-lung ventilation Moderate Strong
A combination of regional and general anesthetic techniques should be used Low Strong
Short-acting volatile or intravenous anesthetics, or their combination, are equivalent choices Low Strong
Postoperative nausea and vomiting control
Non-pharmacological measures to decrease the baseline risk of PONV should be used in all patients High Strong
A multimodal pharmacological approach for PONV prophylaxis is indicated in patients at moderate 
or high risk

Moderate Strong

Regional anesthesia and pain relief
Regional anesthesia is recommended with the aim of reducing postoperative opioid use. 
Paravertebral blockade provides equivalent analgesia to epidural anesthesia

High Strong

A combination of acetaminophen and NSAIDs should be administered regularly to all patients 
unless contraindications exist

High Strong

Ketamine should be considered for patients with pre-existing chronic pain Moderate Strong
Dexamethasone may be administered to prevent PONV and reduce pain Low Strong
Perioperative fluid management
Very restrictive or liberal fluid regimes should be avoided in favor of euvolemia Moderate Strong
Balanced crystalloids are the intravenous fluid of choice and are preferred to 0.9% saline High Strong
Intravenous fluids should be discontinued as soon as possible and replaced by oral fluids and diet Moderate Strong
Atrial fibrillation prevention
Patients taking β(beta)-blockers preoperatively should continue them into the postoperative period High Strong
Magnesium supplementation may be considered in magnesium deplete patients Low Weak
It is reasonable to give preoperative diltiazem or postoperative amiodarone in patients at risk Moderate Weak
Surgical technique: thoracotomy
If a thoracotomy is required, a muscle-sparing technique should be performed Moderate Strong
Intercostal muscle- and nerve-sparing techniques are recommended Moderate Strong
Re-approximation of the ribs during thoracotomy closure should spare the inferior intercostal nerve Moderate Strong
Surgical technique: minimally invasive surgery
A VATS approach for lung resection is recommended for early-stage lung cancer High Strong
Postoperative phase
Chest drain management
The routine application of external suction should be avoided Low Strong
Digital drainage systems reduce variability in decision-making and should be used Low Strong
Chest tubes should be removed even if the daily serous effusion is high volume (up to 
450 ml/24 hours)

Moderate Strong

A single tube should be used instead of two after anatomical lung resection Moderate Strong
Urinary drainage
In patients with normal preoperative renal function, a transurethral catheter should not be routinely 
placed for the sole purpose of monitoring urine output

Moderate Strong

It is reasonable to place a transurethral catheter in patients with thoracic epidural anesthesia Low Strong
Early mobilization and adjuncts to physiotherapy
Patients should be mobilized within 24 hours of surgery Low Strong
Prophylactic minitracheostomy use may be considered in certain high-risk patients Low Weak

VTE venous thromboembolism, LMWH low molecular weight heparin, PONV postoperative nausea and vomiting, NSAIDs non-steroidal anti- 
inflammatory drugs, VATS video-assisted thoracic surgery
Reprinted with permission from Batchelor et al. [17]
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intervention. Others with early-stage disease may not 
undergo surgery because of lack of fitness, poor performance 
status, poor lung function, other comorbidities, or inequity in 
access to thoracic surgical services.

Addressing the fitness of patients with lung cancer at the 
time of diagnosis may have two potential benefits. Firstly, 
those patients previously deemed fit for surgery may have 
improved outcomes. Secondly, those patients with early- stage 
disease deemed unfit for surgery may be able to improve their 
fitness, enabling them to proceed with a lung resection.

Physical inactivity is common in patients with lung cancer. 
Activity levels appear to be lower than healthy age- matched 
controls. One explanation is that these patients tend to come 
from a demographic that have led sedentary lifestyles for a 
large proportion of their lives. At the same time, fatigue and 
weight loss as a result of the disease itself can influence a 
patient’s functional status. Poor preoperative exercise capacity 
is associated with worse long- and short- term clinical out-
comes [22, 23]. There is also evidence that it impacts on long-
term survival following curative lung cancer surgery [24–26]. 
This raises an obvious question: Can health outcomes be 
improved by intervening to improve physical fitness?

Prehabilitation appears to be beneficial before lung cancer 
surgery [27–30]. There is considerable heterogeneity 
between studies, and so the exact duration, intensity, 
 structure, and patient selection required to achieve maximum 

efficacy have yet to be defined. Exercises include aerobic 
training (lower and/or upper limbs) with the addition of 
strength training in some studies. Respiratory exercises have 
also been included in the majority of studies.

Fitness, as measured by peak oxygen consumption 
(VO2max), improves significantly in patients with potentially 
operable lung cancer subjected to pulmonary rehabilitation 
programs before surgery [31–33]. Medically inoperable 
patients can become operable over a relatively short 4-week 
period [32]. Furthermore, preoperative high- intensity training 
before lobectomy can lead to levels of postoperative fitness 
comparable to baseline, while those patients who do not exer-
cise may be left significantly impaired [33].

Arguably, it is improvements in postoperative outcomes 
that are more important than improvements in physiological 
measures. Hospital length of stay and morbidity were reduced 
in comparison with standard care in a recent meta- analysis 
and a Cochrane review [27, 30]. There was also a significant 
reduction in postoperative pulmonary complications. The 
effect on pulmonary complications seems to be most impor-
tant in patients with poor preoperative lung function.

The true role of prehabilitation interventions within an 
ERAS pathway for lung cancer patients requires further 
work. The components are yet to be fully defined. In particu-
lar, preoperative exercise programs have yet to be standard-
ized in this patient population.
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 Standard Anesthetic Protocol

 One-Lung Ventilation Strategies
No single ventilation strategy during thoracic surgery is 
favored over another. Practice is influenced by the desire to 
avoid both hypoxemia and injury to the ventilated lung. The 
incidence of intraoperative hypoxemia has reduced with time, 
and so the focus has shifted toward preventing lung injury 
[34]. One-lung anesthesia with lung-protective strategies may 
be associated with better outcomes. Decreasing the tidal vol-
umes from traditionally large volumes of 10 ml/kg to 4–6 ml/
kg is considered to be more effective in preventing lung injury 
[35]. However, when smaller tidal volumes are used without 
positive end-expiratory pressure (PEEP), there is a possible 
higher incidence of hypoxemia [36]. With the addition of 
PEEP, oxygenation is equivalent [37]. The optimal level of 
PEEP will vary according to individual respiratory mechanics 
and is usually in the range of 5–10 cmH2O [38].

Attention should also be paid to the non-ventilated oper-
ated lung. Avoiding complete collapse of the non-ventilated 
lung by the addition of continuous positive airway pressure 
(CPAP) decreases the local intraoperative inflammatory 
response [39].

 Non-intubated Anesthesia
The use of anesthetic techniques that avoid intubation of the 
airway and positive pressure ventilation has theoretical 
advantages. These include quicker induction, reduced inci-
dence of lung injury, avoidance of muscle relaxants, and 
quicker emergence from general anesthesia. The operated 
lung collapses as soon as the pleura is breached, allowing 
surgery with near equivalent lung collapse as found during 
conventional one-lung anesthesia. Potential disadvantages 
include coughing or movement that interferes with surgery, 
intraoperative hypoxemia, and an unsafe environment should 
an intraoperative catastrophe (such as major bleeding) occur.

Non-intubated strategies include awake regional anesthe-
sia and non-intubated general anesthesia with spontaneous 
ventilation. Regional anesthesia is usually used in combina-
tion with intravenous sedation and suppression of the cough 
reflex (achieved by opiates and intraoperative injection of the 
vagus nerve [40]). Reported non-intubated thoracic surgical 
procedures include lobectomy, pneumonectomy, excision of 
bullae, and lung volume reduction [41]. The majority have 
been single-center observational studies [42]. Most have 
shown trends to equivalent or improved outcomes with non- 
intubated surgery and a trend toward shorter hospital stays 
[43]. One large randomized controlled trial of patients hav-
ing a variety of video-assisted thoracoscopic surgery (VATS) 
procedures showed a decrease in postoperative complica-
tions and a shorter postoperative length of stay in the non- 
intubated epidural group compared to the general anesthesia 
double-lumen tube group [44]. However, by fast-track stan-

dards the hospital stays were very long in both groups, reduc-
ing the impact of the results. Consequently, although the 
technique shows potential, the routine use of non-intubated 
anesthesia cannot yet be recommended.

 Anesthetic Technique
Anesthetic management should focus on short-acting agents 
that permit early extubation using a combination of regional 
and general anesthetic techniques. There is an ongoing debate 
as to whether the use of volatile agents or total intravenous 
anesthesia (TIVA) with propofol is more advantageous. 
Modern volatile anesthetics (isoflurane, sevoflurane, and des-
flurane) are only weak inhibitors of hypoxic pulmonary vaso-
constriction, and there is not a clinically relevant higher 
incidence of hypoxemia when compared to TIVA [45]. 
However, there are differences with respect to the local inflam-
matory response in the lungs. Desflurane significantly miti-
gates the increase in inflammatory markers during surgery in 
the ventilated lung compared to TIVA [46]. Similarly, sevoflu-
rane decreases the inflammatory response in the non- ventilated 
lung [47]. While volatile anesthetics appear to decrease post-
operative mortality and respiratory complications in cardiac 
surgery [48], this has not been shown to be true in thoracic 
surgery [49]. Interestingly, there is an association with 
improved long-term cancer survival if TIVA is used [50].

Ultimately, the choice of anesthetic agent currently lies 
with the individual team. Short-acting volatile or intravenous 
anesthetics are equivalent choices with each having their 
own merits and disadvantages.

 Regional Anesthesia

An ERAS pathway for thoracic surgery must combine multi-
modal enteral and parenteral analgesia with regional analge-
sia or local anesthetic techniques while attempting to avoid 
opioids and their side effects. Postoperative pain is often 
severe and can be due to peripheral nerve damage, muscle 
injury, or fractured ribs. However, intercostal nerve injury 
appears to be the most important factor in its pathogenesis 
[51]. Indwelling chest tubes may cause ongoing irritation of 
the pleura and intercostal bundles.

Both thoracotomy and VATS approaches are painful. 
Although VATS may offer some advantages in terms of pain 
and quality of life, the effect is relatively modest [52]. 
Inadequate provision of analgesia exacerbates a compro-
mised respiratory status. Splinting may result in respiratory 
failure, while an ineffective cough and poor clearance of 
secretions may lead to pneumonia. Pain increases the imme-
diate risks of hypoxemia, hypercarbia, increased myocardial 
work, arrhythmias, and ischemia. High-intensity postopera-
tive pain can also facilitate the development of post- 
thoracotomy pain syndrome.
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 Preemptive Analgesia
In theory, the provision of preemptive analgesia is attractive. 
The aim is to decrease acute postoperative pain, even after 
the analgesic effects of the preemptive drugs have worn off, 
and to inhibit the development of chronic postoperative pain. 
Unfortunately, there is little evidence to support this approach 
in thoracic surgery. Specifically, there is no evidence of ben-
efit for the preemptive administration of systemic opioids, 
non-steroidal anti-inflammatory drugs (NSAIDs), or ket-
amine [53]. Preemptive thoracic epidural analgesia (TEA) is 
associated with a reduction in acute pain after thoracotomy 
but has no effect on the development of chronic post- 
thoracotomy pain [54].

 Intraoperative Regional Analgesia
TEA has been the gold standard technique for pain control 
after major thoracic surgery for some time. Initial ERAS pro-
tocols in other specialties defined epidural analgesia as the 
cornerstone of pain management. However, the risks associ-
ated with TEA are becoming clearer and may be greater than 
previously thought [55]. Adverse effects include urinary 
retention, hypotension, and muscular weakness.

Paravertebral analgesia provides a unilateral block of 
somatic and sympathetic nerves that lie in the paravertebral 
space and is particularly useful in unilateral thoracic proce-
dures. Several randomized studies have compared TEA with 
paravertebral blockade. The results suggest that paraverte-
bral blocks are more effective at reducing respiratory com-
plications than TEA and after the first few hours provide 
equivalent analgesia [56–58]. Furthermore, the risks of 
developing minor complications such as postoperative nau-
sea and vomiting (PONV), pruritus, hypotension, and uri-
nary retention are less. Neither technique is inferior to the 
other in terms of acute pain, 30-day mortality, major cardio-
respiratory complications, or length of hospital stay [58, 59].

Intercostal catheters may be as effective as TEA. They are 
more cost-effective, require less time, can be placed by the 
surgeon at the end of the operation and may be associated 
with fewer complications [60]. The serratus anterior plane 
block is another regional technique with potential use in both 
VATS [61] and open surgery [62]. Liposomal bupivacaine is 
a slow-release bupivacaine preparation that shows promise 
when delivered as multilevel intercostal injections, poten-
tially providing blockade of intercostal nerves for up to 
96 hours [63, 64]. Randomized studies are awaited.

 Perioperative Fluid Management

In lung resection surgery, the goal is to minimize the use of 
intravenous fluids while recognizing that the optimization of 
global and regional oxygen delivery is fluid dependent. Fluid 
management can be complex as overloaded patients are 

prone to develop interstitial and alveolar edema [65–68]. The 
presence of existing pulmonary disease, prior chemoradio-
therapy, one-lung ventilation, direct lung manipulation by 
the surgeon, and ischemia-reperfusion phenomena can all 
lead to acute lung injury [69, 70]. Pneumonectomy patients 
are particularly at risk [71].

A volume-restrictive fluid regime of less than 3 ml/kg/h is 
usually recommended perioperatively, with a 24-hour posi-
tive fluid balance of less than 1500 ml (or 20 ml/kg/24 hr). 
The concern with such restrictive fluid management is that it 
may produce a hypovolemic state with impaired tissue perfu-
sion, organ dysfunction, and acute kidney injury (AKI). The 
incidence of AKI is relatively common at around 5% [72]. 
Although restrictive regimes may result in perioperative oli-
guria, they are not associated with an increased risk of post-
operative AKI [73, 74]. Similarly, setting a low perioperative 
urine output target (0.2  ml/kg/hr) or treating oliguria with 
fluid boluses does not appear to affect postoperative renal 
function [73–75]. The aim, therefore, is to maintain intraop-
erative euvolemia with a dry lung [76–78]. Over-restriction 
may eventually lead to organ dysfunction. Hypoperfusion 
can be avoided with the use of vasopressors and a limited 
amount of fluid to counteract the vasodilatory effects of 
anesthetic agents and neuraxial blockade [79]. Additional 
fluid can be given to compensate blood or exudative loss.

In line with other ERAS programs, balanced crystalloid is 
the intravenous fluid of choice [80]. In the immediate postop-
erative period, attention should also be paid to fluid balance 
and the patient’s body weight. Oral fluids and diet should 
resume as soon as the patient is lucid and able to swallow.

 Atrial Fibrillation Prevention

The onset of new postoperative atrial fibrillation and flutter 
(POAF) is common with an incidence of around 12% follow-
ing lung resection [81, 82]. Risk factors include increasing 
age, male sex, Caucasian race, hypertension, COPD, heart 
failure, and valvular heart disease [81]. A more extensive 
operation (e.g., pneumonectomy) also increases the risk [82]. 
The development of postoperative complications is associ-
ated with a doubling of the incidence of POAF, while POAF 
itself increases the risk of stroke and in-hospital death [81].

Recommended prevention strategies for the development 
of POAF have been taken from the American Association for 
Thoracic Surgery (AATS) Guidelines [83]. If patients are 
taking β(beta)-blockers prior to surgery, they are at risk of 
developing POAF if withdrawn abruptly. Consequently 
β(beta)-blockers should be continued through into the post-
operative period. In those patients who are magnesium 
deplete, intravenous magnesium may be given periopera-
tively. Digoxin is ineffective and should not be used. In 
patients deemed at particular risk of developing POAF, it is 
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reasonable to consider perioperative diltiazem (assuming the 
patient is not taking β[beta]-blockers and cardiac function is 
normal) or postoperative amiodarone. However, no clinical 
model has been developed to identify high-risk patients after 
lung resection, although the CHADS2 (Congestive heart 
failure, Hypertension, Age, Diabetes, and Stroke/TIA) score 
shows promise [84]. Furthermore, there is little evidence that 
POAF prophylaxis improves outcomes.

 Surgical Technique

The majority of pulmonary resections worldwide are still per-
formed via a thoracotomy, although minimally invasive tech-
niques are increasingly popular. Acute and chronic 
 postoperative pain is common with both open and VATS tech-
niques and adds significant morbidity and healthcare costs.

 Thoracotomy
Muscle-sparing and nerve-sparing thoracotomy techniques 
have been described in an attempt to mitigate the pain expe-
rienced as a result of chest wall damage, and both are recom-
mended as part of an ERAS protocol if a thoracotomy is 
required [17].

A thoracotomy may be performed via a traditional pos-
terolateral approach or via an anterior approach (axillary or 
anterolateral thoracotomy). Muscle sparing describes a tho-
racotomy in which there is not significant division of the 
latissimus dorsi or serratus anterior muscle fibers. A muscle- 
sparing incision is more often achieved via an anterior 
approach. The evidence for its use is somewhat mixed, but 
there may be improvements in short-term muscle function 
[85] and pain [86] for the first month.

Harvesting the intercostal muscle and bundle by separat-
ing it from both adjacent ribs in the line of the thoracotomy 
reduces postoperative pain compared to traditional thoracot-
omy techniques. The surgical retractor is then placed against 
bare bone, protecting the intercostal bundle from crush injury. 
The intercostal muscle can be divided to create a flap [87, 88] 
or left to dangle in the wound, further reducing pain [89].

 Minimally Invasive Surgery
Minimally invasive surgery includes a number of techniques 
or approaches that involve video guidance for dissection, 
1–4 ports, and no rib-spreading. Described techniques 
include multiport VATS lung resection, uniportal surgery 
(single-port VATS), and robotic surgery.

Observational studies of VATS lobectomy for lung cancer 
suggest better outcomes than an open thoracotomy. VATS is 
associated with less pain, better shoulder function, earlier 
mobilization, shorter length of stay, better preservation of pul-
monary function, and better quality of life [90]. Five-year sur-
vival is also reported to be superior [91]. Nevertheless, there 

has been concern regarding the considerable selection and 
publication bias in the literature, with high-performing sur-
geons in high-performing centers responsible for many of the 
published retrospective studies. This has led some to ask 
whether the perceived benefits of a VATS lobectomy are due to 
the skill of the surgeon rather than the surgical approach [92].

The publication of the first large prospective study would 
appear to confirm the superiority of a VATS approach [52]. 
When compared to patients having an anterolateral thoracot-
omy, VATS patients had significantly less pain postoperatively 
and a shorter length of stay but no reduction in complications. 
A year later, advantages persisted with less long-term pain and 
improved quality of life. Recent large database studies using 
propensity matching seem to back up the findings of the supe-
riority of VATS [93–95]. In one study of more than 28 thou-
sand patients, there was a significant reduction in postoperative 
complications in favor of VATS.  The benefits of a VATS 
approach are particularly evident in high-risk patients with 
poor predicted postoperative lung function [96].

A uniportal approach has been popularized with potential 
benefits purported to include less pain and discomfort. The 
rationale is that disruption of a single intercostal space with 
one port is less painful, but the counterargument remains that 
having a greater number of instruments through a single 
intercostal space is more painful than single instruments 
through multiple ports. One randomized trial failed to dem-
onstrate any difference between uniportal and conventional 
multiport VATS lobectomy [97]. Postoperative pain, lengths 
of stay, and complications rates were equivalent.

A minimally invasive approach for pulmonary resections 
is recommended for early-stage lung cancer. Ultimately, the 
specific approach depends on the surgical team and their 
ability to complete the operation in an efficient and safe 
manner while respecting oncological principles.

 Robotic Surgery
Robotic-assisted lobectomy has technical advantages over 
conventional VATS techniques. These include 7 degrees of 
movement, three-dimensional views, tremor filtration, 
motion scaling, and improved ergonomics. It is unclear 
whether this will translate into improvements in clinical out-
comes. Studies have certainly demonstrated the feasibility 
and safety of the robotic approach, and morbidity rates 
appear equivalent to VATS [98–100]. As surgeons who have 
struggled with VATS are more likely to be comfortable with 
a robotic approach, this may allow more patients to undergo 
minimally invasive surgery.

 Chest Drain Management

A chest tube or drain is necessary for the majority of cases 
following lung resection. Drains can cause pain and 
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inhibit pulmonary function, irrespective of the surgical 
approach [101]. Immobility and its deleterious effects are 
often seen as a consequence of conservative chest drain 
management strategies. Chest drain management is often 
crucial in determining the postoperative course of patients, 
influencing both the speed of recovery and the length of 
hospital stay.

 Number of Chest Tubes
Historically, two chest tubes have been used to drain the 
pleural space after lobectomy, one at the apex to drain air and 
another at the base to drain fluid. Several randomized trials 
have now demonstrated that the use of a single chest tube is 
safe and effective. A single chest tube is associated with less 
pain and reduced chest tube duration without increasing the 
risk of recurrent effusion [102–104]. For routine cases, there-
fore, a single tube should be used instead of two.

 Application of Suction
In theory, external suction applied to a chest drain promotes 
the apposition of pleural surfaces. This was thought to be 
important in facilitating the sealing of air leaks or ensuring 
adequate drainage of larger air leaks. However, concerns 
have been raised that bedside suction limits patient mobiliza-
tion (by anchoring the patient to the bed space) and may 
actually potentiate air leak duration. Subsequently, a number 
of randomized clinical trials have been conducted comparing 
suction with no suction in the postoperative period.

The evidence is conflicting [105–108]. Nevertheless, 
there does not appear to be an advantage to the routine appli-
cation of external suction in terms of shortening the duration 
of air leak, chest drainage, or length of stay. Therefore, since 
wall suction also limits patient mobility, its routine applica-
tion should be avoided.

 Digital Drainage Systems
Digital drainage systems are now widely available and may 
have several advantages over a traditional water seal. They 
are light and compact with a built-in suction pump. 
Consequently, they do not need to be attached to bedside 
wall suction should suction be required, favoring early 
patient mobilization. They are also able to objectively quan-
tify the volume of air leak. The ability to store information 
and display trends of air leak over time allows more informed 
decision-making about chest tube removal and reduces inter- 
observer and clinical practice variability [109].

A recent meta-analysis compared digital and conventional 
chest drainage systems [110]. Overall, digital systems were 
associated with reduced chest tube time, length of stay, air 
leak duration, and costs. The use of digital drainage systems 
is to be recommended as they remove variability in clinical 
decision-making and facilitate early mobilization while posi-
tively influencing patient outcomes.

 Pleural Fluid Drainage
Tradition dictates that the amount of pleural fluid output 
observed daily determines the timing of chest tube removal. 
Many surgeons have accepted arbitrary cutoff values (typi-
cally 200 ml/day) as a threshold below which it is safe to 
remove a chest tube. More aggressive chest drain removal 
strategies within fast-track programs have been shown to be 
safe. A non-chylous fluid threshold of 450 ml/day after tho-
racotomy was associated with only a 0.55% readmission rate 
for recurrent symptomatic pleural effusion [111]. A higher 
threshold of 500 ml/day following VATS lobectomy resulted 
in an incidence of clinically relevant recurrent effusions 
(needing drainage or aspiration) in only 2.8% of patients 
[112]. Therefore, it appears to be safe to remove chest tubes 
if the daily effusion is of a higher volume than traditionally 
accepted (up to 450 ml/24 hours) so long as there is no evi-
dence of air leak, chyle, pus, or active bleeding.

 Conclusions and Future Directions

A number of ERAS programs after thoracic surgery (princi-
pally lung resection surgery) have demonstrated improve-
ments in outcomes. The recently published ERAS® Society 
guidelines should provide a framework for centers wanting 
to adopt ERAS within their institutions. Some of the recom-
mendations are specific to thoracic surgery. Other recom-
mendations are common to other specialty ERAS guidelines. 
Controversies still exist and there are instances where rec-
ommendations cannot be given on the current evidence, 
either because equipoise truly exists or because there is a 
lack of published evidence to support a particular interven-
tion. Examples include whether volatile or intravenous anes-
thesia is more beneficial, advances in regional anesthesia, the 
role of non-intubated anesthesia, the optimal number of ports 
needed in a VATS approach to improve outcomes, and the 
emerging presence of robotic surgery in the treatment of lung 
cancer. It is hoped that the publication of the guidelines will 
harmonize the approach to the perioperative care of the tho-
racic surgical patient, encourage research where knowledge 
gaps or controversies exist, and promote collaboration 
between units.
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 Introduction

Enhanced Recovery After Surgery (ERAS) pathways are 
a comprehensive approach to ensure patient safety before, 
during, and after surgery. Guidelines for many surgeries 
have specific ERAS components that ensure patients have 
optimal outcomes [1, 2]. This includes interventions such 
as carbohydrate loading, adequate hydration, avoidance and 
early removal of invasive devices, multimodal analgesia, 
early ambulation, and early oral intake. These pathways can 
significantly decrease hospital stay, reduce hospital costs, 
reduce postoperative complications, and maintain proper 
physiology. Many of these principles are applicable not only 
to patients undergoing major abdominal surgery but also to 
ambulatory (outpatient) surgery [3–5]. Essential principles of 
ambulatory surgery are shown in Table 54.1 and include pre-
operative, intraoperative, and postoperative considerations.

 Preoperative Considerations

Patient selection is key to successful ambulatory surgery. 
Patient, surgery, and facility factors may influence decision- 
making. For example, the planned procedure should entail 
minimal blood loss and no specialized postoperative care, 
and postoperative pain should be manageable at home. 
Patients should be able to resume normal functions as soon 

as possible and should be mobile to at least some extent 
before discharge [6].

Patients should have stable and well-controlled medical 
conditions to avoid delayed discharge or perioperative compli-
cations and should have a responsible adult to take them home 
from the facility. Optimization of medical comorbidities is 
crucial to ensure safe patient care and to avoid unnecessary 
delays and complications. Patients who undergo high-risk sur-
gery are often evaluated in a preanesthesia assessment clinic 
and may subsequently undergo medical optimization prior to 
their surgery in order to decrease perioperative risk. However, 
as ambulatory surgery is often considered lower risk and 
patients, on average, tend to be healthier, many may undergo a 
“virtual” or no formal preoperative evaluation at all. Ideally, 
their medical information is available to providers prior to the 
day of surgery so triaging decisions can be made in advance. 
On the day of surgery, these patients should be screened for 
cardiopulmonary disorders, obstructive sleep apnea, coagula-
tion disorders,  neuromuscular disorders, and endocrine dys-
function such as thyroid disease or diabetes, among other 
conditions that may significantly increase perioperative risk. If 
patients are found to be at high risk on the day of surgery or 
their medical conditions do not appear to have been optimized, 
a decision should be made on whether or not the patient should 
proceed to surgery [7].

Preoperative risk reduction should include recommenda-
tions for cessation of smoking up to 4–8 weeks prior to sur-
gery. Quitting smoking even 24  hours before surgery can 
reduce carboxyhemoglobin levels, which can improve 
oxygen- carrying capacity and reduce pulmonary or cardio-
vascular complications. Patients will also experience less 
airway irritation, better wound healing, and have a lower risk 
of postoperative hypoxia as a result of airway blockade due 
to secretions [8]. Patients who are able to be contacted or 
seen in a preanesthesia clinic prior to surgery should receive 
recommendations to carbohydrate and fluid load the day 
before surgery. Measures as simple as drinking a carbohy-
drate drink or water (if clinically allowable and if there is no 
history of significant heart failure or chronic  kidney disease) 
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can reduce postoperative nausea and vomiting (PONV), 
modify insulin resistance, reduce infection rates and may 
contribute to improved wound healing [9, 10].

Furthermore, medication reconciliation is a vital part of 
ERAS protocols needed to ensure patients do not take medi-
cations the morning of surgery that place them at risk for 
postoperative complications and delayed discharge, such as 
certain antihypertensives and anticoagulants. 
Anticoagulation guidelines should be reviewed for all 
patients on blood thinners for the respective surgery and 
their comorbidities. PONV risk should be assessed using 
one of several tools, with the Apfel simplified score being 
most frequently used [11]. If the patient is found to be at 
higher risk (non-smoker, female gender, history of motion 
sickness, perioperative opioid use), proper pharmacologic 
prophylaxis should be administered both pre- and intraop-
eratively. PONV prophylaxis is necessary to promote early 
patient recovery, and routine multimodal antiemetic prophy-
laxis should be utilized in all ambulatory patients undergo-
ing general anesthesia. A combination of dexamethasone 
(4–6 mg, IV, after induction of anesthesia) and ondansetron, 
a 5-hydroxytryptamine-3 antagonist, (4 mg, IV, at the end of 
surgery) may be used for most patients. Patients who are at 
a high risk of PONV may require additional antiemetic ther-

apy both as prophylaxis and as treatment for established 
PONV postoperatively.

Benzodiazepines are sometimes administered to patients 
preoperatively for anxiolysis, either by request or clinical 
judgment, which can improve patient satisfaction. However, 
benzodiazepines should be used with caution in patients with 
a history of obstructive sleep apnea, dementia, and respira-
tory depression, as well as the elderly [12].

Patient education is an important component of ambu-
latory surgery [13, 14]. The patient should have a good 
understanding of the procedure and postoperative require-
ments and what the expectations are for recovery. The sur-
gical process should be transparent, and the patient should 
be expected to be an active participant in their care. 
Furthermore, the patient’s family should also be involved 
in this education process, and both the family and patient 
should have clear means of communication with the care 
team should they need further clarification, especially 
once they are discharged. One way to increase patient 
compliance is to provide both written and verbal instruc-
tions for care.

 Intraoperative Considerations

Surgical approach and technique can impact ambulatory 
recovery. Minimally invasive surgical techniques should be 
used, and ambulatory surgery should not carry a significant 
risk of major complications. In fact, the anticipated degree of 
surgical trauma is more important for postoperative recovery 
than the surgical duration, and the surgeon should have suf-
ficient experience with the procedure and a low complication 
rate record [6].

When the anesthesiologist prepares the anesthetic plan, 
care should be taken to keep postoperative stay in mind. 
This means using local or regional anesthesia whenever 
possible, using short-acting medications in the lowest doses 
for effective anesthesia and analgesia, proper reversal of 
muscle paralysis, and using medications that reduce postop-
erative nausea and vomiting and speed up recovery. Local 
anesthesia consistently has been shown to decrease postop-
erative pain and opioid consumption. Regional anesthesia 
does the same, with potential longer-lasting effects when 
postoperative regional catheters are placed [15, 16]. 
Although opioids may be necessary for surgical pain in 
many surgical situations, they should still be used judi-
ciously, as opioid-related adverse events are one of the most 
common reasons recovery and discharge from the hospital 
are delayed. Non-opioid analgesics such as nonsteroidal 
anti-inflammatory drugs, acetaminophen, intravenous lido-

Table 54.1 Essential principles of ambulatory surgery [6]

Preoperative anesthesia assessment
Patient selection
  (i) Surgical considerations (minimally invasive approaches)
  (ii) Medical conditions
  (iii) Social considerations and patient and family education
Anesthetic considerations
  (i) Anesthetic history
  (ii) PONV risk assessment
  (iii) Airway assessment
Special considerations
  (i) Elderly patients
  (ii) Obstructive sleep apnea
Intraoperative anesthetic management
  (i) General anesthesia
  (ii) Regional anesthesia
  (iii) Monitored anesthesia care
  (iv) Multimodal analgesia and PONV prophylaxis
  (v) Maintain normothermia
  (vi)  Antibiotic and venous thromboembolism prophylaxis (if 

indicated)
Postoperative management
  (i) Postoperative pain management and treatment of PONV
  (ii) Early postoperative mobilization
  (iii) Discharge criteria and patient instructions
  (iv) Post-discharge follow up
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caine and field blocks, alpha-2 receptor agonists, gabapenti-
noids, and ketamine should be considered when clinically 
safe in order to decrease overall opioid consumption [17]. 
Regional anesthesia should also be utilized when indicated. 
Alternative non- pharmacologic modalities such acupunc-
ture, reiki therapy, various relaxation techniques, and music 
therapy should be considered as well. In addition to proper 
analgesic choice, anesthetic choice should be tailored to 
decrease  postoperative stay, which is a major goal of ambu-
latory surgery. Deep anesthesia should be avoided whenever 
possible in order to speed immediate postoperative waken-
ing, ambulation, and oral intake and reduce pulmonary com-
plications such as aspiration or respiratory depression 
[18–22]. PONV risk can be mitigated by minimizing the use 
of nitrous oxide, volatile anesthetics, high-dose neostig-
mine, and opioids.

 Immediate Postoperative Considerations

Postoperative pain, nausea, vomiting, and respiratory 
depression should be adequately addressed, both clinically 
and pharmacologically. Ambulatory facilities should 
develop clinical pathways and protocols to manage common 
postoperative complications. Rescue analgesia such as 
intravenous or (preferred) oral non- opioid and opioid medi-
cations (when necessary) should be administered in order to 
prepare the patient for early ambulation and oral intake. It is 
essential to prepare patients psychologically for pain post-
operatively; complete pain relief is not a realistic goal for 
every patient, and patients should be coached on pain man-
agement and proper postoperative expectations [11, 23]. 
Risk factors for postoperative pain include anxiety, preop-
erative pain, age, gender, surgery type, and various psycho-
logical factors.

If patients have refractory nausea and vomiting, repeating 
the same 5HT3 antagonist (i.e., ondansetron) in the recovery 
room may not be beneficial, and alternative medications such 
as promethazine, dimenhydrinate, dexamethasone, or sco-
polamine patches should be considered [11]. Respiratory 
depression is most commonly due to residual anesthetic 
effect, and proper airway protection, neuromuscular block 
reversal, and oxygen therapy should be ensured or adminis-
tered in clinically appropriate scenarios. Patients with 
obstructive sleep apnea may be at higher risk for postopera-
tive respiratory complications. These patients may benefit 
from the use of  postoperative continuous monitoring espe-
cially if they receive opioids, continuous positive airway 
pressure device use, and opioid- sparing techniques such as 
regional anesthesia [24].

 Post-discharge Considerations

To facilitate patient throughput, there should be a clear 
protocol for patient discharge in the ambulatory setting 
[25]. The Post Anaesthetic Discharge Scoring System 
(PADSS) and the modified Aldrete scoring system are 
commonly used tools to determine whether a patient is 
ready for discharge [26, 27]. Patients should also clearly 
understand their discharge instructions, medication plan, 
and who to contact should they need any clarification 
about their care.

The care of the patient does not end when they leave the 
hospital; rather, patients should be checked on the day after 
surgery or at least within 1 week by a healthcare practitio-
ner to ensure proper healing, medication adherence, and 
pain control and return to usual daily activities. This can 
reduce repeat hospitalizations and emergency room visits, 
subsequently decreasing complications and associated 
healthcare costs. There are numerous benefits of improving 
early ambulation, including an early return to work, patient 
financial considerations, social considerations, and reduc-
tion of cardiovascular, coagulation, and respiratory compli-
cations. Early feeding should be ensured, along with the 
early return of bowel function and bladder function. If these 
physiologic parameters do not return to normal within 
24–48 hours of surgery, there should be concern for urinary 
retention and ileus. Postoperative urinary retention is one 
of the main reasons for readmission, and it can cause uri-
nary tract infections and permanent bladder injury, and usu-
ally requires urinary catheterization [28]. Currently the 
causes and treatment for postoperative urinary retention 
vary widely, and risk factors include age, preoperative uri-
nary symptoms, prostate enlargement, spinal anesthesia, 
and high opioid use.

Postoperative fatigue can persist for weeks after surgery 
and can prevent the patient from returning to baseline func-
tion [29]. While it is still unclear how and why this phenom-
enon occurs, fatigue can be prevented by avoidance of deep 
anesthesia and reduction of opioid use. Perioperative neuro-
cognitive disorder (PND) is another concern that presents as 
a decline in the patient’s ability to perform complex cogni-
tive tasks [30]. The cause of this phenomenon is multifacto-
rial and may last for a long time before the patient regains 
their normal cognitive functioning. Some risk factors for 
PND include older age, abnormal baseline cognitive func-
tion, significant comorbidities, poor functional status, visual 
and hearing impairment, and neurodegenerative conditions 
[31, 32].

It is also possible that the patient may experience bleeding, 
hematoma, infection, and surgical wound healing issues, all 
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of which are other common causes of readmission following 
surgery [33, 34]. Patients should be clearly instructed for 
what to look for as a sign of infection (localized pain, redness, 
tenderness) and should be contacted after they are discharged 
home to ensure they are not experiencing any concerning 
symptoms.

 Summary

Advancements in surgical and anesthetic techniques have 
enabled an increasing number of procedures to be per-
formed on an ambulatory basis. For a successful ambula-
tory surgery program, important considerations include 
proper patient and procedure selection, choice of an anes-
thetic technique that facilitates rapid recovery and dis-
charge, and ways to reduce complications and side effects 
such as postoperative nausea and vomiting, pain, and uri-
nary retention. Multimodal analgesia is an important part 
of perioperative management, as well as patient education, 
optimization of medical conditions, and an interdisciplin-
ary approach to help the patient return to baseline function 
as soon as possible.
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Enhanced Recovery After Surgery: 
Emergency Laparotomy

Carol J. Peden

 Introduction

The term “emergency laparotomy” encompasses a surgical 
exploration of the acute abdomen for a number of underlying 
pathologies and is described by a large number of 
International Statistical Classification of Diseases and 
Related Health Problems (ICD-10) codes [1]; however, the 
commonest underlying pathologies are acute colorectal con-
ditions [1–3]. The important difference between emergency 
laparotomy patients and patients undergoing elective intra- 
abdominal procedures is their presentation in a state of phys-
iological derangement [1, 4]. The resource burden of 
emergency general surgery (EGS) is high. There are more 
patients that present each year in the United States with an 
EGS problem than present with a new cancer diagnoses, and 
this has increased annually since 2001 [5, 6]. In general, the 
sickest group of patients presenting with an emergency gen-
eral surgical diagnosis are those undergoing emergency 
laparotomy.

