Chapter 13
Fluid Management and Its Role in Enhanced
Recovery

Andrew F. Cumpstey, Michael P.W. Grocott, and Michael (Monty) G. Mythen

Abstract Enhanced recovery programs have repeatedly been shown to safely
reduce perioperative morbidity and hospital length of stay for surgical patients, and
they are being used across an increasing number of surgical specialties. For these
programs to be successful, appropriate fluid management is essential throughout the
whole perioperative period with the main aim being to maintain physiological nor-
mality for patients wherever possible. While excessive fluid administration increases
the risk of harm through tissue edema and surgical ileus formation, insufficient fluid
administration will result in end-organ failure. To minimize these risks and maintain
a “zero-balanced” approach, patients should start surgery minimally dehydrated, be
given fluids only to replace what is lost intraoperatively, and then converted to nor-
mal enteral intake again as soon as possible after the operation is finished. Good
clinical assessment is essential throughout the perioperative period to evaluate how
fluid-responsive the patient is at that time and whether they would benefit from
further volume, or more inotropic support instead. Increasingly in mechanically
ventilated patients, dynamic markers such as stroke volume variation have been
shown to be the most effective way of doing this, although these measures do have
a number of limitations that need careful consideration. Another approach is target-
ing fluid administration to a patient’s cardiac output—so-called “goal-directed ther-
apy.” Again, there is good evidence that like enhanced recovery pathways,
goal-directed therapy can also reduce perioperative morbidity and surgical patient’s
length of stay. National guidelines currently recommend that every surgical patient
should have an individualized fluid plan as part of their enhanced recovery program
and that goal-directed therapy should be considered as part of this approach—par-
ticularly in either high-risk patients and/or more major surgical procedures.
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Key Points

1. Enhanced recovery pathways are multidisciplinary care pathways that
have repeatedly been shown to safely reduce postoperative morbidity and
hospital length of stay.

2. A “zero-balance” fluid approach is essential to a successful enhanced
recovery approach and needs to be continued throughout the whole periop-
erative period.

3. Preoperatively, patients should not be excessively starved or dehydrated,
that is, avoid unnecessary mechanical bowel preparation, solids to 6 h pre-
op, a carbohydrate drink, and clear fluids up to 2 h pre-op.

4. A goal-directed approach should guide intraoperative fluid management in
moderate- to high-risk cases with the aim of giving the least amount of
fluid required to maintain optimal blood volume and cardiac output.

5. Oral fluid should be encouraged and intravenous (IV) fluids discontinued
as soon as possible postoperatively to minimize the risk of further compli-
cations. If an IV is needed post-op, beware of ongoing salt loading. Saline,
Ringer’s lactate, or Hartmann’s are NOT maintenance fluids.

Introduction

In the late 1990s, professors Wilmore and Kehlet in Boston and Denmark developed
a care pathway for colorectal patients undergoing major elective surgery with the
aim of minimizing post-op morbidity and hospital length of stay. This pathway
incorporated a number of different and wide-ranging interventions based on the best
evidence available at that time [1, 2].

Similar “fast-track” pathways have since developed all over the world with
various names. In the United Kingdom, this pathway is known simply as enhanced
recovery, and since its first launch in the mid 2000s, enhanced recovery pathways
have now become commonplace among many surgical specialties in most British
hospitals [3]. While the strongest evidence base perhaps remains in colorectal
surgery where the pathway has been running the longest, elective orthopedic
joint replacements, major gynecological surgery, and urological teams were also
quick to adopt similar schemes, and the evidence base in each of these specialties
is now growing as well [3].
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The Benefits of Enhanced Recovery Pathways

A number of different systematic reviews have now shown that fast-track surgery
programs can successfully reduce length of stay in colorectal patients, even
though mortality rates remain unchanged [4-8]. In 2010, a meta-analysis of six
randomized control trials (RCTs), which used between four and nine different
enhanced recovery pathway elements, showed that enhanced recovery pathways
significantly reduced length of stay by at least 2 days and complication rates by
50% [8]. A second independent systematic review in 2011 drew almost identical
conclusions [7]. Despite encouraging earlier discharges, most studies suggest that
enhanced recovery pathways do not result in increased numbers of readmissions
at 30 days [6, 9].

Similar results are starting to be seen in other surgical specialties as well. A sys-
tematic review into enhanced recovery use in urological surgery in 2015 identified
six studies and concluded that enhanced recovery reduced patient stay without
increasing morbidity or mortality [10]. However, a similar Cochrane review into
enhanced recovery use in gynecological oncology surgery, which was updated in
2014, failed to identify any RCTs that met their inclusion criteria [11]. Although,
other nonrandomized control trials have shown similar decreases in length of stay
with enhanced recovery use in gynecology as well. For example, an observational
study in Sweden, published in 2014, showed that 17 % more women were dis-
charged within 2 days of an abdominal hysterectomy immediately after the intro-
duction of an enhanced recovery pathway [12]. Two recent systematic reviews have
examined enhanced recovery use in upper gastrointestinal surgery; Gemmill et al.
concluded after reviewing 18 eligible studies (including three RCTs) that enhanced
recovery appeared safe and might reduce length of stay in patients undergoing sur-
gery for both gastric and esophageal cancer, but the evidence base remained weak
[13]. Meanwhile, Beamish et al. identified 14 studies (including nine RCTs), with a
total of 1,676 patients with gastric cancer. They concluded that enhanced recovery
pathways were safe, feasible, and cost-effective, with a nonsignificant trend toward
reduced length of hospital stay [14].

