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Our ELDERS—special care for special people …

Introduction

C.W. Schwab

I became interested in the geriatric injury shortly 
after leaving the United States Navy. I was 34 
years “young” and entered my first academic 
position in Tidewater, Virginia. Every year we 
would see a surge of older Americans seriously 
injured while vacationing or enjoying the milder 
climate of the eastern shores of Virginia and 
North Carolina. These elders were “different” 
and the information, especially in the standard 
surgical textbooks and the few trauma books of 
the day, did not mention any other special popu-
lation except pediatrics. The first paper we pub-
lished was on flail chest in the elderly, a small 
retrospective case study. It attempted to point out 
the dissimilarities of presentation, acute manage-
ment, natural history, and poor outcomes of blunt 
high-energy chest trauma in the “old” vs. the 
young. Throughout my career, I have maintained 
an intellectual focus on this enlarging part of our 
practices.

The words elderly, geriatric, and senior con-
jure a picture of slow, frail, and mental struggle. 
My own father, born in 1907, lived till age 91 
and was independent, physically active, and as 
“sharp as a tack.” Perhaps out of respect for 
him, I adopted the term “elder” and replaced, 
where I could, the more frequently used above 
terms. An “elder” is a person of influence 
within certain cultures or in a family and com-
munity. Many societies and governing bodies 
use the term “elder” to connote a person of 
great influence, experience, and wisdom. For 
the sake of simplicity, I will use the terms geri-
atric, elderly, and senior interchangeably, but as 
you read this new textbook keep the image of 
the “elder” in mind.

“Elderly” is not easy to define for medical 
purposes as chronologic age does not accurately 
define one’s physiologic age. Nor does age alone 
give us an ability to predict recovery from injury 
or a critical medical emergency. An accepted 
definition for geriatrics is 65 years and older, but 
the foundations for this reside in government so 
as to administer such tasks as census tracking or 
qualifying citizens for social security. Age alone 
does not explain the health and medical charac-
teristics of our patients. Each patient over 65 
years is a blend of genetics, biologic and 
mechanical aging, medical conditions, and 
sequelae of any treatments. Each of us “ages” at 
a different rate as does each organ system. 

C.W. Schwab, M.D., F.A.C.S., F.R.C.S.(H)glas 
Division of Traumatology, Surgical Critical Care and 
Emergency Surgery, Department of Surgery, Perlman 
School of Medicine, University of Pennsylvania, 
Philadelphia, PA, USA 
e-mail: schwabc@uphs.upenn.edu
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Thus, the ability to predict outcomes is complex 
and requires assessment of the type and severity 
of injury or insult, physical and mental fitness, 
and especially the preinjury or illness functional 
state. In my own experience, the prediction equa-
tions for elderly outcomes are only guidelines 
and modestly sensitive. What I have found is that 
higher pre-event intact cognitive abilities and 
higher physical fitness reset the chronologically 
aged person to a younger cohort and predict bet-
ter outcome.

It’s important to grasp the statistics, epidemi-
ology, and impact of the elder populations as it 
relates to medicine. As we speak, the face of the 
world’s population is changing with the percent-
age of those living older than 65 years rapidly 
approaching 17%, while children 7 years and 
younger falling toward 7%. By 2030, if trends 
continue, one-fifth of the United States’ popula-
tion will be over the 65-year mark and those liv-
ing into their 90s will be a large proportion of 
that 20%.

Globally, this elderly momentum is occur-
ring in most well-developed countries. Thus in 
the few next decades, caring for our elders will 
become a very large part of all aspects of medi-
cal practice, especially emergency, trauma, and 
intensive care. Trauma centers are seeing an 
increasing number of older patients as people 
live longer, and are more active and exposed to 
increased risk for injury. Falls have become the 
most common mechanism of injury at most 
trauma centers and are equal in number to 
those combined by all motor vehicular mecha-
nisms. Pennsylvania, the country’s sixth larg-
est state population, has one of the highest 
proportions of Americans over 65 years. 
Twelve million people live in the state, and two 
million in central rural PA, and are well served 
by a network of trauma centers. Trauma regis-
try data from one busy rural center show the 
impact of the above on their emergency and 
trauma practices. From 2012 to 2015, the 
trauma center evaluated over 4000 trauma 
patients older than 65; 40% of all trauma 
patients and 15% of these elders were greater 

than 80 years of age. Falls were the dominant 
mechanism and fall from standing was the 
most common MOI within the “older old” sub-
group of patients.

As physicians and nurses, we know that 
improving care to special populations requires 
advancing knowledge and standardizing 
approaches to these patients. Whether that spe-
cial population is defined by an uncommon pro-
cedure (Whipple procedure, high-risk cardiac 
or CNS surgery, etc.), condition (spinal cord 
injury, immune suppressed, etc.), or age (pedi-
atrics, geriatrics), outcomes will improve when 
these two facets inform our practices and thera-
pies. The third impactful element is the team 
approach to complex medical situations. This 
team concept has shown its value by integrating 
disciplines and specialists and expanding the 
clinical focus across the spectrum of an illness. 
The care of the “elder” is no different and 
requires specialists at the medical management 
and rehabilitation of the emergencies of older 
patients. Though surgery is a critical factor, 
leading this team concept is a requirement to 
assure optimal care of the most vulnerable 
patients. At our own institution, we have been 
fortunate to have a vibrant gerontology depart-
ment. The gerontology service with its team of 
experts in medicine, nursing, pharmacy, occu-
pational and physical therapy, social service, 
and hospice is invaluable to help older patients 
and their families. They have adapted to the 
demands of the trauma center, become inte-
grated on our teams, and advanced our under-
standing of older people at every phase. They 
display a passion for “caring” for seniors as 
“elders.” They bring extraordinary judgment 
and humanism to the bedside and further help 
families navigate difficult and uncharted waters. 
This beneficial linkage to the trauma, emer-
gency, surgical, and critical care services should 
be a part of a modern hospital and an essential 
requirement to any accredited trauma center.

It is not surprising that both Drs. Rodriguez 
and Barraco practice at two of Pennsylvania’s 
busiest trauma centers. Perhaps more than others, 

C.W. Schwab
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they feel the impact of the demographic momen-
tum on a daily basis. Years ago, Dr. Rodriguez 
promoted the concept of “special care for spe-
cial people” and organized his hospital’s 
resources to support the elderly trauma patient. 
His passion and zeal have been contagious. 
This new textbook embraces the team approach. 

Drs. Rodriguez, Ivatury, and Barraco are to be 
complimented for combining medical and 
nursing experts as authors to advance the 
understanding of the “elder” with life-threaten-
ing emergencies. This unique approach will 
help to standardize our clinical approach and 
ultimately improve outcomes.

1 Introduction
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Why This Book and Why Now? 
A Rationale and Systems Impact 
for Geriatric Trauma and Acute 
Care Surgery

Robert D. Barraco, Aurelio Rodriguez, 
and Rao Ivatury

 Present State

As the founding Chair of the Geriatric Trauma 
Committee of the American Association for the 
Surgery of Trauma, Dr. Steven Shackford stated 
that we are in the midst of a Silver Tsunami. 
The geriatric population in the USA is growing 
(Fig. 2.1). Census projections have those aged 
85 and over exceeding 20 million in the year 
2050. This is not only a US problem but also 
one that is global. According to the World 
Health Organization report on Global Health 
and Aging, the world population aged 65 and 
over will triple from 524 million in 2010 to 1.5 
billion in 2050 [1]. Of course, much of this 
growth will be in developing countries. As 
experience in Pennsylvania has shown, geriat-
ric trauma volumes continue to rise, yet most of 
the injured elderly are seen at nontrauma cen-
ters (Figs. 2.2 and 2.3). This, coupled with the 

fact that the geriatrician workforce is not keep-
ing up, is creating a healthcare crisis. In 2007, 
there was one geriatrician for every 2546 
elderly Americans. In 2030, there will be one 
for every 4254 elderly Americans [2]. Everyone 
associated with the care of the injured elderly 
need to become content experts in the area to 
optimize the team approach to the care of the 
geriatric trauma patient. Back in 2006, the 
American Geriatrics Society issued a position 
statement on interdisciplinary care, espousing 
its benefits for the patients, families, and care-
givers [3]. The John A. Hartford Foundation 
also supported this concept through its Geriatric 
Interdisciplinary Team Training Program. That 
is why this book enters into the prehospital, 
physician, nursing, and disposition spaces.

 The Impact

Many sources as well as several chapters in this 
book discuss various aspects of the impact on 
healthcare of this population shift. According to a 
2002 article in the International Journal of 
Epidemiology, much of the impact of the aging 
population will not come from the growth of the 
elders but from the slowing of the growth of the 
working-age population. That will mean fewer 
people to pay taxes for public programs that sup-
port the elders. The ratio of people 16–64 com-
pared to those adults aged 65 and over will 
decline by 43% [4].
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Lehigh Valley Health Network,  
Allentown, PA, USA
e-mail: robert_d.barraco@lvh.com 

A. Rodriguez, M.D., F.A.C.S. 
Drexel University College of Medicine, University of 
Maryland School of Medicine, Baltimore, MD, USA
e-mail: arod@zoominternet.net 

R. Ivatury, M.D., F.A.C.S., F.C.C.M. 
Virginia Commonwealth University,  
Richmond, VA, USA
e-mail: raoIvatury@gmail.com

2

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-57403-5_2&domain=pdf
mailto:robert_d.barraco@lvh.com
mailto:arod@zoominternet.net
mailto:raoIvatury@gmail.com


8

Fig. 2.1 Census projections 2005-2050
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What does this mean for healthcare? Globally, 
leading causes of death will come from noncommu-
nicable chronic diseases [1]. The focus also will shift 
in the USA from treatment of acute illness to chronic. 
There will also be a shift from acute to long-term 
care and a need for better integration in health sys-
tems [4]. According to a 2007 report from the 
American Hospital Association, those in the USA 
living with more than one chronic condition will 
increase sevenfold between 2000 and 2030, from 
over 5 million to over 37 million. This means the 
potential for much increased healthcare spending. 
Those with five or more chronic conditions spend 
almost six times more per person on healthcare than 
those with one chronic condition [5]. Table 2.1 sum-
marizes the key findings of the AHA report.

Several chronic conditions will be particularly 
challenging. Cancer, dementia, obesity, diabetes, 
hypertension, and hypercholesterolemia as well as 
falls will top the list. The impact of these conditions 
will be felt in the care of the injured and acute care 
surgery patients and in all of healthcare. Cancer 
cases will increase to 27 million by 2030. 115 mil-
lion people will have Alzheimer’s by the year 2050 

worldwide. Obesity will continue to increase, cost-
ing Medicare an average of 34% more than those not 
suffering from obesity. Diabetes among Americans 
will increase to 46 million in the year 2030. Increases 
in hypertension will cause increases in cardiovascu-
lar disease if prevention is not initiated [6].

Falls are already a major cause of morbidity and 
mortality in elders. Over one-third of elders fall, 
resulting in significant injuries in up to 30% [5]. As 
a result of an increasing number of falls, hip frac-
tures will more than double in 2050. These patients 
with more chronic conditions will create more chal-
lenging and complex care problems for caregivers.

The impact will be felt among providers and 
hospitals with increases needed in resources. 
Hospital admissions will more than double and 
elders will make up over half of all hospital admis-
sions [5]. As a result, this will exacerbate the pro-
jected nursing and physician shortages. By 2020, 
the nursing gap will approach one million nurses 
[7] and the physician gap will approach 200,000 
[8]. In addition to shortages in these areas, there 
are also shortages in ancillary services such as lab 
and imaging technologists and pharmacists [5]. As 
a result of increased arthritis, hip fractures, and 
other orthopedic trauma, the demand for orthope-
dic surgeons will outstrip the supply [5].

 Systems Response

As was mentioned earlier, interdisciplinary team 
care needs to be the focus of the future. Hospitals 
and healthcare systems have already begun such 

67%

33%

Trauma Center Non Trauma Center

Patient Destination

Fig. 2.3 Patient Destination from field age 65 and over in 
Pennsylvania 

Table 2.1 Summary of 2007 AHA report on chronic 
conditions in those born between 1946 and 1964

More than 6 of every 10 will have more than one 
chronic condition

Over 21 million or 1 in 3 will be considered obese

Over 14 million or 1 in 4 will have diabetes

Almost 26 million or 1 in 2 will have arthritis

24 million or almost 1 in 2 will suffer a nonfatal fall

423,000 hip fractures per year in 2030

2 Why This Book and Why Now? A Rationale and Systems Impact for Geriatric Trauma and Acute Care
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a transition. Crew Resource Management tech-
niques and teamwork tools such as TeamSTEPPS 
are being taught to healthcare workers. Training 
of nurses in NICHE (Nurses Improving Care for 
Healthsystem Elders) programs improves geriat-
ric education of staff and models of care for the 
patients. Also, several programs have been cre-
ated and shown early success in the interdisci-
plinary care of geriatric trauma patients. The 
G-60 program by Dr. Mangram, one of the 
authors of the book, will be covered in her chap-
ter [9]. Additional programs by two of the editors 
of this book, Dr. Rodriguez and his Geriatric 
Trauma Institute and Dr. Barraco and the Geriatric 
Trauma Section at Lehigh Valley Health Network, 
have also shown great promise [10, 11]. The for-
mer showed a decreased length of stay and 
decreased hospital charges of patients admitted 
to the geriatric trauma service compared to 
patients admitted to a nontrauma service. The lat-
ter showed decreased hospital and ICU length of 
stay and mortality with implementation of a geri-
atric interdisciplinary trauma team compared to 
historical controls.

Combatting the shortages in personnel 
involves a two-pronged approach. The first is 
more efficient utilization of facilities and provid-
ers. This can involve workflow and patient flow 
improvements, new technology, and mobile- 
based access for patients. Lean methodology for 
process improvement and studying workflow has 
spread from the business world to healthcare and 
achieved some significant results. New electronic 
health records are revolutionizing healthcare. 
With mobile applications, patients can see results, 
schedule appointments, message their healthcare 
team, and even be seen in virtual visits by provid-
ers. The second is recruitment and retention of 
healthcare personnel as well as increasing the 
pool via increases in medical school and nursing 
school numbers. Concern for provider wellness, 
reducing burnout, and allowing frontline staff’s 
increased participation in improving care have 
been pursued to increase employee satisfaction 
and thereby patient satisfaction.

The growing chronic and long-term care needs 
will need special attention in this era of popula-
tion health and increased utilization data. 

Complex care teams are being created in some 
health systems to address the needs of the highest 
utilizers in order to prevent their admission. Use 
of wearable technology to monitor patients as 
outpatients has also begun to help spot potential 
problems before they require admission. These 
technologies can help patients stay at home and 
avoid hospitals or long-term care facilities by 
making care in the home easier.

Injury prevention needs to play a major role, 
especially in the area of falls. Examination of 
medications, including that of anticoagulants, 
needs to be a part of any initiatives in this area. 
Studying frailty and interventions to help miti-
gate its effects are critical. Physical and occupa-
tional therapy can play a role here. Exercise 
programs, vitamin D, and environmental modifi-
cations were recommended in the Evidence 
Based Review from the Eastern Association for 
the Surgery of Trauma in 2016 [12].

This book will examine many other changes 
in the systems as well as the care of the geriatric 
trauma and acute care surgery patient. It is inter-
disciplinary as geriatric care must be to achieve 
optimal outcomes. We hope that you will find the 
following pages useful and within it the impetus 
for future changes in your practice.
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 Introduction

There is a clear understanding that the geriatric pop-
ulation of the world is growing and with it we are 
seeing a concomitant increase in geriatric trauma. 
Over one million Americans aged 65 years and 
older sustain traumatic injury yearly and at least 
46,000 of these patients die. More than 55% of inju-
ries are due to falls, 14% due to motor vehicle colli-
sion (MVC), 8% due to asphyxiation, and 10% 
coded as “unspecified cause” (see Fig. 3.1) [1].

There is substantial evidence that there is a 
higher morbidity and mortality among the geriatric 
trauma patients when compared to the adult trauma 
patients [2–8]. But what defines “geriatric” trauma? 
In the literature, geriatric trauma age ranges from 55 
to 70 years. Advanced Trauma Life Support (ATLS) 
recommends patients older than 55 years of age be 
transported to a trauma center. The Eastern 

Association for the Surgery of Trauma (EAST) 
guidelines defines elderly as any patient over 65 
years of age [9]. Caterino et al. reported an increased 
mortality in patients aged 70 and older compared to 
younger adults when stratified by injury severity 
score (ISS) [10].

At our level 1 trauma center, we define our 
geriatric patients as greater than 60 years of age. 
This determination was made after a 2010 review 
of the National Trauma Data Bank (NTDB) 
between 1999 and 2008 [11]. In this study, we 
asked the question “Should age be a factor to 
change from a level II to a level I trauma activa-
tion?” Patients with similar ISS were matched. 
We found a statistically significant difference in 
morbidity between those over 60 years of age ver-
sus those less than 60 (see Table 3.1). We con-
cluded that the NTDB for elderly patients shows a 
significant increase in morbidity and mortality 
with lower levels of injury at 60 years of age. A 
high index of suspicion is imperative in the man-
agement of this age group. Additionally, the 
importance of under-triage and its adverse impact 
was emphasized. Increasing the level of trauma 
response may allow for earlier resuscitation and 
definitive care, resulting in better outcomes. 
Based on this initial retrospective review, we cre-
ated our “G-60” trauma service operationally 
defined as any trauma patient 60 years of age and 
older. Over the last 6 years we continue to focus 
on trying to understand the differences in this 
population of patients compared to those younger 
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than 60 years in an ongoing effort to improve 
quality of care and patient outcomes.

The difference between the elderly and 
young adults may seem obvious. We know that 
the physiologic reserve to injury is different 
than their younger counterpart [3, 12–18]. As 
we age we begin to have physiologic changes 
(Table 3.2) as well as an increase in the number 
of chronic medical conditions on the rise in 
patients 65 and older include hypertension, 
hypercholesterolemia, diabetes mellitus, cancer, 
mental illness, and back problems. According to 
a survey from Johns Hopkins, mental illness, 
diabetes mellitus, heart disease, COPD, conges-
tive heart failure, and kidney disease are listed 
as the top chronic diseases in the elderly but 
higher among the lower socioeconomic groups 

[19]. These chronic conditions begin to rise sig-
nificantly in the fourth decade of life and affect 
nearly 9/10 Americans by the eighth decade 
(see Fig. 3.2) [20]. Many other factors lead to 
injury in older adults including  cognitive impair-
ment, gait imbalance, decreased visual acuity 
with loss of depth perception, and slowed reac-
tion times [21]. Trauma recidivism is another 
important component to recognize as a trau-
matic event places the elderly at threefold risk 
for future trauma [22–26].

Polypharmacy, or patients’ concurrent use of 
multiple medications, is directly related to the 
presence of multiple chronic conditions. The 
polypharmacy bag includes antihypertensives, 
antiarrhythmics, hypoglycemics, antiplatelets, 
and anticoagulants. One of the newest of these 
medication classes is now the most feared by 
trauma surgeons: the New Oral Anticoagulants 
(NOACs). These direct thrombin inhibitors and 
factor Xa inhibitors are not detectable by the 
standard coagulation assays (PT, aPTT, INR) 
and the only one with a specific reversal agent at 
this time is Dabigatran (a direct thrombin 
 inhibitor) [27].
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Fig. 3.1 Age-adjusted death rates, by cause of death 
among adults aged 65 and over: United States 2000–2013 
[1]. Data based on information obtained from death cer-
tificates of individuals who died from (1) all unintentional 
injuries, (2) fall, (3) motor vehicle traffic, (4) suffocation, 

and (5) poisoning. Geographical coverage included 50 
states and the District of Columbia from 2000 to 2013. 
Note the significant positive linear trend for fall deaths per 
year with clear death risk due to falls (also see [38])

Table 3.1 Review of NTDB 1999–2008 [11]

ISS category % of morbidity p-Value

Age 13–60 Age >60

Minor (0–9) 1.5 5.0 0.001

Major (10–15) 4.8 10.4 0.001

Severe (16–24) 10.9 16.4 0.001

Critical (>24) 27.3 28.0 0.050

A.J. Mangram et al.
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Another challenge is that we are seeing an 
increase in fall-related injury as a common mech-
anism compared to the younger adults. This 
deceptive, relatively low-energy mechanism, has 
become an increasingly important cause of high 
morbidity and mortality [7, 28–36]. Recent esti-
mates suggest that more than 2.3 million elderly 
adults with fall-related injuries are treated in 
emergency departments each year, at an esti-
mated cost of more than $30.4 billion [37]. 
Approximately one-third of the population over 

the age of 65 experiences falls each year, a figure 
that rises to over 50% among individuals aged 80 
and above [35]. In a recent study of “Why Elderly 
Patients With Ground Level Falls Die Within 30 
Days and Beyond,” Mangram et al. concluded 
that this low-energy mechanism is a significant 
cause of mortality in the first 30 days due to 
 traumatic brain injury, and early identification 
and aggressive care are paramount [38].

Finally, to add further complexity, triage of 
the elderly is a difficult challenge. Elderly 

Table 3.2 Physiologic changes in geriatric trauma patients (adapted from UpToDate—Geriatric Trauma) [73]

Organ system Changes Implications

Pulmonary ↑ Chest wall rigidity ↓ Respiratory reserve

↓ Vital capacity ↑ Risk of hypoxia

↓ Forced expiratory volume ↑ Risk of hypercapnia

↓ Alveolar surface area ↑ Risk for invasive ventilator support

↓ Chest wall compliance ↑ Risk for ventilator associated pneumonia

↓ Oxygen exchange ↑ Risk of rib fractures

Cardiac ↓ Cardiac output ↓ Cardiac reserve

↓ Sensitivity to catecholamines ↑ Risk for hypotension

↑ Cardiac and arterial disease Potential need to raise threshold for what is considered 
hypotension

Beta and calcium channel blockers Vital signs may not reflect severity of injury

Antiplatelet agents/anticoagulants ↓ Response to shock

↑ Risk of bleeding complications

Renal ↓ Glomerular filtration rate ↑ Risk of acute renal (nontrauma) injury

↓ Renal mass ↑ Risk of contrast-induced nephropathy

↓ Clearance of certain medications

Hepatic ↓ Hepatic function ↓ Clearance of certain medications

Gastrointestinal ↓ Gastric acid ↑ Risk of aspiration pneumonia

↓ Lower esophageal sphincter tone ↑ Risk of ileus

↓ Peristalsis ↓ Wound healing

↓ Nutrition ↑ Wound complications

↓ Reserve for maintaining lean muscle mass

Immune/endocrine ↓ Immune response ↑ Risk of infection

↑ Hyperglycemia ↓ Wound healing

↑ Wound complications

Musculoskeletal/
integumentary

↓ Muscle mass ↑ Risk of fracture

Osteoporosis ↓ Mobility

Arthritis ↓ Pliability

Thin skin ↓ Thermoregulation

↑ Risk for recidivism

Rapid deconditioning impairing recovery

Neurologic ↓ Autoregulatory capability ↑ Risk of ischemia due to injury from decreased 
cerebral perfusion

Brain atrophy ↑ Risk for occult injury

Dementia ↑ Risk for recidivism

3 General Evaluation, Risk Management, and Goals of Care



18

patients’ vital signs are unreliable as a marker of 
shock state [5, 39–41]. Although shock index 
may have utility in identifying geriatric trauma 
patients at risk, there is no definitive study to con-
firm or refute this hypothesis [42, 43]. 
Interestingly, the elderly tend to present with less 
acute neurologic impairment in traumatic brain 
injury as compared to their younger counterparts 
[44]. Lehmann et al. [45] reviewed the 
Washington State Trauma Registry from 2000 to 
2004 and found that elderly patients were signifi-
cantly less likely to have trauma team activation 
than those <65 years old (14% vs. 29%, p < .01), 
despite similar severe injuries (ISS > 15), and 
more often required urgent craniotomy (10% vs. 
6%, p < .01). Additionally, under-triaged patients 
had a fourfold increase in mortality and discharge 
disability rate compared to their younger cohorts. 
Again, under-triage is an important issue that has 
a major adverse impact on morbidity and mortal-
ity [45–50]. Consequently the development of 
geriatric triage criteria and a triage system is 
important for improving outcomes [46, 49]. 
Demetriades et al. [51] noted that 63% of severely 
injured geriatric patients (ISS > 15) and 25% of 
patients with critical injuries (ISS > 30) did not 
have any of the standard hemodynamic criteria 
for trauma team activation.