The patients who undergo an emergency laparotomy are 
elderly, with the average age in major studies reported as 
between 62 and 67 years [2, 3]. These patients are likely to 
have comorbidities and between 20% and 50% present with 
systemic inflammatory response syndrome (SIRS), sepsis, 
and septic shock [1–7]. Although the underlying problems 
and surgeries performed vary slightly by country [1, 2, 8], 
common underlying causes for emergency laparotomy are 
intestinal obstruction, perforation, and exploratory laparot-
omy with or without wound debridement or abscess drainage 
[2]. Data from the UK National Emergency Laparotomy 
Audit (NELA) showed the commonest surgical procedures 
as adhesiolysis (16.8%), small bowel resection (16.2%), 
right colectomy including ileocecal resection (13.3%), and 
Hartmann’s procedure (11.9%). Peptic ulcer suture or repair 

accounted for 5% of cases in the NELA audit [3]. More 
emergency patients undergo an open procedure than a lapa-
roscopic procedure for comparable surgery in the nonelec-
tive setting [9]. Emergency laparotomy is one of the 
highest-risk surgical procedures, with data showing that 
about one in ten patients are dead 30 days after surgery, ris-
ing to one in four for those more than 80 years of age [3]. 
Complications are common and mortality increases until at 
least 1 year [10].

 ERAS and Emergency Laparotomy

The international Enhanced Recovery After Surgery (ERAS) 
guidelines for emergency laparotomy are under development 
for publication and will provide detailed guidance on imme-
diate preoperative management, intraoperative surgical and 
anesthetic management, and postoperative care. Many of the 
patients presenting for emergency laparotomy are elderly, 
and the guidelines will include sections on frailty, delirium, 
and end-of-life care. This chapter will summarize the back-
ground to the guidelines and discuss some of the studies that 
contributed to their development. As many components of 
colorectal ERAS pathways are applicable to emergency lap-
arotomy patients, the details of the standard components will 
not be discussed in depth. The reader should refer to the rel-
evant chapters of this book and ERAS guidelines [11].

Enhanced recovery programs based on a multicomponent 
pathway ranging from patient and family preparation in the 
community to rapid discharge following surgery may not 
seem an obvious fit for emergency general surgery [11]. 
However, the concept of ERAS, namely, that the patient is in 
the best possible condition for surgery within the limited 
time frame available, has the best possible management dur-
ing surgery, and experiences the best postoperative rehabili-
tation, can still be applied. An approach to minimize the 
stress response to surgery with multidisciplinary delivery of 
key processes in defined time periods has been shown to ben-
efit these high-risk patients.
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Until relatively recently there were very few studies 
focusing on improving the care of patients undergoing emer-
gency laparotomy. The fact that these patients are acutely ill 
and present as emergencies with a multiplicity of underlying 
conditions has meant that this is a challenging group of 
patients for study with randomized controlled trials. In 2012, 
based on the poor outcomes highlighted in observational 
studies [2, 8, 12], a national audit was funded in England and 
Wales—the National Emergency Laparotomy Audit [3]—
with the aim of capturing outcome and process metrics for 
all patients undergoing emergency laparotomy. Large-scale 
audits and cohort studies along with the development of con-
sensus-based standards have helped define the deficits in 
care, highlight areas for improvement, and provide baseline 
data for research studies.

 Background to the Development of an ERAS 
Approach for Emergency Laparotomy

A number of key papers published between 2012 and 2013 
on large cohorts of patients from the United Kingdom, 
Europe, and the United States highlighted the extent of the 
problem for patients undergoing emergency laparotomy with 
mortality rates at that time of between 14% and 19% at 
30 days, rising to 25% for patients more than 80 years of age 
[2, 7, 8, 12]. Other studies showed that a small number of 
EGS procedures accounted for a large number of deaths [6] 
and highlighted the difference between outcomes for emer-
gency and elective general surgical patients [6, 7]. These 
reports and others highlighted a very variable delivery of 
care between and within organizations and also demon-
strated that resource provision could make a difference to 
outcome [13].

A rising awareness that high-risk emergency general sur-
gery patients deserved better care led to the publication of 
standards in the United Kingdom by the Royal College of 
Surgeons in 2011 for care of the high-risk surgical patients 
and emergency surgery [14]. Because of the lack of high- 
quality research in the field, this document was based on 
expert opinion but nevertheless provided important guidance 
on key components of care and suggested timelines in which 
that care should be delivered. The diagrams from the original 
Higher-Risk Surgical Patient document defining care path-
ways (recently updated in 2018 [15]) are similar to those in 
an ERAS pathway, and indeed the 2009 UK guidelines on 
implementation of enhanced recovery protocols stated that 
“every effort should be made to implement as many ERAS 
components as possible” for emergency patients [16]. Based 
on the recommendations in the original Higher-Risk Surgical 
Patient 2011 document and the 2009 ERAS guidelines, 
teams in the United Kingdom began to develop an ERAS 
approach to emergency laparotomy. Other centers around the 

world also began to apply their elective ERAS pathways to 
emergency patients and showed success [9, 17–22]; for 
example, an ERAS program for emergency colorectal tumor 
resection was associated with a significantly shorter length 
of hospital stay and faster recovery of bowel function with 
no change in 30-day mortality and readmission [17]. Many 
of these studies were relatively small and often excluded 
sicker patients [9, 17, 18]. Other recent papers discussing 
emergency surgery and an ERAS approach have measured 
delivery of a standard colorectal ERAS pathway in emer-
gency patients [23]. Unsurprisingly, compliance was highest 
with the intraoperative processes of an elective pathway [9, 
23]. Application of an elective ERAS pathway appears to be 
effective, but there are other dimensions of care that should 
also be delivered to the emergency ERAS patient; these have 
been summarized in recent reviews and editorials [24, 25], 
and key components are discussed below.

 Management of Physiological Derangement

Many of these patients present with significant physiological 
derangement including a marked stress response, gut dys-
function, insulin resistance, fluid shifts, SIRS, and with up to 
40% of patients having a septic focus [1, 4]; the presence of 
hypotension secondary to sepsis has a particularly poor out-
come. The physiological derangement requires early diagno-
sis and active management. Studies have shown an 
association between early risk scoring, active management, 
and a reduction in mortality [3, 22]. Monitoring of blood lac-
tate as a marker of risk [26], and in monitoring of response to 
resuscitation in line with the Surviving Sepsis guidelines 
[26, 27], has been used [3, 22].

 Diagnosing and Treating Sepsis
An ERAS approach to emergency laparotomy should have 
as a central pillar an active and aggressive approach to seek-
ing out sepsis and rapid treatment when appropriate with 
antibiotics and source control in line with the 1-hour bundle 
of the Surviving Sepsis guidelines (Table 55.1) [3, 15, 24–
27]. A delayed response increases mortality as does failure 
to manage in accordance with appropriate guidelines [15, 
26–28]. Large numbers of laparotomy patients have sepsis 
at presentation, and yet one large audit of emergency gen-
eral surgery patients recorded the median time to source 
control as 19.8 hours [29]. The component most likely to be 
missed from early sepsis management was acquiring blood 
cultures.

 Early Surgery and Source Control of Sepsis
There is a variety of different evidence and recommenda-
tions in the area of early surgery and sepsis control, which is 
well summarized in the 2018 High-Risk Surgical Patient 
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document from the Royal College of Surgeons in the United 
Kingdom [15]. This document provides some bundles and 
timelines for patients presenting to an emergency general 
surgical service. These bundles are for emergency, immedi-
ate, and non-immediate surgery and nonoperative care. 
Recommendations are made that all patients should be man-
aged in accordance with the “Surviving Sepsis” protocol 
[27], and source control for patients with septic shock by 
surgery or other means (such as interventional radiology) 
should begin immediately upon clinical diagnosis and be 
well underway within 3 hours. For patients with sepsis with-
out septic shock, source control should occur within 6 hours. 
A number of papers suggest that the prioritization of EGS 
patients to early surgical intervention has been shown to sig-
nificantly reduce mortality and morbidity, particularly in 
patients with perforated gut [30, 31].

 The Role of Risk Assessment
Risk assessment has become an important tool in the man-
agement of the emergency laparotomy patient [15]. Risk 
scoring was promoted in the first Higher-Risk Surgical 
Patient document [14], as so many laparotomy patients were 
not receiving care appropriate to their risk, such as planned 
admission postoperatively to an intensive care unit (ICU). 
Clinical teams, inexperienced in management and without 
widespread knowledge of the outcomes of emergency lapa-
rotomy, underestimated the great potential for poor outcome. 
Having a risk score facilitates communication among clini-
cal teams about priorities and pathways and helps direct dis-
cussion with the patient and family. There are a number of 
surgical- or disease-specific risk prediction tools [32–35]. 
Some, such as P-POSSUM (Portsmouth-Physiological and 
Operative Severity Score for the enumeration of Mortality 
and morbidity) [33], were developed many years ago for ret-
rospective comparison of observed and expected outcomes, 
when the values of all variables are known, and there is some 

concern about overinterpretation for individualized patient 
preoperative prediction when some variables must be esti-
mated. Risk prediction scores give a population risk based on 
a risk model. However, scores can over- and underestimate 
risk for individual patients. An example is a patient with a 
perforated peptic ulcer, who is acutely unwell with markedly 
deranged physiology and a very high risk score, but who 
may benefit from rapid relatively simple surgery.

A large number of patients in the NELA database and the 
American College of Surgeons National Surgical Quality 
Improvement Program (ACS NSQIP®) database have 
allowed development of specific risk tools for emergency 
laparotomy patients, which more consistently predict the 
actual risk of emergency laparotomy for high-risk patients 
[34, 35]. When a risk score was calculated retrospectively on 
patients in the NELA dataset who had not been risk scored 
preoperatively or at the end of surgery, those patients had 
poorer outcomes than a risk-matched cohort who had pro-
spective risk scoring performed [3].

 Goal-Directed Fluid Therapy
Goal-directed fluid therapy in emergency laparotomy 
patients is, at the time of writing, the subject of a major ran-
domized controlled trial FLO-ELA [36]. A Cochrane sys-
tematic review showed no benefit on mortality of increasing 
perioperative blood flow using fluids with or without inotro-
pes or vasoactive drugs [37], although only 2 studies of 
emergency surgery with only 130 patients were included in 
the analysis. Despite no reduction in mortality, a reduction in 
complications and length of stay was seen. The OPTIMISE 
study showed no benefit in outcome when use of a cardiac 
output-guided hemodynamic algorithm was compared with 
normal care in high-risk patients undergoing major gastroin-
testinal (GI) surgery. However, when the OPTIMISE results 
were incorporated into an updated meta-analysis, the inter-
vention showed a reduction in complication rates [38]. Goal- 
directed fluid therapy should be considered on a case-by-case 
basis for patients undergoing emergency laparotomy.

 Postoperative Management in a Critical Care Bed
Even with the best reported results for emergency laparot-
omy with an average 30-day mortality of around 5% [39], 
death rates are still up to five to six times higher than patients 
undergoing elective colorectal surgery. Despite this dispar-
ity, it still seems that pathways for elective patients undergo-
ing major surgery routinely include critical care 
postoperatively, while this is not always the case for patients 
undergoing emergency laparotomy [40]. Large database 
analyses have shown associated worse outcomes with lower 
numbers of ICU beds and less imaging resources [1, 41]. 
Patients with a planned admission to critical care after emer-
gency laparotomy do better than those going to a less 
resourced area, and those that are returned to a ward or floor 

Table 55.1 The 1-hour sepsis bundle. The presence of sepsis should 
be considered in all emergency surgery patients at presentation. A pro-
active approach to resuscitation with the sense of urgency required to 
meet the 1-hour sepsis bundle components [26] is necessary for all 
emergency surgery patients with signs of sepsis

Measure lactate level. Remeasure if initial lactate is >2 mmol/L
Obtain blood cultures prior to administration of antibiotics
Administer broad-spectrum antibiotics
Begin rapid administration of 30 ml/kg crystalloid for hypotension 
or lactate ≥4 mmol/L
Apply vasopressors if patient is hypotensive during or after fluid 
resuscitation to maintain MAP ≥65 mm hg

Reprinted with permission from Levy et al. [26]
“Time zero” or “time of presentation” is defined as the time of triage in 
the emergency department or, if presenting from another care venue, 
from the earliest chart annotation consistent with all elements of sepsis 
(formerly severed sepsis) or septic shock ascertained through chart 
review
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area after surgery and then require escalation to critical care 
do very poorly [42]. “Failure to rescue” is a significant con-
tributor to mortality [43], and this group of patients is at such 
risk of complications that they should be managed postop-
eratively in an area with close observation, with skilled 
nurses and physicians available to respond immediately to 
deterioration. If ICU beds are unavailable, then a plan should 
be made for postoperative management that takes into 
account these patients’ high risk—this could include pro-
longed management in a postoperative recovery area.

 ERAS Approaches with a Focus on Rapid 
Management of Physiological Derangement 
and Sepsis and Reliable Delivery of Evidence- 
Based Care
A Danish study used a perioperative care protocol to improve 
care in the treatment of perforated peptic ulcer—a condition 
with substantial morbidity and mortality and a frequent pre-
sentation in which the patients are acutely unwell and septic 
[20]. The intervention included evaluation and risk stratifica-
tion, minimization of surgical delay, and early use of broad- 
spectrum empirical antibiotics preoperatively. Postoperative 
components delivered were respiratory and circulatory stabi-
lization in a high-dependency unit, a focus on administration 
of nutrition and fluids, appropriate analgesia, and early 
mobilization. Mortality was reduced by one-third, to 17% in 
the intervention group compared with 27% at 30 days in the 
control group. Another Danish study [21] implemented a 
multidisciplinary perioperative protocol in patients undergo-
ing emergency laparoscopy and laparotomy. Components 
included early resuscitation and antibiotics, surgery within 
6  hours, and monitored care postoperatively for at least 
24 hours. Mortality at 30 days decreased from 22% in the 
control group to 15% in the intervention group.

A group of four UK hospitals with experience in enhanced 
recovery developed a care bundle approach to provide a 
pathway of care that emphasized rapid and timely manage-
ment of emergency laparotomy patients with the aim of 
ensuring optimal management throughout the care pathway 
[22]. A six-point, evidence-based care bundle was used. The 
bundle included prompt measurement of blood lactate, early 
review and treatment for sepsis, transfer to the operating 
room within defined time goals after the decision to operate, 
use of goal-directed fluid therapy, admission to an intensive 
care unit postoperatively, and multidisciplinary involvement 
of senior clinicians in decision and delivery of perioperative 
care. The implementation project and care bundle was called 
the Emergency Laparotomy Quality Improvement Care 
Bundle or “ELPQuIC” for short. Implementation of 
ELPQuIC, using an ERAS approach with continuous quality 
improvement, led to increased delivery of key processes of 
care and reduced risk-adjusted mortality significantly. 
Improvement in mortality continued after the end of the proj-

ect, and economic analysis showed that despite the increased 
use of resources (ICU for many more patients and goal- 
directed fluid therapy), there was no increase in costs [44].

The Emergency Laparotomy Collaborative (ELC) [45] study 
scaled up the ELPQuIC study across 28 hospitals. ELC differed 
slightly from ELPQuIC in that the study had much greater fund-
ing and quality improvement support, which allowed participat-
ing teams to be coached on quality improvement, leadership, 
and change management. In addition, there was greater empha-
sis on the management of sepsis (Fig. 55.1) [22, 45]. There were 
5562 patients in the baseline ELC group before implementation 
of the ELPQuIC bundle and 9247 patients in the post-imple-
mentation group. Unadjusted mortality fell from a baseline of 
9.8% to 8.3% in the 2nd year of the project. Mean length of stay 
reduced from 20.1 days to 18.9 days (length of stay tends to be 
long in the United Kingdom as acute skilled nursing facilities 
are not commonly used). Significant improvements in five out 
of six items in the care bundle delivery were achieved. This 
study confirmed the changes seen in the ELPQuIC project and 
in the National Emergency Laparotomy Audit [3, 22], namely, 
improvement in delivery of key processes in an emergency sur-
gery pathway is possible and that this is linked to improvement 
in patient outcomes.

 Other Significant Considerations in Delivery 
of an ERAS Approach for Emergency 
Laparotomy

 The Elderly
All the large studies show that age is significantly associated 
with poor outcomes for emergency laparotomy patients; 
indeed one NSQIP study showed a 90% mortality at 30 days 
for patients more than 90 years of age [2]. Although average 
mortality has reduced year on year in the National 
Emergency Laparotomy Audit from 11.8% for 2014 to less 
than 10% for 2017 data, mortality for patients older than 
80  in particular remains very high at 17% at 30 days and 
22% at 90 days [3]. Clearly the risk for these patients is so 
high that if surgery is to be performed, meticulous delivery 
of all evidence-based pathway components is essential. 
Many of these patients will be frail, resulting in a lack of 
resilience in the face of a physiological insult, and a vali-
dated frailty assessment [15, 46] should be performed if 
possible, acknowledging the limitations in the acute envi-
ronment, along with a simple assessment of cognitive func-
tion [47]. Frail patients and those with cognitive dysfunction 
have a high risk of mortality and morbidity, which will not 
be captured by the commonly used surgical risk scores [15, 
48]. Involvement of a care-of-the- elderly physician to co-
manage these patients should occur as soon as possible and 
is associated with better outcomes [49], although at present 
the evidence that this actually occurs is low [3]. Patients 
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should be monitored regularly for delirium with an aware-
ness that hypoactive delirium occurs more commonly than 
an agitated delirious state and has a poorer outcome. The 
American College of Surgeons and the American Geriatric 
Society have joint guidelines on how to prevent, diagnose, 
and care for delirium in the surgical patient [50]. 
Incorporation of a “Hospital Elder Life Program,” with sim-
ple measures such as mouth care and regular orienting com-
munication with patients, for those undergoing major 
intra-abdominal surgery demonstrated a significant reduc-
tion in the incidence of delirium [51].

 Patient and Family Involvement and Shared 
Decision-Making
The large cohort studies of emergency surgery show that 
some patients undergo major surgery in circumstances where 
they are at very high risk of perioperative death. Such patients 
include the elderly with severe comorbidity, the frail, and 
patients with severe life-limiting illnesses [2, 10, 46, 48, 52]. 
Emergency abdominal surgery for perforation or obstruction 
is a not uncommon mode of death for patients with dissemi-
nated cancer [53]. For the very high-risk patients who sur-
vive surgery, survival might mean a prolonged hospital stay 

Emergency Laparotomy Collaborative

Theatre
within 6 hours

of decision to operate

ICU
for all patients

Consultant surgeon
and anaesthetist

in theatre
goal-directed fluid therapy

Cardiac output monitored

Is the patient septic?
Antibiotics within

one hour

Screen patient
NEWS/SIRS/arterial

lactate

How to save lives
in emergency
laparotomy

Fig. 55.1 The pathway of 
care used in the Emergency 
Laparotomy Collaborative 
[45]. A scaled-up program 
based on the ELPQuIC bundle 
[22]. (Reprinted with 
permission from Aggarwal 
et al. [45])
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with multiple complications. For some patients surgery may 
be futile; for others, such as those with a peptic ulceration, 
rapid surgery may lead to a good outcome. The data on 
90-day and longer outcomes and particularly patient-reported 
outcomes is lacking. For some patients, quality of life and 
retaining independence for as long as possible are para-
mount. Surgery may offer a “quick fix,” but in very high-risk 
patients, surgery should not be undertaken without discus-
sion about ceilings of care, even though this is challenging in 
the acute situation [15, 52]. There is guidance available to 
surgical teams to help manage these situations, and patient 
satisfaction with emergency abdominal surgery is associated 
with receiving sufficient information about the risks and ben-
efits of surgery [52–54].

 Emergency General Surgery Service Provision
The specialty of EGS is developing around the world [55], 
but it is still very possible to have complex colorectal surgery 
performed on a critically ill patient by a surgeon whose main 
expertise is in breast surgery. The fact that these procedures 
are emergencies and that surgery is often performed out of 
hours, or during the day by teams juggling multiple other 
commitments, adds to the patients’ risk. There is mounting 
evidence to show that availability of acute care surgeons 
improves outcomes in patients requiring emergency laparot-
omy [41, 55]. The availability of surgical teams to manage 
these complex patients may be improving with the develop-
ment of the specialty of emergency surgery. However, despite 
EGS being one of the highest-volume specialties, many cen-
ters still lack a dedicated EGS service [15, 55]. Delivery of 
an enhanced recovery approach to emergency laparotomy by 
a senior team available to act rapidly when needed has been 
shown to improve outcomes [41, 55, 56].

 A Framework for an Enhanced Recovery 
Approach to Care of the Patient Undergoing 
Emergency Laparotomy

From the studies to date and current developments in periop-
erative care, the following principles should be applied for an 
ERAS approach to emergency laparotomy. All patients 
should be managed according to a standardized pathway, 
with senior multidisciplinary team involvement and regular 
review of outcomes. The pathway of care should be devel-
oped with input from the emergency department, radiology, 
hospitalists, intensive care, and care-of-the-elderly physi-
cians, as well as surgeons and anesthesiologists [3, 15].

 Preoperative Principles

• Rapid assessment of the patient for physiological derange-
ment using a validated method such as an early warning 
scoring system. Abnormal scores should trigger rapid 
escalation in line with pre-established protocols, while 
awaiting surgery patients should have regular reevalua-
tion [15, 20, 24, 25].

• Resuscitation and correction of underlying physiological 
derangement where possible should begin immediately 
and consider use of lactate as a measure for resuscitation 
[15, 22, 26, 27].

• Immediate evaluation of all patients for sepsis using a 
validated sepsis score [26, 27].

• Rapid administration of antibiotics when signs of sepsis 
are present and performance of the 1-hour sepsis bundle 
[26, 27].

• Early computed tomography (CT) scan as needed, with 
immediate review by senior radiologist [3, 15].

• Use of a validated risk-scoring tool to inform pathways of 
care and shared decision-making with the patient and 
family [3, 15, 32–35].

• Patients more than 65 years of age should be assessed for 
frailty using a simple validated frailty score and have a 
simple evaluation of cognitive function performed [3, 15, 
46–48]. Abnormalities in any of these parameters should 
trigger referral for evaluation at the earliest possible 
opportunity by a care-of-the-elderly physician [49]. All 
patients, but particularly those who have an abnormal 
performance on a cognitive function test, should be 
allowed to retain hearing aids and glasses and have a 
family or a friend present for as much time as possible 
prior to surgery [50]. Drugs that meet the Beers criteria, 
such as benzodiazepines, should be avoided at all points 
in the perioperative pathway in an effort to reduce delir-
ium [57].

• Early involvement of senior surgeons and anesthesiolo-
gists with resuscitation and planning of care. Involvement 
with the ICU team early, ideally before surgery if mortal-
ity risk is high.

• Surgery within a defined time period depending on 
urgency but at least within 6 hours after the decision to 
operate. When the patient is to be managed conserva-
tively, such as for bowel obstruction, regular review using 
objective measures should occur [15].

• Where possible, patients should be given appropriate 
information, education, counseling, and shared decision- 
making appropriate to their risk [52–54].
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• Other preoperative ERAS components such as carbohy-
drate loading and venous thromboembolism (VTE) pro-
phylaxis should be considered on a case-by-case basis. 
However, the benefit of these components should be con-
sidered for every patient [11].

• An NG tube may be required preoperatively depending on 
the underlying pathology.

 Intraoperative Care Principles

• Surgery and anesthesia by consultant/attending staff in 
recognition of the high risk of mortality and morbidity of 
patients undergoing emergency laparotomy [3, 15].

• Damage limitation surgery where appropriate, recogniz-
ing that the acute patient is in a state of physiological 
derangement and that there is an association with increas-
ing length of surgery and poor outcomes, particularly in 
the older patients [55, 56].

• Nasogastric (NG) tube should be placed and managed as 
appropriate depending on underlying pathology.

• Fluid resuscitation guided by hemodynamic algorithms 
assessed on a case-by-case basis and in line with local 
protocols [4, 11, 15].

• Active warming and glucose control [4, 11].
• Anesthesia with short-acting agents [4, 11].
• Analgesic use with opioid-sparing techniques including 

local anesthetic blocks where appropriate. The use of epi-
dural anesthesia is controversial in this patient group as 
placement may be difficult in the presence of an acute 
abdomen and the incidence of active sepsis is high [4].

• Postoperative nausea and vomiting prophylaxis as 
appropriate.

• Neuromuscular blockade to facilitate surgical access, 
with monitoring. If the patient is to be extubated at the 
end of the procedure, full reversal should be established 
with a peripheral nerve stimulator as this patient group is 
at high risk for aspiration [4].

• Drains should be avoided if possible [11].
• Reassessment of risk at the end of surgery and a repeat 

blood lactate to inform postoperative management [3, 15].
• Risk assessments before and at the end of surgery should be 

used not only to re-evaluate the patient’s condition but to 
inform a standardized approach to care and to facilitate com-
munication about the patient between multiple teams [3, 15].

 Postoperative Management

• These patients have a high risk of major morbidity and 
mortality and should therefore be managed in a critical 

care bed. If critical care beds are unavailable, the patient’s 
risk score should dictate pathways of care, but a period of 
extended recovery should be provided at a very minimum 
[3, 15, 22, 24, 25].

• These patients are likely to require close monitoring for 
several days following surgery as their risk of complica-
tions and death is so much higher than elective patients 
undergoing comparable surgery [2, 7].

• Postoperative fluid management may be complex due to 
ongoing fluid, and electrolytes shift from physiological 
derangement [4]. Ongoing fluid management in a moni-
tored environment should be considered until the patient 
is drinking.

• Postoperative diet and bowel regimen management 
should occur in line with ERAS principles and be 
assessed on a case-by-case basis dependent on original 
pathology [11].

• Early mobilization strategy may be particularly important 
in these patients who may have been septic and therefore 
at high risk of muscle catabolism [58].

• Postoperative NG tube may be required depending on 
underlying pathology but should be removed as early as 
possible.

• Opioid-sparing analgesia. Emergency laparotomy patients 
are likely to be at increased risk of renal dysfunction, and 
so nonsteroidal analgesics should be used with caution.

• Removal of urinary catheter, consider from day 1 depen-
dent on patient status.

There are studies that demonstrate that functional recov-
ery after the first postoperative day is similar in elective and 
emergency colorectal patients [9, 19]. Early removal of 
drains and catheters, avoidance of excess intravenous fluid 
administration, and limitation of opioid analgesics to the 
immediate postoperative period, in line with ERAS princi-
ples and evidence-based practice, have been shown to sig-
nificantly reduce major complications in emergency surgery 
patients [19]. The majority of studies that have occurred for 
laparotomy patients with an ERAS approach have shown a 
reduction in major complications [17, 19]. When major com-
plications occur, the association with subsequent poor out-
come over an extended postoperative time is well recognized 
[59, 60]. For this elderly, fragile group of patients who may 
have “one shot” to get it right, using an ERAS approach 
seems highly logical.

 Implementation

Implementing an enhanced recovery pathway, especially for a 
complex area such as emergency surgery, is very challenging. 
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The EPOCH study, a major study delivering a 37- component 
evidence-based pathway to emergency laparotomy patients 
across 90 hospitals, was fully funded to have ethnographers (a 
type of clinical anthropologist) study how and why attempts 
to implement the pathway succeeded or failed within a subset 
of hospitals participating in the trial [61–63]. The study found 
that clinicians lacked dedicated time to work on improvement 
and needed to change management skills to persuade all 
members of the multidisciplinary team to alter traditional 
pathways. Teams felt that segmenting the pathway into proj-
ect areas—for example,  preoperative, intraoperative, and 
postoperative work groups—and working on a small number 
of critical processes were helpful. Lessons from the EPOCH 
study suggest that if data is to be collected to support imple-
mentation, it should be parsimonious and should be auto-
mated if at all possible. Time for improvement and coaching 
in quality improvement and change management helps sup-
port pathway delivery, and senior executive buy-in is essential 
to help provide these resources. A Delphi study on training 
for, and implementation of, enhanced recovery pathways sup-
ported the findings in the EPOCH study [64]; audit and data 
support were deemed very important, as was management 
buy-in and senior clinical leadership. An ERAS nurse or 
facilitator with dedicated time, communication about the 
ERAS pathway, and effective multidisciplinary team working 

was also seen as central to successful implementation. 
Reliable delivery of the six bundle components featured in 
ELPQuIC [22] and ELC [45] may have been easier to imple-
ment than a much larger pathway—suggesting, at least ini-
tially, that teams attempting to implement an ERAS 
emergency laparotomy approach should focus on a few key 
components (Fig. 55.2) [62, 63].

 Audit and Outcomes

Having a defined ERAS pathway for management of emer-
gency laparotomy patients facilitates audit, measurement, 
and subsequent improvement (Fig.  55.3). Emergency sur-
gery has traditionally suffered from the fact that different 
teams manage the patients on an occasional basis without 
real ownership of outcomes. The establishment of audits 
focused on this high-risk group has helped improve the pro-
file of laparotomy patients [3] but still shows that develop-
ment of a formal pathway with regular multidisciplinary 
feedback is not the norm. As many of these patients are very 
high risk, using a structured mortality review proforma, 
which asks specific questions about where gaps in care 
occurred or where communication could have been better or 
intervention more timely, and reviewing the findings regu-
larly may be more effective than the more traditional mor-
bidity and mortality review [65].

Audit can focus on a “structure, process, outcome” [66] 
approach with analysis of structure covering service deliv-
ery, for example, availability of staff, operating rooms, and 
intensive care beds. Process measures can include percent-
age of times key processes were delivered, such as antibi-
otics within 1 hour of diagnosis of sepsis. Outcome metrics 
should not only include mortality length of stay and read-
missions but also measure common complications and 
patient experience. As emergency laparotomy patients 
continue to die in the months following surgery, mortality 
should be collected when possible at intervals at least up 
until 1 year [10]. Economic analysis is helpful to make the 
business case to implement an ERAS approach for emer-
gency patients. The few studies that have been done show 
the approach is effective with economic benefit from 
reduced length of stay and complications. More studies are 
needed.

Front-line clinical
staff will be enabled

to acieve an
Enhanced Recovery

approach for
patients leading to

improved outcomes

Measurement &
data feedback

Motivation and
focus

Community of
practice

HAVE A “THEORY OF CHANGE”

QI skills
training

MDT
approach

Evidence based
interventions

Fig. 55.2 A conceptual approach to the “theory of change” required to 
successfully implement an evidence-based pathway for emergency 
laparotomy [62, 63]. MDT multidisciplinary team, QI quality improve-
ment. (Adapted from Stephens et al. [63])
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Audit serves little purpose if the results are not used to 
improve care. To that end, teams should have a process to 
share key metrics widely among all teams involved in 
patient care, which can include surgeons, anesthetists, oper-
ating room (OR) staff, emergency department teams, and 
care-of- the-elderly physicians. Run charts or time series 
charts of performance should be displayed to maintain moti-
vation and to celebrate success when improvements have 
occurred [67].

 Conclusion

Applying the concepts of an enhanced recovery approach 
has helped change the management of this high-risk patient 
group by delivering a standardized evidence-based pathway 
with urgency and proactive management of physiological 
derangement rather than allowing a traditional approach with 
delays and a focus on the wide variations in patient presenta-
tion and underlying intra-abdominal pathology. ERAS has 
supported a much needed paradigm shift in the management 
of these surgical patients, with dedicated teams, early 
evidence- based resuscitation using “Surviving Sepsis” 
guidelines, early antibiotics, early surgery, damage control 
laparotomy, and postoperative care in the intensive care unit.

A great deal of progress has been made in recent years in 
the management of patients undergoing emergency laparot-
omy, with resultant improved outcomes. Part of the improve-
ment in outcomes is due to better data and a much greater 
understanding of the high risk of mortality and morbidity 
these patients face in comparison with those undergoing a 
similar procedure electively. The growth of enhanced recov-
ery protocols over the same time period as the growing inter-
est in emergency laparotomy has helped frame a new way of 
managing these patients. With great patient complexity, out- 
of- hours presentation, and the involvement of multiple dif-
ferent clinical teams, a standardized approach offers 
simplicity and guidance to all those involved in care. 
Adoption of an ERAS emergency laparotomy pathway 
requires not just a pathway but an implementation science 
approach to delivery. Outcomes are improving and in some 
centers have improved dramatically. Challenges remain, 
such as the need for greater understanding of long-term out-
comes including patient-reported outcomes and better prog-
nostic indicators for those patients in whom surgery is futile.
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Liver Surgery

Ismail Labgaa and Emmanuel Melloul

 Introduction

Liver surgery is a major and challenging procedure. Major 
morbidity ranges from 17% to 27% in malignant disease, 
with a mortality risk up to 5% [1]. Pulmonary complications 
mainly related to the vicinity of the liver with the diaphragm 
may reach 30% with increased risk of thromboembolic 
events of 5% [1–4]. In addition, about 50% of patients expe-
rience adverse digestive events [5]. Perioperative stress is 
increased during major liver surgery, and all measures imple-
mented to reduce the metabolic stress response could poten-
tially reduce postoperative complications [6]. Several 
meta-analyses confirmed that the use of an enhanced recov-
ery program significantly reduces hospital stay, cost, and 
postoperative complications compared to traditional care, 
providing good adherence (compliance) to the enhanced 
recovery after surgery (ERAS) protocol [7–9]. The ERAS® 
Society liver study group has recently published the guide-
lines for perioperative care for liver surgery [10]. Sixteen out 
of the 23 standard items of ERAS were studied for liver sur-
gery. The highest level of evidence (level 1 or 2) was avail-
able for only five items (i.e., perioperative nutrition, 
prophylactic nasogastric intubation, postoperative artificial 
nutrition, prevention of delayed gastric emptying, and stimu-
lation of bowel movement). In this chapter, we will highlight 
specific ERAS items that are paramount for liver surgery, 
namely, fluid balance management, minimally invasive 
approach, prophylactic abdominal drainage, postoperative 
glycemic control, use of nasogastric tube decompression, 
and epidural analgesia (Fig. 56.1).

 Fluid Balance and Electrolyte Management

Fluids shifts occur following liver surgery given the need for 
low central venous pressure (CVP). The reduction in hepatic 
venous congestion by careful control of CVP during hepatic 
resection is associated with a reduction in intraoperative blood 
loss [11–13]. Maintenance of euvolemia is critical to preserve 
renal function and prevent ascites. The management of fluid 
following liver surgery includes commonly large volume fluid 
resuscitation in the initial 24–48  hours post resection, fol-
lowed by aggressive diuresis in order to minimize electrolyte 
shifts. This is more evident in cirrhotic livers, which are more 
vulnerable to fluid shifts. To achieve adequate fluid balance, 
patients undergoing surgery within an ERAS protocol should 
have an individualized fluid management plan. As part of this 
plan, excess crystalloid and blood loss should be avoided in all 
patients. It is more likely that a synergistic combination of 
CVP monitoring and measure of stroke volume variation 
(SVV) methods should be the standard form of hemodynamic 
monitoring in liver surgery. In a recent review by Hughes 
et al., the maintenance of a low CVP is associated with reduced 
blood loss and blood transfusion rates [14].

Goal-directed fluid therapy at the end of hepatic resection 
and during the first 6 hours enables a faster restoration of cir-
culating volume with reduction in complications [15]. The use 
of balanced crystalloid rather than 0.9% normal saline to 
maintain intravascular volume is strongly recommended to 
avoid hyperchloremic acidosis and other causes of postopera-
tive morbidity [10]. The role of colloids remains controversial, 
and the use of hetastarches increases the risk of renal dysfunc-
tion when systemic inflammatory response syndrome (SIRS) 
and sepsis are present and should be avoided in liver resection 
[16]. Some authors use blood urea nitrogen (BUN) as a mea-
sure of adequate fluid resuscitation and try to ensure that 
patients gain no more than 5% of their preoperative weight 
[17]. Therefore, close monitoring of postoperative body 
weight is paramount, particularly in the first 48 hours.

Hypophosphatemia is also a commonly observed phe-
nomenon after a major liver resection and is associated with 
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increased morbidity and mortality [18]. Compared to the 
preoperative level, there are two drops observed in serum 
phosphorus within 2 and 48 hours of surgery [17]. According 
to two recent studies, patients reach their nadir level on 
postoperative day 2, which slowly rises to the normal phos-
phorus range between postoperative days 3–4 [17, 18]. It 
seems that major and minor resections show similar pattern 
decline through postoperative day 2; however, the serum 
phosphorus level recovers more quickly after minor resec-
tions. In a recent study by Squires et al., the authors ana-
lyzed postoperative phosphorus levels in 719 patients after 
major hepatectomy [18]. In this large study, the authors 
reported that phosphorus levels >2.4 mg/dl and a delayed 
nadir beyond postoperative day 3 are strong predictors of 
postoperative liver insufficiency, major complications, and 
early mortality.