The largest study to investigate the effect of enhanced recovery programs so far
is a recently published three-year cross-specialty national audit conducted by the
Enhanced Recovery Partnership Programme. Four surgical specialties were audited
(colorectal, urology, orthopedic, and gynecology) in 61 British hospital trusts from
2009 to 2012, with a weak correlation seen between enhanced recovery pathway
compliance and reduced length of stay in colorectal, orthopedic, and gynecological
surgeries. The median lengths of stay in colorectal, orthopedic, and gynecological
surgeries reduced by 2, 3, and 4 days, respectively, over this period, with no change
in length of stay seen in gynecology [15].
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Components of Enhanced Recovery Pathways

Kehlet’s initial pathway focused on minimizing the effects of the surgical stress
response through improving analgesia, using short-acting anesthetics (or where
possible regional anesthesia) and minimally invasive surgery, and encouraging early
mobilization and nutrition [1, 2].

While the specific components of any particular enhanced recovery pathway
vary between different hospitals and different surgical specialties, the majority of
the interventions remain remarkably consistent, and fluid therapy is always one of
the major components.

The requirements of what the UK Enhanced Recovery Partnership Programme
specify should be included in a typical enhanced recovery pathway are shown in
Table 13.1 [3, 16]. Fluid therapy is clearly mentioned (and highlighted) in each of the
three stages of the table (preoperatively, intraoperatively, as well as postoperatively).

While it is now widely accepted that enhanced recovery pathways can safely
reduce hospital length of stay, it remains controversial as to which elements in the
enhanced recovery approach are most important in achieving this [3]. Even though
a recent systematic review found no evidence that goal-directed fluid therapy
impacts C-reactive protein (CRP) values [17], given that fluid management still var-
ies greatly between different centers and different clinicians [18, 19], and different
fluid protocols can greatly impact surgical complication rates (possibly by as much
as nearly 50 % [20]), it seems reasonable to propose that optimal perioperative fluid
management should be an essential component of any enhanced recovery protocol.
The challenge is in defining what constitutes “optimal.”

Table 13.1 Components of a typical enhanced recovery pathway

Enhanced recovery elements as suggested by the UK Enhanced Recovery Partnership Programme

Preoperative Intraoperative Postoperative
Pre-op visit Antibiotics prior to first Nasogastric tube removal
incision
Patient assessed for surgery Epidural or regional analgesia | Avoid crystalloid overload
Patient explanation of Use fluid management Use a “goal-directed” style
enhanced recovery technologies to individualize of fluid management
fluid therapy
Education given (e.g., therapy | Avoid excess crystalloids Post-op nutrition (encourage
in MSK or stoma in colorectal) early oral intake)
Oral bowel prep avoided Hypothermia avoidance Nausea and vomiting control
Admitted on day of surgery Avoid abdominal drains Early mobilization
Carbohydrate drinks given Early removal of catheter
Maintain good pre-op Avoid systemic opiates
hydration
Avoidance of sedatives

Adapted from [3, 16]
MSK, musculoskeletal.
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Fluid Therapy in Enhanced Recovery: A ‘“Zero-Balance”
Approach

Perioperative fluid management is an important consideration throughout the whole sur-
gical pathway, and optimal fluid management should be viewed as a continuum through-
out the patient’s whole hospital admission. Suboptimal management at any point will
not only lead to significantly longer hospital admissions, but also risks compromising
the benefits conferred by other elements of the enhanced recovery package [21].

The overarching focus—as with many enhanced recovery elements—should be to
always aim for as near physiological normality as possible. In the context of fluids, this
can be thought of as avoiding dehydration and hypovolemia or fluid overload with their
associated complications. Inadequate fluid administration results in insufficient perfu-
sion pressures, reducing oxygen delivery and increasing anaerobic metabolism, which
ultimately leads to cell death and end-organ failure [22]. One of the most common peri-
operative manifestations of this is probably acute kidney injury (AKI).

Conversely, excess fluid administration can have equally harmful consequences,
raising hydrostatic pressures and increasing levels of atrial-natriuretic peptides, which
damage the delicate glycocalyx layer of the vascular endothelium [22]. This renders
blood vessels “leaky” and causes damaging tissue edema to develop in the interstitium,
which again impairs tissue and organ oxygenation [22]. This interstitial edema, together
with high salt loads from excess crystalloid infusion, can also lead to postoperative
ileus and further increase patient’s length of stay [23]. See Fig. 13.1 [24].
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Fig. 13.1 Both “restrictive” and “liberal” fluid administration increase the risk of end-organ dam-
age compared to a “zero-balance” approach through hypoperfusion or tissue edema generation,
respectively (Adapted from [24])
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Unfortunately, terminology in this area has often been confusing historically.
“Liberal fluid therapy” was initially encouraged perioperatively to maintain a pro-
posed “3rd space.” However, evidence to support this theoretical compartment has
always been scarce, and as our understanding about glycocalyx damage and
resulting interstitial edema (as explained previously) increased, consensus has
shifted toward using a more “restrictive” approach to fluid administration [25].
Yet, the term “restrictive” suggests tending toward an equally damaging hypovo-
lemic state. Recent reviews have since proposed abolishing the terms “restrictive”
and “liberal” and instead using the phrase “zero-balance.” This avoids these
misinterpretations and encourages an approach that simply replaces what is lost
(e.g., insensible loss through ventilation and respiration, or volume loss from
intraoperative hemorrhage) [21, 24].

“Zero-balance” is also the term that the American Society for Enhanced Recovery
(ASER) has adopted in their guidelines on perioperative fluid management to
encourage this approach [26]. Again, the ASER guidelines emphasize the importance
of maintaining a zero-balance approach throughout the preoperative, intraoperative,
and postoperative phases of surgery, but as different considerations arise at each of
these different points, it might be helpful to consider how this approach should
apply to each of these stages in turn.