We should be aware of the fact that many of our 
elderly trauma patients will present with signifi-

cant chronic medical conditions and often pre-
scribed multiple medications. Additionally, they 
may have deceptively low-risk mechanisms of 
injury without significant perturbations in their 
neurologic assessment or vital signs. Therefore, it 
is imperative to maintain a high index of suspicion 
and be efficient. This may require us to create new 
criteria for trauma team evaluation.

The initial evaluation and management of trauma 
patients are exceptionally standardized as a result of 
the inception of the Advanced Trauma Life Support 
(ATLS) course originally conceived in 1976 by Dr. 
James Styner. The original aims of the ATLS courses 
were to train those doctors who do not manage 
trauma on a regular basis, such as rural general prac-
titioners, in the initial management of the severely 
injured patient. The pilot courses were ran in Auburn, 
Nebraska, in 1977. This course has expanded nation-
ally and internationally under the auspices of the 
American College of Surgeons Committee on 
Trauma by 1980 [52]. Injury, however, remains the 
fourth leading cause of death overall in the United 
States, the seventh leading cause of death for those 
aged 65 and older, and is responsible for more years 
of life lost than any other disease with an occurrence 
of 124 medical contacts per 1000 population [1]. 
Because of ATLS, trauma centers and trauma 
 surgeons all speak the same ABCDE language (i.e., 
Airway, Breathing, Circulation, Disability, and 
Exposure). But even within this specialized area, we 
learned that the physiologic response to trauma in 
infants and the very young is different compared to 
adults. As a result, specialized pediatric level I cen-
ters were developed and became necessary to con-
tinue to raise the quality of care.

However, it is only in this last decade that 
we have really begun to see the impact of the 
increasing geriatric population on our trauma sys-
tem. Individuals 65 years and older comprise 13% 
of the population in 2010 and this is expected to 
grow and constitute 19.3% of the population by 
2030 [53]. Trauma centers are already seeing a 
disproportionate increase in geriatric trauma 
patients, as 23.7% of patients in the NTDB were 
over 65 in 2011 [54]. Thus, the clinically  significant 
question is this: “Should the care given to older 
trauma patients be distinctive from the care we 
give to younger trauma patients”? The Eastern 
Association for the Surgery of Trauma (EAST)  
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practice management guidelines work group on 
geriatric trauma asked six different questions 
regarding geriatric trauma care [9]. For example, 
is advanced age a criterion for trauma center refer-
ral and activation? Is an elevated base deficit a sur-
rogate marker for severe injury and the need for 
intensive care? Ultimately the EAST group con-
cluded, “In the relative absence of data to the con-
trary, our elderly patients should receive care at 
centers that have devoted specific resources to 
attaining excellence in the care of the injured using 
similar criteria to those used in younger patients”. 
Of note, Zafar et al. [8] performed a retrospective 
analysis of the NTDB in 2015 on 295 centers with 
1.9 million patients and reported that “older 
patients were 34% less likely to die if they pre-
sented to centers treating a high versus low propor-
tion of older trauma (odds ratio, 0.66; 95% 
confidence interval, 0.54–0.81).” Earlier in 2014, 
Matsushima et al. [55] retrospectively analyzed 
the Pennsylvania Trauma Registry data between 
2001 and 2010 and noted “Higher rates of in-hos-
pital mortality, major complications, and failure to 
rescue were associated with lower volumes of 
geriatric trauma care and paradoxically with 
higher volumes of trauma care for younger 
patients. These findings offer the possibility that 
outcomes may be improved with differentiated 
pathways of care for geriatric trauma patients.

There is little doubt that the elderly population 
requires special attention. This special attention 
is not just limited to the prehospital management 
and triage, or to the initial evaluation and resusci-
tation. There needs to be ongoing aggressive 
treatment and management throughout the con-
tinuum of care. Again, the goal is to try to 
improve outcomes while mitigating the known 
increased morbidity and mortality risk that we 
have seen in this population over the years.

 General Evaluation and Risk 
Assessment

The initial evaluation of the G-60 trauma patient 
evokes the added attention to the high probability 
of preexisting conditions. Staying with the uni-
versal language ABCDE, we will provide addi-
tional thoughts and extension to the language.

 A = Airway

The premise of ATLS is to treat the greatest 
threat to life first. Thus traditionally, when the 
trauma patient arrives we immediately check for 
a patent airway, often by simply talking with the 
patient. This holds true for all patients, other 
than the very young or those with neurologic dis-
ability. Known pitfalls taught by ATLS: inability 
to intubate, occult airway injury, and equipment 
failure are all true, but in our elderly patients we 
have to add additional concerns, such as the 
potential lack of dentition or presence of den-
tures. For instance, it can be more difficult to 
create an adequate seal with a bag valve mask 
(BVM) in the edentulous patient. Placement of 
an endotracheal tube usually relies on an esti-
mate of depth based on position at the lips. In 
those patients without teeth, the lips are posi-
tioned towards the oral cavity, thus increasing 
the risk of a right main-stem intubation. Limited 
neck movement caused by arthritic changes may 
also present difficulties in securing an airway 
[56]. The presence of ill-fitting dentures predis-
poses this group to the potential of airway 
obstruction. Finally, geriatric patients are at 
increased risk for depressed gag and cough 
reflexes, predisposing them to aspiration.

 B = Breathing

There are numerous chronic diseases and physi-
ologic changes in the pulmonary system and 
chest wall that predispose the elderly to increased 
risk of hypoxia, hypercapnia, and respiratory dis-
tress. The elderly can have increased work of 
breathing due to decreased chest wall compliance 
and/or chronic obstructive pulmonary disease 
(COPD). Exacerbating this can be decreased tho-
racic muscle mass, reducing the ability to main-
tain maximal minute ventilation. Further, in the 
elderly, residual volume (RV) and functional 
residual capacity (FRC) increase, while forced 
expiratory volume in 1 s (FEV1) and inspiratory 
and expiratory functional reserve volumes are 
reduced. This, combined with decreased com-
pensatory response to hypoxia, increased coro-
nary artery disease, cerebral vascular disease, and 
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peripheral vascular disease (e.g., carotid artery 
disease), increases the elderly patient’s risk for 
ischemic complications [57]. Therefore, all 
elderly patients should be placed on supplemen-
tal oxygen regardless of their oxygen saturation 
while undergoing the initial trauma evaluation.

Consideration for all pharmacologic agents 
may require changes in dosing and agents used. 
The increased fat to lean muscle mass, decreased 
hepatic clearance, and decreased renal function, 
all alter the pharmacokinetics of many agents. 
Benzodiazepines used for sedation may require 
decreased dosing, and narcotic administration 
may require increases in the interval of delivery. 
The baroreceptor response to hypotension can be 
reduced in the elderly, and myocardial muscle 
and smooth muscle contractility can be impaired. 
Therefore, etomidate has been suggested as the 
drug of choice for induction in the elderly, as it 
causes less hemodynamic depression than propo-
fol or high-dose benzodiazepines. Finally, neuro-
muscular blockade (NMB) agents may have an 
increased time to effect and a prolonged effect 
owing to decreased cardiac output and decreased 
metabolism [56]. Careful assessment of duration 
of NMB is necessary so adequate sedation can be 
provided.

Owing to osteoporosis and chest wall rigidity, 
this population is at risk for rib fractures, which is 
an independent risk factor of mortality. Bulger 
et al. [58] reported that blunt thoracic trauma 
patients ≥65 years old had twice the mortality and 
thoracic morbidity than their younger patients 
with similar injuries. Other injuries to the lungs, 
such as pulmonary contusion, hemothorax, and 
pneumothorax, can also have significant impact 
on morbidity and mortality. Therefore, early and 
aggressive management in the intensive care unit 
includes blunt chest wall treatment protocols that 
aggressively reduce pain without narcotics (e.g., 
percutaneous intercostal nerve blocks, thoracic 
epidural catheter placement, IV acetaminophen), 
intensive care-level pulmonary therapy, judicious 
use of crystalloid fluid to reduce the risk of pul-
monary edema, and early rib fixation for those 
patients who fail medical management or who are 
at high risk for pulmonary complications [59, 
59–62]. Our group has described rib fixation with 

muscle-sparing minimally invasive thoracotomy 
(MSMIT), showing improved pulmonary  function 
by postoperative day 5 [63].

 C = Circulation

Cardiac function and smooth muscle contractility 
can be impaired in the elderly, predisposing them 
to hypotension even in the face of relatively lim-
ited hypovolemia. However, hypotension is rela-
tive for any patient, as the incidence of hypertension 
is 70.3% in patients over 65 years of age [64]. 
Oyetunji et al. [65] reviewed the NTDB records 
between 2001 and 2006 for 700 trauma centers 
and reported that the optimal cutoff for the defini-
tion of hypotension in elderly patients may be 
117 mmHg (versus the conventional value of SBP 
<90 mmHg). Given the knowledge that vital signs 
alone are poor predictor of shock, and may be even 
more so in the geriatric trauma population, has led 
others to consider further testing with venous lac-
tate levels. In 2013 Salottolo et al. [43] reported 
that venous lactate levels better predicted mortal-
ity (OR = 2.62) vs. initial vital signs or shock index 
(OR = 1.71 and OR = 1.18, respectively). Of note, 
this study used SBP <90 mmHg to describe shock.

As discussed previously, G-60 trauma patients 
have an increased incidence of polypharmacy, 
which may include numerous medications that 
decrease the ability to respond to shock state. 
Beta-blockers are the primary culprit of this poly-
pharmacy phenomenon. Often discussed but eas-
ily overlooked in the controlled chaos of acute 
trauma is the fact that these agents may prevent 
the normal compensatory tachycardia required to 
maintain perfusion in hypovolemic states, thus 
lulling the provider into a false sense of security. 
Also, diuretics can lead not only to volume deple-
tion, but also to electrolyte depletion. This can 
further exacerbate preexisting cardiac arrhyth-
mias and create labile hemodynamics.

The topic often comes up regarding invasive 
hemodynamic monitoring with pulmonary artery 
catheters (PACs) in hemorrhagic shock, and the 
elderly seem to be a special group of patients that 
some believe benefit from utilization of this diag-
nostic adjunct. Although much has been written 
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concerning the benefits of PAC monitoring, most 
of this was during a time of massive crystalloid 
resuscitation in an effort to push “supranormal” 
oxygen delivery [17, 66]. The translation of this 
innovative concept into practice, however, did not 
result in increased oxygen utilization or improved 
outcomes. Ultimately, it is our considered opinion 
that PACs should be reserved for use in those 
patients who are not responding to standard hem-
orrhagic shock resuscitation principles. It is a very 
rare occurrence to require more than the standard 
central venous pressure monitoring coupled with 
continuous arterial blood pressure monitoring 
using a minimally invasive indirect cardiac output 
systems. Additional information may be gained 
by echocardiography that can provide informa-
tion on structure and function of the myocardium 
as well as some estimate of filling status. Adverse 
changes in the structure and function of several 
organs and organ systems have been shown to be 
associated with aging (Table 3.2).

 D = Disability

Which came first, the trauma or the neurologic 
deficit? The question is moot in the initial evalu-
ation. No matter what the etiology, maintaining 
the universal ABCDE language optimizes patient 
safety, efficient evaluation, and rapid care. This is 
what is paramount in all patients, but especially 
in the geriatric population because neurologic 
insult is a leading cause of mortality. Of course, 
this group comes with the potential for preexist-
ing chronic neurologic diseases such as demen-
tia, Parkinson’s, or previous cerebral vascular 
accident to name a few. Additionally, age-related 
changes of cerebral atrophy increase the risk of 
subarachnoid and subdural hemorrhage and ath-
erosclerotic disease predisposes this group to 
ischemic stroke due to blunt cervical injury or 
shock. As noted previously, geriatric patients can 
present with a higher GCS than their younger 
counterparts with similar traumatic brain injury 
(TBI) [44]. Cervical spine injury is common in 
ground-level falls. Given the high incidence of 
osteoporosis and arthritic changes in the spine, 
even falls from bed are known to lead to signifi-

cant cervical spine injury [67]. Therefore, despite 
even a low mechanism of injury, liberal use of CT 
and MRI imaging is warranted [30].

 E = Exposure

Complete examination requires optimal expo-
sure, not only in an effort to identify acute inju-
ries, but also to ensure chronic conditions are 
identified. As noted previously, diabetes and 
peripheral vascular disease are common chronic 
conditions of the elderly. Add to this decreased 
mobility, and neuropathic conditions along with 
changes in the skin and underlying soft tissue due 
to aging. All this is a setup for the elderly to have 
decreased soft-tissue integrity and increased inci-
dence of skin and soft-tissue wounds, both acute 
and chronic. If not identified and addressed, these 
wounds may become a serious, life-threatening 
event for the patient during the hospitalization for 
what otherwise may have been an isolated injury.

Other skin changes of aging, such as thin-
ning of the skin, changes in the microvascular 
circulation, and decreased subcutaneous tissue, 
predispose the elderly to poor response to tem-
perature extremes. Elderly patients are at 
increased risk for both hypothermia and hyper-
thermia, and early definitive measures should 
be taken to ensure that the patient has adequate 
treatment to maintain normothermia.

 F = Frailty

We now propose to expand our trauma ABCDE 
language at this point to include the assessment 
of frailty. As noted earlier age, ISS, or vital signs 
alone are not independent predictors of outcome. 
Those patients aged >80 years that present with 
shock and ISS >25 have a mortality rate that 
exceeds 80% [68]. However we need to focus on 
the greater majority of the patients at risk. The 
leading cause of trauma in the elderly is falls and 
with this mechanism of injury age alone does not 
predict outcome. As such, we perceive 60 is the 
new 40, 70 is the new 50, and 80 is the new 60. 
But that’s not to say that all 80-year-olds are 
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robust and without chronic illness, as it is true 
that many 50-year-olds are not “healthy.” To 
account for this wide variation in health status, 
tools have been developed to assess frailty across 
the spectrum of ages. “Frailty can be defined as a 
phenotype of multi-system impairment and 
expanding vulnerability which is associated with 
a higher risk of adverse health outcomes that are 
not entirely explained by aging” [3]. There are 
other definitions of frailty, just as there are mul-
tiple tools to assess frailty. Joseph et al. published 
two articles using a 50-point questionnaire to 
assess frailty [69, 70]. These studies identified 
frail individuals as higher risk for “unfavorable” 
discharge disposition (other than home or reha-
bilitation center) and increased risk for inpatient 
complications. In 2014, Joseph et al. [71] pub-
lished their third study, now utilizing the Trauma-
Specific Frailty Index (TSFI), an abbreviated tool 
using 15 variables derived from the original two 
studies. This prospective study from 2011 to 
2013 evaluated 200 patients aged 65 and older at 
their level I trauma center. The mean age was 77 
years, 72% were male, 82% were white, and the 
median ISS was 15. Thirty percent (30%) of 
patients had an unfavorable discharge disposi-
tion. A TSFI score had a 1.5-fold increase in like-
lihood of unfavorable discharge disposition.

In the same year, Mangram et al. [72] pub-
lished their results using the Vulnerable Elderly 
Survey-13 (VES-13) tool created in 2000 to 
assess for vulnerable elderly in the community. A 
simple-to-use tool, it relies on patient or family 
self-reporting of 13 variables to gauge frailty. 
Mangram et al. prospectively evaluated 322 
patients aged 60 and older from 2012 to 2014 at a 
level I trauma center. The mean age was 77, 62% 
female, 83% white, and the mean ISS 9.9, of 
which fifty-five percent (55.4%) of patients were 
vulnerable. Of the vulnerable, 73% were female 
and only 23% of vulnerable patients had a favor-
able discharge (discharge to home). They con-
cluded that VES-13 predicted that vulnerable 
patients were four times more likely to have an 
unfavorable discharge disposition (discharge to 
other than home).

These studies evaluating frailty over age are 
immensely important in recognizing the enor-
mous impact frailty has in this population. It may 

help to institute targeted interventions for these 
patients. It may also aid in having frank discus-
sions with family as to the prognosis of these 
patients.

 Goals of Care

The G-60 trauma patient group has unique chal-
lenges as it relates to goals of care. Preexisting 
conditions, polypharmacy, changes in physiology, 
and frailty set the elderly apart from their younger 
counterparts. The preinjury functional state often 
dictates the parameters within which we work. 
Patients with an “acceptable” preinjury functional 
state should have the goal of care to restore health 
and optimize functional recovery. For others who 
may present in a moribund preinjury state, the 
goal of care may be limited to palliation. 
Therefore, there is a wide spectrum of goals and 
considerations that is limited mainly by the unal-
terable preinjury functional status. Additionally, 
there are commonly held perceptions by the 
patient and/or the family that the elderly are “too 
old” to have surgery, or that they are “too weak” 
to recover from the traumatic insult. Concurrently, 
surgeons and anesthesiologists alike may have 
their own predisposed biases that make them less 
comfortable with treatment of the elderly. These 
societal perceptions and professional biases can 
lead to under-triage, delay of care, and/or less 
aggressive interventions in the elderly that may 
lead to worse outcomes. Therefore, we submit to 
the readers that care for the elderly should be 
definitive in its goal and aggressive in its expedi-
ence. The following two articles highlight how 
optimizing triage, and implementation of a geriat-
ric trauma team with evidence-based care, 
decreases complications and improves mortality.

In 2012 we published our 1-year experience 
that directly addressed these issues through the 
implementation of care specifically for the 
G-60 patient. After creation of a goal-directed 
geriatric trauma service in a level I trauma cen-
ter we performed a retrospective review of 673 
geriatric trauma patients [14]. The control 
group (G-60) consisted of trauma patients dur-
ing the first year after implementation of the 
G-60 service compared to an age-matched 
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cohort from the year prior to implementation. 
We observed a decrease in adverse outcomes 
among the G-60 group in all categories: aver-
age emergency department length of stay, aver-
age emergency department to operating room 
time, average surgical intensive care unit LOS, 
and average hospital LOS (see Table 3.3). A 
3.8% mortality rate was found in the G-60 
group compared with a 5.7% mortality rate in 
the control group. Our analysis also showed a 
rate of 0% pneumonia, 1.3% respiratory failure, 
and 1.5% urinary tract infection in the G-60 
group, while the control group had a rate of 
1.8% pneumonia, 6.8% respiratory failure, and 
3.9% urinary tract infection (see Table 3.4).

In the same year, 2012, Bradburn et al. [53] 
published their findings on the implementation 
of a “high-risk” geriatric protocol (GP) in a 
level II trauma center. They defined the geriatric 
trauma patient as age 65 years and greater. 
High-risk geriatric patients were placed on an 
aggressive treatment pathway that included 
rapid and thorough evaluation, addition of a 
geriatric consultation, and rapid definitive care. 
With this protocol, they showed a reduction in 
mortality (OR 0.63, p = 0.046) as compared to a 
retrospective cohort prior to implementation of 
the high-risk geriatric protocol. High-risk 
patients were identified by mechanisms of 
injury, significant medical comorbid conditions, 
presence of anticoagulants, altered mental sta-
tus, need for blood or plasma transfusion, need 
for emergency surgery, base deficit ≥6 mmol/L, 
and/or lactic acid ≥2.4 mmol/L. The latter 
markers of base deficit and elevated lactic acid 
being very important, as elderly patients may 
present with normal vital signs, but in fact have 
occult end-organ perfusion deficits. In 2003, 
Jacobs noted a 66% increase in mortality in 
those patients 55 years and older with a base 
deficit ≥6 mmol/L [13]. Again, these studies 
highlight the importance of optimizing triage, 
early identification of shock, and aggressive 
care pathways for G-60 trauma patients.

In conclusion, empirical evidence that people 
are living longer and have multiple comorbidi-
ties requires that we change our systems of care 
and become better prepared. We have reviewed 
the universal language of trauma, ABCDE, and 

due to the rising tide of elderly we have added 
“F” for the assessment of frailty. Evidence-based 
strategies to drive identification of high-risk 
patients and implement definitive and aggressive 
care to meet the unmet needs of this rapidly 
expanding group of patients should be the ulti-
mate goal. As it is unlikely that there will be 
resources to create stand-alone geriatric trauma 
centers, we submit that the focus should be on a 
multidisciplinary team approach, mirroring the 
successes we have in the ICU, and expanding it 
across the continuum of care. Finally, regardless 
of preinjury functional status, aggressive care-
even aggressive palliative care-is key to optimiz-
ing outcomes for the geriatric trauma patient.
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 Background

Traumatic injury in the geriatric population is 
increasing in prevalence and is associated with 
higher mortality and complication rates compared 
with younger patients. An appreciation for the 
decreased physical reserve, presence of various co-
morbid diseases, and increased risk of elderly-spe-
cific complications, such as delirium that are more 
common in elderly patients, has prompted develop-
ment of elderly-specific care protocols within the 
multi-disciplinary trauma service model.

The 2008 Report on Older Americans issued 
by the Federal Interagency Forum on Aging- 
Related Statistics continues to emphasize that the 
US population is becoming older. Although no 
surprise to EMS providers who encounter this 
population on a daily basis, the 2008 report points 
out that the US population of 65 and older is now 
greater than 37 million, accounting for more than 
12% of the total population. This statistic takes 
on new meaning when you consider that this seg-
ment of the population has grown from 3 to 37 

million in the 1900s alone. Furthermore, with the 
baby boomer generation retiring, it’s expected to 
reach 71.5 million by 2030.