 Postoperative Abdominal Drainage

There is still debate on the use of routine prophylactic 
abdominal drainage after liver resection, as it may be pos-
sibly harmful and uncomfortable for the patients. One of 
the landmark studies with the strongest evidence to omit 

drainage after abdominal surgery arises from a meta-analy-
sis published in 2004 [19]. This meta-analysis, however, 
included three randomized controlled trials (RCTs) on liver 
resection only, with low sample sizes [20, 21]. More 
recently, a  reappraisal of prophylactic drainage in uncom-
plicated liver resections was performed in a meta-analysis 
[22]. Six RCTs with 665 patients were included in the 
quantitative analysis. The incidence of ascitic leak was 
higher in the drained group. The rate of surgical site infec-
tions, wound infections, chest infections, biliary fistula, 
length of stay, and mortality was not different between 
patients with or without prophylactic drainage. Within an 
enhanced recovery program, Wong-Lun- Hing et al. showed 
that resection surface-related morbidity, mortality, and re-
intervention rates after liver surgery without prophylactic 
drainage were comparable with standard care [23]. A no-
drain policy after hepatectomy within an ERAS protocol 
can be implemented safely. By the time of the editing of the 
ERAS recommendations for liver surgery, the available evi-
dence was nonconclusive, and no recommendation was 
given for the use of prophylactic drainage or against it after 
hepatectomy. There is now accumulating evidence to avoid 
prophylactic abdominal drainage after liver surgery in non-
cirrhotic patients.
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 Minimally Invasive Approach

The minimally invasive approach is one of the key elements 
of an enhanced recovery after surgery program. The second 
international consensus conference on laparoscopic liver 
resection in Morioka 2014 (Japan) highlighted that minor 
laparoscopic liver resection (LLR) has become standard prac-
tice, while major LLR still remains an innovative procedure 
and deserves further investigations [24]. More recently, the 
Southampton Consensus Guidelines for Laparoscopic Liver 
Surgery was held in 2017, with the specific aim of presenting 
and validating guidelines for LLR [25]. The conclusions of 
these two consensus conferences showed that a laparoscopic 
approach appears to reduce postoperative complications and 
postoperative stay compared to open procedures. Laparoscopic 
liver resection lowers the incidence of postoperative ileus. In 
addition, patients have faster oral intake and require less intra-
venous narcotic use [26–28]. Preliminary results of the first 
large-scale prospective RCT comparing laparoscopic and 
open surgery for colorectal liver metastases (COMET study) 
have shown improved short- term outcomes for the LLR 
approach, which is supported by previous propensity score-
matched studies [29]. In cirrhotic patients with hepatocellular 
carcinoma (HCC), a laparoscopic approach appears to reduce 
the incidence of postoperative ascites, liver failure, and mor-
bidity with no difference in overall or disease-free survival at 
2  years compared to open procedures [30, 31]. For major 
hepatectomies, the largest meta-analysis has shown that the 
laparoscopic approach has less blood loss, morbidity, and 
length of stay with similar operative times, transfusion rates, 
and completeness of resection compared with the open 
approach [32]. Similar results were demonstrated for left 
hemi-hepatectomies [33, 34]. For minor resections, mainly 
left lateral resection and resections of lesions located in ante-
rior segments (IVb, V), the laparoscopic approach should 
become the gold standard. Laparoscopic left lateral sectio-
nectomies are consistently associated with shorter hospital 
stay when compared with the open approach [35]. However, 
the results of the ORANGE II trial, which compared open 
versus laparoscopic left lateral hepatic sectionectomy within 
an ERAS program, failed to show a faster functional recovery 
with the laparoscopic approach and had to be stopped prema-
turely due to slow accrual [23].

In a meta-analysis by Yang et al. comparing ERAS pro-
grams with traditional care in laparoscopic liver resection (8 
studies, 580 patients), the authors concluded that ERAS in 
laparoscopic liver surgery accelerates the postoperative 
recovery and is cost-effective [36]. Compared with tradi-
tional care, ERAS was associated with significantly acceler-
ated time to first diet after surgery, time to flatus, and grade 
I-II complications according to Dindo-Clavien complica-

tions. Hospital stay was shortened, and hospital cost reduced 
in the ERAS group.

To date, there are no studies assessing the safety of robotic 
liver surgery in patients within an ERAS program. Robotic 
liver resection seems to be feasible by hepatobiliary surgeons 
with advanced training, especially for lesions located in the 
posterosuperior segments [37, 38]. However, according to a 
recent large series comparing robotic versus laparoscopic 
liver resections, significant benefits were not demonstrated 
yet [39]. In addition, as stated in the Southampton Consensus, 
the robotic approach has a longer operative time and higher 
costs compared with the laparoscopic approach. Blood loss, 
length of stay, resection margins, and morbidity seem to be 
similar [37, 40].

 Postoperative Glycemic Control

Perioperative hyperglycemia is frequently observed after 
major surgery [41, 42]. These changes result mainly from the 
combination of the surgical stress with a transient insulin 
resistance with a compromise peripheral insulin-dependent 
glucose uptake [43]. Hyperglycemia results in deregulation 
of liver metabolism and immune function, impairing postop-
erative recovery. Postoperative insulin sensitivity is signifi-
cantly reduced in patients not treated with insulin during 
surgery [44]. In addition, there is a rapid change in glucose 
concentration during hepatectomy with Pringle maneuver, 
reflecting glycogen breakdown within hepatocytes second-
ary to hypoxia [45]. Only a few studies have evaluated the 
effect of perioperative hyperglycemia, mainly focusing on 
the extent of hepatic injury. In 85 patients, Han et al. evalu-
ated whether intraoperative hyperglycemia during liver 
resection is associated with the extent of hepatic injury [46]. 
Blood glucose concentrations were measured at predeter-
mined time points including every end or start of Pringle 
maneuver via arterial blood analysis. Thirty-five percent of 
the patients developed hyperglycemia (blood glu-
cose > 180 mg/dl) during surgery. Prolonged Pringle maneu-
ver, cirrhosis, lower prothrombin time, and greater total 
cholesterol level were determined as risk factors for hyper-
glycemia. In addition, hyperglycemia was independently 
associated with the extent of liver injury.

There is evidence that preoperative oral supplementation 
with carbohydrate and branched-chain amino acid-enriched 
nutrient decreased insulin resistance in patients undergoing 
hepatectomy [47]. A systematic review included 17 ran-
domized trials with 1445 surgical patients showed that 
patients receiving carbohydrates had less insulin resistance 
and fewer symptoms such as malaise, hunger, thirst, nausea, 
or anxiety [48]. No difference in terms of complications was 
observed.
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Finally, a raised blood lactate after liver surgery, which 
correlates with postoperative morbidity, can be related to 
insulin resistance or to a mix between insulin resistance and 
ischemia-reperfusion injury [49]. In the study by Vibert 
et  al., diabetes was the only preoperative predictor of 
increased lactate level after liver surgery [49]. Diabetes is 
associated with impaired lactate metabolism via gluconeo-
genesis. In addition, diabetes may have an impact on liver 
damage following inflow occlusion in patients with nonalco-
holic steatohepatitis undergoing liver resection [50]. 
Therefore, insulin therapy is recommended and should be 
initiated early during liver surgery to maintain normoglyce-
mia between 80 and 120  mg/dL.  Programmed infusion of 
insulin administered as determined by the control algorithm 
of a closed-loop artificial endocrine system (i.e., an artificial 
pancreas) should be preferred to manual injection of insulin 
according to the commonly used sliding scale [51].

 Postoperative Nutrition and Early Oral 
Intake

It is well-known that early enteral feeding prevents gastroin-
testinal (GI) atrophy, maintains immunocompetence, and 
preserves the normal gut flora when compared to total paren-
teral nutrition (TPN). Patients who require liver resection 
due to malignancy often suffer from mild-to-severe malnutri-
tion, making them more susceptible to disturbed metabolic 
homeostasis. A first systematic review published in 2006, 
including 5 RCTs, showed that early enteral nutrition after 
liver resection decreased the incidence of postoperative 
 complications compared to parenteral nutrition [52]. 
Subsequently, Lassen et al. underwent a randomized multi-
center trial aiming to investigate whether the routine use of 
normal food at will increases morbidity after major upper 
gastrointestinal surgery. Patients (66 underwent liver resec-
tion) were randomly assigned to a routine of nil-by-mouth 
and enteral tube feeding by needle catheter jejunostomy or 
normal food at will from the first day after major upper GI 
surgery. There was no difference in complications, reopera-
tions, or mortality, but resumption of bowel function was 
faster in the early food group [53]. More recently, Hendry 
et  al. demonstrated the benefits of the routine use of oral 
laxatives combined with oral nutritional supplements in liver 
surgery patients within an enhanced recovery pathway, 
which resulted in an earlier first passage of stool, but the 
overall rate of recovery was unaltered [54]. According to the 
European Society for Clinical Nutrition and Metabolism 
(ESPEN) and American Society for Parenteral and Enteral 
Nutrition (ASPEN) guidelines, postoperative supplemental 
nutrition is only indicated in malnourished patients or in pro-
longed postoperative fasting (>5 days) such as when severe 
complications arise [55–57]. It is noteworthy that most stud-

ies suffer from insufficient patient volume as well as hetero-
geneity of the patient populations and nutritional protocols. 
More randomized trials are needed to corroborate those 
findings.

 Postoperative Nasogastric Intubation

The dogma of the routine use of nasogastric tube (NGT) 
decompression after abdominal surgery has been recently 
questioned. Two Cochrane systematic reviews demonstrated 
that prophylactic nasogastric intubation after abdominal sur-
gery should be abandoned in favor of selective use. Increased 
pulmonary complications and longer time to return of bowel 
function were observed in patients with routine nasogastric 
tube [58]. The first large RCT in liver surgery by Pessaux 
et al. (n = 200 patients) confirmed that routine NGT decom-
pression after elective hepatic resection had no advantage 
[59]. Its use was associated with increased risk of pulmonary 
complications (mainly pneumonia). More recently, another 
RCT by Ichida et  al. (n  = 210 patients) demonstrated that 
there are no differences between the NGT and no-NGT 
groups in terms of the overall morbidity, incidence of pulmo-
nary complications, frequency of postoperative vomiting, 
time to first oral intake, or postoperative duration of hospital 
stay [60]. The routine use of NGT decompression in patients 
undergoing elective liver surgery does not appear to be 
advantageous; moreover, it causes significant patient dis-
comfort during the postoperative period and should be then 
avoided. For this item, the level of evidence is high, and it 
has a strong grade of recommendation [10].

 Analgesia

Thoracic epidural analgesia (TEA) is the standard analgesic 
technique in patients undergoing various types of major sur-
gery. The main benefits of this technique are pain control, 
early mobility, improved cardiopulmonary function, 
decreased gastrointestinal symptoms, and reduced risk of 
thromboembolism [61–63]. According to the ERAS guide-
lines, the routine use of TEA cannot be recommended in 
open liver surgery since one recent RCT comparing the role 
of local anesthetic wound infusion catheter plus patient- 
controlled opiate analgesia to standard TEA failed to show a 
superiority of TEA. Wound infusion reduced the length of 
time required to fulfill criteria for hospital discharge [64]. On 
the other hand, a meta-analysis including 4 RCTs (n = 705 
patients) has shown lower pain scores on postoperative day 1 
with epidural but similar outcome compared to local anes-
thetic infiltration via wound catheters [65].

A concern using TEA is the possible prolongation of pro-
thrombin time after hepatectomy, which may delay epidural 
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catheter removal and increase administration of corrective 
blood products [66]. In addition, 10–16% of patients under-
going liver resection develop acute kidney injury (AKI) [67]. 
To reduce intraoperative bleeding during parenchymal tran-
section, liver resections are performed with usually low CVP, 
mainly by perioperative restriction. TEA-associated arterial 
hypotension commonly occurs because of sympathicolysis 
and subsequent peripheral vasodilatation. Combining low 
CVP with TEA-associated hypotension may lower the mean 
arterial pressure even further, which may compromise renal 
blood flow leading to acute kidney injury. Kambakamba 
et  al. have addressed this particular issue in a large study 
including 1153 patients [68]. The authors found that 8% of 
patients developed acute kidney injury after open liver resec-
tion with an increased morbidity and mortality compared to 
patients with no kidney failure. The incidence of AKI was 
significantly higher in the TEA group, particularly after 
major hepatectomy, and TEA remained an independent risk 
factor for AKI in multivariate analysis.

 Conclusion

The value of enhanced recovery pathways has now been 
demonstrated in colorectal surgery; however, there is a need 
to perform more high-quality studies to confirm the benefit 

of ERAS in liver surgery. According to the ERAS liver 
group recommendations, 16 out of the 23 standard items of 
ERAS were studied for liver surgery; however, the quality 
and level of evidence of the studies remain low (Table 56.1) 
[10]. The highest level of evidence (level 1 or 2) was avail-
able for only five items. We have now at least two meta-
analyses confirming that ERAS is a safe and effective 
program in liver surgery. Compared to standard care, ERAS 
program reduces the length of hospital stay and favors ear-
lier bowel movement. Of note, discharged criteria vary 
among studies. Intraoperative and postoperative balanced 
fluid control is a key issue in liver surgery and should be 
monitored closely to prevent fluid overload and weight gain, 
which are two factors strongly associated with postoperative 
complications and prolonged hospital stay. One situation in 
liver surgery that requires particular attention is the pres-
ence of cirrhosis. This situation may affect significantly the 
recovery progress after hepatectomy. To date, only one 
study comparing the ERAS program to traditional care in 
laparoscopic hepatectomy compared preoperative liver 
function or cirrhosis level [69]. This situation specific to 
liver surgery needs to be addressed in future trials on 
ERAS.  Finally, compliance with the new proposed liver 
ERAS protocol should be documented as part of further trial 
to allow benchmarking.

Table 56.1 Summary of ERAS recommendations for each item and the respective level of evidence

ERAS items Summary Evidence level
Grade of 
recommendation

1. Preoperative 
counseling

Patients should receive routine dedicated preoperative counseling and 
education before liver surgery

Moderate Strong

2. Perioperative 
nutrition

Patients at risk (weight loss > 10–15% within 6 months, BMI < 18.5 kg/
m2, and serum albumin < 30 g/l in the absence of liver or renal 
dysfunction) should receive oral nutritional supplements for 7 days prior 
to surgery. For severely malnourished patients (>10% WL), surgery 
should be postponed for at least 2 weeks to improve nutritional status 
and allow patients to gain weight

High Strong

3. Perioperative oral 
immunonutrition

There is limited evidence for the use of IN in liver surgery Low Weak

4. Preoperative fasting 
and preoperative 
carbohydrates load

Preoperative fasting does not need to exceed 6 hours for solids and 
2 hours for liquids. Carbohydrate loading is recommended the evening 
before liver surgery and 2 hours before induction of anesthesia

No preoperative 
fasting more than 
6 hours: moderate
Carbohydrate 
loading: low

No preoperative 
fasting more than 
6 hours: strong
Carbohydrate 
loading: weak

5. Oral bowel 
preparation

Oral MBP is not indicated before liver surgery Low Weak

6. Pre-anesthetic 
medication

Long-acting anxiolytic drugs should be avoided. Short-acting 
anxiolytics may be used to perform regional analgesia prior to the 
induction of anesthesia

Moderate Strong

7. Antithrombotic 
prophylaxis

LMWH or unfragmented heparin reduces the risk of thromboembolic 
complications and should be started 2–12 hours before surgery, 
particularly in major hepatectomy. Intermittent pneumatic compression 
stockings should be added to further decrease this risk

Use of heparin: 
moderate
Use of intermittent 
pneumatic 
compression 
devices: low

Use of heparin: strong
Use of intermittent 
pneumatic 
compression devices: 
weak
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Table 56.1 (continued)

ERAS items Summary Evidence level
Grade of 
recommendation

8. Perioperative 
steroids administration

Steroids (methylprednisolone) may be used before hepatectomy in 
normal liver parenchyma, since it decreases liver injury and 
intraoperative stress, without increasing the risk of complications. 
Steroids should not be given in diabetic patients

Moderate Weak

9. Antimicrobial 
prophylaxis and skin 
preparation

Single-dose intravenous antibiotics should be administered before skin 
incision and less than 1 hour before hepatectomy. Postoperative 
“prophylactic” antibiotics are not recommended
Skin preparation with chlorhexidine 2% is superior to povidone-iodine 
solution

Antimicrobial 
prophylaxis: 
moderate
Skin preparation: 
moderate

Antimicrobial 
prophylaxis: strong
Skin preparation: 
strong

10. Incision The choice of incision is at the surgeon’s discretion. It depends on the 
patient’s abdominal shape and location in the liver of the lesion to be 
resected. Mercedes-type incision should be avoided due to higher 
incisional hernia risk

Moderate Strong

11. Minimally invasive 
approach

LLR can be performed by hepatobiliary surgeons experienced in 
laparoscopic surgery, in particular left lateral sectionectomy and 
resections of lesions located in anterior segments
There is currently no proven advantage of robotic liver resection in 
ERAS. Its use should be reserved for clinical trials

Minimally invasive 
approach: moderate
Robotic surgery: 
low

Minimally invasive 
approach: strong
Robotic surgery:  
weak

12. Prophylactic 
nasogastric intubation

Prophylactic nasogastric intubation increases the risk of pulmonary 
complications after hepatectomy. Its routine use is not indicated

High Strong

13. Prophylactic 
abdominal drainage

The available evidence is nonconclusive, and no recommendation can 
be given for the use of prophylactic drainage or against it after 
hepatectomy

Low Weak

14. Preventing 
intraoperative 
hypothermia

Perioperative normothermia should be maintained during liver resection Moderate Strong

15. Postoperative 
nutrition and early 
oral intake

Most patients can eat normal food at day 1 after liver surgery. 
Postoperative enteral or parenteral feeding should be reserved for 
malnourished patients or those with prolonged fasting due to 
complications (e.g., ileus >5 days, delayed gastric emptying)

Early oral intake: 
moderate
Oral nutritional 
supplements: 
moderate
No routine 
postoperative 
artificial nutrition: 
high

Early oral intake: 
strong
Oral nutritional 
supplements: weak
No routine 
postoperative artificial 
nutrition: strong

16. Postoperative 
glycemic control

Insulin therapy to maintain normoglycemia is recommended Moderate Strong

17. Prevention of 
delayed gastric 
emptying (DGE)

An omentum flap to cover the cut surface of the liver reduces the risk of 
DGE after left-sided hepatectomy

High Strong

18. Stimulation of 
bowel movement

Stimulation of bowel movement after liver surgery is not indicated High Strong

19. Early mobilization Early mobilization after hepatectomy should be encouraged from the 
morning after the operation until hospital discharge

Low Weak

20. Analgesia Routine TEA cannot be recommended in open liver surgery for ERAS 
patients. Wound infusion catheter or intrathecal opiates can be good 
alternatives combined with multimodal analgesia

Moderate Strong

21. Preventing 
postoperative nausea 
and vomiting (PONV)

Multimodal approach to PONV should be used. Patients should receive 
PONV prophylaxis with two antiemetic drugs

Moderate Strong

22. Fluid management The maintenance of low CVP (below 5 cmH2O) with close monitoring 
during hepatic surgery is advocated. Balanced crystalloid should be 
preferred over 0.9% saline or colloids to maintain intravascular volume 
and avoid hyperchloremic acidosis or renal dysfunction, respectively

Moderate Strong

23. Audit Systematic audit improves compliance and clinical outcome in 
healthcare practice

Moderate Strong

Reprinted with permission from Melloul et al. [10]
BMI body mass index, WL weight loss, IN immunonutrition, MBP mechanical bowel preparation, LMWH low-molecular-weight heparin, LLR 
laparoscopic liver resection, TEA thoracic epidural analgesia, CVP central venous pressure
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Pancreatic Surgery

Linn S. Nymo and Kristoffer Lassen

 Introduction

 Pancreatic Surgery in the Age of ERAS

Elective pancreatic surgery can be one of two types: a pancre-
atoduodenectomy (PD, Whipple’s resection) or a distal pan-
creatic resection (DP, left-sided, subtotal, or tail resection). 
Apart from the fact that both are pancreatic resections, the 
two procedures have little in common. PDs are complex pro-
cedures resulting in at least three anastomoses and a resection 
also of the duodenum. DPs result in a cut end of the left part 
of the gland, but no anastomosis and no intestinal resection.

From the first years of enhanced recovery after surgery 
(ERAS), the main challenge for dissemination of modern 
protocols was the reluctance to stop using the nasogastric 
decompression tube and to allow food at will. This affected 
ERAS development in pancreatic surgery, and the PDs prac-
tice has for almost two decades been a “pocket of resistance” 
to ERAS development. Even well into the present decade, 
this procedure was associated with a high rate of major com-
plications and perioperative mortality [1], a situation that 
spurred a marked conservatism.

The situation is now different. Modern results are improv-
ing with mortality after PD dropped below 3% in high-volume 
centers [2] and rates of reoperations are below 15%. The DPs 
are to an increasing degree performed laparoscopically with a 
marked impact on length of stay [3]. Modern interventional 

radiology offering image-guided percutaneous drainage of 
postoperative accumulations have lowered morbidity and 
reduced the need for reoperations and the use of prophylactic 
wound drains. The first set of ERAS® Society comprehensive 
consensus guidelines for pancreatoduodenectomies were pub-
lished simultaneously in two separate journals in 2012 [4, 5]. 
The overall summary of these guidelines is presented in 
Table 57.1. Many of the recommendations are generic for most 
major abdominal procedures and will not be covered in this 
chapter. Instead, the elements that are specific and/or may dif-
fer from most other guidelines will be discussed. A revised ver-
sion of the 2012 guidelines is expected to be published in 2020.

Meta-analyses have concluded that ERAS protocols reduce 
length of stay following pancreatic surgery [6], and non- 
randomized data also suggest that complication rates are 
reduced [7–9]. It should be noted, however, that benefits of 
ERAS protocols are hard to assess in an unbiased manner. 
ERAS protocols are complex interventions with no obvious 
control group, plagued by cross-contaminations, and not well 
suited for a randomized trial [10]. As an updated ERAS protocol 
will always represent best available knowledge, it is not easy (or 
ethically sound) to perform a direct comparison with other rou-
tines. The jury is still out regarding whether the provision of any 
protocol might well be the pivotal intervention, rather than any 
specific protocol contents [11]. That said, there appears to be a 
clear association between better outcomes and higher adher-
ence to the ERAS protocol items for colorectal surgery [12, 13], 
and a causal relationship could well be suspected.

Many patients will fare well and land safely even without 
any dedicated perioperative protocol. Many of these patients 
have the benefits of being fit at the outset and undergoing sur-
gery of limited magnitude. This implies that they have wide 
safety margins and may be able to cope reasonably well even 
if additional burdens are stacked on them during their stay. A 
pancreatoduodenectomy is a major undertake and in a frail 
and comorbid elderly patient can be challenging, and one 
where attention must be paid to every detail to optimize the 
perioperative journey.
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 Measuring Outcome and Methodological 
Challenges

Functional recovery is rated very highly by patients and pro-
fessionals [14], but not easy to monitor. Hard endpoints, such 
as reoperations and mortality, are important but luckily only 
apply to a minority. Length of stay (LoS) has been criticized 
for not necessarily reflecting functional recovery, but it is 
easy to measure and reflect the use of health services to some 
degree. When LoS is lower than anticipated and transfer 
stays and readmissions are included, it is probably not a poor 
reflection of the patients’ clinical and functional recovery. If 
transfer and readmission stays are added to the index stay, 
this may be analyzed as an “aggregated length of stay” or 
a-LoS [3]. For a large Norwegian cohort of pancreatic sur-
gery patients, this yielded a median a-LoS of 14 days for PD 
patients, 13 days for open distal resections, and 7 days for 
laparoscopic distal resections [15, 16].

The use of R0/R1 resection ratio (microscopic radicality) 
as a surrogate endpoint for oncological outcome [17] is chal-
lenged by the redefined examination routines for pancreatic 
specimens that have seen R1 rates soar to a level where this 
now applies to the majority of cases [18–20]. Randomized 
comparison of laparoscopic and open access are further com-
plicated by the skill-dependent nature of these interventions 
and a marked learning curve, and these features challenge 
internal and external validity of trial results [10].

 Preoperative Nutrition

The prognostic significance of weight loss preceding major 
surgery has been recognized since the 1930s [21]. It is impor-
tant to recognize that body mass index (BMI) in itself is a poor 
marker of malnutrition in pancreatic cancer patients, as obese 

patients often have suffered a greater weight loss and are more 
malnourished than slender patients [22]. Using premorbid self-
reported weight and scaling before surgery, as little as 5% 
weight loss has been shown to be significantly associated with 
an increased rate of complications [23]. Not surprisingly, this 
has spurred a desire to intervene with artificial nutrition in an 
attempt to restore nutritional status before high-risk operations. 
Nutritional interventions (parenterally, enterally, or orally by 
sip feeds) have been widely advocated in patients with signifi-
cant weight loss heading for major surgery [24, 25], and they 
usually result in increased weight. Whether this weight gain 
has any impact on the risk for complications is another issue. 
Importantly, level-A evidence (blinded and randomized trials 
with relevant control groups) showing benefits on meaningful 
clinical outcomes are very few and mostly outdated. Bearing in 
mind that this is an intervention that is well suited for examina-
tion by a double-blinded randomized controlled trial (RCT) 
(the intervention is stable and not skill dependent; i.e., has no 
learning curve [10]), we should accept nothing short of this 
level of evidence. The topic applies to pancreatic surgery in 
particular, as the majority of patients with a pancreatic malig-
nancy have suffered a significant weight loss before they reach 
surgery [26]. To date, it is not proven that preoperative nutri-
tional support reduces complication rates or enhances recovery 
for pancreatic resections or for any other formal gastrointesti-
nal resections for that matter. Interestingly, and importantly, a 
recent evaluation of a series of established screening tools for 
malnutrition showed that none of them had any prognostic abil-
ity for pancreatic surgery patients [27], hence suggesting that 
preoperative weight loss based on patient-reported premorbid 
weight is sufficient for screening.

It is probably prudent to provide nutritional support to 
patients who suffer severe malnutrition; i.e., more than a 
15% weight loss or having a disease-caused BMI drop to 
<18.5 kg/m2 [28]. It may improve their well-being, and one 

Table 57.1 ERAS recommendations for pancreatic surgery

Topic Recommendations Level Grade
Preoperative nutrition Patients should be screened for weight loss preoperatively Moderate Strong

Artificial nutritional intervention is not recommended in the absence of severe 
malnutrition

Moderate Moderate

Immunonutrition is not recommended Strong Strong
Obstructive jaundice and 
preoperative biliary drainage

Routine drainage in uncomplicated jaundice should be avoided for patients 
otherwise eligible for up-front surgery

Strong Strong

When drainage is indicated, covered metallic stents are preferred Moderate Moderate
Minimally invasive 
techniques (MIT)

Advisable for DP Moderate/strong Strong
Implementation of MIT for PD should only be done within trial or registry settings Moderate Strong

Prophylactic intra- abdominal 
drainage

Routine omission is not recommended. A risk-stratified approach is advised Moderate/strong Strong

Nasogastric drainage (NGD) Routine NGD is not necessary and can be placed on demand Moderate Strong
Postoperative diet Oral drinks and food at will from the first day after surgery are recommended. 

Supplements of intravenous fluids should be administered on demand. Sip feeds 
may enhance the caloric and protein intake

Strong Strong

DP distal pancreatic resection, PD pancreatoduodenectomy
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must keep in mind that patients in extreme situations are not 
covered by data from available trials from which these 
groups would normally be excluded. For those with a moder-
ate degree of weight loss, nutrition support preoperatively is 
recommended by the European Society for Clinical Nutrition 
and Metabolism (ESPEN) guidelines of 2006 and 2017, but 
this is primarily deduced from uncontrolled or unblinded tri-
als or focusing on surrogate outcomes [24, 25]. Of the 35 
controlled trials forming the database for the most recent 
ESPEN recommendation [25], none were published later 
than 2004. These ESPEN guidelines also recommended the 
provision of immune-enhancing components (glutamine and 
arginine) to prevent infectious complications [24, 25]. Of a 
large number of studies reporting a benefit of immunonutrition, 
only a small minority are double-blinded, have an isonitrog-
enous control group, and are powered for relevant clinical 
outcomes. High-quality trials from the latest decade recruit-
ing high-risk patients have not demonstrated any benefit 
from immunonutrition [29–31], and this was confirmed by a 
recent meta-analysis [32]. Double-blinded RCTs in pancre-
atic resection patients are lacking and, based on extrapola-
tions from the current evidence pool, should not be attempted 
until we have other agents to evaluate. The ERAS guidelines 
for pancreatic surgery do not recommend artificial nutri-
tional intervention in patients not suffering severe malnutri-
tion, and they do not recommend the use of immunonutrition 
at all [4, 5].

 Obstructive Jaundice and Preoperative 
Biliary Drainage

The proposed negative physiological impact from jaundice 
includes coagulopathy, impairment of renal and cardiac 
function, and susceptibility to hypotension [33]. From an 
ERAS perspective, these are all intuitive subjects to address. 
Traditionally, jaundiced patients have undergone preopera-
tive biliary drainage aiming to prevent acute obstructive 
cholangitis, relieve itching, and reduce postoperative com-
plications. However, the negative physiological effects of 
otherwise uncomplicated jaundice over a limited time period 
are not well documented and probably not large enough to 
justify routine drainage for all [34]. Percutaneous transhe-
patic drainage (PTC) and Endoscopic retrograde Cholangio-
Pancreatography (ERCP) stenting both have potentially 
devastating complications such as hemorrhage, perforation, 
cholangitis, and pancreatitis that can delay or even preclude 
further oncological or surgical treatment. Further, preopera-
tive biliary drainage contaminates and changes the biliary 
microbiome toward a more pathogen-prone spectrum that 
can lead to higher rates of postoperative infectious complica-
tions [35–37]. For patients with obstructive jaundice sched-

uled for pancreatoduodenectomy, there is now a reasonable 
amount of evidence suggesting that routine preoperative bili-
ary drainage, in contradiction to earlier paradigms, leads to a 
higher overall risk of complications, both related to the 
drainage procedure and the pancreatic resection [38–41]. 
The evidence mainly stems from one Dutch RCT [38], but 
also several recent meta- analyses support a selective 
approach to preoperative drainage. It is fair to conclude that 
routine preoperative biliary drainage should be avoided in 
patients otherwise eligible for up-front pancreatic resection, 
even if they are severely jaundiced. If organizational con-
straints alone preclude direct surgery within a week or two 
for jaundiced patients, these issues need to be addressed 
instead.

In case of cholangitis or severe symptomatic jaundice in 
patients where surgery for some reason has to be delayed, 
preoperative drainage will still be indicated. The increasing 
use of neoadjuvant chemotherapy regimens for pancreatic 
cancer with subsequent need of biliary drainage further 
underlines the call for evidence regarding the optimal drain-
age technique. In eligible patients, endoscopic retrograde 
stenting has traditionally been the preferred method over 
percutaneous transhepatic drainage due to high success rates, 
no external drain, and a perception of a lower complication 
burden [42]. However, the superiority of ERCP compared to 
modern PTC techniques is being challenged [43], and they 
could probably be considered reasonably equal today. This 
implies that one may adjust strategy to fit with local availability 
of the one or the other. Self-expanding, fully covered metal-
lic stents should probably be preferred over plastic stents due 
to lower risk of stent-related complications and superior 
patency [44–47].

 Minimally Invasive Techniques in Pancreatic 
Resection

Minimally invasive (MI) techniques—either conventional 
laparoscopy, robot-assisted laparoscopy, or hybrid tech-
niques are evolving in both pancreatoduodenectomy (PD) 
and distal pancreatic resection (DP). They have gained pop-
ularity in the last decade, and indications are currently 
expanding. Both short-term (surgical) and long-term (onco-
logical) outcomes must be considered when assessing these 
methods.

Minimally invasive techniques (mostly totally laparo-
scopic) are widely established for DP [48], including for 
malignant tumors [49]. No published RCTs exist to date, but 
two are underway (the Dutch LEOPARD-1 [50] and the 
Swedish LAPOP trial). Numerous registry-based studies, 
cohort series, and systematic reviews have shown equal or 
superior short-term outcomes after minimally invasive DP 
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[17, 49, 51–54]. MI techniques for DP hold the same 
advantages for the patients as all other MI surgery in terms 
of faster recovery without need for epidural analgesia and 
shorter LoS.  MI technique for distal pancreatectomy is a 
valid and recommendable option in experienced hands.

For PDs, the landscape is significantly more blurred. 
Technically, an open PD is considered a complex major pro-
cedure and a Minimally Invasive PancreatoDuodenectomy 
(MIPD) even more so. Limited MIPD series from expert cen-
ters, including surgery for PDAC or with major vascular 
reconstruction, are currently reported with promising results 
[55, 56]. However, benefits from MI techniques for PD 
beyond a marginally faster recovery are yet to be proved. 
One single-institution RCT [57] and several register-based 
larger cohort studies have shown comparable overall out-
comes compared to open PD but higher postoperative pan-
creatic fistula (POPF) rates after MIPD and higher mortality 
after MIPD in low-volume centers [57–66]. A recent multi-
center RCT (LEOPARD-2) comparing laparoscopic and 
open PD included a pre-study training program but was pre-
maturely terminated due to excess mortality in the MIPD 
arm and did not show superior results for MIPD with regard 
to functional recovery [67]. So far the promising results from 
selected patient series in dedicated high-volume centers have 
not been reproducible on a larger scale. The available data 
suggest that substantial benefits from MI techniques for PD 
remain to be proven and that further exploration should be 
done only within trial or registry settings with comprehen-
sive education programs and in high-volume centers.

 Prophylactic Intra-abdominal Drainage

Prophylactic drainage of the resection field has historically 
been considered standard of care for all pancreatic resec-
tions. The major rationale has been to evacuate accumulated 
fluids such as pancreatic juice, bile, blood, and chyle and 
subsequently avoid infection. In addition, drains have been 
thought to contribute to early and preferably preclinical iden-
tification of pancreatic or biliary leaks and consequently 
serve as a basis of preventive management strategies and 
timely intervention. For distal resections, the formation of a 
pancreatic fistula is almost the only feared major complica-
tion and a common cause of prolonged hospital stay and 
readmission. A drain that produces large volumes of amylase- 
rich content is obviously a well-working contraption. A dry 
drain, however, means either that the patient is doing well or 
that the drain is doing badly. The distinction is frequently 
difficult to make. In the past decades, routine use of prophy-
lactic drains has been challenged. The opponents point to the 
risk of retrograde infection and for PD that closed suction 
drains constitute an unnecessary mechanical stress to the 
anastomosis, which itself may contribute to leak and fistula 
formation. In addition, postoperative drains limit patient 

mobilization and hence violate an ERAS pillar to optimal 
postoperative surgical care. Due to advances in invasive radi-
ology, pancreatic centers now have access to percutaneous 
drainage of accumulations demonstrated on imaging, and 
this has influenced the debate.

The literature covering this field reaches diverging con-
clusions. One RCT (PANDRA trial) allocated patients to 
 drainage or no drainage intraoperatively during PD without 
risk stratification and concluded on inferior outcomes after 
prophylactic drains [68]. However, this trial has been criti-
cized for a high trial-violation rate (drains placed at sur-
geons’ discretion when randomized to no drain), and only 
13% of patients were found eligible for inclusion. Both 
issues raise concerns for the generalizability of the results. 
Another RCT using a similar methodology but with a lower 
rate of protocol violations was halted prematurely due to 
excess mortality in the no-drain group and concluded that the 
routine abandoning of drains increased morbidity and mor-
tality [69]. None of these two trials used a risk-stratified 
approach to the question of drainage, which is probably more 
feasible. A multicenter prospective cohort study from 
McMillan et al. comparing patient cohorts before and after 
implementing a selective drainage protocol based on the fis-
tula risk score (duct size, gland texture, pathology, and intra-
operative hemorrhage [70]) showed that drains can be safely 
omitted in one out of four PDs [2]. This selective approach 
has been supported in other retrospective cohort series [71, 
72] and further confirmed in several meta-analyses and sys-
tematic reviews covering both PD and distal pancreatectomy 
(DP) [73–78].

Whenever a drain is placed, the timing of drain removal 
remains in question. An RCT addressing the optimal timing 
supported early removal at postoperative day 3 for low-risk 
patients [79]. Early drain removal in low-risk resections, 
defined by low concentration of amylase value in drain flu-
ids, is supported by several meta-analyses [73, 75, 80].

In conclusion, avoidance of prophylactic drainage of low- 
risk pancreatic resections is probably safe, but whether a 
short-duration drain is actually detrimental is unclear. 
Conversely, the application of routine drainage after high- 
risk pancreatic resections is recommended. A selective, risk- 
stratified approach seems appropriate. Early drain removal in 
low-risk patients is recommended.

 Nasogastric Drainage

The nasogastric (NG) tube and a nil-by-mouth regimen 
were hallmarks of traditional postoperative care in abdomi-
nal surgery for more than a century. While now mostly abol-
ished as a routine measure, it lingers in some fields of major 
resections with high-risk anastomoses, like those con-
structed after pancreatic head resections. PD patients could 
undergo regimens with nil-by-mouth for days or weeks 
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postoperatively [81]. In PDs, delayed gastric emptying 
(DGE) [82] is relatively common (10–30%), and this prob-
ably also explains the traditional preference for prophylactic 
NG decompression by many surgeons. Over the last decade, 
there has been an increasing recognition that an NG is not 
routinely required and that the problem of DGE has been 
exaggerated [4]. While high-powered trials are not avail-
able, modern meta-analyses and systematic reviews in PD 
patients do not routinely recommend routine use of postop-
erative NG tubes and suggest instead a selective approach 
on demand [4, 83, 84]. In a Norwegian single-center cohort 
of 201 PD patients that left the theater without an NG tube, 
182 had a postoperative course without need for re-laparot-
omy, and 26 (14%) of these had an NG tube reinserted on 
demand [85].