Preoperative Fluid Management

The main aim with preoperative fluid management is to prevent patients from
becoming dehydrated before the surgery even starts. It is clearly much easier to
maintain a zero-balance approach intraoperatively if the patient starts their opera-
tion in a normal euvolemic state [21]. However, although this concept sounds
straightforward, there are a surprising number of challenges to achieving this in
practice.

While patients evidently need to avoid solid food for elective procedures to mini-
mize the risk of aspiration on induction, increasingly international guidelines are
recognizing the importance of not prolonging this fasting period for fluids further
than 2 h prior to surgery. Cochrane reviews have shown that drinking clear fluids up
until 2 h before surgery is not associated with an increased risk of aspiration or other
complications in either adults or children. If anything, these reviews suggest that
drinking clear fluids actually reduced adult gastric volumes and made the preopera-
tive experience more comfortable for both adults and children [27, 28]. The
European Society of Anaesthesiology also now encourages both adults and children
to drink fluids up to 2 h preoperatively in its guidelines [29].

Many enhanced recovery protocols also encourage the avoidance of mechanical
bowel preparation in many patients for similar reasons, although this is becoming
more controversial. Mechanical bowel preparations have been shown to increase
dehydration and decrease patient’s comfort, without reducing the risk of early post-
operative complications in the majority of cases [30-32]. However, some surgeons
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think that mechanical bowel preparation does make certain procedures easier, par-
ticularly laparoscopic cases, and some recent evidence suggests that mechanical
bowel preparation may significantly improve 10-year survival data in elective
colorectal cancer cases [33, 34]. Overall though, avoiding mechanical bowel prepa-
ration currently remains an essential part of the enhanced recovery package because
of the significant effects the preparation can have on preoperative hydration status.

As well as being well hydrated preoperatively, patients’ nutritional status should
also be optimized prior to surgery using carbohydrate energy drinks. These drinks
also decrease patient discomfort while waiting for surgery as well as decreasing
postoperative insulin resistance through increasing insulin activity [35, 36]. They
can safely be taken 2-3 h prior to surgery depending on the nutritional content [37].

Intraoperative Fluid Management

Again, as with most other enhanced recovery elements, the main aims of intraopera-
tive fluid balance in enhanced recovery pathways should be to maintain physiologi-
cal normality as much as possible, that is, to maintain euvolemia and minimize
electrolyte disturbance. Successful preoperative fluid management should allow the
patient to start surgery well hydrated, meaning that the main intraoperative aims are
simply to replace ongoing losses without giving excess salt or water [21].

Insensible losses (e.g., perspiration or urine output) will make up a very small
percentage of ongoing losses, and these will need replacing with a maintenance
fluid regime, often using crystalloids. Direct measurements of intraoperative evapo-
rative losses have shown this to normally be less than 1 ml/kg/h in normal condi-
tions, and it is important to remember that giving fluids in excess of this rate can
rapidly lead to harm and postoperative complications (such as ileus as explained
earlier) [23, 38]. While acknowledging that more liberal fluid administrations of up
to 20 or 30 ml/kg/h might confer some benefits in ambulatory patients (such as
decreasing postoperative drowsiness, nausea, and pain), international guidelines
recommend that maintenance fluids should be given at 1-2 ml/kg/h for all longer or
more major operations [16, 39].

The majority of ongoing intraoperative losses, however, will be intravascular
volume losses. For example, the patient could lose volume through blood loss or
from compartmental fluid shifts, such as interstitial edema formation, secondary to
the surgical inflammatory response [21, 22]. These losses will require replacement
with equivalent volumes of similar fluids (e.g., blood loss should ideally be replaced
with blood products, including platelets and clotting factors in the event of signifi-
cant hemorrhage) [22].

While heavy blood loss may be easy to see if the suction equipment is rapidly
filling in the operating theater, intercompartmental shifts may be much less obvious
to either the surgeon or the anesthetist. If volume loss is suspected, then a “volume
challenge” or “fluid challenge” should be used to see if there is any evidence of
intravascular depletion, which might respond to further filling.
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The fluid challenge remains one of the singlemost important tools for the anesthe-
tist in assessing fluid responsiveness [39]. If the patient is fluid-deplete and can toler-
ate further fluids, then a small but rapid fluid bolus should increase preload enough
to cause a measurable increase in stroke volume and therefore cardiac output. A posi-
tive response proves that the patient is “fluid (or volume) responsive” [39].

A typical fluid challenge would be 500 ml of fluid given rapidly over 5—10 min,
and a fluid-responsive patient should increase their stroke volume by at least
10—15 % in response to this [21, 40, 41].

Another simple way of testing fluid responsiveness is with a passive leg raise
(PLR), where the legs are lifted above the height of the heart. This generates a similar
response to a traditional fluid challenge by increasing venous return (and preload) by
moving blood out of the venous system in the legs [42]. While rarely of use during
surgery, this maneuver has a place in the assessment of volume status following
surgery.

However, it is essential to remember that “fluid responsiveness” and “hemody-
namic instability” are not interchangeable or equivalent. Around half of all hemody-
namically unstable critically ill patients were still not responding to fluid alone—they
will not be “volume-responsive,” and they may also require treatments with vaso-
pressors to increase systemic resistance, or inotropes to increase contractility [41].
Equally, a volume-responsive patient will not always be intravascularly fluid-deplete
[21]. Patients in successful enhanced recovery pathways should normally be less
fluid-responsive than other patients, as they more likely start their operation well
hydrated [39].