A closer look at these statistics also reveals 
that the geriatric population of 85 and older will 
reach close to ten million in the same time period. 
These statistics are important for proper trauma 
triage by EMS agencies because the rising geriat-
ric population, along with an increased level of 
independence in this age group, will place an 
increased demand on EMS and trauma systems 
[1]. Because of this, it is of relevance to better 
understand the proper prehospital resuscitation 
strategies of this generation.

 Triage and Physiological Reserve

Recent reports indicate that our geriatric popula-
tion is under-triaged when they experience a trau-
matic injury. According to a study by Ferrera 
et al. in 2000, 94% of the reported mechanisms of 
injury (MOI) in the geriatric population were due 
to falls, motor vehicle crashes, and pedestrian- 
related accidents (Table 4.1) [3]. It’s interesting 
to note that 55% of the hospitalizations for trauma 
are due to low-energy mechanism falls.

Traditionally, the geriatric patients with trauma 
have been triaged in a similar fashion and by the 
same guidelines as our adult population. However, 
several studies have revealed that these two popu-
lations have different survival rates from similar 
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trauma. Thus, the first critical intervention in the 
care of our elderly trauma patients is to not under-
triage them [4, 5].

 Refined Geriatric Triage

The Trauma Committee of the State of Ohio per-
forms periodic reviews of their statewide trauma 
registry [6]. In 2007, a focused review of the geri-
atric trauma population unveiled a startling trend: 
Patients older than 72 years of age, regardless of 
the severity of their injuries, had increased mor-
tality. When reviewing single and multiple body 
regions injured, the geriatric patients died at a 
higher rate than the nonelderly adult popula-
tion—3.9–2.6% and 8.42–6.25%, respectively.

Another concerning piece of information from 
this report was a subset analysis that indicated 
traumatized geriatric patients died at a signifi-
cantly higher rate than the adult population 
(15.89% vs. 1.99%) when they were admitted to 
a non-ICU setting in a nontrauma center hospital. 
In addition, the death rate of geriatric patients 
compared against adult patients at trauma centers 

was significantly different (81.51–91.19%). 
These two data sets seem to support the theory 
that all too often the geriatric population is under- 
triaged to nontrauma centers.

Based on this important information the follow-
ing Geriatric Trauma Triage Guidelines emerged:

 1. Patients 70 years of age or older should be 
considered geriatric for the purposes of the tri-
age guidelines.

 2. Geriatric trauma patients should be triaged for 
evaluation in a trauma center for the following 
indications:
 (a) Glasgow Coma Score <15 with suspected 

traumatic brain injury (TBI)
 (b) Falls with evidence of traumatic brain 

injury (even from a standing position)
 (c) Systolic blood pressure <100 mmHg
 (d) Geriatric pedestrian struck by motor 

vehicle
 (e) Known or suspected proximal long-bone 

fracture sustained in a motor vehicle crash 
(MVC)

 (f) Multiple body regions injured

Based on their data the geriatric patient suffer-
ing from TBI with a GCS <15 had the same mor-
tality rate as an adult with a GCS = 10. This data 
is helpful but has some limitations. The baseline 
GCS on many of our geriatric patients may not be 
15. Utilizing the number without clinical correla-
tion may actually lead to over-triage of these 
geriatric trauma patients.

So, the geriatric patient, with an obvious head 
injury, and a GCS less than 15, should be triaged 
to a trauma center. These criteria apply to patients 
who fell from a standing height. These falls have 
been traditionally viewed as a minor MOI, even 
in the geriatric population, yet data has demon-
strated differently.

We must also consider the occurrence of spi-
nal cord injuries in this population. Because geri-
atric bone structure is much more brittle than in 
adults, a seemingly minor fall can more easily 
lead to spinal column fractures and potentially 
spinal cord injuries. Thus, we must elevate our 
index of suspicion regarding the trauma suffered 
in our geriatric patients from simple falls [7].

Table 4.1 Physiologic aging and clinical correlates

Physiologic change

Altered temperature controls from hypothalamus 
dysfunction

Decreased sweating and skin changes, loss of skin 
collagen/elastin

Lean body mass replaced by fat

Fluid volume changes

Altered thirst GI disorders

Diuretic use

Cardiovascular

Decreased contractility coronary artery disease 
conduction system abnormalities reduced postural 
reflexes

CNS

Decreased brain mass adherent dura

Neuronal transmitter decrease

Reduced hearing, sight, smell

Gait instability, sluggish reflexes declining immune 
function

Modified from Evans R. Physiology of aging. In: Sanders 
AB, editor. Emergency care of the elder patient. St. Louis: 
Beverly Cracom; 1996. p. 11–27 [2]
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According to the Ohio report, the Ohio trauma 
registry is not specifically able to identify injury 
qualifiers [6]. But one MOI was able to be ana-
lyzed. The report showed that geriatric patients 
struck by an automobile suffered more than double 
the mortality rate than the adult popula-
tion—16.63% to 7.45%, respectively. Because an 
auto- pedestrian accident can involve a high amount 
of force and the geriatric patient is susceptible to 
more severe injuries with less force, the report rec-
ommends following this guideline to appropriately 
triage these patients to a trauma center.

The report also provided data on the outcome 
of geriatric trauma patients that incur long-bone 
(humerus or femur) fractures from MVCs. The 
increased odds of mortality for the geriatric 
patient from this type of injury correlates with the 
decreased severity of MOI needed to cause fatal 
injuries in this group.

 Evaluating Clinical Signs

The traditional clinical marker for shock has been 
a systolic blood pressure (SBP) less than 
90 mmHg. As referenced earlier, elasticity of the 
vascular system decreases with age, resulting in a 
steadily trending higher baseline. Therefore, 
shock (often detected by decreased SBP) can be 
masked by a higher baseline SBP in the geriatric 
population.

The Ohio report analyzed the mortality of the 
geriatric patients as related to SBP and found that 
the mortality of a geriatric patient with a SBP 
<100 mmHg is equal to the SBP of 90 mmHg in 
the adult population. Therefore the recommenda-
tion for triage of geriatric patients to a trauma cen-
ter should be triggered by a SBP = 100 mmHg [6].

 Different Physiologic Response

In many geriatric patients, their physiologic 
capacity to compensate for the traumatic insult is 
significantly impaired [8, 9]. This occurs as a 
result of normal aging processes further com-
pounded by the effects of chronic illness [10–13]. 
Every system in the body is affected by aging, 

most important of which are the pulmonary and 
cardiovascular systems. The pulmonary system is 
impacted by decreases in functional capacity and 
lung elasticity as a person ages. This negatively 
impacts tidal volume, which is required for proper 
ventilation. Compound this with overlying 
chronic obstructive pulmonary disease (COPD) 
and the patient’s ability to compensate during 
stress can be severely impaired [14]. Therefore, 
seemingly minor injuries, such as rib fractures, 
can cause significant respiratory compromise.

Also, the cardiovascular system, which is 
important to maintain tissue perfusion, particularly 
in a shock state, is drastically affected by aging 
[15]. Inelasticity of the arteries, poorly functioning 
heart valves, decreased cardiac function (cardiac 
output), and decreased sensitivity to the catechol-
amine response of fight or flight all impact the 
patient’s ability to mount a response to injury and 
shock. This can be further compounded by baseline 
coronary artery disease, previous myocardial 
infarction, and congestive heart failure (CHF) [16]. 
It’s, therefore, critical that elderly patients with an 
underlying medical condition be closely monitored 
when suffering a traumatic injury.

The aging of other important body systems 
can also have an impact on elderly trauma 
patients. Cerebral atrophy causes shrinkage of 
the brain, which creates tension on the cerebral 
veins and, in turn, can tear more easily and cause 
subdural hematomas. Decreased renal function 
can impact the patient’s ability to survive a pro-
tracted recovery period. Decreased immune sys-
tem response can prevent the ability to fight 
infection [11].

Further, the elderly patient’s ability to physi-
ologically compensate for the stress of trauma is 
not only reduced by the normal aging process and 
chronic disease, but compromised by the medica-
tions typically taken by this population. Some 
key medications to be concerned about include 
the blood thinner Coumadin (warfarin) and the 
antiplatelet agents, such as aspirin and Plavix 
(clopidogrel), which can lead to significant bleed-
ing complications.

Beta-blockers and calcium channel blockers 
can reduce cardiac output when it may be 
needed most—during acute traumatic stress. 
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Diuretics, such as Lasix (furosemide), can 
make these patients relatively volume depleted 
(dehydrated), which can then compromise their 
ability to mount a response to lowered blood 
pressure. All of these compounding factors set 
the geriatric patient up for a poor outcome from 
a traumatic insult, even a seemingly insignifi-
cant trauma.

Beyond the physiologic response problem in 
this population, there’s speculation that hospitals 
not structured to treat the geriatric trauma patient 
may actually contribute to the increased morbid-
ity and mortality of this disease process. Fallon 
et al. advocate the concept that a resource-based, 
multidisciplinary approach to these patients sup-
ports better outcomes [17]. This level of care can 
best be provided by an appropriately certified 
trauma center. Outcomes may be further 
improved with the addition of a geriatric trauma 
team as a consulting service.

 Primary and Secondary Surveys 
Address Need for Resuscitation

In a patient who appears to be terminally ill, 
inquiry regarding preexisting advance directives 
(living will, DNR) should be made to reduce the 
likelihood of an unwanted resuscitation (further 
detail will be discuss later in this chapter) If the 
answer is not immediately available, rescuers 
should proceed in favor of resuscitation.

Attention to airway, breathing, and circulation 
forms the basic approach to emergency care at 
any age. Special considerations follow:

 Special Considerations for Airway 
Breathing
• Loose dentures should be removed if they 

obstruct airway or impair formation of a tight 
seal when bag-valve-mask is needed. Place an 
oral/nasal airway if patient is unconscious.

• When using bag-valve-mask to support 
breathing, deliver lower tidal volumes (e.g., 
500–600 cc) 7–8 cc/kg. This avoids gastric 
distention which may impair ventilation or 
promote vomiting.

• Limited mobility of the C-spine, spinal curva-
ture, and bony prominences require extra care 
and padding in the application of cervical col-
lars and backboard immobilization.

 Special Considerations for Circulation
• Correct hand placement for chest compression 

is paramount, as rib fractures are common 
with compression in the frail older patient.

• RAPID identification and defibrillation of 
pulse less ventricular tachycardia or fibrillation 
guarantee the best chance for survival. Avoid 
placing paddles or pads over palpable pace-
makers or internally implanted defibrillators.

• Hypotension may reflect problems with the 
volume (dehydration, bleeding, sepsis), pump 
(depressed left ventricular function from 
CHF), or heart rate (too fast or too slow). In 
the absence of overt CHF, a fluid bolus or bal-
anced blood component transfusion is indi-
cated in the presence of severe hemorrhage.

 Special Considerations for Disability 
and Exposure
• Use the AVPU (alert, voice, pain, none) sys-

tem to describe responsiveness, and assess ori-
entation to person, place, and time. Consider 
the Cincinnati Stroke Scale, a simple tool to 
screen for acute stroke (Kothari) [18]. Other 
stroke scales can be used as per your individ-
ual system. Any NEW facial asymmetry (ask 
patient to smile), change in speech, or upper 
extremity drift when arms are extended and 
eyes closed is suggestive of stroke. Follow 
your system guidelines for stroke scales [19].

• Head-to-toe assessment via history, inspec-
tion, and palpation in trauma is essential to 
identify all injuries. Splint obvious fractures 
to reduce pain. Attention to thermal adjust-
ment (fans, sprays, ice vs. blankets) during 
transport for patients with altered mental sta-
tus due to heatstroke or hypothermia is 
 warranted depending upon available resources 
and local regulations.

• Diabetes is common in the older patient; 
exclude treat hypoglycemia in all patients with 
acute change in mental status or behavior.
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• Acknowledge and treat severe pain with low 
doses of parenteral narcotics as per regional 
guidelines. Splinting injured extremities sig-
nificantly reduces pain.

 Special Considerations 
for Immobilization and Transport
Immobilization and transport require special con-
siderations in the geriatric trauma patient. Pre-
existing conditions are important factors to 
consider prior to preparing a patient for transport 
to definitive care and may lengthen the initial 
assessment. In preparing to transport the 
advanced-age patient, knowledge of pre-existing 
conditions resulting in reduced mobility or 
altered anatomy is imperative, as are potential 
complications that may be encountered.

• With an increasing incidence of osteoporosis 
and osteoarthritis in the geriatric population, 
range of motion can be a significant limiting 
factor and render the patients at increased risk 
of fractures, even in the setting of minor 
trauma. Kyphosis, spondylosis, canal stenosis, 
and other physical deformities are not an 
uncommon occurrence in this population. A 
neutral position for normal anatomy may be 
impossible in the geriatric patient who has 
degenerative changes altering the anatomy. 
Standard cervical immobilization may be ana-
tomically impossible. Forcing such patients 
into a neutral position can lead to further 
injury. Vickery discussed the extensive poten-
tial complications of spinal board immobiliza-
tion in a review of the literature [20]. Creative 
immobilization may be required for safe 
transport. The use of pillows, blankets, and 
other items which are readily available can be 
helpful in creative packaging for transport of 
such patients.

• Abnormal spinal curvature can also lead to 
impairments in ventilation. As the thoracic 
cage becomes stiffer and more reliant on the 
diaphragm, sensitivity to intra-abdominal 
pressures may provoke respiratory difficulty. 
Impairment of sphincter tone, diminished 
ability to clear secretions, impaired ciliary 

mechanisms, and presence of dental prosthe-
ses increase the risk for aspiration. Normal 
aging and changing of bone structure over 
time can cause difficulty in creating a seal on 
bag-valve-mask ventilation. These anatomical 
factors, coupled with age-related respiratory 
functional changes, can lead to rapid respira-
tory decline.

• Geriatric skin is thin and fragile and fat pads 
are thinner. Hence, pressure sores can arise 
rapidly, especially in the occipital, scapular, 
and lumbosacral regions, as bony promi-
nences rest directly on the board. Localized 
mechanical pressure can lead to impaired 
blood supply, tissue hypoxia, and ultimately 
tissue death. The use of immobilization 
boards may cause tissue injuries much sooner 
than in the younger patient. Additional pad-
ding should be used on pressure points to 
prevent rapid breakdown. The use of adhe-
sive tapes can also cause significant tissue 
trauma from avulsion of fragile skin [21].

• Impairment in temperature control is common 
in the older patients. Hypothermia easily ensues 
with rapid heat loss in exposed patients. 
Hypothermia is particularly common in trauma 
with prolonged extrication and environmental 
exposures. Warmed fluids, warming blankets, 
and increased ambient temperatures should all 
be employed to help prevent additional tem-
perature loss.

 Advance Directives and End-of-Life 
Treatment Decisions

An understanding of the various forms of advance 
directives and how they may differ from do-not- 
resuscitate or -intubate orders is critical for the 
prehospital setting. Patient autonomy remains a 
focal point for geriatric trauma patients and the 
creation of advanced directives has continued to 
preserve patient autonomy. Advance Directives 
(ADs) are legal documents which allow a patient 
or their surrogate to direct the care of the patient 
to health care providers. In 1976, in an effort to 
promote and preserve patient autonomy, the 
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advance directive became a document created to 
detail the end-of-life wishes of a patient and guide 
end-of-life care when a patient may be unable to 
express their wishes personally (Brown) [22]. In 
the United States, this was further supported with 
the creation of the Patient Self- Determination 
Act, which required institutions to provide 
patients information regarding formulation of 
advance directives (Omnibus) [23]. European 
support for patient autonomy is also well docu-
mented (Council, French Parliament) [24, 25].

With a focus on patient autonomy, promotion 
of advance directive use became increasingly 
common. The prevalence of patients with 
advanced directives certainly has increased since 
its inception. In Silviera’s 2010 study reviewing 
geriatric deaths, they found that in American 
subjects, 42.5% of the patients needed decision 
making about medical treatment before death. 
Of this cohort, 67.6% already had an advance 
directive already in place with requests for lim-
ited care (Silviera) [26]. This study suggests that 
patient comfort with the topic has increased, but 
no universal standard for topics covered in 
advance directives exists within most health care 
systems and a wide range of issues may be 
addressed. The global movement of patient 
autonomy and end-of-life treatment decisions 
has affected prehospital care as well.

 Types of Advance Directives and End- 
of- Life Treatment Plans

In an advance directive, a patient provides 
instructions specific to lifesaving measures. The 
goal of the directive is not limited to restricting 
care measures but ensuring that the patient’s per-
sonal preferences are maintained. The directive 
may instruct providers against proceeding with 
certain interventions. Such interventions may 
include intubation, cardiac compression, or use 
of vasopressor medications. The directive may 
have specific parameters for implementation of 
treatment plans. A common parameter includes 
in the event of a terminal diagnosis, to proceed or 
not proceed with interventions deemed aggres-
sive by the patient. This may also include a 

request to have or not have artificial means of 
nutrition provided in such circumstances. 
Advance directives may include a living will, 
durable power of attorney for health care, or both. 
The benefit of advance directives is that it not 
only defines a patient’s care goals but also allows 
for discussion of end-of-life planning and deci-
sion making before the time arises.

 Living Will

A living will is a type of advance directive docu-
ment which details the wishes of the patient in 
regard to life-sustaining treatment. This is a legal 
written document and does not go into effect 
unless the patient is terminal, in a coma, or on life 
support. While an advance directive may provide 
guidelines, a living will in the United States is a 
legal document.

 Durable Power of Attorney

A durable power of attorney (DPOA) for health 
care is a type of advance directive document 
which details and names a surrogate decision 
maker in the event the patient is unable to 
express their wishes personally. It is a legally 
binding document. The person who is assigned 
as the surrogate decision maker may be refer-
enced as a health care proxy, health care agent, 
health care surrogate, or patient advocate 
depending on the laws in place. The duration of 
the DPOA may be unlimited or limited to a spe-
cific time, such as a deployment, and is detailed 
in the document. A terminal illness is not 
required for a DPOA to take effect.

 Physician Orders for Life-Sustaining 
Treatment (POLST)

This document was created in order to address 
what were viewed as deficiencies in the advance 
directives and code status orders already in place 
and specifically designed for patients likely to die 
within a year. The form includes instructions for 
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the use of emergency medical services, hospitaliza-
tions, use of intensive care, as well as other orders 
including resuscitative orders. The form’s goals are 
to provide end-of- life care preferences which are 
then translated into acknowledged medical orders 
and are completed by a physician (Schmidt) [27]. 
These forms are orders which can be followed by 
prehospital personnel and are universally valid 
regardless of the setting and not limited to do-not-
resuscitate or -intubate (Bomba) [28]. The goal of 
a POLST is to include a complete scope of treat-
ment plan in a formal medical order. Some states 
maintain a registry of such orders that are readily 
accessible by hospital and prehospital staff.

 Common Treatments Addressed 
in Advance Directives and End-of- 
Life Care Plans

• Resuscitation: This may include the utiliza-
tion of cardiopulmonary resuscitation, defi-
brillation use, or use of vasopressors to elevate 
blood pressure.

• Vasopressor Support: This may include medi-
cations which are utilized to augment blood 
pressure and cardiac function within a failing 
system.

• Ventilatory Support: This may include 
mechanical ventilation which provides a 
mechanical device to assist or replace sponta-
neous respiration. Noninvasive support mea-
sures may include continuous positive airway 
pressure (CPAP) or bilevel positive airway 
pressure (BIPAP).

• Extracorporeal Support Devices: This may 
include hemodialysis, continuous renal 
replacement therapy, use of PA catheters or 
cardiac support devices, extracorporeal mem-
brane oxygenation (ECMO), extracorporeal 
life support, cardiopulmonary bypass, etc.

• Nutritional Support: Tube feeds, parenteral 
nutrition, or intravenous fluids to supply the 
body with nutrients and fluids when a patient 
is unable to take them in: Limitations on nutri-
tional support may include its use for a limited 
time, no use of supplemental nutrition per 
tube, or restrictions to temporary feeding 

devices only, in effect, disallowing a perma-
nent feeding tube.

• Antibiotic/Antiviral Use: The use of these 
medications to treat infections may alter how 
aggressive the treatment plan is near the end 
of life.

• Organ/Tissue Donation: A driver’s license 
may have organ/tissue donation wishes already 
designated. In an advance directive, specifics 
for donation can be provided. In some cases, 
life-sustaining procedures will be temporarily 
required until donation is completed.

• Comfort Measures/Care Only: This is often 
referenced as allowing for a natural death. The 
goal of this treatment focuses on comfort to 
the patient. This may include use of medica-
tions for symptomatic control of pain, secre-
tions, anxiety, or other end-of-life comfort 
needs. Instructions to not transfer a patient to 
a hospital facility for life-sustaining treatment 
may also be included in this directive.

• Limited Additional Interventions: This may 
allow interventions in addition to those con-
sidered comfort care or measures alone. Basic 
medical treatment may be considered to 
include medications, antibiotics, intravenous 
fluids, and less invasive airway measures but 
generally declines intensive care transfer.

• Full Medical Treatment: This allows for all 
medical treatments without specific limita-
tions. It also allows for transfer to a hospital or 
intensive care unit and utilization of invasive 
treatments unless otherwise specified.

 Controversies in Advance Directives

Advance directives often have terminology which 
is considered vague, requiring interpretation by a 
surrogate or health care provider. They may 
address only a portion of the potentially required 
treatment plan. Cardiopulmonary resuscitation is 
most commonly addressed, yet the directive for 
intubation is often unknown (Lahn) [29]. 
Additionally, directives for the treatment period 
prior to an arrest are often not addressed. The use 
of BIPAP or CPAP may circumvent the need for 
intubation. This critical decision-making point 
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may prevent a potential arrest from occurring. 
Additionally, if a patient has a DNI order but no 
known directive regarding cardiopulmonary resus-
citation, should a prehospital provider then pro-
vide CPR but not intubate the patient? A clinical 
dilemma may exist which requires interpretation. 
Ultimately, clinical judgment should dictate treat-
ment plan when clear directives are not provided.

A health care proxy may override previously 
stated preferences. Seghal et al. found this often 
related to specific circumstances requiring an 
override of preferences, for example, a temporary 
hold on DNR/I for the purpose of surgery [30]. 
However, a living will is a legal document and 
therefore should be upheld. In circumstances that 
are not clear, hospital ethics committee involve-
ment should be considered.

Do-not-resuscitate (DNR) and do-not-intubate 
(DNI) orders are not the same as an advance 
directive, though they may be included in an 
AD. A DNR or DNI is an order which a physi-
cian makes within the medical record. An 
advance directive often addresses the desire for 
cardiopulmonary resuscitation or intubation but 
is not limited to these orders.