 Postoperative Diet and Artificial Nutrition

It is important to acknowledge that there is a vital distinc-
tion between some terms that have been mixed up in earlier 
trials [86]. Enteral nutrition denotes an artificial way of 
feeding by tube or catheter to the stomach or proximal small 
bowel. This modality bypasses physiological reflexes, as is 
also the case with parenteral nutrition. Both have important 
roles in complicated cases, but should not be used routinely 
in modern protocols. Eating a normal diet is not a mode of 

enteral nutrition but something vastly more important. 
Eating and drinking is the optimal way of providing fluids 
and nutrients but also a process that is volitional and physi-
ological and one that integrates all the physiological reflexes 
that enhance digestion and well-being. Removing the rou-
tine use of NG tubes from care bundles (see above) created 
the possibility for allowing patients to drink and eat a nor-
mal diet from the first day after surgery. The safety and the 
advantages of this strategy are corroborated by meta-ana-
lyzed data and cohort series [83, 84] and advocated by mod-
ern recommendations [4]. One must, however, remember 
that gut function is often reduced in the first few days after 
a PD. A modern and evidence- based strategy is to offer the 
PD patients normal food at will from the first postoperative 
day but at the same time informing them to begin carefully 
and to increase according to tolerance [4, 83, 87]. The 
caloric or protein intake may not necessarily be substantial 
in the first 3–4  days, but this must be viewed against the 
acknowledged risks of artificial tube feeding [84]. Offering 
sip feeds of oral nutritional supplements may increase the 
intake of energy and protein postoperatively, but improved 
outcomes have not been documented. Artificial nutrition by 
enteral or  parenteral catheter should only be used selectively 
in patients who suffer major complications and cannot eat 
normally and in the (few) patients with long-standing gas-
tric retention resistant to repeated attempts at normal food 
and temporary drainage. For these few, an enteral route has 
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traditionally been advocated, but most of the data stem from 
outdated protocols [88].

 Conclusion

Modern enhanced recovery pathways should be implemented 
as standard of care for all major resections—including pan-
creatoduodenectomies (Fig. 57.1). The avoidance of routine 
preoperative biliary drainage, allowing early normal food at 
will, and placing postoperative nasogastric drainage only on 
demand are the most important aspects.
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 Introduction

The enhanced recovery after surgery (ERAS) care model has 
played a significant role in improving surgical care and 
patient recovery over the past 20 years. First introduced as 
fast track to the international perioperative community by 
Dr. Henrik Kehlet in the 1990s, the further development of 
the concept of ERAS has been a positive disruptor of tradi-
tional surgical care of adult patients in most developed coun-
tries, with growing influence in low- to middle-income 
countries [1]. As noted in other chapters throughout this text-
book, ERAS is a patient-centered strategy that encompasses 
the full spectrum of perioperative care, seeking to optimize 
the surgical experience of the patient by consistently provid-
ing high quality, safe, and efficient care. These aims are 
achieved with thoughtful multidisciplinary planning and a 
focus on preoperative, intraoperative, and postoperative opti-
mization. Guidelines generated from the ERAS® Society as 
well as multiple clinical trials in adults have shown benefit in 
colorectal surgery, general surgery, cardiac surgery, gyneco-
logic surgery, orthopedic surgery, and otolaryngology sur-

gery. ERAS pathways have been shown to confer quantitative 
benefits in multiple perioperative metrics such as hospital 
length of stay (LOS), opioid consumption, opioid-related 
adverse events, time to enteral feeding, and early postsurgi-
cal mobility.

Enhanced recovery after surgery is still in its infancy in 
the pediatric surgical specialties. The first pediatric ERAS 
protocols were reported in 2009 by Ure et al., who reported 
that pediatric ERAS was safe and effective for more than 
70% of their scope of general surgery and urologic practice 
in children [2–4]. Parental satisfaction with ERAS was high, 
and postsurgical LOS was decreased as the children safely 
met their discharge goals earlier in the recovery period [5]. 
This initial experience was followed by Mattei et  al. in a 
focused experience, labeled “fast track,” for patients with 
Crohn’s disease undergoing ileocecal resections [6]. As pedi-
atric ERAS became more widely utilized from 2010 to 2019, 
it was apparent that organization of like-minded individuals 
focused on application of ERAS principles to children was 
required. The first World Congress for Pediatric ERAS® was 
held in Richmond, Virginia, in 2018 with the specific aim of 
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organizing a collaborative workgroup of international experts 
interested in improving pediatric perioperative care. The 
pediatric ERAS® component society was formed within the 
auspices of the ERAS® Society (www.erassociety.org). A 
board was elected among members of attendees, and a work-
group was established to establish position statements as 
medical evidence for pediatric ERAS became available.

 Unique Pediatric Considerations

Historically, it often takes several years for major advance-
ments in adult surgical care to be adopted into pediatric care. 
However, it is likely that many of the same benefits conferred 
by ERAS to adult patients can also be obtained in children. 
A major challenge that makes pediatric ERAS particularly 
unique is the wide range of ages and development stages of 
children who present for surgical procedures. Indeed, a pedi-
atric surgeon can perform operations on very-low-birth- 
weight premature infants with congenital heart disease and 
healthy teenager athletes on the same day. Though popula-
tions of children in all stages of development may benefit 
from pediatric ERAS pathways (Fig.  58.1), the individual 
components will vary greatly given the vast differences in 
physiology, energy requirements, pharmacodynamics, and 
psychological maturity. Similar to adult ERAS pathways, a 
highly effective multidisciplinary pediatric ERAS team 

consists of well-aligned surgeons, anesthesiologists, pain 
management physicians, intensive care unit (ICU) physi-
cians, nurses, and advanced practice providers all working in 
synergy to make the pathway successful and sustainable. 
Other healthcare providers such as pediatricians, neonatolo-
gists, pediatric intensivists, pediatric physical therapists, lac-
tation consultants, child psychologists, child life therapists, 
and music therapists are unique members of pediatric peri-
operative teams who may provide useful services in pediatric 
ERAS pathways. A major aspect of ERAS pathways is pre-
operative education, setting expectations, and empowering 
patients to become active participants in their own postsurgi-
cal recovery pathway instead of passive recipients of care. 
Analogously, empowering parents and/or caretakers to par-
ticipate in their child’s recovery process can help promote a 
sense of structure to the child who is likely experiencing con-
fusion, stress, and anxiety in the perioperative period.

Outcome measures that are common to many adult ERAS 
pathways may also be extrapolated to pediatric ERAS, but 
unique pediatric factors must also be considered. Adult and 
pediatric ERAS pathways typically focus on reduced com-
plications, LOS, opioid use, perioperative nausea, surgical 
site infections, and readmission rates. These metrics are just 
as important in pediatric perioperative care as they are in 
adult perioperative care. Certain metrics that are relatively 
straightforward to understand in adult surgical populations 
are much more challenging to quantify in children due to the 
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great variability in patient age and developmental stage as 
noted above. These unique metrics include preoperative 
bowel preparation, surgical nutrition, perioperative fluid 
management, opioid-sparing analgesia, and patient/family 
satisfaction scores. Additionally, better metrics, designed to 
assess the psychological impact of the stress of surgery on 
the child and their caregivers, may be needed to fully assess 
the patient and family experience.

 Perioperative Analgesia

Optimizing perioperative analgesia is an important facet to 
most ERAS pathways. As in adults, the basic goal of periop-
erative analgesia in children is to allow for rapid return to 
baseline functional status. Secondary goals include reducing 
overall opioid analgesic consumption and the risk of progres-
sion to chronic postsurgical pain. Opioids are effective anal-
gesics but are fraught with a myriad of side effects. 
Opioid-induced respiratory depression, pruritis, nausea, 
bowel dysmotility, and somnolence all have the potential to 
prolong or complicate surgical recovery. Many of the adverse 
effects of opioids are more pronounced in children, particu-
larly neonates and children with significant coexisting dis-
ease. The worldwide opioid epidemic, particularly severe in 
the United States, is most widely reported and studied in adult 
populations, but children have certainly not been spared. 
Children become collateral victims of the opioid crisis in a 
number of ways including neonatal exposure, accidental 
ingestion by young children, and intentional ingestion by 
teenagers accessing unused medically prescribed opioids. In 
fact, opioid overprescribing after surgery is one of the most 
important risk factors in the development of opioid misuse in 
older children [7]. In the pediatric urologic population, chil-
dren are prescribed nearly 10 excess doses of opioids, corre-
sponding to 62% of leftover unused opioid after surgery [8]. 
These excess opioids lead to excessive pill burden in com-
munities, which can lead to diversion and/or misuse of these 
analgesics. Teenagers who possess opioids for a period 
greater than 2 weeks have a 50% higher risk of opioid- related 
side effects (often misuse) compared to teenagers who pos-
sess opioids for less than 5 days [9]. Intraoperative and post-
operative use of adjuvant analgesics such as anticonvulsants 
(gabapentin, pregabalin), ketamine, dexmedetomidine, cloni-
dine, acetaminophen, intravenous lidocaine, and nonsteroidal 
anti-inflammatory drugs (NSAIDs) may reduce the overall 
perioperative requirement for opioids in children as in adults. 
Pediatric chronic pain is a poorly recognized clinical entity. 
However, postsurgical pain that persists for 3 months or lon-
ger after a pediatric surgical procedure is reported in 10–50% 
of children, depending on the surgical procedure. The greatest 
risk factor for progression to chronic pediatric postsurgical 
pain is poorly managed acute pediatric postsurgical pain. 
Pediatric ERAS protocols that include robust multimodal 

opioid-sparing strategies are able to reduce all of these risks 
while contributing to rapid return of physical functioning.

Regional anesthesia is a common facet of many adult ERAS 
pathways and may be applicable to pediatric ERAS as well. 
Reduced opioid requirement, fewer opioid-related adverse 
events, and less sedation may all be conferred by regional anes-
thesia techniques. The safety of peripheral nerve blocks, neur-
axial blocks, and truncal blocks in children has been well 
established by several studies originating from the Pediatric 
Regional Anesthesia Network (PRAN). The PRAN is a collec-
tive registry of pediatric regional anesthetic techniques submit-
ted by more than 20 member children’s hospitals. The most 
recent analysis of more than 100,000 pediatric regional anes-
thetic techniques showed a very low risk of complications with 
no reports of permanent neurologic deficits [10]. Other studies 
have confirmed the safety of performing regional anesthesia 
procedures under general anesthesia—a common requirement 
for young children unable to tolerate such procedures awake 
[11]. Regional anesthesia techniques incorporated into pediat-
ric ERAS protocols should be seen as a component of a com-
prehensive multimodal analgesic regimen instead of a sole 
analgesic technique. Indeed, much of the literature surrounding 
the use of regional anesthesia also utilizes other multimodal 
non- opioid analgesic agents including gabapentin, acetamino-
phen, nonsteroidal anti-inflammatory drugs (NSAIDs), and 
ketamine [12]. Epidural catheters and paravertebral catheters 
have been shown to be effective in enhanced recovery for pec-
tus excavatum surgery in children when paired with other intra-
venous (IV) and/or oral opioid-sparing adjuncts [13]. Truncal 
blocks such as transverse abdominis plane (TAP) blocks and 
rectus sheath blocks are important components of pediatric 
ERAS protocols for major urologic reconstructions and other 
pediatric intra-abdominal surgical procedures [14]. Continuous 
truncal catheters have also been placed for regional blockade 
after these surgical procedures. The role of peripheral nerve 
blocks or continuous peripheral nerve catheters has not been 
reported as components of pediatric ERAS protocols. However, 
a robust pediatric pain service that supports a peripheral nerve 
catheter program may allow for transition of a surgical proce-
dure that typically requires overnight inpatient admission for 
pain control to an ambulatory procedure [15, 16]. Though 
regional anesthesia may confer the aforementioned benefits, 
practitioners must be aware that these procedures introduce 
unique risks and additional costs to perioperative care. Like 
other ERAS components, the true benefit of adding regional 
anesthesia to ERAS protocols must be weighed against these 
risks/costs.

 Pediatric General Surgery ERAS

Several studies have evaluated the efficacy of various itera-
tions of ERAS pathways for children undergoing pediatric 
surgery. One retrospective and four prospective cohort 

58 Pediatric Enhanced Recovery After Surgery



574

 studies, evaluating children undergoing gastrointestinal (GI), 
urologic, and thoracic surgeries, were identified for a sys-
tematic review conducted in 2016 [17]. Each study included 
≤6 elements compared to the 20 or more elements recom-
mended by most adult enhanced recovery protocols. Despite 
inconsistent outcomes and no adequate controls, the studies 
suggest appropriately applied ERAS protocols in pediatric 
surgery may decrease LOS and opioid use, with no addi-
tional complications. A national survey of pediatric sur-
geons’ opinions, regarding the applicability of the 21 widely 
accepted ERAS elements to pediatric surgery, was conducted 
through the American Pediatric Surgical Association (APSA) 
[18]. Of ~1052 members, 257 completed the survey (24%). 
Most respondents (n  =  175, 68%) reported being “moder-
ately,” “very,” or “extremely” familiar with ERAS protocols. 
However, only 19% (n = 49) reported “already implement-
ing” an ERAS protocol in their practice. Most respondents 
(67%) reported “already doing” or “definitely willing” to 
implement 14 of the 21 ERAS elements. Ten percent of 
respondents reported being only “somewhat willing,” 
“uncertain,” or “unwilling” to implement the seven remain-
ing elements: avoidance of mechanical bowel preparation, 
avoidance of prolonged perioperative fasting, use of venous 
thromboembolism (VTE) prophylaxis, use of a standardized 
anesthetic protocol, avoidance of routine nasogastric tube 
(NGT) use, use of goal-directed fluid therapy (GDFT), and 
use of insulin to control hyperglycemia [18].

Based on the national survey results, a multidisciplinary, 
expert panel was assembled, representing 11 children’s hos-
pitals from across the United States and including 8 pediatric 
surgeons, 3 pediatric anesthesiologists, 2 pediatric gastroen-
terologists, 2 patient representatives, and 1 nurse practitio-
ner. A modified Delphi process, using the Rand/UCLA 
method, was conducted to review the literature, discuss, and 
reach consensus on the inclusion of the seven controversial 
ERAS protocol elements [19]. Five of seven elements were 
selected for inclusion in the modified pediatric ERAS proto-
col for GI surgery. The two excluded elements were (1) 
avoidance of mechanical bowel preparation prior to surgery 
and (2) the use of insulin to maintain normoglycemia in the 
perioperative period. The final elements of the pediatric sur-
gical ERAS protocol for gastrointestinal surgery are shown 
in Table 58.1.

To assess feasibility of implementing the ERAS protocols 
in pediatric gastrointestinal surgery, as well as its prelimi-
nary effectiveness, a pilot study was conducted using a mul-
tidisciplinary implementation team at a single pediatric 
surgical center [20]. Data were collected from the electronic 
health records of 43 patients in the pre-ERAS period (2012–
2014) and for 36 patients in the post-ERAS period (2015–
2016). Outcomes of interest included number of ERAS 
elements received, median LOS, complications, and 30-day 
readmission. Most pre-ERAS (91%, n = 39) and post-ERAS 
(80%, n  =  31) patients had a diagnosis of inflammatory 
bowel disease, with most surgeries being ileocecal resections 
and colectomies. Key ERAS approaches to pain manage-
ment included using non-opioid analgesics preoperatively, 
employing neuraxial blocks, and coaching patients with 
mental imagery, mindfulness, and breathing exercises. There 
was a steady increase in the number of ERAS elements being 
used, over time, with a simultaneous decrease in LOS from 5 
to 3 days (p = 0.01). In the post-ERAS cohort, decreases in 
median time to regular diet (2  days to 1  day, p  <  0.001), 
median dose of intraoperative opioids (0.452 morphine 
equivalents mg/kg to 0.07 morphine equivalents mg/kg, 
p  <  0.001), median dose of postoperative opioids (0.73 to 
0.07 mg/kg, p = 0.001), and median volume of intraoperative 
fluids (9 to 5.4 mL/kg/h, p ≤ 0.001) were noted. There was a 
trend toward reduced complication rates (21% vs. 17%) and 
30-day readmission rates (23% vs. 11%) in the post-ERAS 
cohort, although statistical significance was not reached. 
Follow-up studies of this same population demonstrated 
decreased opioid prescribing at discharge for these patients 
as well as sustained improvements in the previously reported 
outcomes [21].

These preliminary results suggest that implementation of 
a pediatric-specific ERAS pathway for pediatric abdominal 
surgery is effective, safe, and leads to shorter LOS, reduced 
opioid use, and improved outcomes. Implementation was 
found to be feasible, with strong buy-in, engagement, and 
widespread endorsement of the ERAS pathway by pediatric 
surgeons, gastroenterologists, anesthesiologists, pain man-
agement experts, nurses, and families. Future efforts under 
development include a prospective, multicenter implementa-
tion and effectiveness of ERAS pathways in GI surgery for 
children with inflammatory bowel disease.

Table 58.1 Pediatric surgical enhanced recovery elements for gastrointestinal surgery

Preoperative Intraoperative Postoperative
Patient/family education/engagement
Provider education
Optimize medical comorbidities
Avoid prolonged fasting
Administer non-opioid analgesia

Venous thromboembolism prophylaxis
Pre-incision antibiotic prophylaxis
Standardized anesthetic protocols
Minimally invasive surgical techniques
Prevention of nausea/vomiting
Avoiding nasogastric tubes
Standardized hypothermia prevention

Avoiding intraperitoneal/perianastomotic drains
Goal-directed/near-zero fluid therapy
Avoiding or early removal of urinary drains
Prevention of ileus through gut stimulation
Opioid-sparing pain regimens
Early oral nutrition
Early mobilization
Audit protocol compliance/outcomes
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 Pediatric Urology ERAS

The first pediatric ERAS studies by Reismann included 
several urologic operations, including hypospadias repair, 
pyeloplasty, and nephrectomy [2, 3]. While these early 
studies suggested significant improvements in LOS without 
an increase in complications or readmissions, the authors 
note that during the periods studied, minimum LOS require-
ments were mandated for full reimbursement in Germany 
not necessarily reflective of wider practices. These criti-
cisms notwithstanding, the authors demonstrated value in 
standardization of perioperative care within urology, set-
ting the stage for improved implementations and studies 
within pediatric urology [22].

In 2014, a pediatric ERAS protocol was implemented at a 
tertiary care, free-standing pediatric hospital for patients 
undergoing urologic reconstruction as a prospective pilot 
study [14]. The protocol included 16 total items adapted from 
adult ERAS urology protocols, including elements like preop-
erative carbohydrate drink, avoidance of bowel preparation, 
euvolemia, minimization of opioids intra- and postoperatively, 
and early diet (clears night of surgery, regular diet next day). 
Patients between the ages of 4–18  years undergoing opera-
tions that included a bowel anastomosis (bladder augmenta-
tion and/or creation of a continent catheterizable channel such 
as an ileovesicostomy) were included. No exclusion criteria 
were defined. Thirteen patients were enrolled, and propensity 
matched to 26 recent non-ERAS historical controls (2009–
2014) with no differences seen in baseline variables.

Length of stay fell from median 6 days historically (inter-
quartile range [IQR] 5–7) to 5 days in the ERAS cohort (IQR 
3–6). National mean LOS for these procedures ranges from 7 
to 10 days [23, 24]. The small pilot nature of the study was 
underpowered to show significant differences in LOS. ERAS 
process measures increased significantly from median 8/16 
protocol items historically (IQR 4–9) to 12/16 (IQR 11–12) 
under ERAS. The largest differences were seen in early dis-
continuation of intravenous fluids, achieving opioid-free 
intra- and postoperative analgesia, and early feeding, high-
lighting the importance of these items. Balancing measures of 
emergency department visits, readmissions, and reoperations 
did not increase with ERAS. Importantly, the authors found a 
significant decrease in 90-day complications that went from 
2.1 per patient historically to 1.3 per patient under the ERAS 
protocol (p  =  0.035), demonstrating the potential for stan-
dardization of pediatric perioperative care to minimize varia-
tion from patient to patient and improve outcomes.

One area that continues to pose some difficulty in studying 
pediatric ERAS for urology and all other pediatric surgical 
specialties is the lack of definitions for opioid minimiza-
tion—an important pillar in the ERAS protocol. As part of the 
pilot study above, the threshold to meet the intra- and postop-
erative ERAS process measures was set at zero, not out of 

seeing this as a reasonable outcome but with the goal that the 
multidisciplinary implementation and multimodal pain con-
trol would limit opioids and allow collection of pilot data 
reflecting opioid minimization. In all, only two patients (15%) 
were found to be opioid-free during both the intra- and post-
operative phases of care. The authors determined that thresh-
olds of 0.30 mg/kg IV morphine equivalents intraoperatively 
and 0.15 mg/kg/day IV morphine equivalents postoperatively 
covered 75% of patients in the study. These limits have been 
incorporated into newer protocols accompanied by explicit 
statements that pain should be treated, and patients are writ-
ten for standard doses and frequency of opioid pain medica-
tion as a third-line intervention.

 Neonatal ERAS

Neonatal ERAS represents a significant departure from adult 
and most pediatric ERAS guidelines. While older adolescent 
surgical patients may often be effectively treated with modi-
fied adult ERAS guidelines, neonatal surgical patients 
require a radically different approach. Neonatal surgery 
presents the extreme end of physiologic challenges. Neonatal 
ERAS guidelines need to address the unique physiologic 
needs of newborns including nutritional requirements (with 
competing energy requirements for growth and healing), 
exquisite sensitivity to fluid over- and under-resuscitation, 
temperature instability, and a markedly different immune 
response to surgical stress. Surgical site infections (SSIs) in 
neonates have been reported to be 13.5% in population- 
based studies, which is more than twice that commonly 
reported in adults [25]. SSIs in these infants are associated 
with poor growth, longer hospital stays, need for reopera-
tion, and mortality. The social and communication issues of 
neonatal surgery are also unique, with an important role 
played by the neonatology team and key involvement by par-
ents throughout an infant’s surgical journey.

Despite these dramatic differences, neonates are particu-
larly well-suited to the ERAS approach, and evolving guide-
lines will likely offer tremendous opportunities to improve 
care. Neonatal surgery is characterized by high degrees of 
variability with many areas where best practice remains 
unclear and decisions are influenced by teams of changing 
neonatologists, surgeons, anesthesiologists, and nursing staff 
in addition to parents [26]. Optimizing the use of evidence- 
based care and minimizing variability can and has improved 
outcomes for this population [27, 28].

The development of the first neonatal surgical ERAS pro-
tocols is ongoing, and recommendations will address some 
of the important themes of ERAS while concentrating on the 
unique needs of these patients [29]. Some examples of these 
recommendations include those related to nutrition: the 
importance of early, oral feeding with breast milk, which can 
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improve intestinal immunity, shorten time to feed, and time 
in hospital [30, 31]. Additionally, recommendations for mul-
timodal pain management reflect unique methods of neona-
tal analgesia: the use of caudal anesthetics (effective pain 
relief in appropriate cases with low complication rates) and 
the use of oral sucrose (diminish pain during minor proce-
dures) [32, 33]. The involvement of parents within neonatal 
ERAS will be a key to its success. The process of hospital 
discharge for neonatal surgical patients has been character-
ized by parents as rushed and confusing with inconsistent 
communication [34, 35]. Allowing parents to participate in 
the care of their child and providing opportunities for educa-
tion throughout the hospitalization increases parental knowl-
edge, confidence, and satisfaction. In addition, this approach 
has also been associated with improved infant developmental 
outcomes, increased compliance with well-baby checks, and 
reduced emergency room visits [36–38].

Neonatal surgical care is well-suited to ERAS, although 
the unique needs of these patients require novel approaches. 
As neonatal ERAS guidelines develop, ongoing re- evaluation 
will be required to optimize the effectiveness of these tools.

 Pediatric Orthopedic ERAS

While the official ERAS label has not been adopted to a signifi-
cant degree in the perioperative management of pediatric 
patients undergoing orthopedic surgery, “ERAS-like” or 
enhanced recovery protocols have been developed for some 
surgical procedures. Pediatric orthopedic surgery falls into 
three major categories based on presentation: emergent, urgent, 
and elective. Emergent orthopedic surgery is common in chil-
dren given the relatively high rate of musculoskeletal trauma in 
pediatric populations. However, early efforts to develop and 
implement ERAS principles have taken place in elective sur-
gery such as the adolescent idiopathic scoliosis (AIS) popula-
tion undergoing elective posterior spine fusion.

AIS is the most common skeletal deformity in children 
with approximately 5000 posterior spine fusions performed 
annually in the United States [39]. Historically, length of 
stay for this surgery was 5–7 days. However, in recent years, 
a number of institutions have reported on the implementation 
postoperative protocols designed to improve the quality of 
recovery by reducing dietary restrictions, advocating for 
early ambulation, and implementing multimodal analgesic 
strategies with less focus on preoperative or intraoperative 
management. One retrospective review compared outcomes 
in consecutive patients managed with a “standard pathway” 
or an “accelerated pathway,” which included a preoperative 
education session to prepare patients for the recovery pro-
cess [40]. Postoperatively, the accelerated pathway included 
early transition to a solid diet on postoperative day (POD) 1, 
early removal of the urinary catheter (POD 1) and surgical 
drains (POD 1–2) with physical therapy (PT) mobilization 

on POD 1, and early transition to oral opioids on POD 1 with 
removal of the patient-controlled analgesia (PCA) pump and 
initiation of ketorolac on POD 1. These interventions reduced 
LOS from 4.2 to 2.2 days on average without increased com-
plications. Other investigators, using a quality improvement 
approach, reported on the development of a “rapid recovery 
pathway,” which included similar practice changes postop-
eratively as well as preoperative use of gabapentin and acet-
aminophen, intraoperative methadone, and a multimodal 
analgesic strategy postoperatively [41]. This group also 
reported a reduction in LOS from 5.7 to 4 days and reported 
that pain scores were not worse and possibly better on POD 
0 and 1 despite early PT work. Finally, two investigators 
have reported on the adoption of the American Society of 
Anesthesiology (ASA) model of the Perioperative Surgical 
Home (PSH) in the management of posterior spine fusion 
[42, 43]. Unlike the pathway work described earlier, which 
focused primarily on the postoperative care, PSH models of 
care are designed to standardize the three epochs of care: 
preoperative, intraoperative, and postoperative with the goals 
of streamlining care and reducing variation and cost. As 
such, the PSH model closely mirrors the ERAS model of 
care, but the PSH care models are typically institutional spe-
cific and are not meant to generate evidence-based guide-
lines though evidenced-based practice is certainly a 
foundation of the PSH. Thomson and colleagues reported on 
a PSH model of adolescent posterior spinal fusion that 
resulted in reduced rates of crystalloid administration, 
reduced perioperative transfusion, and reduced LOS [43].

Moving forward, more work needs to be done to develop 
and integrate evidence-based guidelines into an ERAS model 
for pediatric spine care that includes recommendations 
regarding preoperative care and preparation, intraoperative 
management including fluid and blood management, and 
postoperative care [44, 45]. Once established, the pediatric 
spinal fusion ERAS guidelines can serve as a model for the 
development of other pediatric-specific orthopedic guide-
lines, including the management of neuromuscular patients 
undergoing spine fusion or complex lower extremity recon-
struction, patients presenting for complex hip reconstruction 
or preservation surgeries including periacetabular osteotomy, 
and pediatric patients presenting for complex knee surgery 
including anterior cruciate ligament reconstruction. There is 
much enthusiasm for the type of coordinated care that ERAS 
fosters, and, fortunately, much of the groundwork for com-
prehensive procedure-specific guidelines is already in place.

 Conclusion

Pediatric ERAS is currently in the early stages of develop-
ment but has clearly shown benefit in general surgery and 
urology populations, with promising advances being made in 
neonatal and orthopedic surgery specialties. Reductions in 
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perioperative complications, opioid consumption, and length 
of stay are important metrics by which the effectiveness of 
pediatric ERAS pathways may be measured. However, con-
siderable work needs to be done to understand the role of 
components such as bowel preparation, perioperative nutri-
tion, analgesia, and fluid management. ERAS in pediatric 
surgery has tremendous potential to not only improve quan-
tifiable perioperative metrics but to significantly improve the 
surgical experience of children across the world.
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Department-Wide Implementation 
of an Enhanced Recovery Pathway: 
Barriers and Facilitators

Deborah J. Watson and Claudiane Poisson

 Introduction

Enhanced recovery after surgery (ERAS) uses a multimodal 
approach facilitating patients to recover faster from surgery. 
ERAS challenges traditional care and brings a paradigm 
shift toward a modern, evidence-based surgical care delivery. 
After initial success in colorectal surgery, the ERAS concept 
has demonstrated benefits in many other specialties includ-
ing thoracic [1, 2], urologic [3], gynecologic [4], pancreatic 
[5], oral and maxillofacial [6], orthopedic [7], hepatobiliary 
[8], and bariatric surgeries [9]. A care pathway is a valuable 
tool to help guide both staff and patients as what to expect 
during the hospitalization period and beyond. These care 
pathways also help decrease variability, errors, and length of 
hospital stay [10–12]. Vanhaecht [13] defined the term “care 
pathway” as a complex intervention for the mutual decision- 
making and organization of care processes for a well-defined 
group of patients during a well-defined period. Patients who 
adhere to an enhanced recovery pathway (ERP) are less 
likely to develop postoperative complications and be read-
mitted to hospital. They are also more likely to have a shorter 
hospital stay and a faster recovery. The implementation of a 
colorectal ERP has been shown not only to be cost-effective 
for the institution but also for the healthcare system and for 
society in general [14]. Still, the change in practice remains 
slow and can take up to 17 years to bring evidence to the 
bedside [15]. Moving away from conventional practice can 
be challenging and requires us to encompass a multitude of 
elements to integrate within the preoperative, intraoperative, 
and postoperative phases. Developing an ERAS culture in a 
hospital or within a department takes more than written pro-
tocols or guidelines. It takes patience, leadership, passion, 
vision, determination, and at times resilience.

Barriers to implementation of an ERP are perceived differ-
ently by healthcare providers [16]. A lack of support from the 
organization, limited resources, poor leadership skills, and 
resistance to change may hinder its implementation [16–18]. In 
contrast, there are several enabling factors that support imple-
mentation such as having a committed leadership team that 
meets on a regular basis, support from the hospital administra-
tion, and local champions committed to initiate this change 
[19]. Scholars have described their experiences in implement-
ing ERP, offering solutions to decrease barriers while also 
highlighting facilitators [16, 20]. Nonetheless, there is no “one 
size fits all” approach, and selecting and tailoring implementa-
tion strategies linked with barriers of your own institution are 
important. Despite having valuable management strategies and 
key enablers to bring change successfully inside an organiza-
tion, the ideal implementation of an ERP has not been defined 
clearly and requires further study [18, 21].

This chapter identifies best practices that should be consid-
ered while initiating an ERP and provides insights for imple-
menting at a departmental-wide level. It covers a step- by- step 
plan from the creation, implementation, evaluation, and, 
finally, to the sustainability phase. It elaborates on key 
approaches to change management, names strategies to help 
bring change positively in healthcare practices, and identifies 
some common barriers that could hinder the implementation 
process of an ERP within a department. It also recognizes sig-
nificant components that are at the foundation for a successful 
start of an ERAS program. Finally, it highlights the impor-
tance of evaluation so that efforts and resources are not wasted 
and that the processes do not revert to their former status.

 Creating an Enhanced Recovery Pathway

 Obtaining Department Buy-In

Acquiring the staff’s buy-in will facilitate this change initia-
tive. A few components must be considered when introduc-
ing an ERP within a surgical and anesthesiology department. 
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A top-down or a bottom-up management style can both be 
effective. Whereas each has advantages and disadvantages, 
the latter is observed more often in the hospital setting in the 
form of lead physicians who wish to start ERAS practices for 
their patients [22]. Nevertheless, the implementation of an 
ERP will be facilitated if the administration supports the 
change [18]. The upper management and middle manage-
ment need to encourage and approve this quality initiative so 
that at the very minimum the multidisciplinary team has the 
allotted time for regular scheduled meetings to discuss the 
care pathway and plan accordingly. An organization that is 
not open to change and that does not support this initiative 
may interrupt and end the program [18].

Behaviors such as the ability to motivate, communicate, 
and build a team have been linked to predictors of successful 
organizational change [23]. There is less likelihood for a 
change initiative to face resistance if the change is communi-
cated in a well-timed matter [24]. Good communication 
between the leadership team and clinicians facilitates the 
implementation of a new practice change [18]. Frontline 
nurses are the healthcare professionals that spend the most 
time with hospitalized patients, and therefore they should be 
involved in the development and implementation process from 
the beginning. Introducing the evidence-based concepts of 
ERAS, identifying the team members working and supporting 
this change initiative, explaining the potential modifications to 
everyday tasks and responsibilities, clarifying the reasons for 
this departmental change, and the timeframe for the launch 
date are all topics that should be shared with the frontline staff 
from the very beginning. Articulating the vision, giving infor-
mation, listening to frontline staff, and providing plenty of 
opportunities for staff to voice concerns should also be priori-
tized. People who resist change might enumerate barriers, and 
this will be beneficial since these obstacles should be identi-
fied and addressed prior to implementation. Starting a depart-
mental ERP will not be a linear progression process from 
beginning to end; adjustments and revisions are to be expected 
until the processes are fine-tuned and while issues are resolved 
locally. Gathering keen and eager staff to form a working 
group is part of the preliminary phase.

 Creating a Leadership Team

Assembling a cohesive multidisciplinary team to lead the 
ERP should be the first step prior to the implementation [18, 
19, 25]. The notion of teamwork and increasing communica-
tion is fundamental for eliminating fragmented care and 
breaking down the silos within the disciplines of each peri-
operative phases. Discussions between the preoperative, 
intraoperative, and postoperative healthcare providers are 
essential so that all disciplines are aware of how their own 
interventions impact the next phase, including the overall 

patient outcomes. Engaging local opinion leaders—in par-
ticular those who are perceived as trustworthy and influential 
within the department—may also enable this change [26]. 
Each team member needs to advocate for this initiative and 
act as change champion.

At the beginning, members of this core team should meet 
regularly in order to set the momentum, create a sense of 
urgency, and demonstrate that the status quo is no longer 
acceptable [19, 27]. At a minimum, three health disciplines 
should form the leadership team: a nurse, an anesthesiologist, 
and a surgeon [19]. Including a senior manager in the team 
may also help to attain institutional management support [21]. 
In our hospital, a surgeon, an anesthesiologist, a senior nurse 
manager, an ERAS nurse coordinator, a physiotherapist, and a 
nutritionist were at the core of the initial working group. At the 
beginning, we had a clinical epidemiologist involved in the 
team to help with evidence review. Now we have the benefit of 
a librarian to first filter through the abundance of the literature 
on existing guidelines and, second, to look for the best evi-
dence if we are struggling to reach consensus on a specific 
treatment or medication. Other allied health professionals 
such as pharmacists, social workers, occupational therapists, 
and stoma therapy nurses may join the leadership group when 
relevant. Naming a champion, from each healthcare discipline, 
should facilitate the change process [26].

Mapping all care processes and identifying all the people 
involved in perioperative patient care should help determine 
who should receive explanations about the changes prior to 
the launch date so that the patient receives consistent infor-
mation from all hospital workers. In our institutional experi-
ence, we have a core steering committee team responsible 
for implementing pathways across the entire surgical depart-
ment. This core team then works with individual surgeons, 
anesthesiology, and nursing experts for each new pathway. 
This allows us to extrapolate experience to facilitate creation 
of each additional pathway, regardless of specialty or proce-
dure, as there may be overlapping processes. The clinical 
experts are then able to communicate the changes to their 
groups, giving a sense of ownership to the pathway and also 
providing occasions for research and academic opportunities 
for each surgical division.

 Assigning a Care Pathway Coordinator
Appointing a full-time dedicated nurse or healthcare profes-
sional to the creation, implementation, evaluation, and sustain-
ability of the ERAS pathway should be considered—especially 
if the team is creating multiple pathways across multiple disci-
plines at the departmental level [19, 21, 25]. The coordinator 
will provide consistency and experience to expedite develop-
ment and implementation. Excellent communication skills, 
resourcefulness, and creativeness are key attributes of the 
coordinator to get everyone on board with this organizational 
change. The coordinator is also tasked with project 
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 management, including scheduling and organizing meetings, 
writing drafts of the ERAS pathway, communicating between 
the core team and frontline staff, and assuring that all stake-
holders have approved the final order sets [25]. Providing con-
tinuing educational sessions to staff, creating patient 
educational material, applying change management strategies, 
sending reminders, auditing and reporting the results to the 
unit may also be added to the tasks [18, 25]. Ljungqvist et al. 
[19] specified that the coordinator plays a fundamental role 
and “is the engine of the ERAS team.”

 Seeking Patient and Family Involvement
Patient engagement and participation are increasingly recog-
nized as vital components of healthcare quality-improvement 
initiatives. We ask patients to provide specific insights at 
important points of the development process. This includes 
the pre-implementation meeting to review the final drafts of 
the order set and a post-implementation meeting to share 
their experiences while they were hospitalized. Obtaining 
positive and negative information regarding a patient’s surgi-
cal journey when following ERAS can be a very enriching 
experience for both the patients and the leadership team. 
Patients may feel empowered to share their experiences. 
Meanwhile, the leadership team may feel encouraged to hear 
the positive experiences from patients, but, on the other 
hand, aim to continue improving the actual processes where 
needed. Patients and families may have different beliefs and 
expectations about what is considered excellent healthcare. 
For example, the benefits of a short hospital stay may not 
always be well perceived by patients [28]. Diverse cultures 
and previous experiences may influence acceptance of a 
change process [26]. Increasing patient engagement and 
seeking a patient and family partnership so that a more active 
role is taken toward recovery are worthwhile goals.