The whole clinical picture should always be viewed in context when assessing
for fluid responsiveness, and hence a good clinical assessment is vital for correct
decisions on intraoperative fluid management (see later in chapter).

Postoperative Fluid Management

Postoperatively, patients should be encouraged to restart normal oral food and fluids
as early as possible in enhanced recovery pathways, and intravenous fluids should
be stopped as soon as this is achieved. Continuing intravenous fluids into the post-
operative phase further increases the risk of developing postoperative ileus as
explained earlier, particularly as patients’ ability to excrete and remove both sodium
and chloride is reduced postoperatively [23]. For this reason, if fluids are required
to continue postoperatively, then low-volume fluids with relatively low sodium con-
tents should be considered—particularly, when most patients will already have been
given an excess of sodium and chloride intraoperatively [21].

Continuing intravenous fluid postoperatively will also have negative conse-
quences on other enhanced recovery pathway elements. One of the main focuses of
enhanced recovery in the postoperative phase is to encourage early mobility, and
patients are inherently less likely to mobilize if they are connected to intravenous
fluid lines. Equally, catheters will also discourage patients from mobilizing, and
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should be removed as soon as possible [21]. Adequate analgesia is also important to
maximize the chances of early mobilization, but laxatives may also be required to
minimize constipation and urinary retention depending on the surgical procedure
that has been performed.

Early oral intake also has independent surgical benefits. A systematic review has
shown that early feeding significantly reduces the risk of postoperative infection
and also independently reduces hospital length of stay. In addition, it may lower the
risk of surgical anastomotic dehiscence, wound infection, pneumonia, intra-
abdominal abscess, and mortality, although these did not reach statistical signifi-
cance in the meta-analysis performed [43].

Clearly, how fluids are managed throughout the preoperative and intraopera-
tive phases will impact how the postoperative phase is managed and how suc-
cessful the enhanced recovery fluid regime will be overall. For example, failing
to prevent preoperative dehydration would mean the patient would already start
the intraoperative stage with a relative fluid deficit and require larger volumes of
fluids intraoperatively, increasing the risk of ileus postoperatively and delaying
the patient’s discharge.

The Need to Individualize Fluid Therapy

While a “zero-balance approach” will need to be applied throughout every patient’s
perioperative pathway, the exact management cannot be completely protocolized in
advance as it will always differ from patient to patient, from operation to operation,
and in some cases between different anesthetic techniques [44].

In other words, an individualized zero-balance approach to fluids is required for
each operation, which means that a way of continuously assessing and reassessing
an individual patient’s fluid requirements throughout the whole perioperative period
is essential.

Clinical Assessment of Fluid Status

Assessing a patient’s fluid status is an essential clinical skill that is taught from the
very first days of medical school. There are a number of different physiological
markers that clinicians are traditionally taught to use to monitor fluid status. Some
examples of clinical signs and parameters that might suggest a patient is hypovole-
mic are as follows:

e Heart rate above 90 (or n % >baseline)

e Systolic blood pressure below 90 (or n % < baseline)
* Urine output of less than 0.5 ml/kg/h

* High lactate

* Low central venous pressure
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However, it is becoming increasingly clear that none of these markers are reli-
able indicators of an anesthetized patient’s fluid status [21]. Many are not specific.
For example, a heart rate over 90 could be expected in any type of systemic inflam-
matory response (as per the “SIRS criteria”). Although SIRS was originally defined
to identify sepsis, it could equally be a response to trauma, inflammation, or isch-
emia among other things—in fact, over 80 % of surgical intensive care patients
would meet the SIRS criteria [45, 46].

Many of these markers are also not very sensitive for detecting changes in volume
status, partly due to a confounding effect of the normal physiological response to
systemic blood loss, which is constriction of the splanchnic circulation. Splanchnic
vasoconstriction has a protective physiological effect by moving blood back into the
systemic circulation and maintaining vital organ perfusion. However, because this
means that the systemic circulation is relatively maintained, heart rate and blood
pressure do not alter dramatically, even in the presence of large overall volume defi-
cits. These variables only start to change when the volume deficit cannot be con-
tained within the splanchnic circulation alone [21]. For example, in one study where
young healthy volunteers gradually had 25 % of their total blood volume removed by
phlebotomy over an hour, the only significant marker to change was gastric tonome-
try—a specific monitor of splanchnic perfusion. Heart rate and mean arterial blood
pressures remained unchanged on average, despite this large volume loss [47].

Urine output is another measure that is often taught as being a good marker of
volume status and a relatively simple way of approximating kidney function.
However, urine output is often poorly recorded both intraoperatively and postopera-
tively, and intraoperative oliguria (i.e., urine output <0.5 ml/kg/h) is not predictive
of developing acute kidney injury or of overall volume status in patients undergoing
major noncardiac surgery [48].

Likewise, hourly monitoring of central venous pressure (i.e., the pressure
recorded from either the right atrium or the superior vena cava) was routine in inten-
sive care units all over the world 10 years ago. However, in 2008, a systematic
review of 24 studies concluded that central venous pressure was actually a very poor
predictor of which patients needed more fluid and also of an individual patient’s
overall blood volume. The authors recommended that routine central venous pres-
sure monitoring should no longer be performed perioperatively [49].

Transesophageal echocardiography has also been trialed as a method for assess-
ing volume status. The principle seems particularly appealing as it allows direct visu-
alization of the heart itself, and it is relatively simple to perform in an anesthetized
patient. Yet, measurements of both right and left end-diastolic volumes are variable,
and, as with many of the static variables described previously, have ultimately proved
to not be helpful in assessing a patient’s fluid responsiveness [50, 51].