In the prehospital setting, an advanced direc-
tive may not be readily available to a prehospital 
provider. Multiple studies have documented the 
lack of availability of advance directives despite 
legislative promotion of their creation (Lahn, 
Weinick) [29, 31]. It is not uncommon that the 
patient is transferred from a skilled nursing facil-
ity to a hospital for evaluation and advance direc-
tives are not known for the patient. In the era of 
electronic medical records, these documents are 
more readily available in multiple hospital set-
tings; however, this may not be readily available 
to the prehospital providers. If able, the patient 
should be asked if they have an advance directive, 
and if not, what their wishes are. When in doubt, 
clinical judgment should supercede.

 Conclusion

The number of patients over age 65 requiring 
EMS assistance is growing every year. By the 
year 2020, these patients will make up the 
majority of runs serviced by prehospital 

 providers. It is critical for every prehospital 
 provider to have the specialized knowledge to 
optimize care for this group of patients. It is 
time to reassess how we triage our geriatric 
trauma patients. We must maintain a high 
index of suspicion for serious injury in this 
population. States should review, validate, and 
present geriatric trauma triage criteria to guide 
EMS providers in their decision about what is 
the best triage and resuscitation guidelines for 
the eldest patients in order to give them the 
best chance of survival.
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The Role of the Emergency 
Physician for Injured Geriatric 
Patient Care in the ED

Dave Milzman and Sarada Rao

 Introduction

The rapidly aging population is now shifting the 
focus of healthcare. As the population lives lon-
ger, a greater percentage of individuals are living 
longer, more active, and subsequently at more of a 
risk to suffer from a traumatic injury. This means 
that more older persons are at risk to fall down 
and fracture a hip and suffer from a subdural 
hematoma and more at risk to be struck in a cross-
walk and suffer from multiple trauma. Injuries in 
the geriatric population presenting to the emer-
gency department (ED) are undergoing a change 
in presentations and complexity. Geriatric trauma 
is increasing both in absolute number and propor-
tion of annual trauma admissions, with admis-

sions in level I and II trauma centers up from 23% 
in 2003 to 30% in 2009 [1]. The geriatric trauma 
patient is three to five times more likely to die 
from trauma than a younger patient who sustains 
a similar mechanism of injury [2, 3].

As the number of elderly patients continues to 
grow, the healthcare system will need to embrace 
the challenges of caring for older adults [4]. 
Certainly there exists some major differences in 
mechanisms of injurious forces suffered by older 
patients compared to 18–25-year-old counter-
parts, as well as patient tolerance for injury with 
resultant trauma. Blunt trauma is overwhelmingly 
the predominant mechanism of injury for geriatric 
patients. Enhanced care means increased vigi-
lance for recognizing preinjury health issues and 
risks for increased morbidities and mortalities in 
these patients. It is therefore imperative that emer-
gency physicians are able to be prepared to care 
for these individuals who oftentimes have com-
plex medical conditions, arrive with atypical pre-
sentations that can obscure the diagnostic process, 
and require special needs during their visit. Rapid 
early intervention for medical complexities is 
important as older populations tend to have worse 
outcomes than their younger counterparts [2, 5]. 
This chapter explores these evolving management 
models within the context of contemporary emer-
gency care for geriatric adults.

Historically, the traditional emergency care 
model has been used in the diagnostic process in 
the care for geriatric patient. This model focuses 
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on a linear and therapeutic medical decision 
making. While this can be useful in younger indi-
vidual who comes into the emergency room, it is 
ineffective for an older emergency or trauma 
patient. The geriatric emergency care model is 
multifactorial and incorporates essential ele-
ments of older adult well-being including social 
isolation, transportation limitations, fixed 
incomes, cognitive status, and functional disabil-
ity (Fig. 5.1) [1, 6].

 Role of the ED Doctor 
in the Prehospital and Hospital 
Triage

The role of the emergency physician in prehospi-
tal care of the acutely injured patient has changed 
markedly in the past decade with increased role 
and responsibility as surgeon coverage in trauma 
has also changed. The idea that only a surgeon 
can adequately assess an injured patient is over. 
Now in this age of mostly nonoperative manage-
ment of nonorthopedic injuries, the emergency 
department assessment has proven most valuable 
in optimal resource allocation with apparently 
similar outcomes. The initial evaluation of trauma 
starts with discussing triage with prehospital pro-
viders. Emergency physicians have always served 

as leaders in EMS care and their expertise in tri-
age is well documented [7, 8].

Emergency physicians are the first line of care 
for the majority of patients presenting to the 
 hospital. Even when sent from an office for medi-
cal clearance; the judgement for patient stability 
is attained through ED screening. Decisions on 
trauma center activation also rest with a discus-
sion between the emergency medical services 
(EMS) and emergency physician in order to 
decide whether a patient is triaged to trauma or 
can be sent to the emergency department.

The current American College of Surgeons’ 
Committee on Trauma guidelines recommend 
that all injured patients aged 55 years and older 
should be considered for transfer to a trauma 
center as a special consideration [9]. There is 
little current support in the literature for age, 
alone, to upgrade trauma patients and this semi-
arbitrary number needs to be amended. The tri-
age rule, to send all patients with advanced age, 
has not been found statistically correct [10, 11]. 
The problem with this data is that it is not inde-
pendent of other factors such as preexisting dis-
ease, medication (especially those affecting 
platelets and coagulation), and decreased men-
tal capacity and level of self-care. The ability to 
ascertain such information, prehospital, at the 
scene or en route, is most difficult. The reliabil-
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ity of such information, from an injured patient 
or rarely bystander/family member, is not a rea-
sonable expectation.

More recent research has failed to find that 
enhanced consideration of age 55 years of age 
results in reduced mortality with an unaccept-
able rate of over-triage to trauma centers [10, 
12]. Age alone, as secondary triage criteria, 
needs reconsideration without physiologic or 
serious mechanism of injury findings. There are 
trauma attendings that believe that over-triage 
rates approaching 30–35% are acceptable to pre-
vent increased death or disability and that it must 
be increased for geriatric trauma patients [13]. 
Trauma team activation must account for a lack 
of a clear history of events and understanding of 
the injury mechanism. Early over-triage often 
occurs because injury mechanism or initial 
assessment appears to warrant trauma center 
evaluation. It is well understood that older 
patients have lower physiologic reserve and 
delay in injury detection is linked to worse out-
comes [14, 15].

Use of prehospital predictors such as Revised 
Trauma Score function poorly for geriatric 
patients and yet not enough treating emergency 
physicians and trauma surgeons recognize this 
fact. New reports using systolic blood pressure 
criteria in the National Trauma Triage Protocol 
for geriatric trauma “110 (SBP in mmHG) is the 
new 90” are vital to improving care of geriatric 
patients [16]. These added “considerations” 
require more time and thought on part of 
EMS. More widespread teaching of early shock 
markers in geriatric patients is needed. These 
include narrowing of the pulse pressure, higher 
“normal” resting heart rates and blood pressures, 
and less physiologic reserve as well as less toler-
ance of the usual 2.0 L of IV fluid bolus resusci-
tation in patients with increased rates of renal 
and cardiac dysfunction [16]. Shock Index (SI) 
is an accurate and specific predictor of morbidity 
and mortality in geriatric trauma patients. It is 
not part of usual triage at this time but has been 
found superior to heart rate and systolic blood 
pressure for predicting mortality in geriatric 
trauma patients. A value (SI = HR/SBP) greater 
than or equal to 1 should be transferred to a 
Level 1 trauma center [17].

Additionally rapid neurological assessment 
with Glasgow Coma Score (GCS) also requires 
some modification for prehospital decision mak-
ing in geriatric patients. Changing the EMS 
trauma triage cutoff for elders from GCS 13 to 
GCS 14 results in improved sensitivity for clini-
cally relevant outcomes. In injured elders, with 
GCS 14 have greater odds of mortality and TBI 
than younger adults with GCS 13 [18].

EP are best positioned to retrain or at least 
reorient prehospital providers. They must make 
quick determinations in the department if geriat-
ric patients at greatest risk for occult injuries 
need early enhanced care approach; that can only 
be received from a trauma team activation. 
Geriatric patients often with minor mechanisms 
may require ED upgrade for higher risk injuries 
such as hip and pelvic fractures and likely TBI.

Information of prescription drug use is not 
known prehospital. Therefore, patients at 
increased risk from medication with antiplatelet 
or anticoagulants suffer delayed intervention. 
Preexisting disease states often require trauma 
center triage and the ED is better equipped and 
experienced to serve as a better arbiter to decide 
on trauma team activation with enhanced rapid 
diagnosis and treatment of such injury.

It is extremely common for EMS to under- 
triage geriatric injuries, usually nonvertical fall 
from standing and low-speed vehicular crash 
which account for majority of geriatric trauma 
mechanisms [12, 19–21]. Due to preexisting 
injuries, lower bone densities, and greater rates of 
anticoagulant and antiplatelet medications more 
injuries result from low-force trauma [22]. 
Accurately describing injuries in geriatric 
patients rarely is fully available prehospital. An 
abundance of evidence describes that injured 
geriatric patients are less likely to be appropri-
ately triaged for initial care at trauma centers 
despite the fact that the risk for adverse, postin-
jury outcome is more likely due to limits of 
patient comorbidities, and cardiovascular reserve 
as well as “general frailty” [12, 20, 21].

The study of the Maryland system found that 
among over 26,000 patients, under-triage was 
found increased among geriatric patients (>65 
years) compared to younger patients 50% versus 
17.8%, p < 0.001, respectively [20]. There clearly 
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is a discoverable bias against elderly receiving 
transport to higher trauma center level. The reason 
includes EMS provider bias, due to beliefs they 
possess for poorer geriatric patients outcomes 
[23]. Too often decisions are made that older 
patients fail to survive many complex injuries and 
may be under-triaged. However, the opposite is 
actually true, where the majority of geriatric 
trauma victims return to independent living [24].

 Diagnostic and Therapeutic 
Decision Making in the ED 
for Geriatric Trauma

Care of the whole patient, especially the chroni-
cally ill, geriatric patient, is likely outside the 
norm for most trauma attendings and their trauma 
team. The ED is more used to such complicated, 
multisystem medical failures. The determination 
of what caused the trauma and obtaining pre- 
event status is valuable and can alter treatment 
decisions. This precipitating medical event in 
older trauma patients will complicate assessment, 
response to treatment, and outcome. This problem 
in geriatric trauma requires treating physicians to 
assess initially for traumatic injury but also be 
well aware of possible medical conditions that 
may also need treatment that caused or at least 
contributed to the traumatic injury. Hypoglycemia, 
stroke, or seizure while driving may mimic a TBI 
and needed intervention delayed [24].

Does a fall and hip fracture require a trauma 
center evaluation? An intertrochanteric fracture 
from a fall alone is an ISS of 9 and if there is 
another abrasion or injury we now are pushing 
double digits in a patient likely with significant 
comorbidities and older age, would rapid evalua-
tion and earlier operative clearance and resuscita-
tion improve outcome? This question has been 
addressed by having designated geriatric teams 
care for such patients routinely in the ED. There 
are many evidence-based reports of success and 
improved care with shorter hospital days and 
fewer complications when the patients were admit-
ted in the past, under orthopedic teams with medi-
cal consults [25, 26]. Geriatricians routinely 
oversee the medical management for the patient 

and provide operative risk assessment and surgical 
clearance. Then the designated orthopedic surgery 
team can focus solely on the perioperative and 
postoperative care of the prosthetic and healing. 
The improved care comes from better medical 
workup of ongoing causation of the trauma, not 
just repairing a specific injury, which likely fails to 
address a larger ongoing medical problem [27].

The role of the treating physician in a trauma 
center has been shown to be optimized when the 
most experienced physicians are present. The 
great problem is not that a board-certified EP 
cannot be adequately trained to care for an injured 
geriatric patient and achieve similar outcomes as 
a surgeon. The concern is that in the setting of 
overcrowded EDs there is inadequate triage, 
time, and personnel to assure that geriatric 
patients are both assessed and treated in a manner 
that reduces delays in detection and maximizes 
early and appropriate resuscitative efforts, and 
relief of suffering. The current state of ED over-
crowding appears to clearly point toward figuring 
out enhanced geriatric medical in trauma centers, 
due to lack of adequate timely intervention in the 
ED. For acutely injured patients. there is not 
good data to prove this assertion currently. 
However; this finding appears to be so obvious 
that waiting for randomized, controlled trials 
may not be necessary. ED triage of geriatric 
trauma only works in efficient, not overcrowded, 
ED where the lag from triage to physician assess-
ing critical and emergent patients is minimal.

In the latest edition of Optimized Care of the 
Injured patient, the role of attending physician is 
clearly described as “having the best and the 
brightest medical professionals available to treat 
injured patients” [28]. The guidelines state the 
responsibility for board-eligible or board- 
certified general surgeons and emergency medi-
cine physicians to be “available 24 h a day in 
facilities providing the highest level of care and 
cannot abdicate that responsibility to a resident in 
training”[8, 10, 28]. In addition, the attending 
requires significant trauma experience more than 
simply Advanced Trauma Life Support certifica-
tion. ATLS was designed not for a leader in 
trauma care, but as a minimum standard for care 
of trauma patients in setting of limited resources.
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The need for an experienced trauma leader is 
most apparent in dealing with complicated geriat-
ric patients where occult injury is not usually 
apparent, history seldom is clear, and most often 
the mechanism of injury is underwhelming. 
Minor fall from standing can produce significant 
traumatic brain injuries such as subdural hema-
toma and hip fractures, whereas a younger patient 
may not even seek care for a similar fall. Early on, 
altered mental status, headache, and minor neuro 
changes that may be symptoms of TBI can be 
masked by prior CVA, dementia, medication, or 
prior chronic complaints. Almost none of the ACS 
COT triage criteria will adequately predict most 
injuries in geriatric patients [9, 28]. The usual is 
anything but usual in geriatric trauma patient care. 
Under-triage occurs too frequently in this popula-
tion due to minor-appearing mechanisms expect-
ing same outcomes as with younger, healthier 
patients with many fewer pre-existing disease 
states. Most providers fail to consider the frailty 
and medication use of geriatric patients. Also, 
there is failrly widespread use of antiplatelet and 
anticoagulant therapy in geriatric patients com-
pared to younger matched set, as well as a lesser 
ability to withstand minor mechanism without 
suffering fracture, is well documented [29, 30].

Recent findings in ED and trauma ordering of 
head CT, using the ACEP guidelines instead of 
Canadian head CT decision rules, show great 
increases in nontherapeutic uses of brain CT 
[31]. Actual positive findings are small, less than 
5% of all scans, and those with occult findings 
requiring neurosurgical intervention are less than 
1% of all geriatric brain CT obtained. This is not 
stating that traumatic lesion does not occur in 
geriatric patients; geriatric brain injury is 
increased compared to nonelderly and occurs 
despite less severe mechanisms [32, 33]. Since 
most geriatric head injuries happen from falls 
from a standing mechanism, usual trauma team 
activation by mechanism is not met. However, 
resultant injury rates occur with significant TBI 
resulting greater than 10% of time (brain AIS >2) 
[29, 30]. Furthermore, initial GCS on these 
patients is not sufficiently low <13, to achieve 
trauma team activation, or patients are assumed 
chronically altered and end up in the ED [18].

There are no matched prospective evaluations 
of isolated geriatric head trauma treated in ED 
compared to trauma center evaluation. The use of 
nonstandardized scores like the CRASH CT 
found that elderly patients with TBI deserve tai-
lored assessment and care by providers familiar 
with the issues that make their clinical course 
unique [33]. The increased rates of preexisting 
disease, higher rates of anticoagulants, and com-
plicating comorbidities all make it essential for 
rapid evaluation and diagnosis of these patients to 
optimize their outcomes. Too often delayed detec-
tion will lead to lower success for neurosurgical 
intervention. Trauma center care results in obtain-
ing brain CT faster and more often than compa-
rable ED evaluations of geriatric fall patients.

The older patient is a truly changing dynamic; 
age is no longer the major determinant as well as 
general health. In past studies, increasing age was 
directly correlated with preexisting disease states 
[34]. However, the younger patient with renal 
disease has increased mortality independent of 
age and ISS. Similarly, once a patient has more 
than two PED, they have 18% increased mortal-
ity controlling for injury compared to those with-
out PED, independent of age [34, 35]. In the new 
view of trauma patients, a healthy 65-year-old 
should do better than a hypertensive, diabetic, 
obese 38-year-old patient. We are currently lack-
ing good studies for at what age, even a healthy, 
disease-free geriatric patient starts to note 
increased mortality compared to an also healthy 
younger patient. Knowledge of a patient’s usual 
heart rate and blood pressure, or at least a good 
approximation, is most important. When in 
doubt, use usual markers such as lactate, and 
shock index and pulse pressure which can rapidly 
assist the treating physician as to early presence 
of hypoperfused shock state.

The role of the emergency physician can be 
critical in the early resuscitation of the elderly 
trauma patient and unfortunately in the busy ED 
fails to provide sufficient early intervention that a 
trauma center could improve upon. The critical 
immediate postinjury assessment and  resuscitation 
period is too often full of delays in exact injury 
identification and inadequate and long course in 
adequate fluid response.
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The early need for invasive monitoring, espe-
cially in the geriatric patient, is an important ques-
tion that had been well studied in the late 1980s by 
Scalea et al. with improvements in outcome dem-
onstrated with early invasive monitoring with pul-
monary artery catheters [36]. This major 
improvement came at the same time that the PA 
catheter was being blamed for increased mortality 
in the medical ICU population; that makes Scalea’s 
study even more important [37]. Recently, the 
rapid and heavily invasive approach to sepsis treat-
ment has been demonstrated as adding little 
improvement in patient outcome in large multi-
center studies from North America, the United 
Kingdom, and Australia (respectively) PROCESS, 
PROMISE, and ARISE [38–41]. All found the 
usual ED care of the sickest sepsis patients was 
equal to advanced, more invasive care, even in 
geriatric patients [42].

It is clear that repeat evaluation using standard 
resuscitation methods performed as well as inva-
sively monitored patients have improved out-
comes. Sepsis is not exactly the same mechanism 
as trauma, but the resuscitation timing is not so 
different. Most important is bedside assessment 
and continuous reassessment until the patient has 
demonstrated improvement and stability not only 
in vital signs but also in biomarkers. The availabil-
ity of a senior physician at the bedside is the key 
difference in trauma center handling of the geriat-
ric patient and a focused exam in the ED. The 
usual consultation the next day as is routine for 
geriatricians with orthopedic cases is not adequate 
for trauma. Only the emergency physician and 
trauma surgeon are available on an immediate 
basis 24/7 to provide not only consultation but also 
immediate assessment and intervention.

 Pitfalls of the Emergency 
Department

The emergency physician often has too many 
other responsibilities during a shift to focus 
solely on resuscitation of single patients for pro-
longed time periods. It is a failure of the ED, lim-
ited by overcrowding with patients, which 
reduces availability for the physician at the bed-

side to provide necessary patient care adn resus-
citation in a timely manner.

In geriatric patients, a key question in resus-
citative decision is the timing of transfusion of 
blood products versus early crystalloid for trau-
matic shock. In the emergency department the 
great majority of geriatric patients receive IV 
fluids, mainly crystalloid. This is done not to 
assure renal perfusion and maintain normal 
pulse pressure, but instead to treat standard 
vital signs: tachycardia, and hypotension. In 
geriatric patients, all too often overlooked or 
overcompensated for is the concern of decreased 
cardiac output, and the risk of decreasing pul-
monary oxygenation and increasing lung water 
from fluid overload.

However, most recent data favors judicious 
fluid resuscitation favoring keeping patients 
slightly dryer, but meeting needed improvement 
in pressure and biomarkers [28]. If resuscitation 
forgoes invasive monitoring of central pressures 
and oxygenation, frequent repeat marker analy-
sis is necessary to confirm lack of occult shock 
state. It is relatively rare to get back to the excel-
lence of the late 1980s and early 1990s when 
traumatologists like Scalea were resuscitating 
geriatric patients with PA catheters with contin-
uous ScvO2 to detect acute changes in perfusion 
[37]. These interventions like the Early Goal 
Directed Protocols, outlined so well with Rivers 
in 2000 [38], are rarely employed now, nearly 
two decades later, as evidence-based medicine 
retrospective analysis has failed to support such 
important interventions in their entirety.

The most recent sepsis research into proto-
cols found that “usual care” in the ED has 
improved greatly [39–41]. The problem remains, 
however, that are we really comparing similar 
patients? In stage II and III traumatic shock, 
patients, especially geriatric patients, benefit 
greatly from excessive intervention and moni-
toring in the trauma bay compared to the 
ED. Even trauma centers have gone away from 
invasive monitoring and more expectant care. 
This style of  resuscitation may reduce some 
morbidity of over- resuscitation but will not 
allow for optimal care of some of the most 
severely injured geriatric patients.
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The lack of recognition of decreased baseline 
mental capacities directly impacts excessive 
workup and causes increased hospital length 
of stays. Cognitive impairments including 
 dementia (in many forms) have been found in 
over one- quarter of geriatric ED patients, 
although less than one-third of these patients 
actually had documentation. Delays in emer-
gency department patient assessments have 
become more routine now than at any time in 
the past 30 years. Misunderstanding of even 
falls from standing in the elderly on ED triage 
nurse and even with physician- assisted triage 
will result in delayed assessment and significant 
delay in some brain trauma and orthopedic inju-
ries. Only the careful and thorough rapid trauma 
team evaluation allows for such improved out-
come in injured geriatric patients.

The acceptable rate of radiographic and lab 
evaluation is not always that much different from 
that obtained in the ED with the huge caveat that 
it is done in much more rapid and organized man-
ner. Trauma team activation allows for a better 
“team” assessment of injured patients, especially 
geriatric, and without the time delay that could be 
more than 2–4 h and set the patient up for 
increased morbidity and mortality form delay in 
diagnosis, proper consultation with specialist, 
and delivery of therapeutic operative care.

This is not to say that the ED always underper-
forms. It is, however; most likely that a large per-
centage of geriatric patients brought to the ED 
after suffering a traumatic injury are misunder-
stood due to appearances and underestimation of 
injury mechanism. Usual mechanisms of injury 
in geriatric patients include low falls, not vertical 
falls, from height, lower vehicular speeds, and 
fewer blunt assault and penetrating traumatic 
injuries, which make ED personnel to mistreat 
injured elderly patients.

 Difficulties to Determine Final 
Destination of the Patient

There are two main decisions to be made on 
patient arrival by EMS: whether to keep the 
patient in ED or upgrade to trauma team activa-

tion. Often, difficulty in properly assigning geri-
atric patient destination is very institution 
dependent. The key determinant should always 
be patient stability. In any case, an unstable 
patient, with any possible trauma, should undergo 
trauma activation. The exception would be if 
medical causation is clearly identifiable as cause 
of the traumatic event, and those patients can stay 
in ED if an emergency attending physician is 
immediately available to care for the patient.