 Developing Content

Gathering baseline data regarding the most prevalent surgeries, 
the length of hospital stay, complications, and readmissions 
will help the leadership team identify surgical procedures that 
may particularly benefit from implementation of 
ERAS. Subsequently, the team must decide whether existing 
literature should be used to build the care pathway from scratch 
or whether a pre-existing pathway could be adapted to their 
local environment. The ERAS® Society and other organiza-
tions—the American Society of Colon and Rectal Surgeons 
(ASCRS) and the Society of American Gastrointestinal 
Endoscopic Surgeons (SAGES)—offer guidelines for various 
surgeries [29] that can direct the team on the content to be pre-
scribed and may be adapted to one’s institution. Bringing 
change in an organization will be facilitated and face less resis-
tance if the change is supported by evidence [26].

The ERAS® Society cites 24 perioperative elements that 
implemented together have a synergic effect that impacts 
surgical outcomes [19]. While some are specific to a surgical 
procedure, many similarities exist between various proce-
dures, and having a single steering committee and coordina-
tor facilitates operationalizing these pathway elements. 
Integrating these elements within the care pathway is an 
important action toward introducing the changes in practice. 
Different institutions may approach each element differently, 
depending on their resources and experience. Reviewing 
examples of different order sets from different institutions 
may help teams design their own pathways [30].

Writing a draft of the content and integrating it into the 
hospital’s templates and electronic medical record program 
facilitate usage of the order set. We avoid creating order sets 
that include a list of optional checkboxes as we aim to 
decrease variability. Providing additional space to add spe-
cific orders if needed allows for flexibility.

Once all stakeholders have approved the content, writing 
the patient educational material may be started so that it can 
be launched simultaneously with ERAS. The first ERAS ele-
ment included in the preoperative phase is pre-admission 
counseling. If we want patients to participate in their care, 
we must first ensure that patients and their families under-
stand how they can play a more active role in their recovery. 
The preoperative information, started at the surgeon’s office 
and reinforced by preoperative nurses, needs to explain the 
surgery and address how to prepare for surgery and what to 
expect after the surgery. Verbal explanation should be rein-
forced with written content by referring patients to either 
comprehensive websites or/and providing patients with 
printed material. The patient education material represents 
the care pathway written in a format understandable to 
patients. The content should be written in plain language, 
avoiding the usage of acronyms or medical jargon. Using 
health literacy universal precaution practices by simplifying 
information will ensure that all patients, regardless of their 
literacy levels, will understand the conveyed messages [31]. 
Adding meaningful images may help patients better under-
stand the content [32]. Leaving plenty of white space and 
writing short sentences in point form may also encourage 
patients to read the instructions [33, 34]. Once all the con-
tent, including the order set and the patient education mate-
rial, is finalized, determining an implementation action plan 
including identification of barriers is the next step.

 Identifying Potential Barriers

ERAS and all the changes they bring in daily practice can 
meet different barriers, especially at the beginning of the 
implementation [35]. Barriers to a change initiative are mul-
tifactorial and are regrouped under three distinct categories: 
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(1) patients and their families, (2) clinicians, and (3) health-
care organizations [26].

Patient characteristics can be a barrier to implementation, 
such as low socioeconomic status, comorbidities, age, and 
non-compliancy with their treatment [17, 18]. In their quali-
tative study, Lyon et al. [28] highlighted that patient expecta-
tion to care was a barrier to ERP implementation. When 
patients had unrealistic expectations with the postoperative 
care, it became difficult for them to comply with certain ele-
ments such as mobilization and nutrition. In addition, 
patients receiving inadequate perioperative information as to 
what to expect during and after surgery was also cited as a 
barrier [17]. These patients indicated unexpected difficulties 
at home after surgery that could have been resolved with 
adequate patient education. Caregivers need to communicate 
and reinforce the same information to patients consistently. 
More importantly, staff should familiarize themselves with 
various teaching methods to increase patient knowledge and 
understanding and use a plain language approach during 
patient education [33, 34]. For hospitalized patients, knowl-
edge of their daily goals and schedule for the day is impor-
tant [36]. Our patient education material describes milestones 
for each day for nutrition, mobilization, pain, and drains, as 
well as the target discharge date. White boards in each room 
are used to emphasize these goals to the team and increase 
communication between patients and their families and the 
healthcare team.

Attitude, behaviors, and knowledge from healthcare pro-
viders also may be a barrier to effective functioning of the 
ERAS program [17, 18, 20, 28]. Senior clinicians were found 
to be more resistant to ERP guidelines than junior staff [28]. 
Yet, younger clinicians were less familiar with the care path-
way concepts and less likely to follow the postoperative 
guidelines [37, 38]. Pathways may be perceived as being too 
rigid, overly prescriptive, “cookbook medicine” leaving no 
room for critical thinking and threatening autonomy [10, 
17]. Alawadi et al. [17] also mentioned that healthcare pro-
fessionals were resistant to change because ERP modified 
their habits and work routine. Providing education to increase 
staff knowledge may reduce resistance to this change prac-
tice [18]. Siloed communication between the different stake-
holders, clinicians, and staff can be a major difficulty and 
impact the process [17, 18, 20].

Rotating resident physicians may be a barrier if they are 
not informed of the departmental ERP when they start a new 
rotation [16, 17]. Resident physicians need to receive the nec-
essary training to become familiar with the ERP and how to 
prescribe the various components to ensure that the process 
flows well. Engaging the residents is a worthwhile investment 
as they are the future surgeons and anesthesiologists that will 
carry the concept of ERAS over to the next generation. We 
provide an annual informative session to first- and second-
year resident physicians that include the evidence-based prin-
ciples of ERAS, the processes established in our hospital, the 

outcomes of our program, and the health literacy concept. 
Identifying an ERAS resident champion has also been men-
tioned to help engagement and promote the program among 
their peers [39].

Finally, organizational factors can be barriers to imple-
menting an ERP. Lack of material and financial resources, 
recurrent staff turnover along with a deficit in human 
resources can impact the consistency of the practice and 
implementation [17, 19, 20, 28]. The lack of weekend staff-
ing of stoma therapy nurses may also create a bottleneck for 
stoma patients needing support and teaching prior to going 
home. Stone et al. [18] defined the organizational culture as 
the values and norms that may impede a successful imple-
mentation of an ERAS program. Once all barriers have been 
recognized and decreased or eliminated, planning the rollout 
follows.

 Implementing an Enhanced Recovery 
Pathway

 Moving into Action

Successful implementation of ERAS can be challenging to 
achieve because of the many healthcare professionals 
involved in perioperative interventions [18]. Despite having 
strong evidence supporting each ERAS element, adherence 
in daily practice can be difficult [35]. Knowledge transfer 
frameworks and implementation programs can be used as 
references to guide this change initiative and to ease the 
implementation. After all stakeholders have approved the 
order set as well as the patient education booklet, there may 
be an institutional process to revise the documents to meet 
hospital standards. Following this approval, a launch date 
can be established. A summary of our current implementa-
tion process is provided in Table 59.1. Before moving into 
action with the implementation, several activities need to be 
coordinated. A detailed plan should describe actions to meet 
targeted objectives: when, with whom, and how ERAS will 
be communicated and which resources will be needed. In our 
institution, the moving-into-action plan provides a timeline 
with specific and accountable actions and describes how and 
to whom the ERAS program will be disseminated among the 
different perioperative departments. The upcoming imple-
mentation is communicated by the coordinator to a wide 
audience: nurses, surgeons, residents, anesthesiologists, 
 clerical staff, and other healthcare professionals who will be 
affected by the care pathway.

 Communicating and Training 
the Perioperative Teams
To increase the success of the new practice change in the 
department, the coordinator needs to select different imple-
mentation strategies. A few weeks prior to implementation, a 

D. J. Watson and C. Poisson



585

reminder should be sent to all stakeholders announcing the 
launch date and including a step-by-step plan of the new pro-
cess. Reminders can be in paper or electronic formats such as 
posters in patients’ charts or on department communication 
boards or as computer reminder alerts [26]. Several publica-
tions report that the most frequent facilitator of ERAS imple-
mentation is ongoing education to clinicians [17–19, 21, 28, 
35]. Prior to the launch date, seminars should be offered to 
nurses, resident physicians, surgeons, and anesthesiologists 
to explain the order set and to overview the patient education 
material. These teaching sessions can take place in different 
formats such as face-to-face or e-learning platforms. The 
goals of educational sessions are to increase clinicians’ 
knowledge, influence their perceptions, and subsequently to 
improve patient outcomes [26]. They can take place during 
orientation of new clinicians, weekly department meetings, 
department in-services, or ERAS workshops.

Clear communication across perioperative departments 
is critical to ensure an effective implementation. Arroyo 
et al. [40] reported practice change in larger hospitals was 
more complex and slower than in smaller hospitals. Alawadi 
et al. [17] supported this finding by stating that implement-
ing ERAS in a small hospital structure is a facilitator 
because clinicians know each other, and communication 
is  easier. On the other hand, ERAS pathways have been 
 successfully implemented across a wide variety of hospital 
types and sizes [41]. Institutions putting in place ERAS 
guidelines for the first time might find it advantageous to 

implement at a smaller scale as a pilot project before apply-
ing it at a larger scale as the hospital standard of care. 
Demonstrating efficient preliminary results may help 
increase buy-in from healthcare clinicians and administra-
tion [42]. We collected and presented data on the impact of 
the earliest care pathways on outcomes including hospital 
stay to the surgical mission leadership group, which 
resulted in their investment in the resources needed to sus-
tain and expand the program. Today, we have implemented 
more than 20 ERAS protocols in all the divisions of the 
department.

Team champions need to play an active role in the imple-
mentation by being a resource for other staff in their environ-
ment [26]. They are seen as facilitators and should engage 
frontline clinicians by using different activities, such as rec-
ognizing the importance of change, finding solutions to 
problems, and providing support to staff [26]. Other allied 
health professionals such as clinical nurse educators, whose 
main role is to educate frontline nurses on evidence-based 
practice, can support the adoption of the new practice and 
influence nurses to endorse the use of the care pathway. 
Nursing staff play a key role on surgical wards and a success-
ful ERAS implementation depends on their acceptance of 
the new care pathway as well as the collaboration with anes-
thesiologists and surgeons [43]. On the implementation day 
and the following weeks, the coordinator should visit the 
departments implicated with this practice change to ensure 
pathway compliance, to support users in the transition by 
answering their questions, and to coordinate between periop-
erative departments.

 Evaluating an Enhanced Recovery Pathway

Evaluation of care processes and outcomes is a key compo-
nent of ERAS. This should begin prior to development of 
ERAS in order to have a comparison. Monitoring the prac-
tice change by evaluating the adherence with care processes 
examines if clinicians and patients are carrying out what is 
written in the order set, rather than solely tracking out-
comes that provide the consequences or the final results. In 
the knowledge-to-action framework, Graham et  al. [44] 
underline the importance of monitoring how a new inter-
vention is being used by the adopter group. If the new inter-
vention is not adopted as expected, knowing the reasons is 
useful to improve and to revise the implementation process. 
Audits need to be performed to evaluate compliancy with 
the ERAS elements. Patients’ surgical outcomes improved 
when there was better compliance with the ERAS elements 
[45, 46]. Findings indicate patients had less postoperative 
complications, lower risk of postoperative symptoms that 
delayed discharges, and a higher tendency to meet the tar-
geted length of stay [45]. Readmission rate, length of hos-
pitalization stay, mobilization after surgery, complications, 

Table 59.1 Summary of steps and actions to be taken when imple-
menting a department-wide enhanced recovery pathway (ERP)

Steps Actions
Creating an 
ERP

Obtain department buy-in
Assemble an ERP multidisciplinary team
Assign an ERP coordinator
Gather preliminary surgical data
Search for best evidence
Develop content with surgical team specialists
Seek patient engagement
Approval of content with ERP core team
Identify potential barriers
Approval of content within institutions’ committees

Implementing 
an ERP

Plan a launch date for implementation
Communicate launch date with key stakeholders
Educate nurses, resident physicians, surgeons, 
anesthesiologists
Identify team champion
Remind stakeholders of launch date
Launch ERP

Evaluating an 
ERP

Audit ERP elements compliance
Collect data on surgical outcomes and evaluate 
patient education material

Sustaining an 
ERP

Organize a postlaunch meeting with surgical team 
specialists and ERP core team to present audit results
Revise and modify content based on audit results and 
champions’ feedback
Provide ongoing ERP education with clinicians
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resuming of normal diet, continuous protocol compliance, 
readiness for discharge, and patient-reported outcomes are 
the minimum numbers of elements that should be audited 
during hospitalization [21]. Although enumerating all of 
the outcomes that should be reported is beyond the scope of 
this chapter, patient-reported outcomes after discharge 
should perhaps also be audited to understand better when 
patients recover and ascertain the long-term benefits of 
patients enrolled in an ERAS program [47].

Contrary to common beliefs, Hubner et al. [43] found that 
nursing workload decreased when implementing a colorectal 
ERAS program. Their results showed that when there was an 
increased compliance to ERAS protocol, a decrease in nurs-
ing workload was observed. They suggested investing in a 
rigorous patient preparation regarding mobilization and 
nutrition as these impact the nursing workload. Eliciting 
feedback from patients’ hospitalization experience could 
highlight factors impacting the process [17]. Patients can 
provide feedback about the preoperative education received. 
In our institution, following a care pathway launch, patient 
education materials are evaluated using a questionnaire so 
that we can monitor the patients’ compliance on their usage 
and understanding of the content. Depending on the patients’ 
feedbacks, the educational material is modified to incorpo-
rate their needs.

Besides auditing, other evaluation strategies can be 
planned. Feedback can be collected from clinicians through 
focus groups, post-implementation interviews, or question-
naires to understand clinicians’ perceptions, team dynamics, 
and other issues occurring since the implementation [26, 48]. 
When questioned, most clinicians favored audits since it 
increased awareness of the improvements and then provided 
an opportunity to express themselves on the new interven-
tions and to indicate any changes that might be required [49]. 
For example, our audit found a very low adherence with pro-
tein drinks. An organizational barrier surfaced upon inter-
viewing the frontline nurses. They explained that when 
patients were transferred late to the ward, the diet orders did 
not get carried until the next day. We solved this issue by 
keeping protein drinks in the ward’s refrigerator.

Collecting data from patients’ charts is resource intensive 
and can also be challenging because of the lack of documenta-
tion, missing information, and even incomprehensive hand-
writing. Moreover, the integration of software may prove 
demanding as data may come from various sources and the 
capabilities to combine data together are inadequate. Few 
organizations have the capabilities of integrating different 
software to give one clear report [50]. Despite a relative high 
compliance in the early phase of the implementation, the 
 compliance can decline rapidly without providing regular 
results on the effectiveness of the ERAS program [19, 35]. 
Auditing on a regular basis to evaluate if the outcomes are met, 

to assess if there is any discrepancy between the written proto-
cols and the practice, and setting new goals for improvement 
will give the opportunity to upgrade the care pathway [49]. We 
have had a variety of data management and reporting solutions 
throughout the 10 years of our ERAS program. A simple Excel 
spreadsheet was first used to collect if the targeted discharged 
dates were attained and the reasons for not meeting these 
dates. To obtain a more comprehensive view, we used the 
ERAS(R) Interactive Audit System for several years, but in 
our high-volume center, this required a full-time auditor. The 
National Surgical Quality Improvement Program has a variety 
of enhanced recovery care process and outcome variables that 
can be used in participating centers [41].

 Sustaining an Established Enhanced Recovery 
Pathway

The last phase closely related to the evaluation is the sustain-
ability. Putting in place a constant review and feedback 
mechanism will help to sustain the ERAS program [19]. 
Major new projects often fail in the long run without ever 
achieving any significant results because no sustainability 
actions were initiated [51]. Parsons et al. [52] cited that “the 
sustainability is achieved when a process or outcome, at a 
minimum of a year later, has not returned to its former sta-
tus….” Several factors facilitate the sustainability of a proj-
ect, such as having strong organizational leadership who 
plans strategies to continue the change process [52]. Having 
a champion such as the ERAS coordinator will indicate that 
the change remains a critical priority for the organization and 
leadership team. In general, the role of ERAS champions is 
seen more informally, they are known locally in their depart-
ments, and they address practice gaps with the users [53]. 
Champions reported a sense of satisfaction when clinicians 
followed the colorectal ERAS protocol, and the elements 
were embedded in the practice [53].

Providing data reports allows clinicians to comprehend 
accurate results of their efforts and may increase sustainabil-
ity [53]. The data reports need to be simple to understand, 
meaningful, and aligned with the ERAS goals. Champions 
found that sharing data reports helped to overcome skepti-
cism and resistance [53]. The feedback to staff may take 
place during lunch and learns, reports, quick huddles, in- 
services, and meetings. Providing frequent and clear infor-
mation and being transparent about the data will support the 
change [51]. Celebrating quick wins is vital to sustain users’ 
motivation and keep going with the change [54]. The best 
short-term wins are those that are visible, positive, and align 
with the vision [55]. Achieving daily mobilization goals, 
 discharging patients on targeted days, and increasing 
patients’ satisfaction are examples of outcomes leading to 
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celebrations. Recognizing and perhaps even rewarding clini-
cians or teams who make those victories possible may also 
help in the sustainability, acceptance, and commitment of a 
change initiative [52].

It can be recommended that a few months after the imple-
mentation, all stakeholders meet to discuss the preliminary 
audit results. Patients’ perspectives and data collections help 
guide the team to decide what needs to be modified in the 
care pathway. At the beginning of each year, the yearly 
ERAS objectives to be achieved can be communicated to the 
core team. During this meeting, a revision of the previous 
year’s objectives is also presented along with underlying 
achievements, impending results, and ongoing improve-
ments. Based on institutional policies and in light of new 
evidence, the multidisciplinary team should establish the fre-
quency of revision to ensure best practices. Maintaining 
regular meetings with the ERAS multidisciplinary team will 
ensure engagement and motivation [18, 19]. Continuous 
feedback using audits, sending reminders, providing educa-
tion sessions in small groups, and retaining a coordinator are 
all strategies to maintain the sustainability and effectiveness 
[19]. Sustainability is achieved when ERAS becomes the 
standard of care and is perceived as the norm in everyday 
practice [53, 56].

 Conclusion

Implementing ERAS in a department requires planning, 
excellent communication skills, strong leadership, deter-
mination, and resources. Several facilitators and barriers 
are present throughout the creation, implementation, and 
sustainability. Disparity in surgical care is common, and 
the causes are multifactorial. This chapter has provided an 
overview of the different steps and change management 
strategies that may help in applying ERAS within a surgi-
cal department. It can also guide first-time users or to sup-
port organizations that wish to expand their ERAS 
program.
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 Introduction

The enhanced recovery after surgery (ERAS®) program is an 
evidence-based protocol for the perioperative care of the 
patient undergoing major surgery developed by the ERAS® 
Society. This and similar enhanced recovery programs have 
been implemented in many surgical departments across a 
wide variety of specialties with varying degrees of success. 
ERAS® is a new way of working that is based on an evidence- 
based multimodal care program. ERAS has repeatedly dem-
onstrated a reduction in length of hospital stay and a reduction 
in postoperative complications following elective surgery, 
which is clearly an attractive concept both for healthcare pro-
viders and for individual patients (see Chapters 40 through 58 
for different specialties). However, despite the extensive and 
positive evidence base, the current literature highlights sev-
eral potential barriers to ERAS implementation.

 The Complexity of Perioperative Care

Because the evidence in the literature clearly shows that 
there are a multitude of choices along the patient’s journey 
that can make a difference for the outcomes, they all need to 
be employed simultaneously. Some of the care elements 
involve preparation of the patient with medical, nutritional, 
and other preparative elements. Others involve the anesthesia 
and the choice of surgical technique, and others still involve 

the postoperative care where nursing becomes an absolute 
key aspect. Given this complexity of care elements, the mul-
titude of medical decision-makers, and the large number and 
diversity of medical professionals involved, and not forget-
ting all the different locations where these care elements are 
provided, it is obvious that it is not an easy task to implement 
the perfect perioperative ERAS protocol.

Compliance to the ERAS elements has been reviewed 
throughout the literature [1], and it is clear that challenges 
still exist with various components of the ERAS® guidelines. 
Many of them are in the postoperative phase. One such ele-
ment is early mobilization. Despite this activity being a cor-
nerstone of postoperative nursing care, achieving dynamic 
mobilization (i.e., walking) can be particularly challenging 
to achieve for a variety of reasons, such as ward organiza-
tion, advanced age, emergency surgery, traditional care, etc. 
Interestingly, emerging evidence shows that early mobiliza-
tion may be one of the most important elements indicating 
successful and rapid recovery after surgery in ERAS [2].

Henrik Kehlet and the ERAS® Society have published 
numerous papers on ERAS and its forerunner fast-track sur-
gery principles since the 1990s. In one of Kehlet’s articles 
from 2008 [3], he described what he believed to be the key 
barriers to implementation, and these barriers resonated with 
many teams around the world:

• A lack of multidisciplinary collaboration (between sur-
geons, anesthetists, and surgical nurses)

• A lack of awareness of evidence-based data
• Failure to accept the published data
• A need for more data
• A lack of belief or buy-in from the institution
• External barriers such as time limitation and unavailabil-

ity of outcome data
• Environmental barriers such as insufficient staff support 

and expertise

Professor Kehlet published once again in 2018 [4] and 
confirms that he is still “puzzled” as to why ERAS is still 
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proving difficult to implement and sustain. He suggests that 
the main reasons for this are:

• Lack of knowledge
• Lack of acceptance
• Lack of ability
• Lack of wish to change
• Lack of clinical leadership

Tanious et al. [5] suggested that barriers to ERAS imple-
mentation can be split into five key components with several 
underlying issues contributing, again highlighting the com-
plexity of the care process (Table 60.1).

Many teams and departments have attempted to imple-
ment ERAS programs over the last two decades—some of 
which have been successful but many have failed to sustain 
the program [6]. It is clear that a solid and rigorous structure 
must be in place, and support from the hospital management 
team should be sought to provide the support required to 
ensure that the dedicated team is able to successfully imple-
ment ERAS.

In the United Kingdom, the Department of Health com-
missioned the Enhanced Recovery Partnership Programme 
(ERPP) to support the National Health Service (NHS) in 
introducing the principles presented by the ERAS group [7]. 
Several leading units with well-functioning enhanced recov-
ery programs were engaged to teach others across the coun-
try during lectures and training sessions. Protocols of the 
care elements were distributed, and an audit system was 
employed to follow changes in practice and outcomes. The 
program was ambitious by involving not only colorectal sur-
gery, which had been the starting point for ERAS, but also 
major urology, gynecology, and orthopedics. The results of 
this large effort were positive, with approximately 1-day 
reduction in hospital stay for most of the protocols. 
Unfortunately, this government program was stopped after a 
few years, so it is difficult to assess the sustainability of this 
program.

Another approach was taken in the Netherlands, where 
members of the ERAS Study group joined forces with 
Central Accompagnement Organization (CBO—the Dutch 
Institute for Health Care Improvement) to run a series of 
implementation programs [8]. These programs in colonic 
resections proved to be even more successful, with an aver-
age reduction in stay by 3 days. A major difference between 
the two programs was the introduction of professional coach-
ing of the ERAS teams that were installed in each of the units 
under training. These teams were trained to institute changes 
according to a structured breakthrough methodology. Again, 
however, the program was not followed up in any orderly 
manner and a few years later showed that a majority of the 
units had fallen back in their compliance with the protocol 
and showed a longer length of stay. This occurred despite the 
introduction of minimally invasive surgical techniques dur-
ing that time, which would be assumed to have resulted in a 
further reduction in stay. From these and other experiences 
also from North America [9–11], it is clear that several of the 
hurdles of implementation can be overcome once they are 
identified and addressed properly.

 ERAS® Implementation Program (EIP)

The pioneering groups in protocols implementation have 
shown how difficult it is to implement a protocol and main-
tain the results in a long-term work [12]. The success and 
sustainability of a program such as ERAS depends on how 
it has been implemented in surgical departments [2]. The 
purpose of the ERAS® Implementation Program (EIP) is to 
give the participants theoretical as well as practical knowl-
edge on how to implement and sustain work using ERAS 
principles.

In order to describe the EIP, the topic will be separated 
into several key areas for consideration.

Table 60.1 Barriers to implementation of ERAS

Institutional 
component Barrier description
Patient Personal perspective on care factors such as 

readiness for discharge
Large informational content per visit
Lack of preoperative information
Limited medical literacy

Medical professionals:
  Physicians Resistance to change in practices

Inadequate understanding, training, or support 
to undertake ERAS
Perspective of successful outcomes, ERAS 
compliance without data support
Variable attending-to-attending use of ERAS 
elements

  Residents/house 
staff

Rapid turnover of residents on service
Sporadic exposure to ERAS protocol lectures 
and inpatient practice

  Nurses Insufficient orientation to role in ERAS 
protocol
Resistance to change in practices
High patient-to-nurse ratios
Rapid turnover of nurses
Lack of knowledge regarding ERAS
Insufficient ERAS education in colleges/
universities

  Hospital Unavailability of funding for implementation
Non-identifiable ERAS leadership, no local 
champion
Suboptimal electronic medical record, lack of 
streamlined order sets
Lack of formal implementation process 
adoption
Absence of data collection, auditing system 
with continuous feedback

Adapted with permission from Tanious et al. [5]
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 Framework and Contents of the ERAS® Society 
Implementation Program

The ERAS® Society Implementation Program (EIP) is run 
over a series of four seminars where several hospitals send 
multidisciplinary and multiprofessional teams for training. 
One of the keys to a successful EIP is in the structure and 
progressiveness of the implementation in the different sem-
inars and the expertise of the coaches that are available to 
assist throughout the entire process. The ERAS® Society 
program consists of four training seminars (three of them 
face-to-face with all teams meeting up and one as an online 
reporting seminar with all teams) and three action periods 
that take place between each seminar (Fig. 60.1). An EIP is 
approximately 8 to 10 months in duration. During the EIP, 
ERAS® Society appointed clinical experts support the 
ERAS novice team in training. The overarching goal for the 
teams is to learn how to make changes and to work with 
audit to control the changes and their care processes and 
outcomes.

 Philosophy and Background of ERAS
The ERAS team learns about the importance of working as a 
team around the patient and the role of the treatments and 
their interactions that build the ERAS concept. It is the basic 
understanding that each profession and each element has a 
role to play, what it is, and how it impacts and fits the overall 
care process. This is how ERAS helps each professional to 
improve the quality of their own care. This knowledge is 
taught to the teams, and they use these insights to implement 
evidence-based practice and to educate patients and staff. 
The ERAS team also analyzes all the care data and monitors 
processes and results using the ERAS® Interactive Audit 
System. During the training, the teams will experience the 
value of knowing the details of care and to use that insight to 
secure best care processes.

 The ERAS Multidisciplinary Team
Constructing a multidisciplinary ERAS team with strong 
leadership is essential to implement ERAS [13]. It is crucial 
to attract and involve the people with local leadership and/or 

ERAS ® Implementation Program (EIP)

4 interactive work shops over 8 months

Seminar 1

Introduction to
ERAS®

Current status
Start data entry

Strategies for
implementation

(Leader & Nurse)

Seminar 2

Report of results
(pre-ERAS®)

Goals, measures
and outcomes

Planning for local
ERAS®

implementation

(full team)

Seminar 3

On Line

Reporting results

Seminar 4

New Situation
Reporting results

Summary of
experience

Planning for the
future

(full team)

Preparations Follow Up

Develop
methods to

enter data into
EIAS

Work group
meetings

Support by
Coach

Progressively
start using
ERAS®

on patients

Work group
meetings,

develop new
way of auditing

Support by
Coach

Routine use of
ERAS®

for all patients

Work group
meetings for

regular
interactive audit

Support by
Coach

3 active working periods at home

Fig. 60.1 The training of the ERAS team covers different sections. (The figure is used by permission of Encare.net. https://www.encare.net/
healthcare-professionals/products-and-services/eras-implementation-program-eip)
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influence to take part and lead the ERAS implementation. 
The basic core for an ERAS team consists of one or two 
surgeons, one or two anesthetists, an ERAS coordinator 
(often a nurse), a hospital management representative, and a 
senior nurse from each of the clinical areas (outpatient clinic, 
high-dependency unit [HDU]/post-op care, and the ward). A 
surgeon with influence and full support from the department 
head should lead the EIP team. Similarly, positioned anes-
thetists would be in the team. The ERAS coordinator is 
responsible for the effective and efficient implementation, 
which involves several key components such as creation of 
documentation (clinical pathways, patient education mate-
rial) data collection, education for both patients and nursing 
staff, leading ERAS team meetings, and disseminating 
results. They should have direct access to the lead surgeon 
and manager overseeing ERAS implementation to ensure a 
prompt response to any emerging problems.

 Importance of Data Collection and Use 
of the ERAS® Interactive Audit System (EIAS)
Martin et al. [14] demonstrated that implementing an enhanced 
recovery program without real-time result tracking often fails. 
During the ERAS® Implementation Program, teams start to 
use the ERAS® Interactive Audit System analysis tool. This 
will allow them to, in most cases for the first time, track their 
own results as well as the care practice behind their outcomes. 
In the implementation of ERAS, the use of EIAS is essential. 
This allows everyone to see what is actually happening during 
the care processes. It is only with this insight that the correct 
changes that are needed can be addressed.

It is therefore essential to collect accurate and reliable 
data in order to analyze them and make the necessary correc-
tions to improve the quality of patient care and sustain the 
results. This is a key aspect of the implementation program.

 Change Management
With the insights of where the gaps are and where changes 
are needed for implementing ERAS in the unit, the ERAS 
team learns how to use methods for the change of practice 
from the clinical experts. The teams are trained to apply the 
concept of the Deming wheel [15] or so-called PDCA (plan- 
do- check-act) or PDSA (plan-do-study-act) cycle, which 
allows monitoring the evolution of the implementation 
through four phases (Fig. 60.2).

During the entire EIP, the importance of multidisciplinary 
team working, the implementation organization, and regular 
and continual evaluation is emphasized throughout. The 
focus is also on value of constant support from the ERAS 
team to all colleagues performing the care on a daily basis. 
At the end of the 8–10-month-long EIP, the goal is that par-
ticipants of the ERAS teams are able to maintain the new 
practices in the long-term work and have a readiness to make 
the next change as it arises. They will also have developed a 
routine to communicate with the rest of their colleagues and 
to the management team about the current state of the care 
and the results that have been achieved.

The organization of the implementation of ERAS requires 
a clear definition of the roles and objectives of each team 
member. The aim is to use a common language to ensure 
successful implementation across traditional nursing and 

ACT Plan

DoStudy

Adjust, adopt, or abandon
the new practices according
to the results obtained.
Run through the cycle
again if necessary.

Analyze the results.
Compare data of predictions.
Monitor the application
of new measures.

Plan a change.
Plan what should
be achieved.
(Who? What? Where? When?)

Implement change.
Collect the data.

Fig. 60.2 Four phases of a Deming wheel
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medical boundaries. Meetings should be held on a regular 
basis, initially every week and then at least once a month, 
with mandatory attendance of all the ERAS team members, 
especially during implementation.

 Feedback on the Clinical Experience Linked 
to the Protocol
ERAS protocols have been established based on evidence- 
based practice as reviewed and updated by the ERAS® 
Society guidelines groups. During the EIP, the clinical 
experts in ERAS training the teams share their own daily 
experiences with novice teams during and in-between the 
seminars. Practical subjects such as the organization of pre-
operative information, fluid management, or data collection 
require the cooperation of different stakeholders and neces-
sitate review of the functionality of the team. Implementing 
ERAS can often create a need for reorganization of nursing 
care in a department when introducing new features, such as 
weighing patients every day or helping them achieve the 
required mobilization goals.

 Sustainability of Results
After the completion of the EIP, there is a risk that the ERAS 
team will settle down with its success and relax its attention 
on the application of ERAS measures and the recording of 
the data necessary to monitor the results. The turnover of 
nursing and medical teams [15] presents another risk of fail-
ure in the long term, unless new appointees are trained and 
understand the application of ERAS principles. Francis et al. 
[13] demonstrated that to sustain the results obtained at the 
end of EIP, it is necessary to maintain continuous training in 
small groups, continuous data collection, and critical analy-
sis to provide regular feedback to the teams as well as to all 
co-workers and a readiness to improve practices where 
necessary.

 Internal Communication for the Success of ERAS
During the implementation of ERAS, communication is a 
key factor. The team needs to secure internal open and 
transparent communication and to ensure that the same 
message is delivered from the team to all co-workers. The 
team also needs to communicate results from the audit to 
all collaborators along the patient journey at regular inter-
vals. This is the only way to secure the adherence to the 
protocol by the medical and nursing teams and all the care 
partners involved in the ERAS protocol. The role of infor-
mation—describing what is to be changed, why it is to hap-
pen, and how it will be done—is particularly crucial during 
the implementation period. This is the time to build the 
communication plan and to set it into action. Informing 
about the objectives and expected benefits—the implica-
tions for the patient, the surgeon, the anesthetist, and the 
caregivers—gives meaning to the new practices. This 

should be followed by disseminating the results obtained at 
the end of the implementation to show the effectiveness 
and/or the failure of compliance to the various ERAS ele-
ments. This helps form the next steps to be taken in a con-
tinuous mode of improvement. Reporting to hospital 
management is equally important as it helps reaffirm the 
financial gains and secure ongoing support for personnel 
and resources necessary to sustain ERAS.  It is also quite 
common that the implementation of ERAS in one specialty 
leads to the urge from management to also use the same 
methodology for other specialties.

 Key Factors for Success

The difficulties encountered during an EIP can be various in 
nature: financial, support from leadership, resources for clin-
ical staff, equipment, logistics, etc. Sometimes it is related to 
the situation of the hospital itself and its personnel, lack of 
leadership for the team, change of personnel, shortage of 
staff, and lack of dedication. To enter an ERAS® Society- run 
EIP, it has been insisted on that an agreement from the bud-
get holders is in place to secure the funding for the team 
during the training. Without financial support from hospital 
management, there is no guarantee of the presence of an 
ERAS coordinator or nurse and dedicated time for the ERAS 
team. These two fundamental issues need to be supported to 
ensure a successful and worthwhile implementation process. 
The teams need logistical support to organize the ERAS- 
dedicated nursing interactions with the patients and assis-
tance to produce patient documentation. A constant support 
from the department and nursing heads, as well as any lead-
ership in the hierarchy and hospital management, is one of 
the key factors for the successful implementation of 
ERAS. The support of the novice teams by ERAS experts 
throughout the implementation is another key element for 
their success. The availability to answer or give practical 
solutions regarding clinical or organizational preoccupations 
is an important part of the program. Communication, under-
standing, and respect for each other’s roles inside the ERAS 
team are other key points for the successful implementation 
of ERAS. This team support makes it easier to face the dif-
ficulties encountered and find joint solutions validated by the 
whole team.

The sustainability of an established ERAS program is an 
ongoing challenge and requires the dedication and commit-
ment of the ERAS team and its tasks, which in turn places 
demands on financial and educational resources [7]. Repeated 
training sessions for new personnel and the presence and 
availability of the ERAS nurse coordinator must be sup-
ported and involved in the different stages of perioperative 
patient care. Maintaining regular ERAS team meetings but 
also holding regular meeting for all personnel involved is a 
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key factor to maintaining compliance after implementation. 
Regular feedback using the audit and local data during the 
regular scheduled meetings should be shared with every 
working group involved: nurses, allied healthcare profes-
sionals, and doctors.

 Results and Outcomes from Implementation 
of ERAS

Reports from the literature show that employing more of the 
elements recommended in the ERAS guidelines also results 
in better outcomes [16, 17]. What is also clear from the lit-
erature is that the standardized training using methodology 
combining the clinical insights of the producers of the ERAS 
protocols alongside the expertise in change management in 
healthcare has proven very beneficial [18, 19]. This was 
already demonstrated in the piloting experiences from the 
Netherlands and has later been shown to hold true in other 
countries as well [8]. In general, the EIP training programs 
will help units to gain insights about their practice, and in 
seeing this they will also understand why they have certain 
problems. Many units find that during the EIP, they manage 
to increase their compliance to the protocol significantly, and 
in doing more things according to the literature, they also get 
the clinical results. It is not uncommon to reduce length of 
stay by 30% or more. Behind these improvements is often a 
similarly large reduction in complications.

 Conclusion

Implementation of ERAS has tremendous positive impact on 
outcomes for the patients and on the cost of care. This is a 
true win (patients)-win (caregivers)-win (healthcare provid-
ers) situation [20]. The implementation of an ERAS program 
is facilitated by a solid and rigorous structure. The construc-
tion of a dedicated local ERAS team, supported by the hos-
pital’s management hierarchy, enables the necessary 
organization to implement the protocol, to sustain, and to 
further develop ERAS locally. The use of data collected and 
analyzed makes it possible to target improvements to where 
it needs to be to raise the quality of care for patients. The 
application of these elements guarantees the successful 
implementation of an ERAS program.