However, using ultrasound to measure the change in diameter of either the infe-
rior or superior vena cava has been shown to be very predictive in assessing fluid
responsiveness of patients undergoing positive pressure ventilation [51]. Measuring
the change in diameter makes this a dynamic marker and, indeed, many other
dynamic variables have also been shown to be useful in assessing fluid responsive-
ness, particularly in mechanically ventilated patients.
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Fig. 13.2 Pulse pressure Pmax
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Using Dynamic Variables to Assess Fluid Status

Using dynamic indicators to assess fluid responsiveness has repeatedly been shown
to be more effective than using static markers [39, 42, 50]. This conclusion was sup-
ported by the findings of a systematic review comparing static and dynamic indices.
Many of the dynamic variables used in this review were related to pressure changes
at different points of the respiratory cycle, for example, pulse pressure variation [50].

Pulse pressure variation (see Fig. 13.2) is produced by changes in venous return
(cardiac preload) at different points in the respiratory cycle if the patient is mechani-
cally ventilated. This is due to the right atrial pressure increasing during positive
pressure inspiration and decreasing again in expiration. These pressure changes
cause cyclical changes to venous return and to ventricular filling pressures [42].
These changes are also greater in volume-depleted and fluid-responsive patients,
giving a very accurate measure of fluid responsiveness. Pulse pressure variation is
relatively easy to visualize on a normal arterial pulse pressure trace too, making it a
very useful measure of fluid responsiveness in mechanically ventilated patients with
an arterial line in situ [52]. In general, a pulse pressure variation of at least 13 % will
predict a 15 % or greater increase in cardiac output in response to a 500 ml bolus of
crystalloid [42].

Similar cyclical changes can be seen in the oxygen plethysmography trace. These
plethysmography variations have been shown to approximate well to the pulse pres-
sure variations described earlier, with a plethysmography variation over 15 % accu-
rately predicting a pulse pressure variation over 13 %. The big advantage of using
plethysmography variation over pulse pressure variation is that it can be measured
noninvasively through a normal oxygen saturation finger probe and no invasive lines
are required [53, 54].

As the main determinant of pulse pressure is stroke volume, it is not surprising
that similar variations in stroke volume are also seen in mechanically ventilated
patients and can also be used as an accurate predictor of fluid responsiveness. Stroke
volume variation can be measured using transesophageal echocardiography, and
dedicated transesophageal Doppler probes are now recommended by the National
Institute of Clinical Excellence and routinely used throughout the United Kingdom
for this purpose [42, 50, 55].
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Fig. 13.3 The “LIMITS” Low Heart Rate / Respiratory Rate ratio
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Although being very accurate, all of these different variations rely on a number of
assumptions. For instance, patients must be mechanically ventilated with normal intra-
thoracic and abdominal pressures to ensure these respiratory pressure changes cycle
appropriately. The patient must also be in sinus rhythm, as other rhythms such as atrial
fibrillation (with an irregular R-wave to R-wave time) will affect how the intrathoracic
pressure cycles are transduced at the right atrium, and the ventricles and smaller tidal
volumes will reduce these pressure changes, again altering the test’s predictive value
significantly [21, 42, 52]. Some of these factors will cause pulse pressure variation to
appear artificially large (false-positive), while others will cause a decrease in variation
size despite no change in fluid responsiveness (false-negative). The acronym “LIMITS”
offers one way of remembering these effects [56]. See Fig. 13.3 [56].

Ultimately, both pulse pressure and oxygen plethysmography variations are sim-
ply less invasive ways of indirectly measuring stroke volume variation. As a suc-
cessful fluid challenge is one that results in an increase in stroke volume (and
therefore cardiac output) as explained earlier, fluid therapy should always be
targeted to increase stroke volume and not thought of as reducing oxygen plethys-
mography or pulse pressure variation.

Whereas previously standard (static) ways of assessing fluid status left no clear
end point, and it was often very challenging to know whether fluid administration
had been beneficial or not, with dynamic assessment of stroke volume variation
there is a very clear end goal to fluid therapy: a measurable increase in stroke vol-
ume and cardiac output [21, 41, 50].

This concept has led to whole new method of giving fluids known as “goal-
directed fluid therapy,” which is increasingly being used in many enhanced recovery
pathways around the world [21, 57].

Goal-Directed Fluid Therapy

Goal-directed fluid therapy can be defined as using fluids, vasopressors, and/or ino-
tropic agents to increase cardiac output and therefore tissue oxygen delivery. Fluid
administration would achieve this aim normally through increasing preload and
consequently stroke volume as explained previously.
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The concept was developed more than 30 years ago after the invention of the
Swan—Ganz pulmonary artery catheter in the early 1970s allowed rapid changes
in cardiac output to be measured for the first time [58, 59]. Soon after this, in
1978, Bland et al. proposed that oxygen delivery would be a useful therapeutic
goal to target [60]. In 1988, Shoemaker et al. used a protocol with the pulmonary
artery catheter to target increased oxygen delivery and showed that this signifi-
cantly reduced mortality in high-risk surgical patients—a concept that we con-
tinue to use today [61].

Since then the pulmonary artery catheter has gone from being a common sight in
most critical care units to now hardly being used at all. This is partly due to the
many risks associated with its use, and also because a number of other reliable, less
invasive, and less risky cardiac output monitors have since entered the market [62].