Since many geriatric patients present follow-
ing relatively minor mechanisms but with semis-
ignificant derangement of initial presentation, 
there is a great variability in triaged destination. 
Reviewing mechanisms in geriatric trauma is an 
important clue to optimal destination of the 
patient for care. If there is a high-speed vehicular 
crash with an alert patient, trauma activation is 
most appropriate as long as no obvious arrhyth-
mia, or correctable mental status abnormality. 
Causes of high-speeed MVCs such as diabetes 
(medication-induced hypoglycemia), seizure, 
stroke or cardiac arrhythmia causing syncoope; 
all could be important to treat than soley ruling 
out the traumatic injury. Fall from standing, down 
steps, or other minor mechanical mishap during 
what should be normal ambulation likely is better 
treated in the emergency department.

An ideal scenario is to have a geriatric patient 
evaluated where nursing and support staff is most 
comfortable with the disease process. For exam-
ple, oversight of medical emergencies that 
include monitoring for arrhythmias as well as 
neurologic or respiratory issues that involve non-
invasive ventilatory support is better managed in 
the emergency department whereas injuries that 
involve open fractures, traumatic brain injury, 
complex wounds, and surgical abdomens are 
much better taken care of through trauma activa-
tion. The clear key is speed to determine diagno-
sis and comfort level with treatment intervention. 
Administering large amounts of blood products 
in ventilated patients goes best in trauma whereas 
insulin or amiodarone drips are better managed 
in the emergency department. A list of suggested 
causative mechanisms and hospital disposition 
focuses on optimal outcome based on perceived 
timely intervention.
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The greatest impact on outcome, excluding 
severity of injury and underlying preinjury gen-
eral health, is time to treatment of a medical 
cause of trauma. Rapid assessment utilizing 
whole-body scan radiograph, FAST, and identi-
fying perfusion deficit in geriatric trauma is 
much more important in this population as they 
have reduced clinical reserves to withstand 
even short periods of shock. Proper triage pre-
hospital would be optimal, but current geriatric 
guidelines are limited and difficult for even the 
best prehospital provider to accurately discern. 
Age alone is a poor predictor. An important 
example would be a 48-year-old (nongeriatric 
patient) on dialysis with history of liver disease 
and prior TED on a newer anticoagulant who 
suffered a trip and fall compared to a healthy 
64-year-old biking. Limitations on handling 
medically complex patients have clearly been 
identified in trauma centers where consultation 
to nonsurgeons is limited and not planned. 
Having the emergency physician take lead on 
such cases clearly can improve speed, knowl-
edge, and care of the patient.

Again, there is limited data to confirm this 
mostly anecdotal finding. Multicenter investiga-
tions to determine the optimal destination of 
contnued patient resuscitation are needed. It also 
remains unclear where geriatric postoperative 
patients or nonoperative observation patients can 
best be monitored. Most medical wards are not 
adept at usual surgical monitoring and surgical 
wards may not be as comfortable with medical 
patient care. The treating team needs to be 
actively directing care, so the ultimate placement 
should rest with the physician providing the 
greatest ongoing care.

During the assessment phase in the ED elderly 
patients routinely receive less analgesia than non-
elderly patients [43]. They are under-resuscitated 
due to overestimation of nontolerance of fluid 
administration and delays in definitive care due 
to ED delay in diagnosis and proper consultation, 
with many specialty evaluations (surgical) wait-
ing until the following day. There are also issues 
with delays in initiating proper diet in geriatric 
patients and in ensuring that diet placed in front 
of them actually gets consumed. Few studies 

exist that document the impact of advanced nutri-
tional assessment, but of the existing studies that 
demonstrate poor nutrition, mortality is increased 
in geriatric pneumonia patients who lack ade-
quate diet at 72 postadmit [44].

Would comfort care measures be better 
attained on a trauma service than admitted geri-
atric trauma in the ED. There are currently 
insufficient studies that compare similar patients 
with significant outcome markers. The determi-
nants of a reduced mortality are multifactorial 
and difficult to unbundle from inherent patient 
physiologic and protoplasm issues compared to 
rapidity and thoroughness of interventions as 
well as accuracy.

 Significance and Repercussions, 
in the Outcome, Related to the ED 
Patient Stay Before Final Decisions 
Are Made

Does a trauma team activation for a geriatric fall 
patient with rapid imaging of brain and a total 
body scan for possible associated fractures 
improve the usual ED care? The new ‘usual’ wait 
to be seen in the E.D. needs to be compared for 
morbidity and mortality. However, improvements 
will likely not be discernible by measuring mor-
tality differences due to low death rates and mor-
bidity change will also be difficult to determine 
for comparison will not be easy to match to con-
trols. Length of stays may be shorter in the ED 
with a simple return to home, whereas detecting 
additional injury can result in longer stays. This 
more accurate placement, to rehabilitation sites; 
However, will cause delays in proper SNF place-
ment [45]. To avoid anecdotal conclusions, mul-
tisite studies must be designed to see if the idea of 
geriatric trauma centers will improve care, reduce 
morbidities, and reduce longer term disability.

Geriatric trauma centers and even geriatric ED 
sections require a closer evaluation. Among acute 
injuries, patients older than 55 and certainly over 
65 years are less likely to be involved in usual 
traumatic injuries due to much reduced exposure 
to causative mechanisms [46]. Falls, vehicular 
crash, and some interpersonal violence are the 
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leading presenting mechanisms to trauma centers 
and ED for geriatric injuries. In pediatric trauma 
care there is a clear advantage to having the 
trauma team evaluate patients and lead to reduced 
delays in intervention and improved outcomes. 
Before creation of the trauma team, relevant spe-
cialists were individually called to the ED for 
patient evaluation. When a formal trauma 
response team was organized, time required for 
ED treatment of severe trauma was decreased, 
and consequently survival was better than pre-
dicted compared with the reference major trauma 
outcome study population [47]. The need for geri-
atric trauma center with enhanced designation 
and a better integrated surgical-medical coopera-
tive team format would allow for enhanced inte-
gration of care in most expedient manner [47, 48]. 
Delays will exist in all complicated patients, but 
identifying early and initiating protocol-driven 
diagnostics can reduce delays in identifying med-
ically sick and needy trauma patients.

 Conclusion

In years to come, the proportion of older 
patients presenting to the emergency depart-
ment is expected to increase exponentially. 
These patients are at greater risk for adverse 
outcomes than younger patients. The currently 
used disease- oriented models do not suffi-
ciently consider the complexity of older ED 
patients. In order to address these emerging 
issues and provide better care for the growing, 
aging population care, future emergency medi-
cine management models will need to incorpo-
rate appropriately trained personnel, reliable 
streams of communication between prehospital 
trauma services and emergency department as 
well as inpatient services, well-developed and 
comprehensive protocols, and lastly a geriatric-
friendly infrastructure. The implementation 
and wide use of such age- centered approaches 
will help to further improve the quality of care 
for acutely injured geriatric patient.

The emergency physician is uniquely pre-
pared and capable to assist the trauma team in 
both assessment and concern for preexisting ill-
ness concerns as well as limited tolerance for 
“usual” resuscitation protocols. The medical 

side of trauma care is not foreign to trauma sur-
geons. However, the focus may be alternatively 
delayed. Trauma team activation for geriatric 
patients requires a true “team” approach with 
the surgeon needing to recognize early if the 
presenting injury is actually secondary to the 
causative medical condition that may be 
responsible for the injury. In that case, early 
consultation with the emergency physician can 
be vitally important in optimizing outcome. 
There is limited, existing evidence-based prac-
tice detailing who is really most capable of pro-
viding care to injured elderly patients.

Prehospital Geriatric Patient Assessment
Criteria for injured Geriatric Patient to be sent 

to Trauma Center, Not the E.D.

Vital Signs

GCS < 15 with any suspected TBI
SBP ≤ 100 mmHg or any Shock Index  

(HR/SBP) > 1
HR > 110 or > 90 if patient is on Beta Blocker or 

other heart rate controlling medication
RR < 10 or > 24 or assisted ventilation to main-

tain pulse Ox >94%

Mechanism Criteria

Falls (any height) with any evidence of TBI
Any vehicular pedestrian collision,
Any vehicular crash with a long-bone fracture or 

multiple body regions injured
And all traumatic injury mechanism with the 

following age and pre-existing disease states
All patients > 70 years
Age > 55 years with more than 2 preexisting 

conditions
Age > 65 with more than 1 preexisting condition

Preexisting Disease Considerations:

Stroke
Diabetes
Active Coronary Artery Disease, Prior MI
CHF
COPD
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Use of Anticoagulant or Clotting Disorder
All Immune Compromised patients (AIDS, 

Cancer patients on Chemotherapy)
Liver or Renal Failure and Hemodiaslyis 

patients

For resuscitation, judicious use of fluids initial 
bolus of 500CC less likely for interosseous infu-
sion success.
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Geriatric Concussions

Russell D. Dumire

 Overview and Epidemiology

The geriatric population currently constitutes the 
most rapidly growing segment of the US as well 
as world population. In addition, this rapidly 
growing population is enjoying a level of freedom 
and independence not realized by previous gen-
erations due to advances in healthcare as well as 
rapid growth of social support organizations and 
assisted living communities. The geriatric popula-
tion (people aged 65 and older) comprises approx-
imately 12% of the US population. However, as 
the 77 plus million members of the baby boomer 
generation continue to age, the number of people 
over the age of 65 will exceed 71 million by the 
year 2030 and represent approximately 20% of 
the US population. The US Census Bureau also 
projects that between the years 2005 and 2050 the 
geriatric population will more than double and in 
the same period of time the number of individuals 
aged 85 and older is expected to exceed 20 mil-
lion in the United States alone [18, 68, 69].

Trauma is the seventh leading cause of death in 
the geriatric population; however [54, 57], deaths 
associated with traumatic brain injury constitute 
approximately 30% of this overall mortality. 
Mortality rates from TBI start to increase at age 30 

but the likelihood of death is maximal after age 70 
[24]. In general, mild traumatic brain injury rarely 
results in death but one must remember that the 
geriatric population is at much greater risk of sig-
nificant injury when compared to their younger 
cohorts [28, 40, 59]. This higher incidence in mor-
tality is, in part, due to a combination of increased 
incidence of preexisting diseases, decreased physi-
ologic reserve, as well as a general lack of knowl-
edge among healthcare providers in regard to the 
geriatric population [25, 43, 46]. Indeed, similar 
outcomes following traumatic events can be 
obtained in the geriatric population as compared to 
the younger population if the injury or potential 
injury is identified early and aggressively pursued 
[51, 62, 63, 67]. A high index of suspicion and keen 
attention to detail are of critical significance in this 
patient population. Understanding the physiologic 
changes associated with aging as well as the con-
founding issues of the polypharmacy often associ-
ated with comorbidities is also an essential 
component in the evaluation and management of 
this patient population. Low-energy mechanisms 
of energy such as ground-level falls should raise 
the suspicion of the possibility of a more significant 
injury in general and specifically occult head injury 
in geriatric population. Early individualized man-
agement of the geriatric patient following a mild 
TBI can provide the best opportunity for their even-
tual return to the community with an acceptable 
quality of life [41, 45]. It should be noted that at 
this time, there exist no evidence- based guidelines 
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in regard to the diagnosis, evaluation, and manage-
ment of concussion/mild traumatic brain injury 
(MTBI) in the geriatric population. There even 
exists a great deal of variation in the definitions of 
what constitutes geriatric and MTBI.

The diagnosis of mild traumatic brain injury 
acutely in the geriatric population can be challeng-
ing as it is often near impossible to discern whether 
alterations in mental status were caused by the fall 
or if their presence was a possible contributing fac-
tor leading to the injury itself. When dealing with 
trauma in the geriatric population, we must keep in 
mind that the golden hour is made up of platinum 
minutes especially in our platinum patients. Delays 
in diagnosis result in increased morbidity and 
mortality in all age groups including the geriatric 
population where the potential for injury is too 
often underappreciated as well as under-triaged 
resulting in delays in diagnosis as well as initiation 
of therapy [33, 56, 65].

On an annual basis, 1.4 Americans each year 
will suffer from a traumatic brain injury, and of 
these, 50,000 will die, 235,000 will be hospitalized, 
and over 80,000 patients each year will experience 

some type of long-term disability which has 
resulted in an estimated 5.3 million Americans 
currently living with disabilities resulting from 
brain injury [18, 21, 35]. In 2006 alone, over $2.8 
billion was spent on treating traumatic brain injury 
in patients 65 years and older. This volume of 
injury translates to a financial burden of $75–$100 
billion per year for the care of patients with trau-
matic brain injury of which the geriatric popula-
tion constitutes approximately 30%. When 
thinking about traumatic brain injury in the geriat-
ric population, one can remember the 30% rule. 
The geriatric population continues to demonstrate 
a relatively constant annual incidence of trauma of 
approximately 30% with 30% of these having an 
associated traumatic brain injury consuming 
approximately 30% of the health care resources 
spent on trauma annually and is associated with 
30% fatality rate. As the public has become more 
aware of both severe and mild traumatic brain 
injury over the last several years, we can see a 
decline in the incidence of TBI-related death over-
all, with the exception of the geriatric population 
which continues to increase [5, 18, 50]. 

Rates of TBI-related Deaths by Age Group—United States, 2001–2010
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All traumatic brain injury is not the same and 
fortunately only 10% of traumatic brain injury 
cases are classified as severe which is defined as 
a Glasgow Coma Scale of 8 or less following a 
traumatic event. Mild traumatic brain injury con-
stitutes approximately 80% of all brain injury 
and is defined by a Glasgow Coma Score 
between 13 and 15 following traumatic event. 
The CDC defines concussion or mild traumatic 
brain injury (MTBI) as “a complex pathophysi-
ologic process affecting the brain induced by 
traumatic biomechanical forces secondary to 
direct or indirect forces to the head. MTBI is 
caused by a blow or jolt to the head that disrupts 
the function of the brain. This disturbance of 
brain function is typically (but not always) asso-
ciated with normal structural neuroimaging find-
ings (i.e., CT scan, MRI)” [70, 71]. The Eastern 
Association for the Surgery of Trauma defines 
MTBI in its 2012 update as “an acute alteration 
in brain function caused by a blunt external force 
and is characterized by a Glasgow Coma Scale 
(GCS) score of 13 to 15, loss of consciousness 
for 30 minutes or less, and duration of posttrau-
matic amnesia of 24 hours or less and if a CT 
scan of the brain has been performed, its 
result must be normal” [16]. A comprehensive 
review of the existing literature related to con-
cussion and the geriatric population reveals a 
great deal of variation in both the definition of 
mild traumatic brain injury and the definition of 
the geriatric population [13]. Mild TBI results in 
a constellation of physical, cognitive, emotional, 
and/or sleep-related symptoms and may or may 
not involve a loss of consciousness (LOC). 
Duration of symptoms is highly variable and 
may last from several minutes to days or weeks. 
Approximately 15% of people with mild trau-
matic brain injury still manifest symptoms a year 
or more after the injury [1]. This fact is particu-
larly concerning in the geriatric population in 
that many already have coexisting degenerative 
limitations and are already walking a fine line 
between independent living and a nursing home. 
Many times a seemingly trivial injury is the tip-
ping point resulting in institutionalization of a 
previously independently living geriatric patient. 
Approximately 50% of patients 65 years of age 
and older who are admitted after any traumatic 

event end up in a nursing or skilled facility post-
hospital discharge and most never return to inde-
pendent living [8, 28, 49].

 Definitions

The commonly accepted definition of the geri-
atric population is that population 65 years of 
age and older; however, many of the earlier 
studies included patients 55 years of age and 
older. This review/discussion of geriatric mild 
traumatic brain injury will include all data 
sources due to the very limited data available 
concerning concussions in the geriatric popu-
lation. For the purposes of this discussion, the 
currently accepted definition of the geriatric 
population includes patients 65 years and older 
and a concussion is defined as a condition 
meeting the above Eastern Association for the 
Surgery of Trauma (EAST) definition and no 
anatomic evidence of injury on neuroimaging 
studies. The basic defining characteristics of a 
concussion/MTBI include:

 Loss of consciousness for a period 
of 30 min or less and a Glasgow 
Coma Score of 13–15

 Loss of memory for events 
immediately before or 
after the accident 
with posttraumatic amnesia not 
greater than 24 h

 Any alteration in mental state 
at the time of the accident 
(disorientation and/or confusion)

Patients may also demonstrate one or more of the 
following associated symptoms following a trau-
matically induced disruption of brain function. 
These are often referred to as the postconcussion 
syndrome:
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Fatigue
Headaches
Visual disturbances
Memory loss (short-term greater than long-term 

memory)
Poor attention/concentration
Sleep disturbances
Dizziness/loss of balance
Irritability-emotional disturbances
Feelings of depression
Nausea
Loss of smell
Sensitivity to light and sounds
Mood changes/depression
Disorientation and/or confusion
Slow or impaired thought processes
Suicidal ideation in the elderly population

Using the above definition, the terms mild trau-
matic brain injury (MTBI) and concussion can be 
used interchangeably. One should also note that 
many of these symptoms are also symptoms asso-
ciated with the aging process and progressive 
organ dysfunction which further complicates the 
recognition and diagnosis of mild traumatic brain 
injury in the geriatric population.

 Discussion

The physiologic effects of aging begin in the 
third decade of life, and although the various 
organ systems are affected at different rates, the 
process itself progresses at a relatively constant 
rate [11, 19]. Although individuals may pheno-
typically express these changes differently, the 
decline in organ function including neurologic 
function continues to progress. This variable rate 
of decline in organ system function accounts for 
the difference in physiologic and chronological 
age and is heavily influenced by comorbidities, 
medications, and previous injury. Most notably, 
the geriatric population will manifest an overall 
decrease in their functional reserve capacity and 
therefore a less severe mechanism of injury may 
result in more severe underlying consequences 
due to preexisting comorbidities, polypharmacy, 
and its effect on physiologic response to injury as 

well as diminished functional capacity in all of 
the major organ systems. The existence of these 
comorbidities results in a diminished functional 
capacity but also remember that the medical 
treatment (polypharmacy) of the comorbidity 
may also blunt or limit physiologic responses and 
predispose to injury [39]. For example, diuretics 
that require the elderly patient to get up at night 
combined with the antihypertensive which pre-
disposes towards orthostasis in combination with 
diminished vision and balance can result in a fall. 
Recent data demonstrates that one in four adults 
have at least two chronic conditions requiring 
medical treatment and more than half of older 
adults have three or more chronic conditions. The 
average number of medications being taken by a 
patient 65 years of age and older is 5 with 12–20% 
being on 9 or more medications [2–4, 39, 55].

Many of the changes associated with aging 
such as loss of muscle mass, slowing reflexes, 
and deterioration in the senses of sight and sound 
are predisposing factors for injury in the geriatric 
population. Other changes such as bone deminer-
alization predispose to more severe anatomic 
injury. For instance, between the ages of 20 and 
80, the maximal cardiac output is reduced 
between 30 and 50%. Cardiac output decreases in 
a linear fashion of approximately 1% per year 
after the age of 30 in patients with no underlying 
cardiac disease. This decline is amplified in the 
presence of underlying cardiac disease. There is 
also a decline in respiratory function as mani-
fested by a drop in FEV1 of approximately 30 mL 
per year after the age of 30 and by age 75 the 
pulmonary capacity is only 40–50% of that at age 
30. The result is a lower arterial oxygen content 
as well as a decreased ability to pump oxygen to 
the vital organs in times of stress. This lack of 
overall physiologic reserve may represent an 
additional reason as to why more geriatric 
patients present with anatomic injury such as 
ischemic insults following trauma. However, I 
can find no evidence-based studies to support this 
theory.

Anatomically, the brain undergoes progressive 
atrophy with aging decreasing in size (volume) by 
approximately 10–12% between the ages of 30 
and 70. These anatomic changes are also associated 
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with subtle but progressive changes in cognition, 
function, as well as memory, which may compli-
cate the process of mental status evaluation in 
these patients. The cerebral atrophy associated 
with aging is associated with an increase in CSF 
which allows for more room to accommodate 
bleeding and swelling which may delay the onset 
of clinical symptoms when the patient may actu-
ally have a significant underlying brain injury that 
has yet to clinically manifest itself. This atrophy 
also predisposes to anatomic traumatic brain 
injury, in particular subdural hemorrhages, due to 
the stretching of the dural veins. Geriatric patients 
experience MTBI more frequently than severe 
TBI and they have a very high rate of intracranial 
hemorrhage following mild head injury [24, 36, 
53]. Initial review of our Geriatric Trauma 
Institute (GTI) data also demonstrates that in our 
population of geriatric patients presenting after a 
fall and confirmed loss of consciousness, all 
exhibited anatomic evidence of more severe 
injury. It is also likely that the diagnosis of a con-
cussion would be overlooked in the geriatric 
patient with preexisting confusion, disorientation, 
or dementia that sustained a fall and has no clini-
cal evidence of anatomic injury. This may lead to 
an underreporting of as well as an underestima-
tion of the overall incidence of concussion in this 
population. Although this may seem of little con-
sequence, there is current data which suggest that 
concussions at any age may result in subtle yet 
persistent deficits and repeated concussions com-
pound these deficits [15, 23, 31, 47]. Prevention 
of the first concussion in the geriatric population 
may ultimately be the single most important event 
in keeping this population viable and indepen-
dent. The vast majority of geriatric trauma results 
from ground-level, low-energy falls. Therefore 
targeting this common etiology is a reasonable 
starting point.

 Mechanism

Falls are, by far, the most common cause of 
trauma in general in the geriatric population as 
well as geriatric traumatic brain injury [54, 62, 
63]. These falls are almost always ground-level/

low-energy falls with most of them occurring at 
home. The diagnosis of injury is often delayed in 
this patient population due to a low index of sus-
picion based upon mechanism of injury as well as 
the ability of injuries to progress without early 
clinical findings as a result of the anatomic 
changes associated with the aging process. This 
delay in diagnosis undoubtedly contributes to the 
overall increased morbidity and mortality in this 
vulnerable patient population. Falls account for 
approximately 60% of geriatric trauma cases 
admitted to the hospital and the death rate associ-
ated with unintentional falls in the geriatric popu-
lation continues to rise on an annual basis. 
Approximately 36% of geriatric patients who fall 
will require a repeat ED visit or will die within 1 
year following the initial fall and 50% of these 
patients will experience a repeat fall within the 
next 6–12 months [35]. The history of a single 
fall is the most important risk factor in predicting 
subsequent falls in this patient population, and if 
the fall results in hospitalization, there is a 50% 
chance that the patient will not return home but 
rather be placed in a nursing home or other skilled 
facility [5, 8, 34, 64]. The clinical effects of 
repetitive MTBI in the geriatric population pres-
ent a significant issue that has received very little 
formal investigation and warrants further study. 
However, there is data that demonstrates a cumu-
lative effect of repeated head injuries. Repeated 
mild head injuries are associated with persistence 
of symptoms and diminished performance scores. 
Age at the time of injury does not influence the 
incidence of symptoms [1]. These falls are often 
a result of the physiology of aging due to impaired 
senses, slowed reflexes, and loss of muscle tone 
in addition to the polypharmacy present in many 
geriatric patients due to their comorbidities. 
Motor vehicle collisions, auto-pedestrian acci-
dents, assaults, elder abuse, and suicide consti-
tute the majority of the remaining etiologies 
associated with geriatric traumatic brain injury.