The EIP team conducts regular education sessions 
throughout the implementation process, and a designated 
team of ERAS coaches is assigned to work with the clinical 
teams. Buy-in is an essential component to a successful 
implementation, and this must include the managers and 
finance team as they need to have an overall understanding of 

the benefits an ERAS program can provide to the organiza-
tion as well as the patients.
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Enhanced Recovery After Surgery – 
Making the Business Case: Economics – 
The Alberta Experience

Tracy Wasylak, Kevin Osiowy, and Anderson Chuck

 Introduction

Decision-makers strive to reduce health-care costs, improve 
capacity, and get the best value for every dollar spent in health 
care. There is ample evidence reported in the literature of 
health systems achieving major gains, clinically and econom-
ically, by implementing a single guideline that modifies peri-
operative decisions (preoperative, intraoperative, and 
postoperative). These guidelines have potential to transform 
perioperative management of ALL surgical patients; how-
ever, there is limited documentation of the spread and scale of 
enhanced recovery after surgery (ERAS) protocols across 
clinical sites and health systems. Similarly, little information 
is available about the potential impact on surgical programs 
and health systems of implementing multiple guidelines 
across multiple sites. Recently, the published literature has 
shown the value of ERAS guidelines from an economic per-
spective and looked at the return on investment of ERAS pro-
grams. More can be done to evaluate and expand the economic 
value—within hospitals and post discharge. Building a case 
for widespread implementation of ERAS guidelines, and sup-
porting change within health systems, requires a focused 
approach, a clear implementation and evaluation framework, 
and a robust business case that conveys the potential impact. 
These elements are essential to enable evidence- based deci-
sion-making about transformational investments.

 The Evidence for ERAS

Improving the quality and performance of health care is one 
of the main challenges facing health systems and govern-
ments worldwide. International guidelines for enhanced 
recovery after surgery (ERAS) have existed for 15 years with 
well-documented evidence of improvements for individual 
patients and specific surgical populations [1–4]. ERAS 
guidelines outline a series of evidence-informed practices 
(preoperative, intraoperative, and postoperative) aimed at 
mitigating adverse effects of surgery using a team-based 
approach. These practices have been associated with acceler-
ated recovery, resulting in reduced complications and hospi-
tal lengths of stay (LOS), fewer readmissions, improved 
patient experience, and no associated increases in health ser-
vices utilization [3, 5–8].

There is ample evidence that ERAS protocols improve 
patient care and experience and provide economic value to 
health systems. Across the globe, health systems are adopt-
ing a Quadruple Aim approach to improve system perfor-
mance (patient and provider satisfaction, improved clinical 
outcomes, and economic value for the health system). Yet, 
even more health systems would benefit if they adopted 
ERAS programs within their hospitals [9]. This surgical 
transformation has been shown to significantly improve sys-
tem performance—clinically and financially—for almost 
every major surgical procedure in many centers around the 
world [10].

Despite this success, uptake is slow, and we know there 
are millions more surgical patients worldwide who could 
benefit from ERAS programs. While this observation is 
noted, it is unclear what the barriers are to advancing uptake 
and is, therefore, a potential area for further inquiry and 
research. The evidence does show that by adopting ERAS 
guidelines, decision-makers can affect positive individual 
and surgical population outcomes while reducing complica-
tions and per-unit costs and freeing up capacity through 
reduced lengths of stay, readmissions, and overall health ser-
vices utilization. The evidence points to a health system’s 
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potential to magnify these benefits by systematically imple-
menting the existing research findings and looking at meth-
ods to spread and scale ERAS protocols to all surgical 
patients.

 Large-Scale Implementation of Multiple 
ERAS Guidelines

Few health systems have attempted to implement multiple 
guidelines system-wide. The United Kingdom’s Enhanced 
Recovery Partnership Programme (ERPP) included multi-
ple guidelines across multiple sites with good outcomes for 
surgical patients and the system itself [11]. They describe a 
system-wide attempt to implement multiple guidelines for 
several surgical disciplines including orthopedic, urology, 
colorectal, and gynecologic procedures. Although they did 
see a positive impact, the authors concluded that a stringent 
implementation process should be in place to ensure com-
pliance with the guidelines beyond the implementation 
phase [11]. The Netherlands implemented the ERAS 
International© Society Colorectal Guideline, using what 
developed into the ERAS® Society Implementation Program, 
across 33 sites with results similar to those reported by oth-
ers in the literature [11, 12]. The ERAS® Society’s imple-
mentation approach is modeled after the Institute for 
Healthcare Improvement’s (IHI) learning collaborative 
methodology and assists teams with education, data, and 
process improvements to guide the ERAS implementation 
at the site [11, 13].

In Canada, in the Province of Alberta, Alberta Health 
Services (AHS) has implemented multiple ERAS® Society 
guidelines across nine major sites and nine program areas. 
AHS adopted the ERAS® Society approach by using the evi-
dence-based guidelines and implementation plans based on 
IHI methodology and adopting the ERAS International© 
Society’s Interactive Audit System (EIAS) for data collec-
tion, audit, and feedback. Results from Alberta have been 
very positive and show value across all Quadruple Aim 
goals: patient and provider satisfaction, improved clinical 
outcomes, and economic value for the health system [3, 5, 
14, 15].

 Barriers and Enablers of ERAS 
Implementation

Gramlich et al. studied the implementation of ERAS proto-
cols across six colorectal sites to better understand the barri-
ers and enablers to implementation and to maximize 
guideline compliance [3]. High compliance was identified as 
being important to achieving results, especially when con-
sidering the use of multiple guidelines within and across sur-

gical centers [16, 17]. They used two frameworks to guide 
their review: (1) the Theoretical Domains Framework (TDF) 
and (2) the Quality Enhancement Research Initiative 
(QUERI) Framework [18, 19]. The team applied rigorous 
methods for implementation that not only led to behavior 
change and helped sustain that change but also has supported 
the development of spread and scale opportunities within 
Alberta [3, 20–22].

Mapping barriers and facilitators across the different 
domains—patient, provider, and system—provides insight 
into the change strategies that might best drive compliance 
[3]. McLeod et al. identified four key ingredients for suc-
cessful guideline adoption: (1) clinical champions, (2) 
good communication and collaboration, (3) organizational 
management, and (4) use of audit and feedback processes 
and standardization of orders [23]. This research is in 
keeping with work done by Pearsall et al. who looked at 
barriers and facilitators to ERAS implementation across 
four hospital sites [17]. They identified barriers to imple-
mentation that included limited financial and human 
resources to ensure audit and feedback, absence of change 
management strategies and supports for standardization 
(e.g., standardized order sets), poor communication and 
collaboration, and absence of clinician or organizational 
champions. These elements were considered essential to 
affect change. Standardized patient education and family 
involvement in the process were also identified as impor-
tant components. This information is critical to success-
fully spread and scale ERAS guidelines as implementation 
is complex and typically requires multiple strategies to 
achieve the objectives. Unfortunately, there is no “one-
size-fits-all” approach, and it is important to understand 
what is required to change behavior at the provider level, 
site level, and system level. For example, customized audit 
and feedback of individual performance based on compli-
ance with ERAS practices and protocols might be helpful 
at a provider level. At the site level, the approach (e.g., 
standardized fasting guidelines as part of preadmission 
process) may be different than what is required at the sys-
tem level (e.g., standardized patient education materials 
for all sites and standardized education for all staff across 
the health system).

 Monitoring Compliance and Outcomes

Audit and feedback mechanisms are an important compo-
nent of the implementation program as they provide a 
means of regularly evaluating outcomes (e.g., LOS, surgi-
cal complications, and patient-reported outcome measures) 
and compliance with ERAS guidelines [3]. While some 
programs have adopted the ERAS® Society Interactive 
Audit System (EIAS), several methods of measuring ERAS 
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impact have been used worldwide with little evidence to 
suggest one method is superior. The essential ingredient to 
successful implementation is measurement and feedback 
that provides meaningful data to measure improvements in 
practice and key outcomes. Moreover, it is necessary to 
clearly outline those planned improvements in the business 
case that are proposed to decision-makers. Measurement 
and feedback are important as tools to manage both the 
individual patient progress and team progress; the EIAS 
system was designed to provide near-real-time feedback to 
clinicians and teams. When instituting the EIAS, teams 
could use the feedback to manage individual patient prog-
ress and to better understand where the team had achieved 
compliance with the ERAS elements. Studies have shown 
that high levels of compliance with ERAS guidelines pro-
vide better results [16] and can help sustain the clinical and 
economic gains achieved. It may be surprising for decision-
makers that a sum of relatively simple perioperative mea-
sures, such as early mobilization and oral nutrition, impacts 
patient outcomes to the extent that has been documented. 
However, these results highlight the importance of engag-
ing health-care providers in refining and implementing 

standards and processes that lead to quality improvements 
and better value over time [24–26].

 Developing a Model for Spread and Scale

In evaluating barriers and facilitators of ERAS implementa-
tion, Gramlich et al. developed a model to spread and scale 
ERAS protocols [3]. The model suggests that strategies to 
achieve compliance with ERAS guidelines can be applied 
across many surgical areas to support widespread implemen-
tation. The model includes four elements (Fig. 61.1):

• Nutrition
• Mobilization
• Fluid management—including modern fasting guidelines 

and carbohydrate loading
• Pain and symptom control

The model highlights patient-focused information and 
education as an important enabler to successful spread and 
scale. This finding is consistent with several studies that have 
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reported the need for better patient and family education and 
involvement—especially in the preoperative and postopera-
tive phases of the surgical experience. However, there is little 
evidence that these changes have made their way into  clinical 
systems. Few studies have reported any patient-reported out-
comes, and this is viewed as a shortcoming of the ERAS 
evaluation. Patient-centered care is an important concept 
among health providers, and most health systems monitor 
patient-reported outcomes as part of their quality manage-
ment systems. The absence of patient-reported outcomes is 
currently a gap in the ERAS literature and evaluation tools 
and an area for future research, especially for recovery 
beyond the postoperative stay [17, 27].

 Considering and Preparing a Business Case 
for ERAS Implementation

Given the initial investment needed to successfully imple-
ment an ERAS program (i.e., to develop evidence-based 
guidelines, an implementation approach, and a measurement 
system to ensure audit and feedback), there is value in pro-
viding a robust business case for managers and decision- 
makers. The business case must clearly address the clinical 
advantages and improvements for patients and clinicians as 
well as the metrics and value proposition for the site. The 
challenge is often that the metrics important to decision- 
makers differ from (or need to be expressed differently than) 
the metrics important to clinicians. The ability to build a case 
that clearly conveys the value proposition to both parties is 
critical to ERAS implementation.

To demonstrate impact while describing the value to the 
organization, the business case must consider the patient, 
providers, organization, and the overall health system [3]. 
However, even when evidence is expressed in economic 
terms, health administrators have found it difficult to relate 
these gains to real system savings. Most of these gains are 
described in terms of freed-up capacity (bed days saved), 
improved productivity (decreased readmissions), improved 
safety (reduced complications), and cost-effectiveness 
(health system savings and greater value for each dollar 
invested).

Given the capacity strains and economic pressures that 
most institutions experience, gains in capacity are typically 
short-lived because freed-up surgical inpatient beds are rap-
idly filled by the ever-increasing demand of other programs 
and services. This masks the impact of ERAS, making it 
appear somewhat theoretical; without the ability to close sur-
gical beds, the clinical gains do not necessarily translate into 
real cash savings for the system. So for many decision- 
makers (especially those with relatively fixed, global bud-
gets), the case for investing in ERAS may be more difficult 
to justify from a financial perspective despite the positive 
clinical gains.

Making the case for more investment into ERAS is chal-
lenging, and it can help to take a broad and long-term view. 
As more complex patients are treated in hospitals with sur-
gery, and the increasing cost to add more physical capacity is 
prohibitive, administrators must seek innovative solutions 
that can advance productivity and capacity gains within 
existing hospital footprints. While innovative solutions (such 
as the ERAS ingredients) cannot be expected to reduce total 
health-care expenditures in absolute terms, they do, however, 
have the potential to free up a significant amount of capacity 
that may enable health systems to significantly increase sur-
gical throughput. Doing so results in the provision of more 
timely hospital service to other patient populations. The 
potential to significantly increase patient throughput with 
existing hospital capacity could be realized by deploying the 
innovative solution at scale. For instance, by applying the 
key ERAS ingredients to all surgical patients at a particular 
hospital, it may be possible to provide decision-makers with 
a credible quantitative forecast that shows that more patients 
can be treated within the existing hospital capacity at a frac-
tion of the cost of the next-best (though economically 
unlikely) alternative—that is, of adding more physical capac-
ity. Clinical appropriateness (using evidence-based guide-
lines) and improving care efficiency (reducing unwarranted 
variation and cost) are fundamental drivers to transforma-
tional change and to becoming a high-performing health sys-
tem—something that the case for ERAS has proven.

 Building the Case for ERAS in Alberta

Alberta Health Services (AHS) is Canada’s first province- 
wide, fully integrated health system. Created in 2008, AHS is 
responsible for delivering health services to more than 4 mil-
lion people. In June 2012, AHS introduced Strategic Clinical 
Networks™ (SCNs), which are collaborative teams of clini-
cians, researchers, and stakeholders to advance innovation 
across the province’s health system. Specifically, their man-
date and goals are to achieve best outcomes; seek greatest 
value for money; and engage clinicians, patients, and health 
providers in all aspects of the work. SCNs are led by clini-
cians, driven by clinical needs, based on measurement and 
best evidence, and supported by research expertise, infra-
structure, quality improvement, and analytic resources [28].

Quantifying the value or return on investment (ROI) of 
quality and patient safety initiatives is part of the SCN man-
date as a means of becoming a higher-performing health sys-
tem. In Alberta, more than 275,000 surgical procedures are 
performed annually in 58 surgical facilities, with 16 of these 
performing 85% of major surgical procedures in the prov-
ince [5, 15, 29]. Given the mandate of the SCNs, the diabe-
tes, obesity and nutrition, and the surgery SCNs built a 
business case and demonstration project to implement the 
ERAS® Society’s international guidelines [24]. Since 2013, 
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AHS has implemented multiple ERAS guidelines at nine 
sites and across nine program areas. Clinical and economic 
evaluations have shown improvements associated with 
 accelerated recovery, including reduced complications, 
shorter length of stays, improved patient experience, and 
reduced health service utilization [5, 14, 15]. Alberta showed 
that the health system savings were estimated at $2,290,000 
(range $1,191,000–$3,391,000); after factoring the project 
costs of implementing ERAS, the net cost savings of ERAS 
was $1768 (range from $920 to $2619) per patient. In terms 
of the value proposition associated with this investment, the 
analysis demonstrated that every $1 invested in ERAS pro-
grams would bring about $4 in value to the system [5].

For AHS, maximizing value is a fundamental principle to 
creating high performance in the health system. Specifically, 
AHS has described organizational value as a function of:

• Quality, safety, and outcomes
• Process improvements
• Timing of expected benefits
• Budget/financial impact
• System readiness
• Value for money

Therefore, to build the business case for ERAS, these six 
dimensions must be described and, where possible, quanti-
fied to best understand the overall value that a particular 
innovation contributes to the system. As ERAS results in a 
lower cost per patient (quality, safety, and outcomes), it is 
logical to assume that from a spread and scale perspective, 
the more patients enrolled, the more organizational value 
will be created. Important factors for ERAS long-term suc-
cess are changes in management of care processes and time 
investment to form multidisciplinary and interprofessional 
ERAS teams along with the use of continuous audit and 
feedback.

Building the case for ERAS started by developing a 
change proposal that focused on “doing the right thing” by 
identifying and proposing an approach that addressed the 
quantifiable gap in health system performance. From there, 
the SCNs developed a high-quality operational and financial 
plan to make the solution work in practice. To achieve this, 
the team developed a framework (with support from AHS’s 
innovation and research management and finance teams) that 
provides a comprehensive plan that supported both clinical 
implementation and decision-maker requirements.

The framework (Fig. 61.2) consists of five components:

Telling Your Improvement Story:
The Benefits Realization & Resource Reallocation Framework

This framework is designed to help you to tell the story of your improvement project in a manner that is clear, complete and consistent

DOING THE RIGHT THING:
Demonstrate that, in principle, the proposed solution is the best available approach to address a specific and important problem

1.0 - PROBLEM
What measurable performance gap
do you believe needs to be addressed?

2.0 - SOLUTION
What evidence-informed solution do you propose
to address the measurable performance gap?
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MAKING IT WORK:
Demonstrate how the proposed solution will be operationalized in practice, and what is needed to support operationalization

3.0 - OPERATIONALIZING THE PROPOSED SOLUTION
What specific actions are required to execute the proposed solution?
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REALIZING THE BENEFITS:
Demonstrate that it will be worth it for the organization to implement the proposal, and describe how performance will be monitored

4.0 - DECISION TO ACT
- What do you need from the Decision-Maker to execute your action plan?
- Will the projected performance improvement be worth the time and resources required?
- How will you monitor results to determine whether to continue, adapt or stop?
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(from sections 1.5 and 2.5)

Expected Cash Flow Impacts
(from sections 3.6)

Prepared by the Innovation, Evidence and Impact (IEI) Team of Alberta Health Services' (AHS) Innovation & Research Management (IRM) Division:
    Kevin Osiowy, B. Admin., CPA (CA, CMA) — Program Manager, Benefits Realization
    Tom Mullie, BA, MA (Econ.) — Senior Consultant, Benefits Realization
October 14 2018

Fig. 61.2 Benefits realization and resource reallocation framework
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Step 1. Problem Identification—Identify the specific prob-
lem to focus on, defined as the gap between current 
performance and potential performance. Use a 
quantifiable measure that relates to the organiza-
tion’s goals and priorities (e.g., Quadruple Aim).

Step 2. Option Analysis—Review and select a solution 
from a range of options. Evaluate the options based 
on clinical input and research findings. The analy-
sis should include a well-supported estimate of the 
magnitude of the potential impact in terms of the 
quantifiable measure (identified in Step 1) and be 
based on evidence in the literature (e.g., ERAS 
international guidelines).

Step 3. Preliminary Projections—Use available data to 
complete a preliminary forecast of projected per-
formance improvement, showing how the gap 
between current and potential performance (from 
Step 1) will be reduced. In Alberta, the findings 
from the UK study provided options (Step 2) and 
data from which to estimate the order of magnitude 
that could be achieved with full-system implemen-
tation. This data was used to estimate potential ben-
efit that would accrue to Alberta Health Services 
(AHS), based on Alberta surgical volumes.

Step 4. Operational and Financial Impact Assessment 
(OFIA)—Evaluate the anticipated impacts of imple-
menting the solution on the health-care system by 
conducting a detailed OFIA. The OFIA should be 
informed by consultation with expert representa-
tives of sites, services, and units that would be 
potentially affected by the implementation. The 
OFIA should also outline plans to mitigate any 
adverse impacts on other areas of the system.

Step 5. Business Case Development—Describe the poten-
tial benefits and costs of implementation (i.e., the 
value proposition), include a clear recommenda-
tion, and request a decision. The business case 
should also summarize all managerial actions (e.g., 
financial transfers, policy changes, communica-
tions support) necessary to support implementation 
and include a plan to review the implementation 
decision at a defined time and according to the proj-
ect’s performance (based on quantitative measures 
defined in the business case).

A business case for transformational investments must 
provide clear and complete information about the project for 
decision-makers at a level of detail that enables them to 
understand exactly (1) what the project offers in terms of 
progress toward their goals and (2) what is needed in terms 
of system resources to deliver on that promise.

 ERAS Implementation to Date in Alberta

As mentioned, AHS has implemented ERAS guidelines at 
nine sites in nine program areas. Alberta’s three major teach-
ing hospitals have adopted multiple guidelines in several 
 surgical program areas, including orthopedics, gynecology, 
liver, major head and neck oncology, colorectal, pancreas, 
cystectomy, and breast reconstruction. Several of the sur-
geons in Alberta have been part of, or have led the develop-
ment and testing of, the international guidelines [15, 30–33], 
and there are plans underway for further guideline 
development.

The AHS investment in ERAS has been a direct result of 
having a clear and compelling case for change and a compre-
hensive implementation plan. The implementation plan was 
built as a result of research conducted in Alberta to under-
stand the barriers and facilitators of multiple guideline 
implementations. This research was supported by a 
Partnership for Research and Innovation in the Health 
System (PRIHS) grant. Important ingredients that contrib-
uted to success included the surgeon, anesthesia and local 
administrative champions, standardized approaches for edu-
cation and implementation, and a robust audit and feedback 
capability. A systems perspective and structured approach to 
communications across multiple sites was also considered 
critical to the project’s success [3, 15].

In building the case for investment in ERAS, there is 
compelling evidence published on the value of single- 
protocol implementation. However, if there is an inability to 
utilize the freed capacity/resources as the fuel to sustain con-
tinued transformative change, then, unfortunately over time, 
compliance with the guidelines can be expected to deterio-
rate. In an environment of increasing scarcity and scrutiny of 
health-care budgets, non-compliance can occur if efficiency 
gains are completely utilized toward other priorities during 
corporate budgeting processes. This ultimately can cause 
increased pressure, staff workload, change fatigue, and oper-
ational risk, and it also may inhibit quality improvement. An 
approach that may help find the balance between fueling 
continued transformative change and other organizational 
priorities is adopting a benefits sharing approach.

 Incenting Change and Quality Improvement 
Through Benefit Sharing

In Alberta, the Institute for Health Economics (IHE) con-
ducted a rapid review to understand how health systems were 
building incentives and policy to recognize and reward qual-
ity improvement efforts [34]. The review revealed two main 
types of incentives: those described as “gain sharing” and 
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those described as “shared savings.” Gain sharing is defined 
as an arrangement with employees where the organization 
shares a portion of the savings (cost reductions) attributable 
to the efforts of those employees and where the rewards are 
allocated back to teams or individuals based on the improve-
ments. Gain sharing includes concepts such as pay-for- 
performance, global payments, bundled payments, and 
pay-for-coordination payments geared at promoting provider 
accountability [34]. Many of these efforts have been intro-
duced across several health systems within European coun-
tries, with limited published literature on the outcomes/
outputs of these efforts.

With the recently adopted Affordable Care Act in the 
United States, accountable care organizations (ACOs) and 
payment schemes to reward better outcomes have prolifer-
ated. The major risks and benefits associated with gain- 
sharing methods include complicated payment schemes, 
difficulty with the attribution of outcomes, and potential con-
flicts with providing monetary payback to individual provid-
ers. Gain-sharing programs require measurable and clearly 
stated goals, transparent data sharing among stakeholders, 
and safeguards against inappropriate referrals or reductions 
in care quality [34].

Alternatively, shared savings (also referred to as benefits 
sharing) is described as an approach that links an organiza-
tions’ planning and budgeting process to employee-created, 
operation-led performance improvements. There are two 
types:

• One-sided (upside) risk model: Providers (usually hospi-
tals or physician practices) would provide decision- 
makers with specific plans/proposals that would have 
them retain within their clinical business unit some pre- 
defined portion (either a specific amount or a particular 
proportion) of planned operational or financial perfor-
mance gains in the event that those planned gains were 
actually realized. The proposal would outline how the 
business unit would be able to fuel further performance 
improvements (i.e., to create further value) as a direct 
result of retaining these gains. While business units would 
be allowed to propose the retention of some of the planned 
gains actually realized, they would not, however, be sub-
ject to any sanctions or penalties in the event that they 
were not able to achieve planned performance gains.

• Two-sided (upside and downside) risk model: Under this 
type of arrangement, providers would be able to provide 
decision-makers with specific plans/proposals that would 
have them retain within their clinical business unit some 
predetermined portion of planned gains to fuel further 
performance improvements. Similar to the one-sided 
(upside) risk model discussed above, providers would be 

allowed to propose the retention of some of the planned 
gains actually realized. Unlike the one-sided (upside) risk 
model, however, the two-sided risk model would make 
the provider more accountable for the realization of 
planned results in that their proposal would be expected to 
specify the mechanism by which the decision-maker 
would recover a portion of the investment in the event that 
actual, measurable performance improvement was mate-
rially less than planned [34].

In the IHE review, shared savings are described as models 
that “encourage collaboration among providers to reduce the 
use of health services and improve quality in a population 
over time. This reimbursement strategy is well suited to the 
ethos of ACOs because it incentivizes providers to develop 
effective primary care prevention and population health 
management strategies, with the aim of decreasing utiliza-
tion by avoiding hospital admissions, reducing readmissions, 
and improving care coordination” [34]. Because of its focus 
on clinical improvement, the shared savings approach (espe-
cially the balanced two-sided risk model, above) encourages 
providers to “do the right thing” and then provides the financ-
ing mechanism to “make it work.”

There is little published literature on the use of incentives 
to drive quality improvements in health systems. The largest 
number of studies comes from the United States as a result of 
the policy changes in their system related to the Affordable 
Care Act. “In Canada there is no ACO equivalent, and it is 
rare for front-line workers to be given responsibility for ini-
tiating change or to be compensated directly for such efforts 
[35]. Although the highly regulated nature of Canada’s pro-
vincial health systems is a potential barrier to gain sharing 
and shared savings initiatives, there are examples in both 
Ontario and Alberta Health Services that are experimenting 
with these approaches” [34].

Alberta Health Services has recently adopted a benefit- 
sharing strategy as part of its annual resource allocation and 
budgeting process for the province. Under the new approach, 
clinical teams that propose the adoption of innovative solu-
tions to drive measurable improvements can apply for bene-
fits sharing. Under benefits sharing, benefits are not 
automatically taken back into the corporate budgeting pro-
cess and used for other organizational purposes, but rather 
are a source of capacity or resources (i.e., fuel) to enable 
clinical programs across AHS (including the program lead-
ing the innovation) to reinvest some or all of those measured 
gains to help them improve organizational value (i.e., man-
age their business) by enabling them to manage priority clin-
ical pressures and improve quality or patient outcomes. AHS 
notes that efficiency gains are those that are predominantly 
nonmonetary benefits (e.g., cost avoidance, freed capacity, 
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productivity gains) especially in the short term due to the 
issue of passive reallocation where the redeployment of 
capacity/resources freed by one particular clinical program 
area is simply exhausted by other programs which consume 
that capacity without specific approvals or plans. In order to 
ensure that providers share in both upside and downside risk, 
the AHS approach will require programs to track actual per-
formance against the original improvement forecast con-
tained in the business case as a feedback mechanism that will 
help inform the subsequent budget cycle. Over a longer time 
horizon, possible real budget adjustments may occur at this 
step, which would translate capacity gains into actual 
 monetary savings enabling the reallocation of resources to 
achieve other organizational priorities (clinical and 
nonclinical).

For ERAS, the case for change was funded by AHS, and 
the organization has reacted positively with respect to the 
return (i.e., measured benefits) that it has realized on its 
investment in ERAS.  Moreover, several clinicians have 
stepped up to drive the change clinically and through their 
contributions to the international guideline development. 
With the progress that has been made in guideline imple-
mentation, it is now the time to apply shared savings prin-
ciples, the newest concept of ERAS for all, ensuring that all 
surgical patients across the province are exposed to the 
guideline fundamentals. Using Gramlich et  al.’s work on 
barriers and facilitators, the business case for change will 
address issues at the individual, site, and system levels. 
Using the AHS framework for change proposals (outlined 
previously), we can now better articulate the benefits that 
can be expected, understand what clinical and operational 
changes are required to enable teams to sustain operational 
and financial performance results, and compare those results 
to the site- specific deployment plans originally set out in the 
business case.

 Conclusion

In conclusion, the ability to spread and scale ERAS interna-
tional guidelines is promising, and health systems should 
consider how to spread and scale this innovation to ensure 
ERAS for all. In doing so, the ability to demonstrate surgical 
transformation and the value proposition associated with the 
investment will likely emerge. However, in building the case 
for change, a robust methodology is recommended to help 
decision-makers better understand the value that can be cre-
ated for the health system through the planned deployment 
of this innovative solution. By clearly articulating and quan-
tifying expected operational and financial results, it will be 
easier for providers and decision-makers to identify and 
agree upon strategies for sustaining performance results over 
the longer term.

Little research has been published about the implementa-
tion of multiple guidelines across multiple sites and what 
levers are being used to maintain or improve outcomes. 
Studies that examine multiple guideline implementation and 
return on investment are necessary to better describe the 
value and the process required to achieve system-wide adop-
tion and change. Furthermore, while some studies outline the 
value of single-protocol adoption, the impacts beyond the 
hospital have been poorly studied. Nonetheless, there is 
promise that ERAS implementation not only produces acute 
care value but also has an impact on overall health system 
utilization.

Finally, the role of patients as part of the ERAS team and 
the ability to better measure and understand their reported out-
comes and experience would also add strength to a business 
case for change. For example, decision-makers require a com-
prehensive picture of the expected value that will be created 
should they decide to finance the continued deployment of the 
ERAS guidelines to all surgical patients in Alberta. This pic-
ture can be created by putting together a robust operational 
and financial forecast of future performance and documenting 
the case for change and how the health systems will incent 
performance in order to achieve and sustain planned gains.
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ERAS® Society and Latin America

Adrian Alvarez and Santiago Mc Loughlin

 Introduction

 A Global Problem

Weiser et al. estimate that 312 million operations took place 
in 2012 [1]. This result represents a 33.6% increase over 
8 years as compared with a previous report from the same 
authors [2]. The rate of major complications has been docu-
mented to occur in 3–22% of inpatient surgical procedures 
and the death rate 0.4–0.8%.

Nearly half of the adverse events in these studies were 
determined to be preventable. Every day millions of people 
suffer these preventable adverse events, and billions of dol-
lars in costs are generated in the healthcare systems [3]. As 
expected, low- and middle-income countries (LMICs) have 
the highest burden of mistreated surgical illness [3].

 The Situation in Latin America

Increases in life expectancy have changed previous trends of 
disease in low- and middle-income countries. With this epi-
demiological transition, disorders affecting populations are 
shifting from diseases of pestilence and infection (that are 
indicators of pre-industrial societies) to those that are identi-
fied with industrialized and rising economies. Also, due to 
technological advances in anesthesia, surgery, and intensive 
care, the number and complexity of surgeries are steadily 
growing [4–10]. The complexity of patients is also increas-
ing due to age and comorbidities. The resulting demand is 
not quantitatively (not all necessary surgeries are performed) 
nor qualitatively (low compliance to international standards) 
satisfied. Consequently, perioperative morbidity and mortal-
ity are also rising. However, accurate data to understand the 

real magnitude of the surgical problem in Latin America is, 
at best, scarce.

Centralized information is often collected inefficiently (or 
not collected at all) by governmental organizations or large 
institutions in the emerging countries. The result is the lack 
of adequate situational diagnosis and an inexistent auditing 
capacity of the outcomes.

Furthermore, the surgical care of a patient involves differ-
ent elements of medical treatment occurring in different places 
at different moments and performed by different profession-
als. Communication between the healthcare providers involved 
in the surgical process is rarely enhanced or implemented in a 
standardized fashion, resulting in a chaotic and non-efficient 
communicational process. In addition, economic reasons (pro-
fessionals required to work at more than one hospital or sec-
tion) and fragmented management structures also contribute 
to this deficient communication. All these factors acting 
together result in paralleled, or even opposed, efforts that lead 
to a disintegrated and extremely variable patient care.

We believe these trends are bound to continue, and peri-
operative care in Latin America requires a paradigm change. 
This is the challenge we must face in our region. This will be 
discussed in this chapter with suggestions for solutions.

 The Solution Through the ERAS Approach

As extensively presented earlier in this book, the goal of the 
ERAS® Society is to develop perioperative care and to 
improve recovery through research, education, audit, and 
implementation of evidence-based practices. With this 
approach, enhanced recovery after surgery (ERAS) programs 
have accomplished major impact over length of hospital stay 
and reduction of postoperative complications [11–13].

Although the content of ERAS protocols may vary sig-
nificantly, a common straightforward logical sequence is 
repeated for its implementation: plan, do, check, and act. 
This concept not only takes its origins from business models 
but also enables a worldwide approach to perioperative care.
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 From Assumptions to Facts

Continuous auditing is a basic element of even small busi-
ness’s management that we rarely implement in our medical 
practice. Control over the processes allows the identification 
of events at the moment and place they occur, generating the 
opportunity to reinforce successful interventions or effec-
tively correct mistakes.

Information should not be simply storage but rather be 
handled in a database management system that interacts with 
the users, enabling the analysis and projections of different 
indicators. Inputs should be standardized to allow compari-
sons (between different periods or institutions) that can con-
tribute to identifying deficiencies and to plan interventions 
based on real needs and feasibility of potential solutions. 
Auditing outcomes and processes governing them is a must 
when it is necessary to plan healthcare policies.

Reliable information and auditing capacity are now within 
our reach, for example, through the ERAS Interactive 
Auditing System (EIAS) online platform. In the same way 
that cell phones have bypassed landlines for providing 
Internet access in underdeveloped countries, data from the 
surgical process no longer depends on inefficient centralized 
institutions. EIAS constitutes an easily accessible and low- 
cost data management system requiring only Internet access. 
Internationally standardized data input in this platform 
enables us to compare our results with the rest of the world 
in a common language. Moreover, this characteristic may 
easily enable the first integrated Latin American register of 
surgical outcomes.

It is important to highlight that, even with the solo effort 
of a committed professional, adequate data about the quality 
of care can be obtained and compared to the rest of the world 
using EIAS.

 From Anecdotal Talk to Effective 
Communication

Although adequate data can be obtained using EIAS, a 
change in the process of care requires addressing the prob-
lem of deficient communication and fragmented care. 
Individual skills are undoubtedly necessary but, when iso-
lated—when not integrated in a real multidisciplinary, sys-
tematic, and coordinated approach—they lead to failures in 
the process of care. Healthcare providers in our region find a 
large proportion of their projects dying due to ineffective 
communication within all professionals involved in the peri-
operative process.

Effective communication is the key element for the inte-
gration of perioperative care. Unlike traditional care, ERAS 
programs create multidisciplinary teams right from the 

beginning to facilitate changes where and when required [6]. 
After a work plan is established, weekly meetings guided by 
the ERAS® Society team leaders provide the ideal scenario 
to facilitate effective communication. An effective communi-
cation process will then facilitate the teamwork in order to 
plan, audit, and act according to real facts and not assump-
tions, as historically happened before ERAS.

 From Standardization to Implementation

Standardization’s goal is to offer the patients the best possi-
ble treatment based on scientific evidence with minimal vari-
ability in quality and safety. Despite being an academic hot 
topic, and its success in other industries, standardization in 
healthcare has found difficulties in being adopted. Janet 
Woodcock (director of the US Food and Drug Administration’s 
[FDA] Center for Drug Evaluation and Research) has 
recently stated that the gap between what research has proven 
to be good practice and the actual clinical practice of medi-
cine is one of the most critical problems to be faced today 
[14]. Also, according to Woodcock, the currently separated 
systems of clinical research and daily practice must converge 
through the development of a truly learning healthcare sys-
tem capable of self-evaluation and improvement [14].

Daily practice can be guided by the evidence-based proto-
cols developed by the ERAS® Society with specific content 
depending on the type of procedure. An interesting aspect of 
the ERAS guidelines is that evidence may arise from con-
stant data auditing of daily practice and not necessary always 
from the clinical research setting. These guidelines can be 
accessed without restrictions through the society’s Website 
and may provide the road map for any team seeking to stan-
dardize their surgical care.

The challenge to go from guidelines to a standardized 
daily care is approached through the ERAS Implementation 
Programs (EIP) led by certified ERAS trainers. The structure 
of the training is based on four seminars that are separated by 
three “periods of action” where the training team performs 
the tasks indicated on the last seminar. Much of the focus is 
on introducing highly specific changes to current routines to 
conform to best practices and using the tools to monitor and 
analyze the effects of those changes.

The goal of the EIP is to train the unit to change tradi-
tional care to evidence-based care. This new paradigm will 
be characterized by the following features: effective com-
munication within the members of the multidisciplinary 
team (by weekly or bi-weekly team meetings), consensus 
about the application of the elements of care (according to 
ERAS® Society guidelines), and, finally, auditing outcomes 
and  processes involved in the patient care (by using the 
EIAS) [15–18].

A. Alvarez and S. Mc Loughlin
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 Results from ERAS® LatAm

Before the initiation of the ERAS® LatAm, Professor Aguilar-
Nascimento, a surgeon from Cuiaba in Brazil, developed the 
first multimodal approach in the wards of its Surgical Clinic 
Hospital (“Hospital Universitário Júlio Muller  – HUJM”) 
based on the ERAS Guidelines in LatAm. The program was 
dedicated to accelerating the recovery of patients undergoing 
abdominal operations. This project, named ACERTO (www.
projetoacerto.com.br), promotes and organizes well-attended 
annual congresses for the diffusion of the enhanced recovery 
after surgery principles since around 10 years in Brazil, and 
Dr. Aguilar-Nascimento and his team have published several 
important papers highlighting the need for ERAS-related 
changes in practice, in particular in the field of surgical nutri-
tion in the Brazilian patient population.