Different ways of monitoring cardiac output include everything from using routine
monitoring to visualize changes in the stroke volume, pulse pressure, or oxygen pleth-
ysmography variations as described above, through to specially designed devices such
as the esophageal Doppler mentioned earlier or lithium-dilution cardiac output moni-
toring devices such as the LiDCOrapid device (LiDCO, Cambridge, UK). This device
injects a small bolus of lithium and uses this together with the arterial waveform trace
to give a calibrated beat-by-beat estimate of cardiac output [55, 63, 64].

Goal-directed therapy approaches are now widely used in Australia, New
Zealand, the United States of America, and particularly in the United Kingdom
where the esophageal Doppler device remains the most common method of moni-
toring cardiac output changes [63].

In 2012, a Cochrane systematic review of 31 trials with a total of more than
5,000 patients concluded that goal-directed fluid therapy significantly reduced
morbidity in elective surgery. The rates of acute kidney injury, respiratory compli-
cations, and wound infections were all significantly reduced when goal-directed
fluid therapy was used; the length of hospital stay was also 1 day shorter on aver-
age, and overall, fewer patients suffered complications. The review found no evi-
dence to suggest any potential harm through using goal-directed therapy, and
although there were hints of a possible downward trend in 28-day mortality, this
did not reach significance (28 day mortality=7/100 in control, 6/100 in GDFT
arm, RR=0.81, CI 0.65-1.00) [65].

Overall, these conclusions were very similar to the effects seen in studies looking
at the benefits of enhanced recovery pathways as described earlier—both interven-
tions have been shown to significantly reduce morbidity and length of stay in surgi-
cal patients, but have not been shown to significantly impact the mortality of these
patients [8, 65].

Goal-Directed Fluid Therapy in Enhanced Recovery Protocols

A number of recent studies have specifically tried to assess the benefits of using
goal-directed fluid therapy within an enhanced recovery protocol, but overall the
results have been mixed.
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In 2012, Brandstrup et al. randomized 150 elective colorectal patients in an
enhanced recovery pathway to receive either fluid therapy guided by an esophageal
Doppler or to receive a zero-balance fluid therapy approach. No significant differ-
ence between the two groups was seen at 30 days for major or minor complications,
mortality, or hospital length of stay [66].

Srinivasa et al. conducted a similar trial in 2013 in 85 elective colorectal patients
who were all part of an enhanced recovery protocol that included a preoperative
drink and avoidance of prolonged fasting. Half of the patients received “restrictive
fluid management” (maximum 1,500 ml intraoperatively) and the other half received
goal-directed therapy. Again, median lengths of stay and number of complications
were almost identical between both groups (6 vs 5 days, and 26 vs 27 developed
complications). Interestingly, the amount of intraoperative fluids administered to
each group was also similar: 1,994 ml in the goal-directed fluid group compared to
1,614 ml on average in the restrictive group, and there was no clinically relevant
difference in the hemodynamic variables [67].

In 2014, Phan et al. again randomized 100 elective colorectal patients so that 50
received a restrictive approach and 50 received fluids based on esophageal Doppler
guidance. All 100 patients otherwise followed an identical enhanced recovery pro-
tocol. Again, there was no difference in the median length of stay (6 days in the
restrictive group compared to 6.5 in the goal-directed group, p=0.421) or rate of
complications (52 % in restrictive compared to 60 % in goal-directed, p=0.42). In
this case, the two groups did receive a statistically different amount of fluid intraop-
eratively, but both still received relatively small overall volumes (1,500 ml in the
restrictive compared to 2,190 ml in the goal-directed group, p=0.008) [68].

In a similar randomized trial in 2015, Lai et al. looked at 220 enhanced recovery
patients having either rectal resections or cystectomy with ileal conduit operations
and again randomized them to receive either goal-directed fluid therapy using colloid
fluids guided by the LiDCO rapid or a relatively liberal control group. Interestingly,
this group also stratified their samples by preoperative fitness using cardiopulmonary
exercise testing. Despite the goal-directed (intervention) group receiving an average
of 956 ml more Gelofusine (B. Braun, Melsungen, Germany), no significant differ-
ences were seen in either mean length of stay (9.6 days control to 11.8 days interven-
tion, p=0.091) or postoperative complication rates (48.6% control vs 50.5%
intervention, p=0.717). There was also no statistical association between stroke vol-
ume and aerobic fitness to either length of stay or complication rate [69].

These four relatively small studies might not have shown any significant benefit
to using goal-directed fluid therapy in enhanced recovery protocols, but, possibly
more importantly, again none suggested any harm in using this approach either.
Perhaps more interesting is the similarities in the amounts of fluid that were admin-
istered intraoperatively between the three studies, and particularly how much
smaller these values are (in not only the intervention but also the control groups)
compared to similar studies conducted before enhanced recovery after surgery path-
ways were introduced [21].

The goal-directed protocol study by Srinivasa in 2013 was actually identical to that
used in 2006 by Noblett et al., where all of their patients received bowel preparation
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and were also fasted for longer. The total fluids given in the 2006 study were 3,638 ml
in the goal-directed group and 3,834 ml in the control group—more than double the
amount given to the control (restrictive) group in the study by Srinivasa (2013), with
an enhanced recovery protocol. Unlike the 2013 study, the patients of Noblett et al.
were also much more fluid-responsive as surgery started, and their cardiac indexes
increased significantly throughout the operation (from average 3.2 1/min to 3.8 1/min)
in response to filling. Overall, the complications (2% vs 15 %, p=0.04) and average
lengths of stay (7 days vs 9 days, p=0.005) in the 2006 goal-directed group were
significantly lower than the liberally treated controls. Together, these results really
highlight the significant impact enhanced recovery pathways have had on surgical
outcomes in just an 8-year period and emphasize the importance of a zero-balance
fluid management approach in this improvement [21, 67, 70].