Data from the CDC demonstrates that a geriat-
ric patient dies from a fall-related injury approxi-
mately every 20 min in the United States today 
with traumatic brain injury associated approxi-
mately 30% of the time [69]. The vast majority of 
patients sustaining a traumatic brain injury are 
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classified as mild whereas only 10% of patients 
overall comprise the severe traumatic brain injury 
group. Traumatic brain injury in the geriatric 
trauma population accounts for approximately 
80,000 emergency department visits per year 
and, as previously mentioned, the vast majority 
being classified as mild traumatic brain injury 
(MTBI). Despite the great preponderance of 
MTBI across all age groups, there are no nation-
ally accepted standards for the diagnosis and 
treatment of MTBI. The lack of a standard 
 definition of MTBI makes comparison of studies 
difficult as many of the older studies included 
patients with and without anatomic evidence of 
injury on neuroimaging techniques and a GCS of 
13–15 while the more recent studies typically 
exclude patients with anatomic evidence of injury 
as well as oftentimes excluding the geriatric pop-
ulation [13]. As the proportion of the world pop-
ulation of geriatric patients increases, so too will 
the incidence of traumatic events including mild 
traumatic brain injury. However, there is cur-
rently a paucity of data related to all aspects of 
geriatric mild traumatic brain injury including 
incidence, diagnosis, and management [49]. Just 
as the pediatric patient is not a small adult, the 
geriatric patient is also not just an older adult. 
Extrapolation of data and results from existing 
concussion studies is difficult due to the under-
representation or often exclusion of geriatric 
patients from their study groups and therefore 
may not accurately represent the pathophysiol-
ogy of mild traumatic brain injury in the geriatric 
population.

 Diagnosis and Evaluation

The diagnosis of mild traumatic brain injury in 
the geriatric population presents unique chal-
lenges in that there exists a baseline variation in 
functional as well as cognitive capacity in this 
very diverse patient population. In addition, the 
complete and thorough evaluation of the geriatric 
patient may be complicated due to multiple 
comorbidities, polypharmacy, and its effect on 
the neurological examination as well as the 
inability to completely evaluate this patient 

population due to limitations such as the 
increased incidence of MRI-noncompatible hard-
ware such as pacemakers, nerve stimulators, and 
other implanted hardware. This prevents the 
complete evaluation of patients with significant 
or persistent symptoms and may result in missing 
an anatomical injury and erroneously classifying 
the patient as a concussion when in fact they truly 
have a more severe anatomic traumatic brain 
injury. It is for this reason we must be cautious 
when comparing statistics and outcomes between 
the younger and older populations. In addition, 
the symptoms of and therefore the diagnosis of 
concussion are difficult to delineate in the geriat-
ric population due to several confounding fac-
tors. In only 50% of the cases can the geriatric 
patient or their family reliably tell us if there was 
any associated loss of consciousness or alteration 
in baseline neurologic function before or after the 
fall [58]. Many of the commonly associated signs 
and symptoms of a concussion such as confusion, 
disorientation, mood swings, and sleep distur-
bances may be preexisting conditions in this 
patient population. The signs and symptoms of 
mild traumatic brain injury are often so subtle 
that they are often overlooked by family mem-
bers as well as physicians. In addition, the symp-
toms may not be present initially and manifest 
themselves over weeks following the injury and 
are often overlooked by the patient as well as 
family members. Upon review of our own institu-
tional data over the last 2 years, there were no 
instances of a geriatric patient sustaining a 
ground-level fall resulting in a confirmed loss of 
consciousness that presented with a GCS of 
13–15 which did not have anatomic evidence of 
injury on CT scan with the exception of those 
patients who clearly and reliably communicated 
a disorientation or loss of consciousness prior to 
the fall. Anecdotally, it appears as if the neuro-
logic disruption resulting from a fall (not present 
prior to) in this population is almost always asso-
ciated with an anatomical injury.

Recent studies of geriatric patients with a mild 
head injury demonstrate that 14% of patients had 
evidence of lesion on CT; 20% of these lesions 
required neurosurgical intervention [36]. Routine 
CT scan of the head is now recommended for all 
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patients aged 65 and older presenting with neuro-
logical symptoms and signs or history of head 
trauma to aid TBI diagnosis [6]. One must also 
consider the fact that approximately 9–10% of 
the geriatric population is taking some type of 
antiplatelet or anticoagulation medication which 
increases the incidence of associated intracere-
bral bleeding even with what appears to be minor 
traumatic events [51, 62]. The signs and symp-
toms of this slowly progressive bleed may not 
become apparent for many hours following the 
event. Unless the evaluating physicians have a 
high index of suspicion, this injury may be 
missed until it becomes clinically apparent at 
which point the patient’s prognosis significantly 
worsens. It is because of this that many local 
institutional practice guidelines and recommen-
dations are being developed regarding the care of 
geriatric patients in general across the country. 
Unfortunately, there still is very little to no data 
available on a standardized approach to the care 
of mild traumatic brain injury in the geriatric 
population. Some applicable recommendations 
include the following:

 1. CT scans should be performed on patients 
with suspected brain injury if available [16].

 2. Patient taking warfarin who presented with a 
mild traumatic brain injury should have an 
INR determined as early as possible [16].

 3. Patients on antiplatelets or anticoagulation 
with a presumed to potential mild traumatic 
brain injury should be triaged to early CT scan 
even in the absence of clinical symptoms [12].

 4. Patients with multiple comorbidities or sig-
nificant mechanisms of injury should be eval-
uated at a trauma center [12, 16, 44, 66].

 5. Same level or ground-level falls in the geriat-
ric population with any alteration mental sta-
tus should be evaluated at a trauma center [8, 
61, 63].

 6. Preestablished triage and treatment protocols 
in this patient population result in expedited 
diagnosis of significant injury and result in 
improved outcomes in the geriatric population 
[38].

 7. Trauma centers with a higher volume of geri-
atric patients, geriatric specific protocols, and 

or geriatric services obtain better overall out-
comes with lower associated cost [37, 38].

We have many tools available to assist in the 
diagnosis and management of all patients with 
TBI or potential TBI. However, when using a 
tool, one must know the limitations of that tool. 
Our most valuable tool, the clinical examination 
by a knowledgeable practitioner, may be limited 
in the geriatric population due to progressive 
degenerative changes or blunted physiologic 
responses due to concurrent medications. The 
Glasgow Coma Score (GCS), a basic tool in the 
neurologic assessment of trauma patients, has 
been proven an inaccurate predictor of acute 
injury in the geriatric population as well as pre-
dictor of long-term outcome, with the exception 
of an admission GCS of 3 in this population 
which uniformly is associated with poor out-
comes [32]. A classification system that consid-
ers the GCS score in addition to the presence or 
absence of intracranial pathology in the postacute 
phase of initial evaluation and treatment of the 
geriatric population which also accounts for the 
extent and severity of preexisting disease is 
required to accurately predict outcome in this 
population [4, 7, 20, 26].

Preventative strategies that reduce the risk of 
injury need to be developed as well as standard-
ized diagnostic protocols and treatment strate-
gies. This approach offers the best chance of 
decreasing the incidence of traumatic brain injury 
in the geriatric population as well as to provide a 
reliable database to serve as the basis of further 
research in this area [42]. Particular attention 
needs to be given to high incidence of polyphar-
macy in this patient population and it remains the 
responsibility of the entire spectrum of health 
care providers to try and streamline the medica-
tion lists and minimize any potentially harmful 
medications using tools such as the Beers and the 
START/STOPP [48] criteria. Over one-third of 
adverse drug events leading to emergency room 
visits involve warfarin, insulin, and digoxin. The 
Screening Tool of Older Persons Potentially 
Inappropriate Prescriptions (STOPP) criteria is 
associated with a more significant decrease in 
avoidable adverse drug events than the Beers 

6 Geriatric Concussions



62

criteria [3]. Reassessment of the need for antico-
agulants and antiplatelet on a regular basis is 
required as functional capacity and fall risk can 
change quite quickly in this population as well. 
Home safety evaluations should also be an impor-
tant aspect of geriatric care as well as aggressive 
fall prevention programs and exercise programs 
in order to decrease the risk of falls. Anecdotally, 
upon reviewing the data from our Geriatric 
Trauma Institute (GTI), the overwhelming major-
ity of falls in this population occur at home and at 
night with poor lighting after rising from bed on 
the way to the bathroom. Many times the reason 
for getting out of bed is the need to void which is 
often related to diuretics. Streamlining of medi-
cations or adjusting their timing as well as install-
ing floor-level lighting or motion activated 
lighting in addition to insuring safe flooring 
could potentially result in a significant reduction 
in this common mechanism.

Due to the inherent difficulties in the differen-
tiation between MTBI and more severe injuries 
in the geriatric population, it would be reasonable 
to obtain a CT scan of the head (CTh) in most if 
not all geriatric patient with a potential for under-
lying head injury even if clinically asymptom-
atic. Although there is little data concerning 
functional outcomes in MTBI patients 65 and 
older, there is data supporting better overall func-
tional capacity and outcomes following severe 
TBI in this patient population with aggressive, 
early treatment [13, 21, 27, 28, 52, 67]. Failure to 
obtain a CTh may result in under-triaging more 
severe injuries and therefore not treating aggres-
sively as well as negatively skew MTBI data in 
this patient population.

While the diagnosis and management of 
MTBI remains a complicated issue, the real 
opportunity in the geriatric patient who has suf-
fered a MTBI may be in the prevention of subse-
quent injuries. If the geriatric patient is to remain 
functionally independent, it is imperative that 
efforts be made to prevent subsequent injuries or 
possibly even prevent the first event through pre-
ventative strategies. A single fall in this patient 
population should trigger a multidisciplinary 
approach that includes a home safety evaluation, 
vision testing, gait and balance assessment, 

assessment of current medications, and usage in 
addition to the medical assessment. If the geriat-
ric patient operates a motor vehicle, yearly vision, 
cognitive, and motor assessments should be con-
sidered [29]. These discussions are best initiated 
by the primary care physician. However, these 
important and sensitive discussions occur very 
rarely during a primary care visit [9, 10]. A pri-
mary barrier to the initiation of a “driver retire-
ment” process is the perception by the patient of 
a loss of independence and the lack of resources 
to the primary care physicians for implementa-
tion of supportive services which would help the 
geriatric patient maintain independence without a 
need to continue driving once the physiologic 
consequences of aging make this an unsafe activ-
ity for the patient and the public in general. The 
focus of these discussions should be on maintain-
ing the physical independence of the patient as 
long as safely possible and how a single motor 
vehicle collision could significantly compromise 
this goal.

Exercise programs such as Tai Chi have 
shown great promise in decreasing the rate of 
falls [17, 22, 30, 64]. However, one must 
remember that the “fear of falling” is common 
in older people and associated with serious 
physical, psychological, and social isolation. 
Exercise (planned, structured, repetitive, and 
purposive physical activity aimed at improving 
physical fitness) has been shown to reduce the 
fear of falling by improving strength, gait, and 
balance which has also been associated with 
reducing the incidence of falls in general in this 
high-risk population. Unfortunately, the popu-
lation most likely to engage in these programs 
is also the portion of the geriatric population 
that has already chosen not to remain physi-
cally and socially isolated. It is the homebound 
geriatric population’s fear of falling that keeps 
them from the senior centers and other venues 
that are most in need and the most difficult to 
reach. This withdrawal and lack of activity due 
to their fear predispose them to falling as well 
as to more serious injuries from the fall [14, 
60]. Strategies to reach this population must 
become part of the community or regional pre-
vention initiative as well.
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 Summary

The issue of MTBI/concussions in the geriatric 
population remains an underappreciated and 
often underdiagnosed entity due to the con-
founding issues of comorbidities, polyphar-
macy, and physiologic changes in physical and 
mental function associated with the natural 
aging process. The exact incidence remains 
unknown and the physiologic consequences, 
both short and long term, have not yet been suf-
ficiently studied due to the lack of a uniform 
definition of MTBI as well as what defines a 
geriatric patient. At this point in time, there 
exists a complete lack of evidence- based rec-
ommendations in regard to the diagnosis and 
management of geriatric MTBI and extrapola-
tion of data from younger cohorts as well as 

animal studies which does not take into account 
the physiologic changes associated with aging 
is inappropriate. As the proportion of our popu-
lation older than 65 who are either living inde-
pendently or semi-independently in group or 
assisted living communities continues to 
increase, the consequences of these injuries 
may become more obvious and hopefully, with 
time, more evidence-based recommendations 
based on appropriate studies of this population 
will become available. More importantly, pre-
ventative measures which prevent the primary 
fall/insult and subsequent or repeated injuries 
may prove to be the optimal strategy to keeping 
our geriatric patient vibrant and functioning in 
their communities and families as they enjoy 
their platinum years in a state of health previ-
ously unseen in past generations. 
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Social

Mental

Immobility

Physical

EFFECTSCAUSES

Vision defects

Weakness
& Frailty

Mental Health
Alzheimer’s Disease,
Confusion, Paranoia,
Psychosis, Medication
side effects

Including cataract,
and reduced visual
fields.

Arthiritis, Stiffness of
joints, Week muscles,
‘Giving way’ of knee,
Deconditioning due to
immobility.

Neurological Epilepsy stroke,
Parkinson’s Disease

Heart problems

Enviornment Other factors

Reduced position sense, Reduced vibration
sense, Reduced balance, Slow reactions,
Medication side effects.

Drop attacks, arrhythmia, blood
pressure drop on changing
posture, Medication side effects,
Syncope (faints).

Poor lighting, rugs, stairs, floors,
steps, walking-frames etc.

Use of stick etc.,
Previous falls

Inability to leave home (real or
imagined)

Long term care
Inability to travel
Inability to follow hobbies

Depression
Loss of confidence
Fear
Reatriction of lifestyle

Reduced activity, loss
of muscle, tone, stiffer
joints

Bruising

Fracture (especially femur)

Brain Haemorrhage

Burns (fall against radiator)

Dehydration
Pneumonia

DEATH

Musculoskeletal

•

•
•
•

•
•
•
•
•
•
•

FALLS

Source: http://www.physio-pedia.com/Falls
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Traumatic Extra-Axial Hemorrhage 
in the Elderly

Jack Wilberger

 Introduction

Traumatic brain injury (TBI) in the elderly (>65 
years of age) presents unique medical, surgical, 
and ethical challenges that require enhanced 
trauma team and neurosurgical communication 
and collaboration to ensure optimal treatment 
decisions and outcome.

This chapter focuses on traumatic extraaxial 
hemorrhages—ASDH, epidural hematoma 
(EDH), and chronic subdural hematoma 
(CSDH)—to elucidate treatment considerations 
in the context of epidemiology, pathophysiology, 
impact of comorbid factors, and outcome.

Additional issues of anticoagulation and pal-
liative care of these patients are highlighted.

 Epidemiology

The incidence of severe TBI in the elderly has 
dramatically increased coincident with the age-
ing population. O’Conner et al., utilizing the 
National Trauma Data Bank, found a 20–25% 
increase in trauma center admissions for TBI in 

those >75 years old compared to the general pop-
ulation between 2007 and 2010 [1].

The US Census Bureau estimates that those 
>65 comprized 35 million of the population in 
2006 and will grow to greater than 86 million by 
2050 [2].

Harvey et al. studied the TBI hospitalization 
rate in elderly patients from 1999 to 2011. Acute 
subdural hematoma (ASDH) accounted for 43% of 
hospitalizations. Falls at 82% were the most com-
mon cause and increased by 8.4% per year [3].

While those >65 years comprise 10% of all 
patients suffering from TBI, they result in 50% of 
all TBI deaths. Those >75 years have the highest 
TBI hospitalization rate—264/100,000—twice 
the rate of any other age-related group [4].

 Pathophysiology of the Ageing 
Brain and Body

Treatment decisions in the elderly with TBI 
should be grounded in an understanding of the 
physiology of the ageing brain.

After 20 years old the brain loses mass by 0.1% 
per year and accumulates an increasing amount of 
harmful aluminum, iron, and free radicals.

There is an approximately 20% decrease in 
cerebral blood flow which can be further exacer-
bated by cerebrovascular disease.

There is an age-dependant decrease in neu-
rotransmitters and receptors [5].
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Ageing also reduces plasticity and repair 
mechanisms. Although the natural reduction in 
cell number and plasticity has been studied in the 
context of memory [6], plasticity plays an impor-
tant role following traumatic brain injury.

Constitutional issues also affect an individu-
al’s proneness and response to a TBI: poor eye-
sight, impaired balance, muscle deconditioning, 
medications, bone health, cardiac arrhythmias, 
postural hypotension, and neuropathy.

 Medical Comorbidities

Various studies have shown that those >65 years, 
still independently living, have a high incidence 
of medical comorbidities [7] (Fig. 7.1).

Mosenthal et al. found that 70% of those over 
65 years had a significant medical comorbidity 
compared to those younger [8].

The incidence of dementia, depression, and 
Parkinsonism is likewise higher in fall-related 
TBI [9].

 Acute Epidural Hematoma

Acute epidural hematoma (EDH) is rare—pre-
sumably because of the dense adherence of the 
dura to the skull in this age group (Fig. 7.1). 
There is a single large publication on this topic. 
LeRoux and Nadvi undertook a retrospective 
review of 3249 patients with EDH over a 23-year 
period. Of those >65 years <1% had an 
EDH. When such occurred, 56% occurred from 
assaults, 25% from falls, and 19% from motor 
vehicle crashes. Approximately one-third of 
patients had a good outcome while no patient 
with a Glasgow Coma Score (GCS) <8 or >75 
years old had a good outcome [10].

 Acute Subdural Hematoma

Acute subdural hematoma (ASDH) is the most 
common TBI pathology in the elderly. Brain 
atrophy, associated with “stretched” subdural 

veins, is the most common explanation. However, 
cortical arterial bleeding—the hyperacute 
ASDH—is not uncommon (Fig. 7.2).

This has generally been felt to be a lethal 
injury in this population.

Hanif et al. studied patients with ASDH who 
underwent surgical evacuation. Mortality was 
50% in those >70 years, compared to 25.6% in 
those 40–70 years and 26% in those <40 years. 
Overall poor outcome was 74% in those >70 
years, 48% in those 40–70 years, and 30% in 
those <40 years [11].

In 2012, Leitger et al. studied a cohort of 
ASDH patients treated between 2002 and 2010, 
with 44% over age 61. Nonsurgical management 
was associated with significantly higher mor-
tality. The in-hospital mortality rate was 46.7%. 
However age-related mortality was highest  
(p = 0.008). [12].

However, very recently, Raj et al. reported on 
44 ASDH patients over 75 years of age treated 
between 2009 and 2012 with a mean follow-up of 
4.2 years. Greater than 70% of the patients were 

Fig. 7.1 CT scan of a typical chronic subdural hematoma 
with hypodense fluid layering cortex with midline shift
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on anticoagulants and living independently at the 
time of injury. Such patients had a 1-year mortal-
ity of 42% compared to those patients who were 
not living independently. Of 1-year survivors 
77% were still alive. However functional out-
comes were not addressed [13].

 Chronic Subdural Hematoma

Chronic subdural hematoma (CSDH) is common 
in the elderly, often precipitated by a seemingly 
minor trauma to the head. As the brain atrophies 
with ageing the bridging cortical veins are stretched 
and vulnerable to rupture with trivial trauma.

Symptoms may be delayed by weeks or 
months and typically include worsening head-
aches, altered mental status, focal neurological 
deficits, and/or seizures.

The peak incidence occurs in the seventh to 
eighth decades with an estimated incidence of up 
to 7.35/100,000 in those >70 years [14] (Fig. 7.3).

While multiple surgeries from twist-drill 
drainage to burr hole drainage to craniotomy 
have been proposed and debated, the outcome 
has uniformly been reported as favorable.

While CSDH has traditionally been consid-
ered a “benign” entity, easily treated surgical 
problem, Miranda et al. reported differently.

On review of 209 CSDH cases with at least 
1-year follow-up, survival was significantly 
decreased from expected actuarial survival.

There was a marked increase in mortality rate 
(OR 2.1, P = 0.0012) which was not impacted by 
type of surgery, size of the CSDH, or anticoagu-
lation [15].

 Anticoagulation

Various studies have shown that 9–15% of 
patients >65 years who suffer from a TBI are on 
antiplatelet or anticoagulation medications [16].

Fig. 7.2 Classic lens-shaped epidural hematoma, with significant midline shift

Fig. 7.3 CT scan of a hyperacute subdural hematoma 
with significant underlying brain injury and edema
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Antiplatelet medications can be readily 
reversed by platelet infusions with or without 
DDAVP.

Coumadin can likewise be reversed by vitamin 
K and fresh frozen plasma or prothrombin con-
centrate complex (PCC), the advantage of the lat-
ter being a low-volume infusion in those who may 
well be already cardiovascularly compromised.

However there is increasing use of direct throm-
bin and factor Xa inhibitors for which the only 
absolute reversal is hemodialysis.

A number of strategies have been employed to 
“reverse” these agents with varying success 
(Table 7.1).

 Palliative Care

In general, regardless of pathology, the elderly 
have a higher mortality rate after TBI. Pennings 
et al. found an in-hospital mortality rate of 79% 
compared to those <65 years [17].

Given this situation, the question of does sur-
gery or other aggressive treatment have a role in 
the management of these patients becomes an 
ethical issue.

The concept of “risk of unacceptable bad-
ness”—such a bad outcome that the patient 
would not want to experience—becomes impor-
tant [18].

Unfortunately, many times such decisions have 
to be made by the healthcare team in the absence 
of family, advance directives, or a living will.

The responsible physician or team may need 
to consider not performing a procedure if it is felt 
there is a significant chance the outcome will be 
poor and unacceptable to the patient.
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Traumatic Subarachnoid 
Hemorrhage

Jack Wilberger

 Introduction

Traumatic subarachnoid hemorrhage (t-SAH) is 
common across the spectrum of mild moderate 
and severe traumatic brain injury (TBI).

It not only increases in incidence with advanc-
ing age but also adversely impacts outcome.

Indeed, trauma is the most common cause of 
subarachnoid hemorrhage.

Until recently it was felt that the most common 
sequela of subarachnoid hemorrhage—vaso-
spasm, and its associated morbidity and mortal-
ity—rarely occurred after t-SAH. However, such 
is not the case. Thus vigilance for the possibility of 
vasospasm is an important management tenant.