The starting point of ERAS® Society Implementation 
Programs in Latin America was the implementation pro-
gram led by Robin Kennedy, Olle Ljungqvist, and Jennifer 
Burch for the “Hospital Italiano de Buenos Aires” in 
Argentina [12]. This resulted in the first center of excel-
lence of the region that was ready to train units in ERAS 
according to the ERAS® Society model in 2014. Further 
than just improving surgical care, team members from this 
center of excellence were trained to spread the word of 
ERAS in the region through national symposia, congresses, 
and other academic meetings. Thanks to these efforts, 
ERAS programs continue to expand steadily in the region, 
and several teams followed Argentina in the implementa-
tion of ERAS programs. In the year 2015, a team from 
Colombia (“Clinica Reina Sofia Org Sanitas”) and one from 
Mexico (“Hospital Civil de Guadalajara”) started the path 
of an ERAS Implementation Program. In the following 
year, two hospitals from Brazil (“Hospital Israelita Albert 
Einstein” at São Paulo and “Santa Casa de Misericordia de 
Porto Alegre”) started and successfully completed the 
ERAS Implementation Program. In the same line of work, 
based on the ERAS guidelines, Dr. Aguilar also from Brazil 
developed a multimodal approach in the wards of its 
Surgical Clinic Hospital (“Hospital Universitário Júlio 
Muller – HUJM”) dedicated to accelerating the recovery of 
patients undergoing abdominal operations. This project, 
named ACERTO, also promotes and organizes annual semi-
nars for the diffusion of the enhanced recovery after surgery 
principles. In 2016, two institutions from Uruguay 
(“Hospital de Carmelo” and “Médica Uruguaya Corporación 
de Asistencia Médica” de Montevideo) joined our efforts 
for an enhanced perioperative care in the region. Finally, in 
the last year, one center from Chile (“Clinica Alemana de 
Santiago”) and the “Sanatorio Guemes” from Argentina 
also initiated their training in the implementation program 
(Figs. 62.1 and 62.2).

This strong work has already shown beneficial results 
similar to the ones reported in Europe and North America. 
Up to the moment, 1672 patients have been included in our 
ERAS® LatAm register on the ERAS Interactive Auditing 
System. Regional median compliance to ERAS guidelines 
grew from 35% in 2014 up to 66% in 2018 (Fig.  62.3a). 
During the same period, the average length of hospital stay 
was reduced from 8 to 6 days (Fig. 62.3b). When analyzed in 
a multiple regression adjusted by confounding variables 
(date of surgery, type of procedure and approach, age, 
American Society of Anesthesiologists [ASA] score, diabe-
tes, and Portsmouth-Physiological and Operative Severity 
Score for the enUmeration of Mortality and Morbidity 
[P-POSSUM] score), ERAS implementation was associated 
with a 2.06 days decrease in hospital stay (confidence inter-
val [CI] 95%, −3.27 to −0,86; p = 0.0007) as compared to 
the pre-ERAS patients. Similar results have been observed 
regarding severe complications and intensive care unit (ICU) 
stay. More than 3000 days of hospital stay may have been 
reduced over this period. Hypothetically, the extension of 
these results to the approximately 25 million people under-
going major surgery in Latin America every year would rep-
resent 50 million days of hospital stay spared per year.

However, for this project to reach as many Latin 
American patients as possible, a strong and committed net-
work is also needed. All ERAS units and all healthcare pro-
fessionals involved in this change of paradigm of 
perioperative care in the region should ideally join efforts 
and work together. Following this line of thoughts, a group 
of Latin Americans attendees to the 2016 ERAS World 
Congress agreed to create a chapter of the ERAS® Society 
in the South America and the Caribbean region. One year 
later, ERAS® LatAm was founded in Uruguay during the 
34th Confederation of Latin American Societies of 
Anaesthesiology (CLASA). Since then, multiple exchange 
forums have been organized, and the promotion of ERAS 
within our region is constantly increasing. ERAS® LatAm 
constitutes the collaborative network that was needed to 
provide guidance and support to institutions looking to 
improve their results on surgical care.

 Conclusion

 Future Perspectives

Three objectives will guide our collaborative efforts in the 
near future [19]:

First, to continue with a large-scale expansion of ERAS to 
as many units as possible through communication (national 
symposia, congresses, or other academic meetings) and 
implementation.
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First Phase

Starting point

Spreading the word of
ERAS in LATAM

ERAS Center of Excellence in Hospital
Italiano De Buenos Aires

National Congress of Surgery
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National Symposia of ERAS

Other Similar Activities

•

•

•

•

•

•

•

Implementation Programs

ERAS Certified Units

Second Phase
Planting ERAS seeds in
key countries

BRAZIL

Albert Einstein, Sao Paulo

Santa Casa Da Misericordia
      Porto Alegre

COLOMBIA
Reina Sofia, Bogota

MEXICO

Hospital Civil De Guadalajar

URUGUAY

Medica Uruguaya,
      Montevideo

Hospital De Carmelo,
      Carmelo

Third Phase

Fourth Phase

Fifth Phase

Founding regional
scientific society

Developing knowledge in
motion

Large-scale growing

ERAS LATAM MISSION:
To develop perioperative care and to
improve recovery through research,
education, adult, and implementation of
evidence-based best practice

To promote and strengthen a network of
international (regional) collaborative
research

Fig. 62.1 Phases of development of ERAS in the region
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2014: Hospital Italiano de Buenos Aires
2018: Sanatorio Guemes
Argentina

2015: Clinica Reina Sofia Org Sanitas
Bogata, Colombia

2015: Hospital Civil de Guadalajara
Mexico

2016: Hospital Israelita Albert Einstein
São Paulo, Brazil

2016: Santa Casa de Misericordia de Porto Alegre, Brazil

2016: Médica Uruguaya
Corporación de Asistencia
Médica
Montevideo, Uruguay

2016: Hospital de Carmelo
Uruguay2018: Clinica Alemana de Santiago

Chile

Fig. 62.2 Sites and years of ERAS program implementation in Latin 
America
•  2014: Hospital Italiano de Buenos Aires, Argentina, Center of Excellence
•  2015: Clinica Reina Sofia Org Sanitas, Colombia; Hospital Civil de 

Guadalajara, Mexico

•  2016: Hospital Israelita Albert Einstein, São Paulo, Brazil; Santa Casa 
de Misericordia de Porto Alegre, Brazil; Hospital de Carmelo, Uruguay; 
Médica Uruguaya Corporación de Asistencia Médica, Uruguay

•  2018: Clinica Alemana de Santiago, Chile; Sanatorio Guemes, 
Argentina.
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Second, to strengthen the networking of all ERAS units 
mainly by multicentric research. The ERAS approach pro-
vides us with a unique opportunity to make this possible. All 
ERAS-certified units follow similar care pathways (ERAS 
protocol). Also, all data is collected in the same database, 
and all our ERAS teams look at our results and audit the 
processes in the same way (EIAS).

Third, to plan and develop sustainability projects with 
committed national or regional leaders. Mandatory periodi-
cal measurement and diffusion of clinical outcomes in the 
participating units may be established to correct mistakes or 
highlight successful efforts. Also, it is vital in this field to 
continuously promote the participation of all stakeholders 
and to ensure the empowerment of both patients and health-
care providers.
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ERAS® Society and Asia
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 ERAS and ASIA

Asia is the world’s most populous continent in the world and 
is rapidly developing. Such rapid growth is associated with 
economic gains but also puts a huge strain on limited 
resources. Most of the countries in Asia are low- and middle- 
income countries (LMICs). According to the landmark report 
of The Lancet Commission on Global Surgery, Global 
Surgery 2030, access to safe and affordable surgical and 
anesthesia care is severely neglected in LMIC countries, 
with South Asia, Southeast Asia, and East Asia accounting 
for more than half of the unmet surgical needs. One of the 
recommendations made by the commission to overcome this 
problem is to scale up surgical and anesthesia services to 
meet current population needs while maintaining focus on 
quality, safety, and equity [1].

The emergence of ERAS in Asia is well timed to meet 
this challenge. ERAS programs are designed to improve 
outcomes and have been shown to reduce healthcare costs 
[2]. Although the adoption of ERAS practices in Asia was 
initially sluggish, momentum has picked up in the last few 
years with several scattered initatives in different countries 
including The Peoples Republic of China, Japan and other 
countries. Not surprisingly, this coincided with the desig-
nation of the first two ERAS® Centers of Excellence (CoEs) 
in Asia: The Medical City (TMC) in the Philippines and 
Tan Tock Seng Hospital (TTSH) in Singapore in 2016. The 
objective of this Chapter is to describe the development of 
the initiatives by the ERAS® Society in Asia (Fig. 63.1).

 Development of ERAS in the Philippines

The Philippines is an archipelagic country in Southeast Asia 
comprising 7641 islands. It has a population of 110 million, 
making it the second most populous nation in Southeast 
Asia. As a middle-income economy, it ranks as the third larg-
est in Southeast Asia [3]. However, the Philippines’ health-
care expenditure is at a moderately low 4.5% of gross 
domestic product (GDP), and out-of-pocket expenditure still 
accounts for 54.2% of total health expenditure [4. Access to 
and lack of manpower in healthcare are two of the biggest 
issues facing the country. Given these challenges, there is 
certainly a need for quality- and value-based surgical initia-
tives in the Philippines.

The growth of ERAS in the Philippines began in 2014 
with small, uncoordinated steps. First, two former Presidents 
of the Philippine Society of Colon and Rectal Surgeons 
(PSCRS), namely, Dr. Manuel Francisco T. Roxas and Dr. 
Hermogenes Monroy, attended the second World ERAS 
Congress held in Valencia, Spain. They then started trying to 
incorporate ERAS into the colorectal programs of two large 
government hospitals, namely, the Philippine General 
Hospital and the Jose R. Reyes Memorial Hospital, with only 
limited success. Fortuitously, Professor Olle Ljungqvist, 
ERAS® Society President, was invited to deliver a lecture 
before the Philippine Society of Parenteral and Enteral 
Nutrition (PhilSPEN) during its annual convention in 
October of that year. Within that same time frame, and 
through the efforts of PhilSPEN President Marianna Sioson, 
Professor Ljungqvist was also able to deliver a lecture on 
ERAS in TMC, one of the largest tertiary private hospitals in 
the country, on October 9, 2014. This was a significant event 
because it enabled Dr. Roxas, director of the Colorectal 
Surgery Program at TMC at that time, to convince upper 
management on the value of formally enrolling in the ERAS 
Implementation Program (EIP).

Hence, 2015 became the landmark year for ERAS devel-
opment in the Philippines. In May, just before the World 
Congress of ERAS and Perioperative Medicine held in 
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Washington, D.C., an official contingent from TMC enrolled 
in the ERAS Implementation Program. Online training and 
initiation to the ERAS Audit System soon followed. From 
December 2015 until April 2016, a series of workshops 
among multinational teams (from the Philippines, Singapore, 
New Zealand, and South Africa) were held, with Singapore 
playing host. Local team development and educational activ-
ities, as well as team huddles, were also conducted within the 
hospital. By the end of the EIP, ERAS pathways, patient 
guidebooks, and patient communication tools had been 
developed and implemented.

With the implementation of the ERAS program for 
colorectal surgery in TMC, compliance now hovers at 70% 
and hospital stay at 4 days, and complications have been 
significantly reduced. The program won first prize in the 
2016 Quality Improvement Awards at TMC and the 2017 
Asian Hospital Management Excellence Award. A paper 
on diabetes and ERAS was presented during the 2018 6th 
ERAS World Congress in Stockholm. Currently, the TMC 
program is now being extended to include ERAS in pan-
creatic, liver, gynecologic, head and neck, and orthopedic 
surgeries.

2016: ERAS® Center of Excellence
The Medical City, the Philippines

2016: ERAS® Center of Excellence
Tan Tock Seng Hospital, Singapore

Fig. 63.1 The first two ERAS® Centers of Excellence (CoEs) were 
established in Asia in 2016: The Medical City (TMC) in the Philippines 
and Tan Tock Seng Hospital (TTSH) in Singapore (represented as black 

dots). Interest in ERAS continues to spread across Asia (shown with 
color on the map)

K. Y. How et al.
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These early efforts by the Philippines ERAS Chapter and 
TMC are the first giant, historic steps toward achieving our 
common goal of spreading ERAS throughout the Philippines. 
The Philippine General Hospital is soon poised to be the sec-
ond ERAS® Center of Excellence in the Philippines, while 
active recruitment of other hospitals continues.

 Development of ERAS in Singapore

Singapore has a population of 5.6 million people and is the 
third most densely populated country worldwide [5]. 
Although Singapore is considered one of the most expensive 
cities to live in, it has consistently maintained low healthcare 
spending at 2.2% of its GDP [6] while maintaining excellent 
healthcare outcomes, coming in second in the Bloomberg 
Healthcare Efficiency Index 2018 [7]. However, similar to 
what many other countries are experiencing worldwide, 
healthcare spending is on the rise, and the health ministry is 
focusing its efforts on improving value in healthcare.

Prior to 2016, the adoption of ERAS practices in 
Singapore, like in many places worldwide, was fragmented 
and sluggish. Efforts were mostly based on individual clini-
cians’ preferences and not systematically implemented. 
Back then, besides TTSH, two other public hospitals—
National University Hospital and Khoo Teck Puat Hospital—
were known to have included some ERAS components in 
their colorectal care pathways. However, no formal, consis-
tent audits were done.

In May 2016, TTSH became the first hospital in Singapore 
to fully implement and integrate ERAS® Society guideline- 
based protocols and audit—through the ERAS® Interactive 
Audit System (EIAS)—into its perioperative workflow. In 
2013, the hepatobiliary surgical team initiated a Clinical 
Practice Improvement Program Project that introduced pre-
operative ERAS elements into the pancreaticoduodenectomy 
surgery clinical pathway. This project reduced length of stay 
by 3 days and brought ERAS protocols to the attention of 
senior management. Following that, in 2015, the colorectal 
surgery team performed a retrospective internal audit of 
existing ERAS practices in the colorectal clinical pathway. 
The audit found that only 16 of the 20 ERAS recommenda-
tions for colon surgery were being practiced, and compliance 
to these practices was only 39%.

In September 2014, Professor Ljungqvist was invited to 
TTSH by Dr. Doris Ng, then President of the Society of 
Parenteral and Enteral Nutrition (Singapore) (SingSPEN), 
to share his expertise and experience in ERAS while he was 
in Singapore for a European Society for Clinical Nutrition 
and Metabolism (ESPEN) Life Long Learning (LLL) work-
shop. The meeting came at an opportune time, as Tan Tock 
Seng Hospital was evaluating other value-based healthcare 

systems around the world. ERAS provided an alternative 
evidence- based model that could provide a method for 
reducing unwanted variations in clinical practice and ensur-
ing a consistent delivery of optimal outcomes. The discus-
sion soon developed into a real possibility of TTSH joining 
the ERAS® Society as a trained unit in Asia. This prompted 
a colorectal surgeon, Dr. Kwang Yeong How, and an anes-
thetist, Dr. Jonathan Tan, to form an ERAS workgroup con-
sisting of multidisciplinary stakeholders to lead the 
systematic implementation of ERAS for colorectal surgery 
in TTSH.

In order to increase awareness and obtain buy-in and 
acceptance of ERAS practices among the different specialty 
groups, numerous road shows were conducted by members 
of the workgroup at all the relevant departments and care 
areas. It was important that any doubts were addressed before 
full implementation could take place. Multiple presentations 
were made to the Hospital Medical Board to garner support 
and funding to proceed with the EIP. While the hospital’s 
senior management supported the ERAS initiative and saw 
the value proposition, there was no budget for the EIP nor the 
EIAS subscription. It was only through the award of a grant 
from the Ng Teng Fong Healthcare Innovation Programme 
that the team from TTSH was able to join the EIP in 
December 2015, along with teams from the Philippines, New 
Zealand, and South Africa.

In May 2016, the ERAS program in TTSH was officially 
launched. Together with TMC in the Philippines, TTSH 
became one of the first two Centers of Excellence in Asia. 
One year after the full implementation of ERAS protocol in 
colorectal surgery, the hospital length of stay for colorectal 
surgery was reduced by a median of 2 days from 7 to 5 days, 
and readmission rates fell from 11% to 4.6%. A comparison 
of costs of hospitalization between the pre-ERAS and post- 
ERAS time periods also showed an average reduction of 
$1070 per hospital stay [8].

Within TTSH, ERAS protocols were gradually imple-
mented for liver, pancreas, bariatric surgery, gastrectomy, 
and radical cystectomy by the end of 2017. As more surgical 
subspecialties became included, there was a palpable shift 
in attitudes and work practices that could be seen in all parts 
of the perioperative process. ERAS became a common lan-
guage among the members of the perioperative team. 
Surgeons who were previously skeptical started to adopt 
ERAS recommendations into their practice. Anesthetic 
practices for the initial ERAS surgeries were being imple-
mented for more and more “non-ERAS” patients as these 
were recognized as the new standard of care. Spin-off proj-
ects that encouraged early mobilization and perioperative 
nutrition were initiated independently from the ERAS 
workgroup. Nursing work processes and nursing work rede-
signs that were driven by ERAS were now being adopted as 
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new standard work in the wards. This was the paradigm shift 
in action, a subtle yet undeniable change—a process that 
some of us coined as the “ERAS Creep.”

The hospital leadership also recognized that this was a 
system that not only consolidated the best evidenced-based 
perioperative practices but also incorporated a comprehen-
sive method of monitoring outcomes and compliance to pro-
cess measures that determine those outcomes. The TTSH 
and regional healthcare senior leadership were convinced 
that the ERAS methodology and principles can be a good 
perioperative framework upon which more quality improve-
ment initiatives can be leveraged. This has come in a very 
timely manner, as the healthcare system in Singapore was 
undergoing a major shift in its policies, with an increasing 
focus on value-driven outcomes.

The efforts put in by the team and the good results did not 
go unrecognized. In 2016, the team won gold and bronze 
awards at the Singapore Health and Biomedical Congress. In 
2017, the ERAS team was awarded the silver award during 
the National Healthcare Group Team Recognition Award 
Ceremony.

TTSH is also determined to contribute and play an active 
role at the international level. In 2017, at the 5th ERAS 
World Congress in Lyon, TTSH presented four posters. This 
increased to ten posters and two oral presentations at the 6th 
ERAS World Congress in Stockholm in 2018.

 Lessons Learned from the Singapore Journey

 Redesigning “Established” Workflow
Through the EIP, our team identified weaknesses, deficien-
cies in the old perioperative process, and put in place a 
revised and improved workflow. The ERAS protocols and 
compliance points were used to set up new micro processes 
that would enable the patient’s journey through the ERAS 
process with the highest compliance. One of the lessons 
learned during the EIP was that many things perceived to be 
functioning optimally and taken for granted previously were 
actually far from ideal. For example, the allocation of times-
lots at preoperative assessment clinics to accommodate sepa-
rate anesthetist, dietician, and physiotherapist assessments in 
a single visit, or the logistics of making oral nutritional sup-
plements easily available for patients in the wards, all 
involved a significant amount of planning, problem-solving, 
and thinking out of the box, as well as work redesign.

Resources provided by ERAS® Society and Encare, 
including ERAS patient education material and patient dia-
ries, were adapted to the Singapore context and put into prac-
tice. This was most apparent in the language situation in 
Singapore. Even though English is the primary language 
used for communication, many of the elderly Singaporeans 
still speak and understand their native languages of Chinese, 
Malay, Tamil, and other dialects. This meant that we had to 

have the ERAS patient guidebook in English and also trans-
lated into Chinese, Malay, and Tamil.

 The “Deconstructed” ERAS Nurse
Another major challenge we faced was the difficulty in hav-
ing a dedicated ERAS nurse, a role that seemed to be crucial 
to the success of the ERAS program. The nursing leadership 
of our hospital was moving away from training more spe-
cialty nurses; thus the request for a dedicated ERAS nurse 
was declined. There were also no funds to employ any extra 
nurses. To circumvent this problem, the role of the ERAS 
nurse was therefore dissected into the preoperative, intraop-
erative, and postoperative roles, and a “deconstructed” ERAS 
nurse model was born. In order for this model to work, 
besides knowing and performing their own roles very well, 
nursing leads in each of these perioperative phases also need 
to have a comprehensive understanding of what their coun-
terparts do in the rest of the ERAS patient journey. 
Communication between the nursing leads is also of vital 
importance for the process to be smooth. Here, ERAS com-
pliance sheets are used to facilitate handovers between 
nurses. A hospital-level ERAS nursing committee was also 
set up to facilitate implementation of ERAS practices 
throughout all care areas, wards, and nursing services.

This model of care was a major change in the way ERAS 
was implemented effectively in the published literature. An 
unintended benefit of this model was that more nurses were 
trained to understand and perform the role of the ERAS nurse 
throughout the perioperative workflow. In the long run, there is 
less reliance on a single individual, making this a more sustain-
able model for ERAS nursing, as nursing staff turnover is tra-
ditionally high. This “deconstructed” nursing model with 
multiple linkages is perhaps a model of care that other resource-
limited units, especially in Asia, may adopt successfully.

 Sustaining ERAS in Tan Tock Seng Hospital
One of the common problems that ERAS units face is the 
sustainability of the program after successful implementa-
tion. In TTSH, we observed that even as the ERAS program 
continues to mature and ERAS processes become part of 
standard daily workflow, expansion to other subspecialties 
meant that more practitioners became involved and pro-
cesses became more complex. Issues with consistency and 
compliance started to surface.

To deal with these problems, our team continues to meet 
fortnightly to review results, make improvements, and set 
directions for the program. Stakeholders from other subspe-
cialties teams are actively engaged and refresher EIPs are 
conducted for them. Making use of technology, ERAS com-
pliance and audit measures have been incorporated into the 
TTSH electronic medical records so that data audit becomes 
more reliable and consistent. An ERAS-centered periopera-
tive mobile app is also being developed to help the team indi-
vidualize the patient’s perioperative journey, incorporating 
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pop-up reminders, gamification to encourage and motivate 
early postoperative mobilization with the use of step track-
ers, and food diaries to record calorie intake.

 Scaling ERAS in Tan Tock Seng Hospital
While other surgical subspecialties have started to adopt 
ERAS protocols, the challenge has been to replicate the same 
enthusiasm, commitment, and passion to adhere to and audit 
the true ERAS elements. Moving forward, the ability to scale 
ERAS to other subspecialties in TTSH needs to take on a 
different approach from the initial ground up model of the 
pioneering colorectal ERAS team. Hospital leadership has 
made ERAS implementation and spread a top priority and 
now needs to help drive that vision and provide help and 
resources in the form of protected time, finances and man-
power, so that teams on the ground face less obstacles and 
resistance in implementing ERAS in their subspecialty prac-
tices. The core ERAS workgroup needs to continue to sup-
port the other teams by providing repeated training and 
setting up the infrastructure for all subspecialties; facilitating 
discussions and conversations between the hospital adminis-
trators and other subspecialty teams; reviewing outcomes 
and results regularly with all the teams; and using the EIAS 
data to encourage improved compliance.

 Spreading ERAS in the Region by Tan Tock 
Seng Hospital and the Medical City

In the Philippines, the principles and practice of ERAS have 
not permeated into the mainstream of surgery practice; thus, 
its benefits have yet to reach a majority of Filipino patients. 
In Singapore, most public hospitals are incorporating some 
practices of ERAS to perioperative care. However, it is 
unclear what the outcomes and compliance levels are in 
these programs, as each hospital monitors outcomes sepa-
rately and has different approaches to implementation. It is 
also not known the extent to which ERAS protocols have 
been implemented in each hospital. This also means that it is 
difficult for the hospitals to combine their data and results to 
make meaningful interpretations at a national level.

In September 2016, TTSH, TMC, and the ERAS® Society 
organized the first National ERAS Symposiums of Singapore 
and Philippines. This collaboration and sharing of resources 
has continued with the second and third National ERAS 
Symposiums in 2017 and 2018 (Fig.  63.2). As ERAS® 
Society President, Professor Ljungqvist has been a constant 
fixture in all three symposiums in both countries. Other 
speakers include Professors Anders Thorell, Dileep Lobo, 
Michael Scott, and Bernhard Riedel.

Interest in ERAS on national levels has increased signifi-
cantly since the first National ERAS Symposiums in 2016. 
As national ERAS Centers of Excellence, TTSH and TMC 
have actively engaged the ERAS teams of different local 

hospitals and facilitated discussions with the ERAS® Society. 
The Philippines ERAS Chapter was officially launched on 
August 28, 2015, and the Singapore ERAS Chapter was 
inaugurated at the third Singapore ERAS Symposium on 
September 22, 2018, to increase inter- hospital and institu-
tional collaborations. The aim is to have more hospitals in 
Singapore and the Philippines join the ERAS® Society net-
work and be on the same platform for implementation and 
audit of results.

On a regional level, both Asian ERAS® CoEs have been 
actively promoting the ERAS philosophy and practice in the 
region. The team members have been invited to various 
countries in Asia, including Malaysia, Indonesia, Thailand, 
Vietnam, Taiwan, and China to share their experiences on the 
implementation of ERAS. TTSH also hosted several groups 
of doctors from Indonesia, Thailand, Vietnam, Hong Kong, 
and Taiwan to experiential workshops of the ERAS patient 
journey between 2016 and 2018. These included introduc-
tory lectures and real patient encounters in the preoperative 
clinics, operating theaters and postoperative wards, as well 
as small group discussions. One of these groups was from 
Vinmec Times City Hospital, which subsequently underwent 
an EIP conducted by the TTSH Team in March 2018—the 
first to be conducted by an Asian CoE.

 Future of ERAS in Asia

 Current Status and Challenges of ERAS 
Implementation in Asia

ERAS development in Asia is still very much a work in prog-
ress. There is a huge variation in the awareness and practice 
of ERAS across Asia. Some hospitals in major developed 
cities are already applying ERAS practices well, while at the 
other extreme, there are places where the knowledge is still 

Fig. 63.2 The 2nd Singapore ERAS Symposium in 2017
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significantly lacking. Lack of outcome audit and compliance 
data of any sort is common.

Many of the LMIC countries in Asia do not have basic 
standards of care, which developed healthcare systems take 
for granted. Nutrition optimization perioperatively is a lux-
ury where malnutrition may be common in the community 
and scientific oral nutritional feeds are simply not available. 
Basic patient physiological monitors and anesthetic and sur-
gical instruments limit implementation of current standards 
of care. It is precisely in these areas of need that the patients 
will benefit from a systematic, evidenced-based, protocol- 
guided enhanced recovery perioperative program.

As a start, ERAS® Society guidelines can form the back-
bone from which clinical improvement projects may be imple-
mented to introduce some ERAS practices—perhaps starting 
with what is most easily implementable with the biggest out-
come effects. These “ERAS” program efforts must then be 
audited with a modified ERAS audit system where the positive 
results can then be used to drive the healthcare system to imple-
ment more ERAS elements, with the ultimate aim of imple-
menting and auditing all the elements on the same yardstick as 
all other ERAS centers around the world. Collection of stan-
dardized outcome and process measure indicators will allow 
countries to monitor progress over time, as well as benchmark 
their performance against that of other countries at similar lev-
els of development. The EIAS may be a truly cost-effective 
solution to help developing countries focus on improving sur-
gical outcomes by tracking process measures while enabling 
benchmarking across the world on common definitions.

 Roles of ERAS® Society and Centers 
of Excellence in Asia

TTSH in Singapore and TMC in Manila are currently the 
only two Centers of Excellence in Asia. Vinmec Times City 
Hospital, part of a private group of hospitals in Vietnam, is 
only the third ERAS unit in Asia to undergo an EIP, which 
was due to be completed in early 2019.

Challenges and limitations will vary between countries 
and may be unique within Asia. The ERAS® Society can play 
a pivotal role in improving perioperative care standards in 
this part of the world by introducing and standardizing ERAS 
practices here.

TTSH and TMC, as Centers of Excellence in Asia, are the 
most well positioned to help our neighbors overcome similar 
obstacles. Building up the Asian ERAS network of hospitals 
and linking up with the ERAS world community will help 
centers in Asia and LMICs build successful ERAS programs 
for better patient outcomes.

As part of our ongoing efforts to promote ERAS in Asia, 
the ERAS® Society, TTSH, and TMC collaborated to hold 

the 1st Asian ERAS Congress in 2019. The establishment of 
Asia ERAS Congress serves to bring the best of the ERAS 
World Congress, adding focus to what is most relevant in 
Asia, and make the congress more accessible to our region. 
This is a small but significant step toward establishing a 
wider network of ERAS-trained units in Asia. The vision is 
that Asia ERAS will be an annual or biennial event, hosted 
by an Asian ERAS Chapter consisting of leading ERAS 
centers from all over Asia and supported by the ERAS® 
Society.

At the time of writing, it is encouraging that discussions 
are taking place between the ERAS® Society, the two Asian 
CoEs, and several hospitals in Singapore, the Philippines, 
Malaysia, Taiwan, Hong Kong, Thailand, and South Korea 
on training these hospitals to become lead hospitals in their 
countries.

 Conclusion

Besides continued efforts by the ERAS® Society to reach out 
within Asia, the impetus for change also has to come from 
clinicians on the ground, as well as administrators and policy 
makers. International healthcare agencies, charitable organi-
zations, and industry partners can also play a bigger role in 
supporting the EIPs for hospitals, where resources may be 
obstacles to implementation. This multipronged approach 
would set up a conducive climate for a multilaterally benefi-
cial collaboration for all parties.
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ERAS for Low- and Middle-Income 
Countries

Ravi Oodit and Kelly McQueen

 Introduction

Since the early 1990s, there has been a significant shift in 
disease burden in low- and middle-income countries (LMICs) 
[1]. For the preceding decades, communicable diseases pre-
dominately influenced premature disability and death in 
LMICs. The availability of universal treatment for human 
immunodeficiency virus (HIV) and acquired immunodefi-
ciency syndrome (AIDS), and prevention and improved 
treatments of other infectious diseases, allowed for increased 
longevity and a shift in disease burden toward noncommuni-
cable diseases (NCDs.) Noncommunicable diseases, includ-
ing cardiovascular disease, cancer, and trauma, have since 
eclipsed communicable diseases in LMICs as contributors to 
premature disability and death (Fig.  64.1) [2]. This epide-
miological shift has elevated the need for surgery and safe 
anesthesia in LMICs, since many NCDs require surgical care 
for diagnosis, treatment, or palliation. Unfortunately, surgi-
cal care and anesthesia has been neglected in LMICs for 
decades [3].

The prevalence of communicable disease in LMICs prior 
to 1991 demanded that a majority of healthcare infrastruc-
ture and resources in LMICs be focused on preventing and 
treating these disease states. During this time frame, many 
global health specialists—physicians, healthcare systems, 
and Ministries of Health in LMICs—believed that only 
emergency surgery was a worthwhile investment and that 
basic surgery was a luxury [4]. Therefore, little investment in 
surgical infrastructure occurred in LMICs during this time 
frame, leaving most LMICs with few trained surgeons, even 
fewer trained anesthesia providers, and limited operating 
theater space and equipment. These realities meant that few 

patients had access to surgery in LMICs [5], and for those 
who avoided or survived communicable disease, there was a 
huge increase in the prevalence of surgical disease and in the 
resulting premature disability and death. The expanding bur-
den of surgical disease went largely unnoticed by the global 
health community until 2015 when three pivotal events 
occurred. The 3rd Edition of The Disease Control Priorities 
in Developing Countries volume on Essential Surgery [6], 
the Lancet Commission on Global Surgery [7], and the 
World Health Assembly Resolution on Safe Surgery and 
Anaesthesia as part of Universal Health Coverage [8] were 
published in series in mid-2015, shifting the perception of 
surgery and anesthesia from a “luxury” to “essential.” Since 
May 2015, many efforts are underway to improve and scale 
up surgery and safe anesthesia in LMICs.

Many middle-income countries, and most low-income 
countries, have had to evaluate their surgical systems and 
invest not only in surgical and anesthesia infrastructure but 
also the training of additional surgeons, anesthesiologists, 
and other anesthesia providers. For many countries, these 
processes are only beginning and will take decades to scale 
up to providing essential surgery for all in need. The Lancet 
Commission on Global Surgery estimates that 5 billion 
humans are in need of essential surgery and safe anesthesia 
and that more than 143 million surgeries will be needed 
annually to meet the global burden of surgical disease [7]. 
The process facing most LMICs is daunting at best and is 
being facilitated by the National Surgical, Obstetric, and 
Anesthesia Plans (NSOAP) process [9]. Zambia, Ethiopia, 
Tanzania, and Rwanda have undertaken this process and are 
providing examples regionally and across the globe for other 
LMICs.

Most of the surgical systems in LMICs continue to pro-
vide emergency and some basic surgery as the scale up 
toward the universal provision of basic surgery (Table 64.1) 
progresses. Currently the surgical care provided however is 
often poorly executed, anesthesia care is limited, and both 
result in high complication and mortality rates [10, 11].
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The simultaneous scale up of surgery and safe anesthesia 
in low-volume countries [12] across the globe (Fig. 64.2) [5] 
offers a unique opportunity for standardization and proto-
colized care that may save healthcare dollars and improve 
complication and perioperative mortality rates. Enhanced 
recovery after surgery (ERAS) programs have provided a 
system that focuses on standardized care, with an evidence- 
based approach to preoperative, intraoperative, and postop-
erative care, including pain management.

Implementing evidence-based guidelines, standardizing 
perioperative care, developing well- functioning teams, 
monitoring and measuring patient outcomes, and recovery 
and measuring compliance to guidelines are likely to reduce 
complications, length of hospital stay (LOS), and costs. The 
access to quality data will assist in benchmarking, monitor-
ing, and continuous improvement. The ERAS care pathway 
provides an ideal platform to achieve this goal.

 ERAS in Low- and Middle-Income Countries: 
Barriers, Challenges, and Opportunities

Embracing standardization and implementing ERAS in 
LMICs will require significant modification of protocols 
used in high-income countries (HICs) and careful consider-
ation of the very limited resources for surgery and anesthesia 
in most LMICs. Designing ERAS for LMICs, and imple-
menting appropriate guidelines, will need to take into 
account the limited access to healthcare; delays in seeking, 
reaching, and receiving care; the resource-constrained health 
systems; the nutritional status of the population; the high 
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Table 64.1 The 44 basic procedures recommended for all hospitals in 
LMICs

Dental
  Extraction
  Drainage of dental abscess
  Treatment for caries
Obstetric, gynecological, and family planning
  Normal delivery
  Cesarean birth
  Vacuum extraction or forceps delivery
  Ectopic pregnancy
  Manual vacuum aspiration and dilation and curettage
  Tubal ligation
  Vasectomy
  Hysterectomy for uterine rupture or intractable postpartum 

hemorrhage
  Visual inspection with acetic acid and cryotherapy for 

precancerous cervical lesions
  Repair obstetric fistula
General surgical
  Drainage of superficial abscess
  Male circumcision
  Repair of perforations (perforated peptic ulcer, typhoid ileal 

perforation, etc.)
  Appendectomy
  Bowel obstruction
  Colostomy
  Gallbladder disease (including emergency surgery for acute 

cholecystitis)
  Hernia (including incarceration)
  Hydrocelectomy
  Relief of urinary obstruction; catheterization or suprapubic 

cystostomy (tube into the bladder through the skin)
Injury
  Resuscitation with basic life support measures
  Suturing laceration
  Management of non-displaced fractures
  Resuscitation with advanced life support measures, including 

surgical airway
  Tube thoracostomy (chest drain)
  Trauma laparotomy
  Fracture reduction
  Irrigation and debridement of open fractures
  Placement of external fixator; use of traction
  Escharotomy or fasciotomy (cutting of constricting tissue to 

relieve pressure from swelling)
  Trauma-related amputations
  Skin grafting
  Burr hole
Congenital
  Cleft lip and palate repair
  Club foot repair
  Shunt for hydrocephalus
  Repair of anorectal malformations and Hirschsprung’s disease
Visual impairment
  Cataract extraction and insertion of intraocular lens
  Eyelid surgery for trachoma
Non-trauma orthopedic
  Drainage of septic arthritis
  Debridement of osteomyelitis
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prevalence of HIV; the burden of disease; and the economic 
status of the country. In addition, guidelines will need to be 
constructed to include cost-effective and readily available 
medicines and supplements.

 Access to Healthcare

The Global Surgery 2030 agenda [7], and the Essential 
Surgery: Disease Control Priorities, third edition (DCP3) 
recommendations [1] have opened the door for improving 
access to basic surgery and safe anesthesia, and the World 
Health Assembly (WHA) Resolution # 68.15 [8] and 
NSOAPS [9] have catalyzed scale up to address the large 
unmet surgical needs in LMICs.

Sustainable change can only be achieved by health sys-
tems that are supported by Ministries of Health to include 
resources for surgical care and safe anesthesia. The access 
required includes the 44 basic surgeries recommended by 
DCP3 (Table 64.1) [1], along with additional emergency sur-
gery and the resources to support complete care of the surgi-
cal patient, including critical care services within the highest 
level of hospital care. To achieve not only access, but also 
good outcomes, the healthcare systems scaling up to surgical 
care should focus on standardized, evidence-based care that 
is cost-effective and supported by quality data. For many 
LMICs, this will include a new focus on preoperative care 
and patient preparation before surgery.

 Preoperative Evaluation and Optimization

Currently there is limited or no availability of dedicated pre-
operative clinics in LMICs, and most patients are seen the 
day before surgery by the managing team. In many surgical 
settings in LMICs, there is also limited laboratory and medi-
cal evaluation capacity, including for echocardiograms and 
advanced imaging such as computed tomography (CT) scans 
and magnetic resonance imaging (MRI). Therefore, cur-
rently there is limited preoperative preparation and a limited 
ability to optimize patients. It is unlikely in the current surgi-
cal environment in LMICs that patients would be delayed for 
further testing, which may not be available anyway. In addi-
tion, many surgeons in LMICs will not focus on patient opti-
mization, in spite of the benefits and cost reductions that are 
proven and ubiquitously understood in HICs. During plan-
ning for NSOAPs and the scale up of surgical care in LMICs, 
the addition of preoperative evaluation and testing should be 
considered.