So, where does this leave goal-directed fluid therapy in enhanced recovery pro-
tocols? In 2014, a large multicenter randomized control trial, Optimisation of
Cardiovascular Management to Improve Surgical Outcome (OPTIMISE), con-
ducted by Pearse et al., reported on the effect of using goal-directed fluid therapy
together with an inotrope (dopexamine) on high-risk patients undergoing major
abdominal surgery during and up to 6 h after the procedure [71]. All 734 patients
followed some form of enhanced recovery protocol, making it the largest goal-
directed fluid therapy trial in enhanced recovery to date. Their primary outcome was
a composite score of predefined moderate or major postoperative complications and
mortality at 30 days. Again, the intervention arm failed to show a significant reduc-
tion in the combined morbidity and mortality outcome, but in this larger study there
was a clear trend toward benefit with the intervention (intervention group rate
36.6 % vs control group rate 43.4 %, p=0.07, 95 % confidence interval 0.71-1.01).
Interestingly, for the first time the OPTIMISE study also suggested a trend toward a
lower mortality at 180 days through using a goal-directed approach, although again
this was not statistically significant (180 day mortality rates of 7.7 % with interven-
tion compared to 11.6 % in control, p=0.08). The trial had been powered to recruit
more than 1,000 patients, and had this initial target been reached, then may be these
two end points would have reached significance, but that remains unknown [71].

The OPTIMISE authors went on to update the earlier 2012 Cochrane systematic
review with their new results as well as seven other smaller trials that had been
published in the intervening period, taking the total number of studies reviewed up
to 38. This new meta-analysis showed that using a cardiac output-directed hemody-
namic therapy algorithm (goal-directed fluid therapy) did significantly reduce com-
plication rates in surgical patients [71].

It is still difficult to draw definite conclusions from these findings however. Using
a single composite mortality and morbidity outcome might have limited the signifi-
cance of the results given that no previous study has shown a significant difference
in mortality to date. It also remains unclear whether the main benefit was from using
a goal-directed approach to fluid administration, inotropic support, or both
(OPTIMISE is one of the first studies to combine this approach in the intervention
arm). And finally, although this study significantly improves the quality of the data
in the updated Cochrane meta-analysis, most of the other studies in this review
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remain small single-center studies reporting their outcomes in different ways. Many
of these studies are also more than 10 years old now and predate enhanced recovery
pathways [71].

Ultimately though, goal-directed therapy has repeatedly been shown to be a safe
intervention. Better fluid management through enhanced recovery pathways or
through goal-directed approaches has both been shown to independently reduce post-
operative complications. A goal-directed fluid approach may also add extra benefit to
enhanced recovery protocols, particularly in higher risk patients, although this will
require a large and well-powered clinical trial to answer conclusively [21, 69, 71, 72].

The biggest benefit to using a goal-directed approach is almost certainly in patients
whose preoperative fluid status has not been optimized successfully and will start
surgery fluid-responsive. As it is difficult to predict which patients will fall into this
group, one suggestion is to use goal-directed therapy in all patients to ensure those
patients that would benefit from goal-directed fluid therapy will still receive it [21]. In
certain operations where large amounts of blood loss or significant intercompartmen-
tal fluid shifts are to be expected, it seems logical that targeting fluid therapy based on
cardiac output monitoring should be seen as best practice [57].

Currently, consensus UK guidelines recommend using an individualized fluid
plan with a zero-balance approach in all enhanced recovery patients. They also
emphasize that some patients will benefit from cardiac output optimization through
a goal-directed approach, with higher risk patients having higher risk operations
most likely to gain [16, 21]. See Fig. 13.4 [21]. The UK Enhanced Recovery
Consensus statement specifically recommends the use of intraoperative fluid man-
agement technology (such as the esophageal Doppler) in any operation, with any of
the following features [16]:
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* Major surgery with a 30-day mortality rate of >1 %

* Major surgery with anticipated blood loss of >500 ml

* Major intra-abdominal surgery

e Intermediate surgery (30-day mortality >0.5%) in high-risk patients (e.g.,
age >80, history of left ventricular failure or previous ischemic heart disease or
stroke)

* Unexpected blood loss requiring >2 1 of fluid replacement

e Patients with evidence of ongoing hypovolemia or tissue hypoperfusion (e.g.,
persistent lactic acidosis)

Fluid Choice

Choosing which intravenous fluid to use is also vitally important to a successful
enhanced recovery pathway. In general, all intravenous fluids fall into one of just
three categories:

1. Crystalloids
2. Colloids
3. Blood products

Crystalloid solutions are mixed with electrolyte or glucose ions; for example,
water is mixed with sodium chloride ions to make up saline solutions. They are best
used to replace insensible losses (which are often mixed with electrolyte distur-
bances; e.g., sweating causes salt and water loss). Some can also be used as resus-
citation fluids as they will also influence hemodynamic status—the exceptions are
dextrose-based solutions as cellular glucose uptake is so rapid that no significant
hemodynamic effect is seen. Crystalloids can be classified based on their constitu-
ent ions and their osmolality; see examples in Table 13.2 [22, 39, 73].