This chapter focuses on the epidemiology, 
effects of the aging brain and comorbidities, out-
comes, and management of t-SAH.

 Epidemiology

Prior to computerized tomography (CT), t-SAH 
was found to be the most common posttraumatic 
finding at autopsy [1].

With CT up to 60% of patients have been 
reported to show evidence of t-SAH, with more 
severe TBI having the highest rates [2, 3].

In a large European study 33% of moderate to 
severe TBI demonstrated t-SAH on an early CT [4].

Typically, the t-SAH is minor—affecting sev-
eral cerebral sulci (Fig. 8.1); however it can be 
quite extensive mimicking aneurysmal subarach-
noid hemorrhage (Fig. 8.2).

The amount and location of the blood are 
important in prognosis.
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 The Ageing Brain and Medical 
Comorbidities

Ageing brain volume loss is estimated to be 0.1% 
per year with an associated 20% decrease in cere-
bral blood flow. The latter can be further compro-
mised by atherosclerotic changes.

These factors have been implicated in the high 
incidence of t-SAH with increasing age.

Additionally, of those over 65 years of age 
still living independently the majority have a very 
high incidence of medical comorbidities [5].

One of the big concerns however is the rate of 
utilization (9–15%) of antiplatelet or anticoagu-
lation medications in this population.

While antiplatelets can be reversed by platelet 
transfusions and/or DDAVP, and Coumadin by 
fresh frozen plasma or prothrombin complex 
concentrate, there is increasing use of direct 
thrombin and factor XA inhibitors for which the 
only proven reversal is hemodialysis [6].

Interestingly, Maung et al. recently studied the 
outcomes from traumatic injury comparing patients 
on warfarin to those on new oral agents (NOA).

In a multivariate regression analysis patients 
on warfarin (OR 2.215, p = 0.001), but on an 
NOA (OR 0.871, p = 0.823), was an independent 
risk factor for mortality.

While there were only a small number of TBI 
patients included in the study and the type of 
structural injury was not described, 19.3% on 
warfarin died compared to 16.7% on an NOA [7].

Thus in these situations careful clinical and 
CT monitoring is warranted.

 Outcomes

Several studies have shown t-SAH to be one of 
the most independent negative prognostic factors 
in TBI outcome [8].

With advancing age, the incidence of vegeta-
tive outcome or death increases from 50% in 
those 16–25 years of age to 85% in those over 55. 
However, a TBI severity factor is clearly impli-
cated—as the lower the GCS the higher the mor-
bidity and mortality [9].

It has been shown that t-SAH increases ICU 
length of stay, posttraumatic epilepsy, and hydro-
cephalus and is associated with potentially sig-
nificant neuropsychological deficits [10, 11].

There are those who will however question 
whether the t-SAH is not an epiphenomenon and the 
degree and extent of the primary and secondary 
brain injury play a more important role in outcome.

 Management

In general, with type of t-SAH depicted in Fig. 8.1, 
and the patient anticoagulated, the anticoagulation 
is held but not reversed and the patient is monitored 
clinically on a frequent basis, With no neurological 
changes a repeat CT in 18–24 h is appropriate.

If the t-SAH is minor and the scan is not wors-
ening or is improving discharge with a follow-up 

Fig. 8.2 t-SAH mimicking aneurysmal SAH
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CT in 2–3 weeks is reasonable. Studies have 
shown that >90% of these patients do well.

With more extreme t-SAH and poor neurologi-
cal status (GCS <8), reversal of anticoagulation is 
appropriate, along with ICP monitoring—assum-
ing that surgical decompression is not indicated.

Particularly concerning in aneurysmal SAH is 
vasospasm, leading to significant ischemia and 
associated increased morbidity and mortality.

Such can also occur after t-SAH with an angio-
graphic incidence of 2–4.1% and transcranial 
Doppler (TCD) incidence of up to 60%—based on 
increased flow velocities [12]. Vasospasm is typi-
cally defined by a mean flow velocity of >120 cm/s.

t-SAH vasospasm appears to occur earlier 
(3–4 days) than aneurysmal vasospasm (7 days), 
but has the same time course of 12–14 days [13].

In the Harders study, 27% of patients with 
minor t-SAH, 25% with moderate t-SAH, and 
46% with major t-SAH had increased flow veloc-
ity on TCD [4]. It is important to note however 
that increased TCD flow velocity does not 
directly translate to clinically significant vaso-
spasm—potentially leading to ischemia and 
infarction.

An article by Oertel et al., in a study of 299 
patients, using TCD and cerebral blood flow 
studies found that hemodynamically significant 
vasospasm may occur in the absence of t-SAH, 
especially in patients with lower GCS scores 
(P < 0.001) [14].

A confounding factor is that while angio-
graphic or TCD evidence of “significant” vaso-
spasm may be frequently found, it may not be 
clinically significant. Such is obviously difficult 
to sort out in a severe TBI patient.

Nevertheless, if there is no neurologic 
improvement in a GCS <8 patient (with t-SAH) 
without ICP, CT, or MRI—or other potential con-
tributors—subclinical status epilepticus, hypona-
tremia, etc.—the possibility of vasospasm should 
be considered.

It is generally recommended that TCD moni-
toring be begun in these patients within 48 h. If 
the flow velocities are indeed increasing, then 

angiography is warranted and intra-arterial ther-
apy should be considered.

A standard treatment for symptomatic aneu-
rysmal SAH has been the use of calcium chan-
nel blockers (CCB) such as nimodipine or 
nicardipine—although currently intra-arterial 
balloon dilation or infusion of verapamil to 
dilate constricted vessels is a primary treatment 
consideration.

There have been six clinical trials of CCB in 
t-SAH.

A Cochrane review meta-analysis resulted in 
the following:

Outcome Odds 
ratio

Severe disability/persistent vegetative 
state

0.65

Death 0.59

The results achieved a small statistical signifi-
cance. However, the various studies were very 
heterogeneous making it difficult to translate to 
clinical practice [13].

It is important to note that if a CCB blocker is 
indeed utilized for documented clinical vaso-
spasm, hypotension is not an insignificant risk 
and it is well known that such indeed signifi-
cantly worsens outcome from TBI.

 Conclusions

TBI is a very heterogenous disease entity with 
the potential for multiple structural and meta-
bolic/pathophysiologic derangements that may 
be changing during the time course of the injury.

It is however important to take into account 
the role t-SAH may play—more so in severe 
rather than minor TBI.

As has been elucidated, while t-SAH is 
associated with worse outcome with advanc-
ing age, the exact reason for this remains to be 
determined.

The vast majority of those with a good 
GCS and minor t-SAH do well.

Such is unfortunately not the case with a 
low GCS and extensive t-SAH.
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Major t-SAH

No Anticogulation /
Antiplatelets 

GCS < 8 ICP monitor
Repeat CT 18-24 hrs

Transcranial dopplers
Day 2 

Increasing velocities

Angiography

Vasospasm present

Intra -arterial Therapy

Anticogulation /
Antiplatelets 

Reverse

GCS < 8 ICP monitor
Repeat CT 18-24 hrs

Transcranial dopplers Day 2

Increasing velocities

Angiography

Vasospasm absent

Continue routine severe
TBI management

The possibility of clinically significant 
vasospasm in those with extensive t-SAH and 
no other explainable reason for their neuro-
logic condition/or deterioration must be kept in 

mind when treating this population and TCDs 
should be added to the clinical monitoring and 
appropriate angiography and interventional 
therapies be considered when appropriate.

Treatment algorithm—Minor-t-SAH
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Minor  t-SAH

No Anticogulation /
Antiplatelets 

Serial Neuro checks
If stable

Repeat CT in 18-24hrs

Stable or improved scan
Discharge with CT

in 3-4 weeks  

Anticogulation / Antiplatelets

Hold

Serial Neuro checks
If stable

Repeat CT in 18-24hrs

Stable or improved scan
Discharge with CT

in 3-4 weeks

Treatment algorithm—Severe t-SAH
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Neuro Critical Care

Mira Ghneim and Deborah M. Stein

 Physiological Implications of Aging 
and Traumatic Brain Injury (TBI)

Geriatric patients represent a unique subset of the 
trauma patient population that is growing expo-
nentially and has proven to require special con-
siderations in evaluation and management. The 
current growth in the number and proportion of 
older adults in the United States is unprecedented 
in our nation’s history. By 2050, it is anticipated 
that Americans aged 65 or older will number 
nearly 89 million people, or more than double the 
number of older adults in the United States in 
2010 [1]. Every year one out of three adults 
greater than 65 years of age sustains a fall [2].

Traumatic brain injury (TBI) among adults 
aged 65 years is a major public health problem in 
the United States [3]. The Centers for Disease 
Control and Prevention (CDC) estimate that at 
least 1.7 million people sustain a TBI annually 
[4]. From 2002 to 2006, the CDC estimated that 

older adults accounted for over 80,000 of the 
TBI-related hospitalizations per year. This is 
more than double that of TBI-related hospitaliza-
tions for children [5].

A great deal of evidence had defined age as a 
risk factor for worsened outcomes following TBI 
and patients 65 years and older are at the highest 
risk for TBI-associated morbidity and mortality. 
Their ability to recover from the insult, when com-
pared to their younger counterparts, is limited by 
reduction in reserve, baseline comorbidities, and 
functional status and not necessarily the severity 
of their injury [6–15]. Mortality rates for elderly 
patients with TBI are nearly double than those 
seen in the younger population, even for mild inju-
ries. Furthermore, long-term psychological and 
physical disabilities are frequently observed and 
are likely secondary to decreased neuronal plastic-
ity. TBI is divided into two phases: primary and 
secondary brain injury. The primary brain injury is 
the physical parenchymal damage due to the trau-
matic event and the resultant shearing and com-
pression of the surrounding brain tissue. The 
secondary brain injury is a complex process; it can 
be intra- and extracranial and can exacerbate the 
sequela of the primary injury. Intracranial injury 
includes cerebral edema, hematomas, and hydro-
cephalus and subsequent intracranial hypertension 
[16, 17]. Extracranial insults are mainly ischemic 
and include hypotension, hypoxemia, hypercap-
nia, and fever. While the effects of the primary 
injury are irreversible, the secondary brain insults 
are often amenable to prevention or reversal.
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In the geriatric population, these mechanisms 
may be enhanced due to the comorbidities and 
physiologic changes that occur with aging. As 
one ages, there is an overall decrease in number 
of neurons, a reorganization of the astrocytic gap 
junctions with a resultant decreased integrity of 
the blood–brain barrier, increased adherence of 
the dura mater to the skull, fibrosis and thicken-
ing of the meninges, narrowed gyri, and widened 
sulci with corresponding increase in the size of 
the subarachnoid space [18]. Atrophy of brain 
tissue leads to increased susceptibility to vascu-
lar damage, increased blood vessel permeability, 
and diminished ability to autoregulate blood 
flow. Other normal aging changes include cere-
brovascular atherosclerosis and decreased free 
radical clearance [19]. The former could increase 
the risk of injury due to secondary insult, and the 
latter may increase oxidative damage after a TBI 
[20]. In addition, as part of routine management 
of chronic conditions, older adults often are on 
preinjury antiplatelet and anticoagulant thera-
pies that can exacerbate the development of 
hematomas and hemorrhagic expansion of con-
tusions [19]. As a result, it is necessary to evalu-
ate, treat, and manage the geriatric population as 
a unique patient group in an attempt to optimize 
outcomes.

 Medical Management of TBI

Over the past 20 years, much has been learned 
with a remarkable progress in the critical care 
management of severe TBI. In 1996, the Brain 
Trauma Foundation (BTF) [21] published the 
first guidelines on the management of severe TBI 
that was accepted by the American Association 
of Neurological Surgeons and endorsed by the 
World Health Organization Committee in 
Neurotraumatology and two subsequent revi-
sions published in 2000 [22] and 2007 [23]. 
While studies have clearly demonstrated that the 
implementation of protocols for the management 
of severe TBI, and incorporating recommenda-
tions from the guidelines, is associated with sub-
stantially better outcomes such as mortality rate, 
functional outcome scores, length of hospital 

stay, and costs [24, 25], their direct implications 
to the geriatric population remain unclear. Per 
BTF the current recommendations for manage-
ment of patient with severe TBI are as follows.

 Hypotension
Per BTF guidelines SBP <90 mmHg should be 
avoided (Level II). Histologic evidence of cere-
bral ischemia has been found in most victims of 
severe TBI who die, suggesting that cerebral 
blood flow is reduced in the first hours postinjury 
[22]. Recent AHA guidelines, based on moder-
ate- to high-quality randomized controlled trials 
in the general population aged 60 years or older, 
indicate that accepting higher SBP thresholds in 
this patient population reduces stroke, heart fail-
ure, and coronary heart disease due to improved 
perfusion [26]. As a result, the SBP >90 recom-
mended by the BTF requires further consider-
ation in the geriatric population, given the 
potential that it may not be sufficient to maintain 
adequate cerebral perfusion in the setting of a 
TBI.

 Respiratory Parameters
Hypoxia  (PaO2 <60 mmHg or O2 saturation 
<90%) should be avoided (Level III) and prophy-
lactic hyperventilation PaCO2 of 25 or less is not 
recommended. Hyperventilation reduces ICPs by 
causing cerebral vasoconstriction. Age- 
associated reduction in cerebral blood flow has 
been well established [27, 28]. Therefore it is 
essential to avoid hyperventilation in the geriatric 
population to prevent further reduction in cere-
bral blood flow and potentiation of cerebral 
ischemia.

 ICP Monitoring
Falls represent the most common mechanism of 
injury in the geriatric population, a low-velocity 
injury pattern that is not commonly associated 
with diffuse axonal injury, and intracranial hyper-
tension. Brain atrophy that accompanies the 
aging process increases the space in the cranial 
vault allowing more flexibility to accommodate 
space-occupying lesions and brain swelling. One 
of the most important and controversial aspects 
of managing trauma patients with TBI is the 
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 utilization of intracranial pressure (ICP) monitors 
and numerous conflicting studies exist that 
address this topic. While the BTF guidelines rec-
ommend ICP monitoring in severe TBI patients, 
whether such intervention contributes to out-
comes in the elderly patients with TBI has not 
been fully explored. In 2015 Dang et al. [29] pub-
lished a retrospective analysis from the National 
Trauma Database addressing the utilization of 
ICP monitors in the elderly and examined the 
associated outcomes. Patients requiring an ICP 
monitor were younger overall, had higher injury 
severity, and were more likely to require opera-
tive intervention; of those patients with ICP mon-
itoring, overall mortality was significantly higher, 
and they were less likely to have favorable dis-
charge status. Given the lack of evidence-based 
recommendations for ICP monitoring in the 
elderly, the utility of the monitor placement 
should be determined on a case-by-case basis 
based on the injury pattern, CT findings, and 
overall patient injury burden and associated mor-
bidity and mortality.

 Management of Increased Intracranial 
Pressure (ICP)
BTF recommends that ICPs should be moni-
tored in all salvageable patients with severe 
traumatic brain injury (TBI; Glasgow Coma 
Scale [GCS] score of 3–8 after resuscitation) 
and an abnormal computed tomography (CT) 
scan (see above). An abnormal CT scan of the 
head is one that reveals hematomas, contusions, 
swelling, herniation, or compressed basal cis-
terns or those with a normal brain CT if any two 
of the following conditions are met: age is >40 
years, motor posturing is present, or systolic 
blood pressure (SBP) after resuscitation is 
<90 mmHg (Level II) [22].

Normal intracranial pressure in adults is below 
15 mm Hg and values that are sustained above 
20 mmHg are considered to be pathologic and are 
associated with poorer outcomes. Under normal 
conditions, the total volume within the skull 
remains constant and is determined by the sum of 
the cerebrospinal fluid, blood, and brain-tissue 
compartments. The volume of these compart-
ments is tightly regulated, and cerebral blood 

flow is kept constant by autoregulation. When 
additional volume is added to the system, such as 
hematoma or cerebral edema, compensatory 
mechanisms operate to keep intracranial pressure 
constant. The relationship between intracranial 
volume and intracranial pressure is exponential. 
Initially, pressure increases only slightly with 
increasing volume, but when the buffering capa-
bilities of the system are exceeded, intracranial 
pressure rises steeply. This explains the rapid 
deterioration that is frequently seen in patients 
with a traumatic intracranial hematoma [30]. As 
a result BTF recommends ICP treatment to be 
initiated with the intracranial pressure (ICP) 
threshold above 20 mmHg (Level II).

Vascular effects of increased intracranial pres-
sure result from impaired cerebral perfusion 
pressure (CPP) driven by mean arterial blood 
pressure and intracranial pressure. CPP is the 
driving force behind cerebral blood flow, but lev-
els required for adequate flow vary among 
patients. As the CPP decreases, cerebral blood 
flow may become insufficient for adequate brain- 
tissue perfusion and oxygenation [31, 32]. 
Ischemia will induce further cytotoxic edema and 
result in even higher intracranial pressure. 
Adverse effects of increased ICP and low CPP on 
mortality and long-term outcome have been doc-
umented in many studies [33–35]. As a result 
CPP should be maintained above 50 mmHg [9] 
(Level III) with the caveat that aggressive 
attempts to maintain CCP >70 should be avoided 
due to respiratory complications (Level II). The 
main concern with all such recommendations is 
that none are specific to the geriatric patient pop-
ulations who have markedly different cerebral 
perfusion hemodynamics and variable patterns of 
intracranial pressure alterations due to normal 
age-related cerebral atrophy.

Two hyperosmolar agents are currently used 
clinically to reduce ICP by reversing ongoing 
brain edema formation: mannitol and HTS. The 
blood–brain barrier (BBB) is a highly selective 
permeability barrier; its tight junctions and the 
paucity of pinocytosis or fenestrations in the cap-
illary endothelium separate the circulating blood 
from the brain extracellular fluid in the central 
nervous system. An intact BBB is completely 
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impermeable to sodium and is largely imperme-
able to mannitol [36].

The BTF guidelines state that mannitol is 
effective for increased intracranial pressure 
(ICP) at doses of 0.25–1 g/kg body weight 
(Level II). The impermeability of the BBB to 
mannitol allows it to function as an osmotic 
diuretic. Mannitol draws water into the vascular 
compartment and then acts as an osmotic 
diuretic leading to a reduction of circulating 
blood volume. Intermittent boluses appear to be 
more effective than continuous infusions. Its 
adverse effects include hypotension, intravas-
cular volume depletion, rebound cerebral 
edema, and hyperkalemia. Its effectiveness in 
the elderly has been questioned in the recent 
years. Aging is associated with significant 
changes in BBB, mainly loss of integrity of the 
tight gap junctions and subsequent increase in 
permeability. In addition, clinical studies have 
shown that BBB disruption occurs in humans 
with severe TBI and may contribute to the 
occurrence of intracranial hypertension (IH) 
[37]. This raises the concern that osmotically 
active molecules, such as mannitol, may leak 
across the blood–brain barrier and worsen cere-
bral edema in the severe TBI geriatric popula-
tion. Additionally, given that it is metabolized 
and excreted by the kidney, in patients with 
underlying renal dysfunction and/or congestive 
heart failure, impaired excretion could lead to 
worsening of volume overload.

Almost a century ago in 1919, Weed and 
McKibben [38] first described how hypertonic 
saline (HTS) reduces brain swelling. HTS ini-
tially draws water into the vascular compart-
ment and increases circulating blood volume. 
HTS has other effects that may serve to reduce 
ICP. It promotes laminar blood flow by hemo-
dilution. It shrinks erythrocytes, making them 
more deformable and enhancing their passage 
through capillaries [39]. Commonly used prep-
arations include 2%, 3%, 5%, 7%, and 23% 
NaCl. HTS effects result in a biphasic reduc-
tion in ICP: first by improving rheological 
properties, and then by osmotic activity 
through receptors across the BBB [36]. While 
there is no randomized controlled clinical trials 

showing clinically important differences in 
mortality and neurological outcomes between 
HTS or mannitol in the management of severe 
TBI in the young and geriatric trauma popula-
tion. Nevertheless, HTS appears to avoid hypo-
tension, assist in resuscitation while avoiding 
volume overload, and have fewer ICP treat-
ment failures. In the geriatric population, its 
efficacy in reducing ICP and availability in 
high concentration/low-volume solutions such 
as 7% NaCl may be paramount in the manage-
ment of elderly patients with congestive heart 
failure and severe TBI.

 Hypothermia

Therapeutic hypothermia has emerged as a 
potentially lifesaving treatment for the care of 
the critically ill. Research in the 1980s using 
animal models demonstrated the benefits of 
cooling to 32–34 °C [40, 41], and it has since 
been proposed that there are a number of poten-
tial applications for therapeutic hypothermia 
[42, 43]. National Health Service (NHS) 
National Institute for Health and Clinical 
Excellence (NICE) guidelines were published 
to support the use of therapeutic hypothermia 
for hypoxic ischemic encephalopathy [44]. 
Similarly, NICE guidelines for the use of thera-
peutic hypothermia in cardiac arrest have also 
been published. While a number of studies have 
identified an improvement in outcome with the 
application of therapeutic hypothermia, the 
question as to whether therapeutic hypothermia 
is of benefit in traumatic brain injury (TBI) 
remains unclear.

The Eurotherm3235 Trial [45] conducted by 
Andrews et al. addressed whether hypothermia 
(32–35 °C) for at least 48 h and standard care to 
control ICP compared to standard care alone 
reduce death and major disability at 6 months 
after injury. If ICPs were still inadequately con-
trolled, care was escalated utilizing mannitol, 
HTS and inotropes, EEG-guided barbiturate 
coma, and decompressive craniectomy, as 
deemed appropriate. Patients were rewarmed at 
0.25 °C per hour once ICPs were controlled. 
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Worse outcomes and fewer favorable outcomes 
were seen in the hypothermia group when 
 compared to the control group, including the 
need for barbiturate coma and decompressive 
craniotomy (p = 0.04). Given these results, the 
trial was suspended early since therapeutic hypo-
thermia resulted in a greater risk of death and 
worse neurological outcomes when compared to 
standard measure.

Despite failure of therapeutic hypothermia to 
demonstrate benefit in following TBI, hyperpy-
rexia increases the brain’s metabolic demand and 
increases the permeability of the BBB potentially 
worsening the secondary insult. Therefore, one 
of the goals in management of the patient with 
severe TBI should be to avoid prolonged periods 
of hyperpyrexia in the first week postinjury. This 
should be accomplished with targeted tempera-
ture therapy to maintain normothermia with 
active cooling and medication.

Acetaminophen (APAP) is frequently uti-
lized as an antipyretic agent, and is metabolized 
by the liver and is known to induce hepatotoxic-
ity. It has been shown that APAP is rapidly and 
completely absorbed from the gastrointestinal 
(GI) tract, and neither the rate nor the extent of 
absorption appears to be age dependent. 
However, the intrinsic conjugative liver activity, 
APAP volume of distribution, and pharmacoki-
netics are known to decrease with age and 
frailty. As a result APAP metabolism is highly 
variable in older patients, and dosing should be 
individualized based on comorbidities and base-
line liver function [46, 47].