 Discharge Planning

Early discharge of postoperative patients might not be as 
easily achieved in LMICs as in high-income countries. In 
LMICs patients have limited access to transport and health-
care facilities. Patients who develop postoperative compli-
cations at home are likely to return late. Hence surgeons 
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might be hesitant to discharge patients earlier. The benefits 
of early discharge to both the patient and the healthcare 
system may not be realized, and patient care could be com-
promised if discharge occurs without adequate support sys-
tems in place.

Prior to solutions for perioperative management—includ-
ing preoperative evaluation and optimization and discharge 
planning being reached—ERAS goals and processes will 
need to be modified for LMIC settings. Areas of importance 
and early consideration in the planning process for ERAS in 
LMICs include standardization of perioperative optimization 
goals, perioperative discharge planning, and realistic follow-
 up plans for patients who live long distances from the opera-
tive facility. Surgical conditions that currently have long 
waiting lists for surgical intervention may offer a window of 
opportunity to optimize patients, but will require restructur-
ing of current practices. Similarly, in the postoperative period, 
creative solutions for follow-up should be considered. 
Possible solutions include follow-up clinics in remote areas, 
phone follow-up (when patient families have phones), alarm 
symptom checklists, and after-hours call options. Clear pre-
operative discharge planning to identify and address any bar-
riers to discharge is essential. When family phones are 
available, a single on-call telephone number that gives 
patients and their families immediate access to the managing 
team is helpful, as are daily calls to the patient following dis-
charge. In addition, the use of mobile health platforms, and 
home visits by community healthcare workers, may assist in 
discharge and follow-up success. However, locally developed 
and relevant solutions will need to be considered, since much 
of what is proposed here may not yet exist in most LMICs.

 Cost Implications

The most important cost amelioration opportunity for LMICs 
is that potential health system and patient savings are possi-
ble when standardized approaches are utilized and length of 
hospital stay is shortened. Significant resources are required 
to implement and maintain the ERAS program. Costs include 
salaries for the ERAS nurse coordinator, data capturer, 
administrator, the implementation program, database man-
agement, education, research and training, regular team 
meetings, nutritional support, and computer hardware and 
software. LMICs face the additional challenges of inade-
quate infrastructure that includes equipment, drugs, pathol-
ogy, radiology, managerial support, transport, ambulance 
service, safe water, electricity, and adequate and reliable 
Internet connection.

Innovative solutions will be needed. All stakeholders 
should be engaged as there is significant potential for mutual 
benefit. Seed funding could be an option to implement the 

program. Partnerships with governments and private compa-
nies could provide seed funding.

The data from HIC show that once ERAS is implemented, 
a cost saving of 10–20%. can be achieved. Local cost-benefit 
analysis will need to be conducted in LMICs to guide the 
implementation of ERAS. If similar savings can be achieved, 
it could be used to offset the start-up costs and expand the 
program.

 Nutrition

Malnutrition and obesity are significant public health prob-
lems in LMICs; 62% of the world’s obese population reside 
in LMICs. This has occurred alongside a large burden of 
underweight populations in many LMICs.

Obesity adds to the complexity of surgery and periopera-
tive care. It is also associated with increased comorbidities, 
higher complication rates, and longer length of stay. 
Malnourished patients have significantly higher morbidity 
and mortality, a longer length of stay, and increased hospital 
costs [13–15]. Improving the patient’s nutritional status prior 
to surgery is associated with improved outcomes.

The benefits of the ERAS program may not be fully real-
ized if patients are not nutritionally assessed and optimized 
preoperatively. This could be difficult to achieve in LMICs, 
where resources are limited, nutritional optimization is not 
prioritized, and funding for supplements is difficult to source.

Routine nutritional assessment and support, a key ele-
ment of the ERAS program, is not traditional practice in 
LMICs. To address this, dieticians will need to play a larger 
role in assessing, monitoring, and supporting patients. The 
current shortage of dieticians in the LMICs will need to be 
addressed [16]. In addition, all ERAS team members will 
need training and education on the importance of preopera-
tive nutritional assessment and optimization. Funding will 
also be required for appropriate nutritional support, monitor-
ing, and measurement.

 Human Immunodeficiency Virus

Because the brunt of the HIV epidemic globally is borne by 
LMICs, the impact of HIV/AIDS must be considered through-
out the perioperative period. Perioperative HIV status testing is 
neither routine in HICs nor in LMICS; therefore the signs of 
HIV infection—including weight loss, micronutrient deficien-
cies, malabsorption, and altered immunity and metabolism—
must be considered for every patient in LMICs. There is 
conflicting and limited evidence of the impact of HIV status on 
postoperative patient outcomes following surgery, but this must 
be considered as scale up to surgical care is planned [17, 18].

R. Oodit and K. McQueen



627

 Proposed First Steps for Low- and Middle- 
Income Countries

In spite of the many challenges and barriers to considering 
ERAS for LMICs, there are many benefits to even highly 
modified ERAS processes that may benefit surgical 
patients and systems in resource-constrained systems [19]. 
Included in early implementation of ERAS principles are 
cost-savings related to standardized approaches to patient 
care, fewer complications, and a reduction in hospital 
stays. Equally important is the potential for decreasing 
life-threatening complications including deep vein throm-
bosis and perhaps decreasing intraoperative and periopera-
tive death rates.

A discussion on ERAS must begin at a very basic level 
in LMICs, including all stakeholders: Ministries of 
Health, hospital systems, physicians, and nurses. This 
scope of buy- in is essential because most of what is 
required for a successful ERAS program may not yet exist 
in the most resource-constrained systems. To get started, 
key stakeholders must acknowledge that standardization 
will benefit the scale up to surgery and safe anesthesia, 
and all must agree on the basic elements of surgical care 
that ERAS has been proven to impact. We proposed that 
the ERAS framework be applied to all basic and emer-
gency surgery in LMICs, rather than be limited to the spe-
cialty surgery for which ERAS was designed in HICs. We 
also propose that these considerations should be grouped 
as perioperative, intraoperative, and postoperative. As 
well, we hope that LMIC readers will appreciate that our 
initial recommendations are the basic building blocks of 
modern surgical care and that, ideally, as resources allow 
and surgical volume increases, ERAS processes will 
evolve to look more like ERAS systems in HICs, for the 
greatest benefit to patients.

 Preoperative Considerations

As mentioned previously, in many LIMCs preoperative eval-
uation is limited or not available. Evaluation, patient selec-
tion, and patient optimization, however, are essential to the 
surgical scale and honestly to surgical programs worldwide. 
Where little or no preoperative evaluation before the day of 
surgery exists, this must be step one. Resources must be allo-
cated for preoperative screening, and considerations must be 
agreed upon for patient optimization and scheduling. For 
these goals to be reached, human resources, laboratory sup-
port, and other testing must be available. While a dedicated 
space, a preoperative clinic, is optimal, creative solutions 
such as visiting preoperative nurses or a mobile clinic may 
prove useful. The basic components of preoperative care are 

outlined in Fig. 64.3. Laboratory testing and basic testing to 
include electrocardiogram (ECG) evaluation may not be 
 universally available, but is an important step forward in pre-
operative evaluation.

 Intraoperative Management

As LMICs scale up to provide basic surgery in most hospitals, 
the standardization and modernization of surgical care and 
anesthesia are important. The ERAS approach has benefit for 
every surgery in LMICs, since the basic tenets of ERAS focus 
on physiologic normalcy. This approach includes a modern 
nil per os (NPO) approach before surgery: clear liquids up to 
2 hours before surgery and in some cases providing a carbo-
hydrate drink in advance of surgery. Intraoperative planning 
for the least invasive approach to any surgical procedure is 
optimal, and closing the surgical wound without drains when-
ever possible has been shown to decrease complications. 
From an anesthesia perspective, providing a standard anes-
thetic with multimodal pain management and keeping the 
patient normovolemic is ideal. Preventing hypothermia and 
controlling blood pressure, while avoiding long periods of 
hypotension, is also a goal for all surgery (Fig. 64.4).
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Fig. 64.3 Preoperative evaluation
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Fig. 64.4 Intraoperative management
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 Postoperative Management

Similar to the basic preoperative and intraoperative manage-
ment goals described previously, the postoperative manage-
ment approach focuses on a standardized, evidence-based 
approach that will improve outcomes and decrease costs in 
LMICs. The basic postoperative approach for all surgical 
interventions includes multimodal pain management, early 
ambulation and oral intake, glucose control, and early plan-
ning for discharge (Fig. 64.5).

 Data Collection and Management

The role of data within the ERAS protocols is essential. But in 
many middle-income countries and most low-income coun-
tries, the collection of data and the management to follow is a 
tremendous challenge. Firstly, electronic medical records are 
often unavailable, and computer systems are not routinely used 
within the hospital systems. Secondly, and of equal impor-
tance, is the workforce. In most LMICs the surgical workforce 
is significantly understaffed. This is well- documented within 
the Lancet Commission [7] and is a focus for scaling up the 
basic surgery in all hospitals. The existing workforce—nurses 
and physicians, as well as medical assistants and clinical offi-
cers—are consumed with caring for patients. With this in mind, 
data collection for ERAS in these settings will also require 
modification and, in many cases, simplification.

Surgical indicators, such as infection rates [20, 21] and 
perioperative mortality rates [22, 23], may offer initial and 
easy-to-collect benchmarks for the impact of ERAS.

 Monitoring and Evaluation
Currently, most LMICs that are engaged in scaling up to 
basic surgical services and safe anesthesia will find it 

 difficult to manage additional tasks, including monitoring 
outcomes and evaluating the proposed standardized 
approaches. In LMICs with limited access to computers, the 
Internet, and personnel, capturing and entering data may 
prove a significant challenge. Finding solutions to this prior 
to implementation will ensure downstream benefit for the 
ERAS program.

The ERAS(R) Interactive Audit System for monitoring 
and evaluation system is an integral part of the implementa-
tion program, as it allows the teams to continuously monitor 
their compliance to the guidelines, measure their outcomes, 
and effect change.

 ERAS Guidelines in Low- and Middle-Income 
Countries

Many of the recommendations for a universal ERAS 
approach in LMICs will require a paradigm shift in patient 
preparation, intraoperative management, and discharge plan-
ning in LMICs. For this reason, and to assist in utilizing 
ERAS during scale up to greater access to surgery and safe 
anesthesia, we highly recommend the creation of guidelines 
for ERAS in LMICs to assist in the process. The creation of 
such guidelines will require input from surgical and anesthe-
sia providers working in LMICs and from the local hospital 
systems and Ministries of Health. Once these guidelines are 
drafted, it is highly desirable that the recommended pro-
cesses be tested in situ and then eventually included in 
NSOAP planning.

An initial evaluation of ERAS interest and the resources 
required to begin ERAS processes is highly recommended 
and could be considered in concert with an NSOAP evalua-
tion. Figure 64.6 demonstrates the proposed steps for such an 
evaluation in LMICs.

 Conclusion

Enhanced recovery after surgery has improved surgical 
care and outcomes and decreased costs in HICs. These ben-
efits are greatly needed as scale up to universal access to 
surgical care and safe anesthesia continues in LMICs. 
Existing ERAS protocols offer much needed standardiza-
tion and structure to systems scaling up for the provision of 
basic surgery, but must be modified for the realities of 
healthcare in LMICs. Implementation of the ERAS Care 
System in LMICs could provide a platform to facilitate 
implementation of the Global Surgery 2030 goals, improve 
patient outcomes and service efficiency, and reduce hospi-
tal bed days.
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ERAS Position in the Global 
Surgical Community

Weisi Xia, Ahmed W. H. Barazanchi, and Andrew G. Hill

 Introduction

The concept of enhanced recovery after surgery (ERAS) has 
been mooted since the 1990s. This chapter discusses the ini-
tial stages of ERAS, growing as a concept from a group of 
academic Northern European surgeons, forming as the 
ERAS® Society, to its current status in continental Europe. 
The successes of national implementation in the United 
Kingdom are covered, as well as efforts in Canada and 
Australasia. The implications on cost dynamics and opioid 
use, both of which are topical issues in the United States, are 
discussed in brief. This chapter provides an overall summary 
of the burgeoning efforts of health authorities to establish 
ERAS outside of Europe and North America. The current 
collaborative efforts of the global surgical community are 
highlighted, alongside the future applications of ERAS to 
benefit patients and improve healthcare system efficiency 
and efficacy within the World Health Organization’s (WHO) 
Global Surgery 2030 vision.

 Enhanced Recovery After Surgery: Position 
in the Global Surgical Community

As previously discussed in this book, ERAS is the acronym 
for enhanced recovery after surgery, which describes a multi-
modal approach to optimizing perioperative care in surgical 
patients utilizing evidence-based methods. The first model of 
ERAS was developed in the 1990s in Denmark by Professor 
Henrik Kehlet and was called “fast-track surgery” [1]. The 
fast-track surgery protocol was applied in a landmark series of 
colectomies and demonstrated improvements from the con-
ventional 9 to 10 days length of hospital stay (LOS) following 

the operation to discharging patients within 2–3  days with 
improved functional outcomes [2]. “Enhanced recovery pro-
grams (ERP)” and “fast-track surgery” are terms used fre-
quently to describe these perioperative programs, which have 
become increasingly common in the global surgical commu-
nity for demonstrated health benefits for patients, as well as 
for cost-effectiveness for healthcare providers. The term “fast-
track surgery” has since been superseded for its implied per-
ception of focusing on just expedited discharge from surgery 
[3]. ERAS promotes the recovery pathway of patients as a 
whole and focuses on adapting protocols to this recovery, 
rather than solely targeting for faster discharges.

The development of the concept of ERAS as a multidisci-
plinary and multimodal perioperative approach using 
evidence- based medicine was first established by a group of 
academic leaders in a meeting in London in 2001. There 
were concerns that despite increasing evidence on best peri-
operative care for patients, these were either practiced in a 
piecemeal fashion or not yet adopted into standard practice. 
The decision to establish a set of perioperative protocols and 
an audit process to continuously measure outcomes into a 
program to be implemented culminated in the establishment 
of the nonprofit ERAS® Society in 2010.

The ERAS® Society is the end result of the ERAS Study 
Group, a group of academic clinicians concerned with 
improving outcomes using best practices who agreed to 
establish an international network to discuss the newest 
research and guide implementation of the resulting proto-
cols. True to the international nature of ERAS, the Study 
Group itself was formed following a meeting in a London 
nutritional symposium by the initial founders Professors Ken 
Fearon (United Kingdom) and Olle Ljungqvist (Sweden). 
With a slogan of Improving Perioperative Care Worldwide, 
the ERAS® Society serves an important role as a movement 
in the dissemination of protocols and evidence-based 
approaches to care in a global surgical setting.

Since 2005, a series of ERAS® Society consensus guide-
lines have been published in different surgical fields. The 
individual chapters of the ERAS® Society in each member 

65

W. Xia (*) · A. W. H. Barazanchi · A. G. Hill 
Department of Surgery, The University of Auckland, South 
Auckland Clinical Campus, Middlemore Hospital, Otahuhu, 
Auckland, New Zealand
e-mail: w.xia@auckland.ac.nz

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-33443-7_65&domain=pdf
mailto:w.xia@auckland.ac.nz


632

country ensure a uniform approach to the spread of 
 evidence- based perioperative care. Starting from a Northern 
European experience, implementation of ERAS has spread 
to other parts of Europe including France, UK, Spain, 
Switzerland, Germany, and Italy as well as to North America 
and Australasia. It has also been implemented in developing 
nations in Asia and Latin America. The global nature of 
ERAS has been recognized with multicenter contributions to 
refining the perioperative process.

Today, ERAS protocols have been described in many 
major general surgical operations, with recent developments 
and implementations in other surgical fields such as orthope-
dic surgery, cardiothoracic surgery, and gynecology.

 Initial Development of ERAS 
in Northern Europe

ERAS was first established by a group of academic surgeons 
from several Northern European nations meeting as the 
ERAS Study Group in 2001. The original Study Group con-
sisted of leading surgical groups from United Kingdom (Ken 
Fearon, University of Edinburgh), Sweden (Olle Ljungqvist, 
Karolinska Institutet and Ersta Hospital, Stockholm), 
Denmark (Henrik Kehlet, University of Copenhagen and 
Hvidovre Hospital), Norway (Arthur Revhaug, University of 
Northern Norway and Tromsø Hospital), and the Netherlands 
(Martin von Meyenfeldt and Cornelius DeJong, University 
of Maastricht) [4]. This initial group of clinicians was con-
cerned with bridging the gap between tradition and best 
practices in perioperative care. What initially began from lit-
erature reviews to improve elective colonic surgery outcomes 
with a protocol over time morphed into the international col-
laborative effort for education and research on perioperative 
care that has defined ERAS as we know it today [5].

The Scandinavian countries were among the first to estab-
lish enhanced after recovery programs. Professor Kehlet’s 
research on elective colectomy was initially astonishing in 
significantly reducing length of stay. The Danish efforts 
began with what was then known as fast-track surgery in a 
small series of patients undergoing elective sigmoid resec-
tion [6]. The benefits of ERAS in elective colon patients 
were confirmed subsequently in an international multicenter 
collaborative effort [7]. As such, the Danish centers were 
among the earliest to test ERAS.

The ERAS Study Group built on the efforts of Professor 
Kehlet’s work with subsequent trials at each of the five con-
tributing academic institutions. The Study Group realized it 
was evident since the early 2000s, when the first consensus 
protocols were published on colonic and rectal surgery, that 
there were discrepancies between practice and best practices 
[8]. Even among individual contributing institutions, there 

was significant heterogeneity in the application of certain 
parts of the protocol. The collaborative efforts led to the 
development of a database to enroll all patients to not only 
measure patient outcomes but also to monitor levels of com-
pliance with specific parts of the perioperative protocol. This 
served to highlight the discrepancies in each individual cen-
ter to show areas for improvement. Today this forms the 
basis of the ERAS Audit Program to monitor each involved 
center, acknowledging that continued review and feedback 
results in better outcomes.

The efforts of the Dutch (Maastricht working group) in 
establishing ERAS into the Netherlands healthcare system 
are to be particularly commended here [9]. Whereas ERAS 
was previously typically attempted in single institutions, the 
Dutch were pioneers in implementing protocols on a national 
level. With the cooperation of the Dutch Institute for Health 
Care Improvement, a government-led organization, a total of 
33 hospitals participated during a 5-year period from 2005 to 
2009 [10, 11]. This large-scale study involved a third of all 
Dutch hospitals. The study demonstrated improvements in 
standard of care following elective colonic surgery in partici-
pating hospitals, as well as showing feasibility of implemen-
tation on national level.

 ERAS in the United Kingdom

The United Kingdom (UK) has played a significant role in 
the early and continued embrace of ERAS. Since inception, 
Scotland has been a founding member of the ERAS Study 
Group and ERAS® Society. The late Professor Ken Fearon 
(University of Edinburgh) was one of the initial drivers of 
ERAS in the early 2000s. The first ERAS protocol pub-
lished by the ERAS® Society was for elective colonic oper-
ations and was led by Professor Fearon [12]. Several of the 
initial ERAS® Society protocols also involved UK institu-
tions. The UK Chapter of the ERAS® Society was formed 
in 2011 and formally adopted as the British Chapter of the 
International ERAS® Society in 2016. The establishment of 
this chapter aims to promote knowledge and disseminate 
research through regular updates and an annual 
conference.

Similar to the governmental effort by the Dutch research-
ers, the United Kingdom government also played a role in 
implementing ERAS within its National Health Service 
(NHS). With its perceived benefits of cost saving and achiev-
ing productivity gains in an era of austerity, ERAS has been 
adopted with enthusiasm by the NHS. Although there were 
localized accomplishments in colorectal, musculoskeletal, 
gynecological, and urological surgeries at the time, there was 
a lack of a unified effort to implement ERAS nationally. 
Recognizing the evidence and encouraging results from sev-
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eral randomized controlled trials and systematic reviews, the 
UK Department of Health and Social Care’s Enhanced 
Recovery Partnership Program (ERPP) were established in 
England and ran for 2 years between 2009 and 2011 [13]. 
Along with the early Dutch efforts, this government-led ini-
tiative is the first national systems-wide approach to estab-
lish ERAS.  It delegated ERPPs to each of the individual 
NHS trusts with plans to change the processes in each par-
ticipating center. Following the evident success of ERPP in 
England as well as consensus from experts in the field [14], 
ERAS protocols were subsequently established across the 
whole of the United Kingdom.

A national audit following the program introduction col-
lected data from 24,513 surgical patients in colorectal, ortho-
pedic, urological, and gynecological ERAS patients from 
NHS hospitals [15]. Findings of this study supported the 
notion that the success of ERAS arises from the whole pro-
tocolized pathway of care, rather than just from any individ-
ual aspects of the protocol. Colorectal and orthopedic surgery 
had the strongest association with decreased length of stay, 
with weaker evidence for gynecological surgery. This audit 
agreed with existing literature demonstrating the reproduc-
ible improvement in quality of care following standardiza-
tion of healthcare processes [16]. Given the relatively recent 
national implementation of ERAS in the United Kingdom, 
evaluating the robustness of data on cost-effectiveness of the 
programs requires caution [17].

The efforts of the UK ERAS national implementation 
serve as an example for future nationwide efforts in promot-
ing ERAS.  Indeed, it highlights an example of the impor-
tance of securing high-level support. Although efforts of 
individual NHS trusts were instrumental in implementing 
protocols, it is evident that national support with funding, 
research, and coordination was indispensable in ensuring 
that targets were set and auditing was performed.

 ERAS in Continental Europe

Although ERAS research, implementation, and publications 
were initially concentrated in Northern Europe as well as in 
the United Kingdom, there has been increasing research and 
implementation in continental Europe. Several publications 
since the 2010s have highlighted the efforts of continental 
European countries, such as in Spain, France, and 
Switzerland. Although by no means exhaustive, we highlight 
in this section examples of some of the efforts carried out by 
national ERAS organizations.

Similar to other countries that had implemented ERAS, 
what initially began as individual interests in implementation 
in Spain grew into interest groups, which in time morphed 
into a movement. In April 2008, the Grupo Español De 

Rehabilitación Multimodal (GERM or Spanish Multimodal 
Rehabilitation Group) was established with the main intent 
of collaboration and interest in implementing ERAS in 
Spain. The group grew and developed into the ERAS® 
Society for Spain, being the official ERAS® Society group in 
2015. Their efforts have mainly been concentrated in Spain, 
but there has been a special interest in all Spanish- speaking 
countries internationally. GERM established national data-
bases for which participating members could audit their 
practices.

Published nascent Spanish ERAS efforts began with elec-
tive colonic surgery. Observational studies in colon surgery 
demonstrated variability of compliance in fast-track pro-
grams, which at the time was implemented by each individ-
ual hospital unit [18]. A national elective bariatric surgery 
protocol was established by the Spanish ERAS® Society and 
successfully implemented in a pilot trial [19]. This subse-
quently was shown to have similar operative outcomes and 
complications when compared with a non-fast-track 
approach, with reduced postoperative pain and length of stay 
[20]. A national survey published in 2016 for Spanish sur-
geons and anesthetists reported familiarity with ERAS pro-
tocols but lacked overall consensus and adherence to existing 
guidelines [21].

ERAS in France is championed by the multidisciplinary 
Groupe francophone de Réhabilitation Améliorée après 
Chirurgie (GRACE or Francophone Group for Enhanced 
Recovery After Surgery), which also incorporated efforts in 
Francophone Belgium and Switzerland. GRACE was estab-
lished in 2014, and similar to other independent national 
organizations, its aims are to promote the large-scale imple-
mentation of enhanced rehabilitation. GRACE, through its 
Web site, also functions as a repository of resources for any 
groups wishing to establish ERAS in their own centers. Each 
center subsequently is then enrolled as a “Centre GRACE” 
with access to all resources to help with implementation as 
well as participation in the data bank GRACE-AUDIT [22]. 
The GRACE-AUDIT works in a similar manner to the 
ERAS® Society Interactive Audit System in that it is both a 
data bank and auditing platform that supports continuous 
control.

Preliminary research into the large-scale efforts in imple-
mentation in France showed it was feasible and safe [23]. 
Colorectal, bariatric, and hip and knee orthopedic surgery in 
GRACE centers were initially implemented given their high 
levels of existing evidence and high volume of cases. 
Although ambitious, like all national-level programs, the 
Francophone evidence concurs with the literature [11, 15] 
that a nationwide effort is feasible in achieving improve-
ments in patient outcomes. Economically, high-volume elec-
tive surgery with ERAS demonstrated significant cost 
savings for the French healthcare units [24].
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 ERAS in the United States

In Europe, knowledge of ERAS has increased among health-
care practitioners with increasing uptake in the past decade 
after numerous successful implementations in clinical prac-
tice. Since the 2010s, ERAS has also become increasingly 
utilized in the US healthcare system, with several centers 
initiating enhanced recovery programs. Despite best evi-
dence, ERAS uptake in the United States has been slow [25]. 
Nongovernmental organizations such as the American 
Society for Enhanced Recovery (ASER) and the ERAS® 
Society USA Chapter are relatively new, being founded in 
2014 and 2016, respectively. They work like their overseas 
counterparts, as drivers for research and promoting and 
implementing enhanced recovery programs.

In contrast to the national support and implementation of 
ERAS in many other countries, in the United States, there is a 
lack of a federal response to implementation. The lack of fed-
eral support is perhaps linked to the geopolitical and socioeco-
nomic complexities of healthcare provision in the United 
States. The varying nuances of healthcare provision between 
each of the states and a multitude of different hospital systems 
all stand as a challenge to a national response to ERAS. There 
is a lack of published evidence of large-scale implementation 
of ERAS programs in the United States. One example of a 
systems-wide approach is in northern California, within 
colorectal and orthopedic specialties [26], demonstrating 
impressive results when working with a heterogeneous group.

Improving cost efficacy and decreasing hospital costs is 
one of the non-patient factors that makes ERAS programs 
attractive. The United States routinely has the highest health 
expenditures in the Organisation for Economic Co-operation 
and Development (OECD), and with unsustainably increas-
ing expenses, there is a strong incentive in developing pro-
grams that can reduce costs. However, the expenses of 
implementing an ERAS protocol has been paradoxically 
mooted to contribute to the slow uptake of ERAS in the 
United States [27]. There have been several recent publica-
tions in the international literature describing the economic 
benefits of ERAS programs in Canada [28], Switzerland 
[29], and New Zealand [30]. New evidence from single- 
institution colorectal units employing ERAS in the United 
States has concurred with these international studies, demon-
strating the reduced LOS and increased surgical turnover 
that translates into significant cost savings [31, 32]. Despite 
the studies being more cohort series rather than randomized 
controlled trials, the literature demonstrates that ERAS can 
provide healthcare savings within complex systems such as 
the United States.

With recent interest in the prescription opioid crisis that 
has afflicted the United States, there have been several publi-
cations investigating the role of ERAS programs in reducing 
opioid consumption. The United States currently consumes a 

staggering 80% of the world’s supply of opioids [33], pre-
senting a significant burden on patient morbidity and expen-
diture in the healthcare sector. While prescription opioids are 
not an issue isolated to the United States, they do present a 
substantial challenge to the US health authorities as well as 
other countries [34]. The emphasis on multimodal analgesia 
and decreased levels of systemic opioids with ERAS proto-
cols could potentially deliver an opioid-free postoperative 
period, but available evidence is still inconclusive [35, 36].

 ERAS in Other Developed Nations

ERAS acceptance and implementation as the standard of 
care has been predominately reported in the European set-
ting. In this section, we discuss some of the contributions, 
successes, and lessons of ERAS in other developed nations, 
outside of Europe and the United States.

The efforts of the Canadian province of Alberta in estab-
lishing a province-wide ERAS program, beginning in 2013, 
in all relevant surgical procedures have been well described 
in recent literature (see Chap. 61). The Alberta Health 
Services is the largest fully integrated health system in 
Canada, providing universal coverage for 4.2 million people. 
It echoes previous economic studies that ERAS programs are 
cost-saving when evaluated against conventional approaches 
to perioperative care [37, 38]. Although initial evidence from 
the program involving colorectal patients demonstrated 
promising patient outcomes [39], the longer-term results still 
need to be closely scrutinized [40]. Initial compliance with 
the whole ERAS program has also been identified as an 
issue. The example in Alberta provides some guide to the 
global surgical community of the challenges and pitfalls in 
systems-wide implementation of ERAS [41].

Outside of Europe and North America, significant efforts 
in ERAS have been made in Australasia. New Zealand ERAS 
centers have been among the first internationally to publish 
fast-track protocols in colonic surgery [42]. New Zealand’s 
National Orthopaedic Enhanced Recovery after Surgery 
Quality Improvement Collaborative was a nationwide pro-
gram, which ran from November 2013 to March 2015, look-
ing at implementing ERAS for hip and knee arthroplasty as 
well as managing patients with fractured neck of femurs. 
Published results have demonstrated improved patient clini-
cal outcomes following implementation [43, 44] with recent 
official documentation demonstrating positive results [45]. 
ERAS in Australia is also becoming increasingly established 
with numerous published efforts to set up programs, primar-
ily in orthopedic and colorectal surgery [46–48].

Japan has a universal healthcare system servicing a large 
population base. It has comparable general surgical out-
comes on par with or exceeding those of many Western 
nations. ERAS programs for colorectal surgery have been 
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trialed in Japanese centers since 2010 but more recently have 
been modified to fit with traditional Japanese culture for gen-
eral surgical procedures [49, 50]. Further studies are required 
to measure the effect of these modifications. The Japanese 
experience would serve as an example to the feasibility in 
non-Western countries but also the need to factor in culture 
differences in different populations.

 ERAS in the Developing Nations of Asia, Africa, 
and Latin America

Although the concept of ERAS has been around for the last 
two decades, the majority of published ERAS experience has 
been concentrated in Europe, the United States, or in 
Anglophone countries such as Canada, Australia, and New 
Zealand. The benefits and limitations of ERAS programs in 
Asia, Africa, and Latin America have been detailed and 
explored in further details in earlier chapters of this book (see 
Chapters 62, 63, and 64). We highlight in this section some of 
the existing efforts made in these countries recognizing that 
the English literature is probably lacking in this area.

China and India are the regional and upcoming global, 
economic, and population powerhouses. Healthcare systems 
are heterogeneous in both nations. Despite the growing body 
of evidence, except for a few scattered and leading centers, a 
comprehensive response to ERAS is lacking [51–53]. Similar 
to the Japanese experience, these Asian nations also incorpo-
rate a culture where patients consider surgery to be associ-
ated with a prolonged period of stay, paradoxically presenting 
a barrier to earlier discharge [50, 54]. Programs are typically 
implemented in individual institutions, and there is no 
national program in place in either country. Promisingly, sev-
eral organizations within each nation have developed in the 
last decade to promote ERAS.

South Africa is a major developing country in Africa. The 
perioperative effort in South Africa remains fragmented, and 
there does not appear to be a concerted effort between the 
various specialties to optimize this. ERAS has been identi-
fied as a national priority in surgical research [55, 56]. 
Bariatric surgery appears to be a success story in implemen-
tation in South Africa [57]. Published evidence on other 
African nations is scant. Given that the majority of ERAS 
protocols are simple and can be implemented without need-
ing expensive equipment, as well as having significant poten-
tial cost savings, it presents an ideal opportunity for research 
in the African continent.

The Projeto ACERTO (ACEleração da REcuperação 
TOtal pós-operatória, Portuguese for Total Postoperative 
Recovery Acceleration) is part of the Brazilian effort to pro-
mote evidence-based perioperative principles as well as 
evaluating ERAS protocols to suit the Latin American 
healthcare setting. It is a multimodal educational tool based 

on ERAS protocols and aims to achieve what the ERAS® 
Society has promoted in Europe [58]. Initiated in 2005, the 
decade following implementation has shown demonstrable 
improvements in participating institutions, consistent with 
the international literature, in general surgery [59] and more 
recently in orthopedic surgery [60]. In 2017 A Latin 
American ERAS Chapter was formed; ERAS LatAm 
Society was established under the leadership of Adrain 
Alvarez (Argentina) with members also from Brazil, Chile, 
Colombia, Mexico, and Uruguay.

 Global Collaboration Efforts

Collaboration has flourished through the widespread utilization 
of the various ERAS programs and societies. As an example, the 
ERAS® Society has collaborated with the European Society for 
Clinical Nutrition and Metabolism (ESPEN) and the 
International Association for Surgical Metabolism and Nutrition 
(IASMEN) a member society of the International Society of 
Surgery (ISS) to develop guidelines for perioperative care in 
rectal/pelvic surgery [61]. These guidelines highlight the need 
for collaboration to enhance the ERAS program.

The ERAS program has been successful throughout the 
world. The implementation of ERAS programs has allowed 
for collaboration between centers and countries. The ERAS® 
Society has an interactive audit and research tool that is 
updated prospectively by several centers in different coun-
ties. This approach has allowed collaboration and collective 
research into the effectiveness of the ERAS program in dif-
ferent settings. The ERAS compliance group has used this 
data to further knowledge about ERAS by examining which 
factors of the ERAS protocol most influenced outcomes [7]. 
Collaboration is also seen throughout the various ERAS pro-
grams, as evident by the publication of joint statements of 
the ERAS® and ERAS® USA societies [62].

 Role of ERAS in World Health Organization 
(WHO) Global Surgery 2030

The WHO has identified 5 billion people who do not have 
access to safe and affordable surgical care when needed. 
There is a shortfall of 143 million additional procedures to 
meet the demand for surgery in low- to middle-income coun-
tries (LMICs). The shortfall can be met by significant invest-
ment as well as reduction in costs of surgical care. ERAS 
program implementation in LMICs can help in improving 
outcomes and reducing costs by reduction in morbidity, mor-
tality, and length of stay [37].

The ERAS principles provide LMICs with an opportunity 
to standardize and audit care on a large scale. There is poten-
tial for healthcare savings as well as better patient care. The 
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global focus on surgery in the WHO 2030 plan provides a 
unique opportunity to build efficient protocols for anesthetic 
and surgical care using the ERAS principles. Components of 
the ERAS program will ensure important expertise, and 
essential medicines are available, as in the case of locore-
gional anesthesia. The protocol will also ensure that unnec-
essary treatments, such as drains or overuse of intravenous 
(IV) fluids, are minimized.

ERAS principles tie in well with the WHO Global Health 
vision 2030. These protocols have a potential to improve 
care at a reduced cost by focusing on preoperative optimiza-
tion, available cost-effective medications (e.g., antibiotics), 
regional blockade, multimodal analgesia, and early mobili-
zation [63].

 Conclusion

Improved evidence-based perioperative care, promoted on 
the ERAS platform, provides a widespread appeal to the 
global surgical community. Over the last two decades, inter-
est and implementation of ERAS protocols have spread from 

Eurocentric academic institutions to centers across both the 
developed and the developing world (Fig.  65.1). With 
improvements in both individual patient outcomes and 
increased healthcare cost efficiency, ERAS programs prove 
attractive in a wide range of settings. In many nations, ERAS 
still remains in its early stages of implementation to establish 
itself as the standard of perioperative surgical care, providing 
an exciting opportunity for the future.

 Future Direction and Research in the Field

Although ERAS has been around since the late 1990s, the 
uptake of programs in many countries has been relatively 
recent. Given this new field of perioperative care, there is a 
large scope for future research.

Currently there is a lack of literature from non- Anglophone 
nations, especially those in developing nations that have yet 
to establish or have recently established ERAS programs. 
This provides an ideal opportunity for research in ERAS 
implementation and outcomes in countries outside of Europe 
and North America. Outside of a few examples in the United 

Fig. 65.1 Global spread of ERAS is shown with color on the map. 
ERAS® Society Centres of Excellence are shown as black dots
 Alberta Health Services, Alberta, Canada
 Carolinas Medical Center, Charlotte, USA
 Centre Hospitalier Universitaire Vaudois, Lausanne, Switzerland
 Centro de Asistencia Médica del Oeste de Colonia (CAMOC), 
Carmelo, Uruguay
 Clínica Reina Sofía, Bogotá, Colombia
 Danderyd Hospital, Stockholm, Sweden
 Edouard Herriot Hospital, Lyon, France
 Ersta Hospital, Stockholm, Sweden
 Hospital Beatriz Ângelo, Lisbon, Portugal
 Hospital Civil, Guadalajara, Mexico
 Hospital de Italiano, Buenos Aires, Argentina

 Hospital Universitario “Lozano Blesa,” Zaragoza, Spain
 Maastricht University Hospital, Maastricht, Netherlands
 Martini General Hospital, Groningen, Netherlands
 McGill University Health Center, Montreal, Canada
 Medica Uruguaya, Montevideo, Uruguay
 Örebro University Hospital, Örebro, Sweden
 Royal Surrey County Hospital, Guildford, United Kingdom
 St. Mark’s Hospital, London, United Kingdom
 Tan Tock Seng Hospital, Singapore
 The Medical City, Manila, Philippines
 University Hospital Hamburg-Eppendorf, Hamburg, Germany
 University Hospital of Northern Norway, Tromsø, Norway
 The University of Edinburgh, Edinburgh, Scotland
 Yeovil District Hospital, Yeovil, United Kingdom
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Kingdom, the Netherlands, and Canada, there is still rela-
tively little evidence present for the effects of systems-wide 
implementation of ERAS. Future directions of research 
should examine the patient and healthcare economic impact 
of system-level implementation, which could yield new 
information on successes and pitfalls.

Furthermore, given the relatively new nature of ERAS, 
there is a role to play in studying the long-term outcomes 
of ERAS in nations that have already established 
ERAS. This could provide further information and incen-
tive for nations wishing to present a case for long-term 
health benefits.
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