Colloid solutions, on the other hand, are solutions mixed with macromolecular
solutes instead of electrolyte ions. Examples include starch, gelatin, or dextran solu-
tions. These solutes exert an osmotic pressure across the glycocalyx endothelial

Table 13.2 Examples and constituents of different crystalloid solutions

Osmolality Dextrose | Na* K* Ca*™ Lactate | CI- Acetate
Fluid (mOsm/l) | pH| (/dl) | (mEq/l) | (mEq/l) | (mEg/l) | (mEq/l) | (mEqg/l) | (mEq/l)
Plasma 285-295 | 7.4/4-7 142 4 5 27 1
0.9 % Saline | 308 5.5 154 154
Hartmann’s 279 6.5 131 5 4 29 111
5% Dextrose |278 4.0/5
0.18% 283 4.0/4 30 30
Saline/4 %
Dextrose
Plasma-Lyte |294 7.4 140 5 98 27

Adapted from [22, 38, 72]
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wall and due to their particle size are thought to remain inside the intravascular
space longer (and therefore exert a long-lasting hemodynamic effect) than crystal-
loid solutions [22, 39].

Blood products consist of individual blood constituents such as red cells, plate-
lets, fresh frozen plasma (FFP), or clotting factor mixes.

Which fluid type is the “best type” of fluid remains hotly debated. Ideally, fluid
losses should be replaced with fluids with a similar composition in an aim to keep
physiological normality [22]. For example, blood loss should be replaced with
blood products wherever possible, such as packed red cells as well as with platelets
and other clotting factors if the blood loss is significant.

Insensible losses (such as through perspiration and respiration) should be replaced
with balanced crystalloid solutions, and 0.9 % saline solutions (including some colloids
that are mixed with 0.9 % solutions) should be avoided wherever possible. There are
very few studies that show their administration to result in clinical benefit, and they
have frequently been shown to cause a hyperchloremic acidosis through excess sodium
and chloride administration, which may be harmful [21]. However, while Hartmann’s
is a balanced crystalloid solution, simply repeatedly giving Hartmann’s alone will still
result in an exceptionally high sodium load and a potassium shortage [18].

The British Consensus Guidelines on Intravenous Fluid Therapy for Adult
Surgical Patients (GIFTASUP) advise that patients receive the following to meet
their minimum daily maintenance requirements [73]:

* 1-2 mmol/kg of sodium
* 1 mmol/kg of potassium
* 30 ml/kg water

Consequently, maintenance fluid regimes should aim to replace the above, and
ideally at a rate of less than 2 ml/kg/h (including any drug infusions) according to
the consensus statement from the British Enhanced Recovery Partnership [16, 73].
Where intravenous fluids do need to be continued postoperatively, these guidelines
strongly recommend using a low-sodium crystalloid solution (e.g., 0.18 %
sodium/4 % dextrose with potassium) to minimize the risk of developing postopera-
tive ileus from excessive sodium administration [16, 21].

In terms of replacing other volume losses, most goal-directed fluid studies have
used colloid boluses. This is because colloid boluses are thought to increase stroke
volume and blood pressure more (and also more quickly) than the same volume of
a crystalloid solution, due to colloids being less likely to leak across the glycocalyx
and out of intravascular space as rapidly as crystalloid solutions [21, 22].

The Colloids Versus Crystalloids for the Resuscitation of the Critically Il
(CRISTAL) trial (a large, multicenter randomized control trial comparing crystal-
loids and colloids for resuscitation of hypovolemic shock) showed a significant
reduction in 90-day mortality in the colloid group, suggesting benefit in using col-
loid boluses in fluid-responsive patients to replace volume loss [74]. However, at
least two other large randomized trials have recently suggested that using starch-
based fluids in critical care patients is associated with an increased risk of kidney
injury or the need for renal replacement therapy, throwing this perceived survival
benefit into question [75, 76].
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However, both of these trials specifically looked at critically ill patients and
many of whom had already been fluid-resuscitated prior to randomization. There is
no evidence in the literature currently to suggest that using starch solutions periop-
eratively in surgical patients to treat a blood volume deficit increases the risk of
adverse renal events [77]. Perioperative patients, who are normally fit and well at
the start of surgery, constitute a very different physiological cohort to shocked
patients on intensive care, and it may be that this extra risk of renal damage is due
to damage to the glycocalyx as a result of the systemic inflammatory changes seen
in shock [21]. In perioperative patients with preexisting renal impairment, however,
it is probably still sensible to avoid using synthetic colloid solutions, and again the
decision of whether to use crystalloid or colloid solutions will need to be made on a
case-by-case basis as part of each individualized fluid plan [21].

Conclusion

Enhanced recovery pathways offer significant benefits to patients in terms of reducing
morbidity and also length of stay after elective surgery, and they are gradually being
used in more and more surgical specialties [15]. Rather than suggesting radical new
treatments, enhanced recovery methodology emphasizes and focuses around doing
simple things well, and its success is principally focused on aiming to maintain “phys-
iological normality” as much as possible perioperatively [3]. Fluid management is a
central component to the success of this approach, and the focus should be to achieve
a zero-balance approach throughout the perioperative period [21]. Minimizing preop-
erative dehydration through shortening fasting times and avoiding mechanical bowel
preparation is as important to this process as encouraging oral intake and avoiding
excessive intravenous crystalloid administration postoperatively [21]. Good clinical
assessment is essential throughout this process, and intraoperatively, this should focus
on using dynamic markers where possible, and a goal-directed approach targeting
increased cardiac output is recommended in all high-risk patients and major surgical
cases [16, 42]. Losses should be replaced with similar fluids, and fluid challenges are
a particularly useful tool for the anesthetist in assessing a patient’s fluid responsive-
ness [39]. Ultimately, the approach to giving fluids should be considered the same as
the approach with any other pharmacological drug—they should be given at the cor-
rect time and in the correct dose, only given when indicated, and due care must be paid
to the potential adverse effects they can cause in overdose [78].
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