Nonsteroidal anti-inflammatory drugs 
(NSAIDs) are also commonly used in the elderly to 
manage fever and pain. NSAIDs are metabolized 
in the liver and are protein bound. In the frail elders 
with hypoalbuminemia NSAIDs exist at higher 
free drug concentrations leading to toxicity. In 
addition, many studies have shown that NSAIDs 
increase the risk of worsened outcomes in older 
adults. These include GI bleeding as a result of 
platelet dysfunction, cardiovascular/cerebrovascu-
lar, and renal adverse drug events. The risks of 
NSAIDs need to be balanced by their effectiveness, 
and diligent monitoring of the patient is essential to 
prevent adverse events [46, 47].

 Seizure Prophylaxis

Without prophylaxis, the incidence of early 
posttraumatic seizures (PTS) has been esti-
mated to be 4%–25%. In work done by Temkin 
et al. [48], 4404 patients were randomized to 
phenytoin (PHE) versus placebo for a year, 
with 2-year follow-up. Although there was no 
impact on late PTS, treatment with PHE 
decreased the clinically recognized early sei-
zure rate significantly from 14.2% down to 
3.6%. Based on the available data, the Brain 
Trauma Foundation Traumatic Brain Injury 
Guidelines have as a Level II recommendation 
the use of anticonvulsants to decrease the inci-
dence of early PTS. In 2013 Inaba et al. [49] 
conducted a prospective observational study 
comparing the efficacy of levetiracetam (LEV) 
with that of phenytoin (PHE) for preventing 
early PTS. Eight hundred and thirteen patients 
were analyzed. There was no difference in sei-
zure rate (1.5% vs. 1.5%, p = 0.997), adverse 
drug reactions (7.9% vs. 10.3%, p = 0.227), or 
mortality (5.4% vs. 3.7%, p = 0.236) between 
the two groups. With its ease of dosing, lack of 
need for monitoring, and lesser adverse side 
effects, LEV may prove to be the drug of 
choice for early PTS prophylaxis in the elderly 
population.

 Stroke

Stroke is a devastating condition with a high 
burden of neurologic morbidity and mortality. 
Currently it is the fourth leading cause of death 
in the United States. Considerable effort has 
been invested to develop designated stroke cen-
ters with CT scanners in emergency depart-
ments, in- house 24/7 stroke teams, and 
development and implementation of neurologi-
cal ED pathways that minimize delays in the 
diagnosis to treatment timeframe. Two main 
forms of stroke exist, ischemic stroke and hem-
orrhagic stroke. While ischemic stroke is ten 
times more common in the Western world, hem-
orrhagic stroke is associated with much higher 
morbidity and mortality.
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 Spontaneous Nontraumatic 
Intracranial Hemorrhage (ICH)

ICH is associated with worsened outcomes and 
in 2010 AHA/ASA released the guidelines for 
management of ICH, which focuses on aggres-
sive medical management. ICH is a medical 
emergency and rapid neuroimaging is essential 
for diagnosis and occurs promptly in the emer-
gency department. Subsequent CT angiograms 
(CTA) are beneficial in the diagnosis and man-
agement of underlying vascular abnormalities. 
Anticoagulation should be promptly reversed 
with vitamin K, fresh frozen plasma (FFP), and 
prothrombin complex concentrate (PCC). 
Recombinant factor (rfVIIa) is not recommended 
in this setting due to adverse effects of thromo-
boembolic events that outweigh the benefits. 
Finally DVT prophylaxis should be avoided 
until 1–4 days after the confirmed cessation of 
bleeding, and either unfractionated heparin or 
low- molecular- weight heparin can be used [50].

Patients with ICH should be admitted to the 
ICU. Blood pressure control focused on maintain-
ing SBP 140–150 mmHg and avoiding lower SBP 
given the association with worsened outcomes. No 
seizure prophylaxis is recommended. Continuous 
EEG monitoring is recommended for patients with 
worsening mental status or a neurologic exam that 
is discordant with the injury severity. Clinical sei-
zures should be treated with traditional antiepilep-
tics. In patients with GCS <8, those with clinical 
evidence of transtentorial herniation or hydro-
cephalus should undergo ICP monitor placement. 
The role of surgical intervention is uncertain. 
Intervention is potentially beneficial in patients 
with neurologic devastation due to brain stem her-
niation or hydrocephalus, but the effectiveness of 
minimally invasive clot evacuation is uncertain 
and is considered investigational [51].

 Ischemic Stroke

Until recently, intravenous tissue-type plasmino-
gen activator (tPA) is the only level 1A treatment 
for acute ischemic stroke. While 3 h from symp-
tom onset to tPA administration has been the 

golden standard, multiple recent trials such as 
ECASS I, ECASS II, ATLANTIS A, and 
ATLANTIS have challenged the timeline and 
have tested the use of IV tPA up to 6 h after stroke 
symptom onset. These trials were able to show 
that treatment with intravenous rtPA was associ-
ated with favorable outcome with a window up to 
4.5 h [52–55]. As a result, the current AHA/ASA 
recommend intravenous (IV) rtPA administration 
to eligible patients who can be treated in the time 
period of 3–4.5 h after stroke onset.

Extensive research efforts have been made to 
develop endovascular devices that would augment 
recanalization rates. Five studies, Multicenter 
Randomized Clinical Trial of Endovascular 
Treatment for Acute Ischemic Stroke in the 
Netherlands (MR CLEAN), Endovascular 
Revascularization with Solitaire Device versus 
Best Medical Therapy in Anterior Circulation 
Stroke within 8 h (REVASCAT), Endovascular 
Treatment for Small Core and Proximal Occlusion 
Ischemic Stroke (ESCAPE), Solitaire TM FR as 
Primary Treatment for Acute Ischemic Stroke 
(SWIFT PRIME), and Extending the Time for 
Thrombolysis in Emergency Neurological Deficits 
with Intra-Arterial Therapy (EXTEND IA) [56] 
have demonstrated the importance of mechanical 
thrombectomy and the efficacy of advanced stent 
retrievers, as part of endovascular therapy for 
patients with proximal artery occlusion in the 
internal carotid and middle cerebral arteries, and 
improved clinical outcomes.

In 2015, the AHA/ASA published a focused 
update of the 2013 guidelines for the early man-
agement of patients with acute ischemic stroke 
regarding endovascular treatment within 6 h of 
symptom onset. The most recent recommenda-
tions are as follows: Patients should receive endo-
vascular therapy with a stent retriever if they meet 
all the following criteria (Level I): Prestroke mRS 
score 0–1, acute ischemic stroke receiving intra-
venous r-tPA within 4.5 h of onset, causative 
occlusion of the ICA or proximal MCA (M1), age 
≥18 years, NIHSS score of ≥6, ASPECTS of ≥6; 
treatment can be initiated (groin puncture) within 
6 h of symptom onset [57]. None of these devices 
or therapies should replace intravenous r-tPA in 
patients who are candidates for this therapy.
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Specific blood pressure management recom-
mendations have been established for patients 
being considered for fibrinolytic therapy as to 
avoid the increased risk of intracranial hemor-
rhage with uncontrolled hypertension in the set-
ting of an acute ischemic stroke. Current AHA/
ASA recommendations are as follows: Patients 
who have elevated blood pressure and are other-
wise eligible for treatment with intravenous rtPA 
should have their blood pressure carefully low-
ered so that their systolic blood pressure is 
<185 mmHg and their diastolic blood pressure is 
<110 mmHg (Class I; Level of Evidence B) 
before fibrinolytic therapy is initiated [51]. If 
medications are given to lower blood pressure, the 
clinician should be sure that the blood pressure is 
stabilized at the lower level before beginning 
treatment with intravenous rtPA and maintained 
below 180/105 mmHg for at least the first 24 h 
after intravenous rtPA treatment.

 Geriatric Patient Consideration 
in the ICU

Pain Management, Sedation, and Delirium: In 
the setting of brain injury, it is beneficial to mini-
mize noxious stimuli as to avoid agitation and 
associated increase in ICP and blood pressure 
which exacerbate secondary brain injury. Such is 
achieved with the administration of narcotics. In 
addition, the need for prolonged ventilation 
necessitated prolonged sedation. In the elderly, 
an episode of delirium signals brain vulnerability 
due to decreased cognitive reserve and is often 
multifactorial and coexists with dementia [58]. 
As a result, seemingly benign insults such as a 
dose of a sedative–hypnotic drug might be 
enough to precipitate delirium. In the setting of 
TBI, the baseline brain dysfunction from 
advanced age and superimposed injury and the 
sedation required for prolonged intubation poten-
tiates delirium. Therefore it is prudent to mini-
mize sedation, utilize nonnarcotic analgesics, and 
consider early tracheostomy placement [59].

Early Tracheostomy (ET): The foreseen bene-
fits of performing early tracheostomy for patients 
with brain injury undergoing prolonged mechani-

cal ventilation include improved patient comfort 
due to reduced oropharyngeal irritation, improved 
pulmonary toilet, decreased sedation require-
ments, and accelerated liberation from mechanical 
ventilation. Multiple recent studies have suggested 
that early tracheostomy is associated with reduced 
ICU and hospital length of stay, reduced ventila-
tor-dependent days, and sedation needs in the set-
ting of both TBI and stroke [60, 61].

Baseline Functional Capacity and Weakness of 
Critical Illness: Studies have shown that in elderly 
patients with normal baseline function who are 
admitted to the ICU, there is a significant reduc-
tion in function after surviving a critical illness at 
discharge and on 1-year follow-up [62]. This 
functional impairment is more substantial in the 
setting of functional dependence on admission. It 
is essential to keep in mind that ICU- acquired 
weakness contributes to functional impairment 
and recovery is often slow and incomplete. The 
negative impact can be reduced with early aggres-
sive physical therapy when deemed appropriate 
even in the setting of the ICU.

As the geriatric population continues to grow, 
it is vital to understand that it represents a unique 
patient population with underlying physiologic 
changes and comorbidities that present many 
management challenges in the setting of both 
TBI and stroke. Furthermore, geriatric-based 
research is of utmost importance to evaluate the 
validity of the evidence-based standard-of-care 
protocols that are implemented in most ICUs and 
dictate patient care. Finally, a multidisciplinary 
approach in patient management and the devel-
opment of in-hospital geriatric services are essen-
tial next steps in optimizing patient care and 
potentially improving outcomes.
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Abbreviations

ACDF Anterior cervical discectomy and 
fusion

AO Arbeitsgemeinschaft für 
Osteosynthesefragen System

AP Anterior-posterior
AS Ankylosing spondylitis
ASIA American Spinal Injury Association’s
CCS Central cord syndrome
CT Computerized tomography
DDD Degenerative disc disease
DISH Diffuse idiopathic skeletal hyperostosis
MVA Motor vehicle accidents
OPLL Ossification of the posterior longitudi-

nal ligament
PCDF Posterior cervical discectomy and fusion
SCI Spinal cord injury

 Predispositions to Geriatric Cervical 
Spinal Trauma

It is estimated that the number of baby boomers 
reaching the age of retirement, 65 years and 
older, will amass to 20% of the US population by 
2035 [1]. As this population ages, natural degra-
dation, such as osteoporosis and degenerative 
disc disease (DDD) [2], as well as progressive 
skeletal disorders, such as diffuse idiopathic skel-
etal hyperostosis (DISH) [3], ankylosing spondy-
litis (AS) [4], and ossification of the posterior 
longitudinal ligament (OPLL) [5] can intensify 
low-energy trauma to the cervical spine.

Osteoporosis, defined as greater activity in 
osteoclasts than osteoblasts, is estimated to affect 
75 million people throughout Europe, America, 
and Japan [6]. There are multiple causes of osteo-
porosis including postmenopausal hypogonad-
ism (type I) [7], hypovitaminosis D due to 
decreased absorption and activation (type II) [8], 
decreased activity level [9], calcium insuffi-
ciency, renal dysfunction [10], chronic smoking 
[11], corticosteroid and prescription drug use, 
and chronic alcoholism [12]. Osteoporosis has 
been found to affect the vertebral bodies due to 
increased osteoclastic activity in trabecular bone 
versus cortical bone [13]. Specifically, a decrease 
in cross connectivity of trabecular bone weakens 
the compressive strength of the vertebral bodies 
making them more susceptible to low-energy 
fractures [13]. It has been shown that 8.9 million 
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osteoporotic fractures occur per year and within 
the female population 58% of osteoporotic frac-
tures affect the spinal column [14].

Degenerative changes can also affect the discs, 
facet joints, supporting ligaments, and paraspinal 
muscles [15]. DDD has historically been the pri-
mary sign of aging in the spine. A healthy disc 
maintains the appropriate balance between the 
synthesis and degradation of its component 
matrix elements [16]. As individuals age, end-
plate calcification causes decreased nutrient flow 
from surrounding blood supply resulting in 
decreased hydrostatic pressure and diffuse bulg-
ing [17]. Furthermore, changes in axial loading 
distribution of the spinal column strain the facet 
joints and anterior aspect of the cervical spine 
limiting flexion, extension, and torsion maneu-
vers [18]. This may perpetuate cartilage deterio-
ration within the facet joints in the form of facet 
hypertrophy, apophyseal malalignment, and 
spondylolisthesis. The ligaments also experience 
a progressive thickening and buckling within the 
spinal canal which can lead to varying degrees of 
stenosis [19].

DISH is a condition which affects the anterior 
ligaments, tendons, and endplates of the vertebral 
body [3]. Many studies have shown that the prev-
alence of DISH can be as high as 28% for patients 
over 65 years old [20]. These individuals undergo 
calcification and ossification of the anterior lon-
gitudinal ligament which can lead to spinal stiff-
ness, rigidity, and pain [21, 22]. DISH presents as 
ossification or calcification of four or more con-
tiguous vertebrae anteriorly with no interverte-
bral disc height reduction [23]. Additionally, it 
may present as ankylosing of the spinal vertebrae 
in the absence of facet joint ankylosis, sacroiliac 
erosion, sclerosis, or intra-articular osseous 
fusion [22]. In the geriatric population, DISH 
increases susceptibility for spinal fractures from 
low-energy injuries and hyperextension injuries 
[24]. The rigidity of the spine creates an increased 
lever arm in patients with fractures which may 
cause displacement of the spine increasing the 
susceptibility to further neurological compro-
mise due to instability [22].

OPLL was once thought to be a disease which 
primarily affects the Asian population, but recent 

research has found a significant prevalence of 
OPLL in the non-Asian population [25–27]. 
OPLL can present in four subtypes based upon 
the extent to which the condition has developed: 
(1) focal—localized to the intervertebral disc 
space, (2) segmental—posterior to each vertebral 
body but not extending beyond an adjacent inter-
vertebral disc space, (3) continuous—occurs 
between several levels extending beyond the con-
tained intervertebral disc spaces, and 4) mixed—
combination of subtypes (2) and (3) [28]. Kaleb 
et al. have found the highest prevalence to be the 
segmental subtype, 39%, followed by mixed, 
29%, continuous, 27%, and focal, 5% [25]. The 
underlying pathophysiology causing OPLL is 
unknown but current understanding is that the 
osteoligamentous complex is comprised mainly 
of laminar bone and fibrous cartilage [26]. It is 
estimated to be involved in 25% of all patients 
who present with cervical myelopathy [27].

Neurologically, many disorders can predis-
pose a geriatric individual to low-energy trauma. 
Parkinson’s [29], cognitive impairments, age- 
related visual impairments, underlying neuro-
muscular disorders, peripheral neuropathies, and 
postural instability can predispose a person to 
floor-level falls [30].

 Mechanisms of Injury and Vertebral 
and Neurological Compromise 
in Geriatric Cervical Spinal Trauma

Low-energy trauma due to falls from a standing 
or seated position is the most common method of 
injury for the geriatric population with the inci-
dence rate ranging from 30 to 73.4% [27, 31–34]. 
Motor vehicle accidents (MVA) serve as the sec-
ond most common method of injury [35]. These 
mechanisms can be further analyzed by assessing 
the “young elderly” and “old elderly” demo-
graphics in which “young elderly” have been 
found to be more susceptible to cervical trauma 
as passengers in an MVA while the “old elderly” 
are more susceptible to falls [36].

One of the more common systems to character-
ize cervical trauma is the AO (Arbeitsgemeinschaft 
für Osteosynthesefragen) System [37]. The 
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 classification system for C3 through C7 is similar 
to that of the thoracolumbar spine (see 
Identification, Treatment, and Prognosis of 
Geriatric Thoracolumbar Spinal Trauma). These 
injuries are classified into either compression, dis-
traction, or translational vertebral fracture. 
However, cervical compression fractures are less 
common due to the decreased degree of axial load-
ing in the cervical spine [35]. Progressive changes 
of the osteoligamentous spinal complex such as 
DISH or AS increase an individual’s propensity 
for distraction or translational fractures [24]. The 
most common type of cervical fracture found 
within the geriatric population involves fracture 
translation of the C2 vertebral body and the odon-
toid process. This type of fracture is very common 
due to ground-level falls with hyperextension due 
to facial-cranial impact with studies reporting a 
prevalence rate as high as 20% of all cervical frac-
tures [33, 35, 38]. The increased mobility at the 
C1–2 junction allows for that junction to serve as 
the lever-arm junction and absorb the greatest 
amount of force in a ground-level fall [36].

There has been a formal classification and 
treatment system developed for odontoid frac-
tures. Type I fractures involve the tip of the odon-
toid and are also the least common type of 
odontoid fracture [35]. Type II fractures involve a 
break along the junction line of the odontoid base 
and the body [35]. Type III fractures involve the 
odontoid and extend into the vertebral body of 
C2 [35].

Secondary to osteoligamentous compromise, 
neurological compression can lead to disorders 
such as cervical spondylosis with myelopathy [39] 
or central cord syndrome, cervical radiculopathy, 
anterior cord syndrome, and Brown- Sequard syn-
drome. The etiology of the injury dictates the type 
of neuronal compression and thus corresponds to 
the individual’s symptomology.

 Central Cord Syndrome (CCS)

Central cord syndrome is a traumatic spinal cord 
injury which occurs in the cervical and thoracic 
spines [40]. It is characterized by increased motor 
weakness in the upper extremities compared to 

the lower extremities, bladder dysfunction, and 
sensory loss below the affected level [41]. The 
geriatric population has a higher susceptibility to 
CCS as the major mechanism of injury is hyper-
extension of the cervical spine [42] and can be 
intensified by conditions such as OPLL or 
DISH [43].

 Initial Management 
and Assessment Tools of Geriatric 
Cervical Spinal Trauma

Following the admission of a trauma patient the 
primary assessment involves ruling out cervical 
spine injury. Until this step is taken, all patients 
must remain in a cervical collar to immobilize the 
spine, prevent continued injury, and reinforce 
normal cervical lordosis [44].

The gold standard for cervical spine trauma 
assessment involves the use of X-rays consist-
ing of three primary views: anterior-posterior 
(AP), lateral, and open mouth odontoid view. 
Following this initial assessment, it may be per-
tinent to obtain additional imaging studies such 
as computerized tomography (CT) to review in 
greater detail the bony anatomy [44]. In an 
effort to be more efficient and increase patient 
care and overall outcome following cervical 
spine trauma there has been research implica-
tion of a transition from three-view X-rays to 
CT scan as the primary assessment following 
trauma. A recent study performed at Lehigh 
Valley Health Network was able to conclude 
that CT scans may be used to assess patients 
without the need for X-rays if they had a nega-
tive neurological exam [45].

After a primary assessment, it is essential to 
obtain a baseline neurological examination. The 
most accepted system in understanding spinal 
cord injury is the American Spinal Injury 
Association’s (ASIA) Standards for Neurological 
and Functional Classification of Spinal Cord 
Injury [46]. The standards incorporate a sensory 
and motor exam by systematically testing corre-
sponding nerve root dermatomes and myotomes 
(summarized in Fig. 10.1). Additionally, the 
patient may present with autonomic dysreflexia 
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from compression of sympathetic innervation 
projecting caudally [47]. SCI level is defined as 
the most inferior with a strength grading of ≥3 in 
conjunction with the superior level being graded 
5 (Table 10.1) [46].

 Treatment Methods and Prognosis 
of Geriatric Cervical Spinal Trauma

The most urgent questions facing a treating physi-
cian for a patient with geriatric cervical spinal 
trauma are the following: Does the patient need 
surgery? Is the surgery urgent? In order to address 
these questions, systems such as the Subaxial 
Cervical Spine Injury Classification (SLIC) and 
severity score have been developed [48], as 
detailed in Table 10.2. The system allots points 
and incorporates the osteoligamentous disruption 
as well as the neurological functional status of the 
individual. Surgery is only needed if the patient 
scores greater than 4 on the SLIC. Furthermore, in 
the geriatric population it is necessary to consider 
the potential comorbidities of surgery as there are 
well-documented increased risk for vascular and 
cardiopulmonary thromboembolic incidents.

Fig. 10.1 Neurological classification chart (modified from Maynard et al. 1997)

Table 10.1 ASIA impairment rating

Impairment 
rating Clinical definition

A Complete: No sacral sensory or motor 
preservation

B Incomplete: Only sensory 
preservation below level of SCI

C Incomplete: At least half of the 
muscles below the level of SCI have a 
motor grade ≥3

D Incomplete: Greater than half of the 
muscles below the level of SCI have a 
motor grade ≥3

E Normal: Normal sensory and motor 
function
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Nonsurgical treatment options include immo-
bilization with a cervical collar or halovest, phys-
ical and/or occupational therapy, medications 

(NSAIDS, steroids, muscle relaxers), and corti-
costeroid injections [49]. Surgical treatments 
include ACDF, laminectomy with or without lat-
eral mass fixation, odontoid screw fixation, or 
disc arthroplasty.

In relation to C2 fracture type I and type III 
fractures have an extremely high union rate and 
do not usually require aggressive treatment [35]. 
However, type II fractures are most prevalent and 
also present with the highest nonunion rate, 
12–63%. To help stabilize type II odontoid frac-
tures some patients may undergo internal fixation 
through an anterior or a posterior approach, such 
as C2 screw fixation or C1–2 lateral mass screw 
fixation, as illustrated in Fig. 10.2 [33, 35].

Prognostically, restoration of motor function 
after a cervical spine injury is positively corre-
lated with age whereas restoration of daily func-
tion and ambulation is negatively correlated with 
age [50, 51]. Furthermore, improvement in blad-
der function is negatively correlated with trau-
matic cervical spinal injury [52].

Table 10.2 Subaxial cervical spine injury classification 
(SLIC) and severity score ratings

Morphology Points

Normal 0

Compression fracture 1–2

Distraction 3

Rotation/translation 4

Discoligamentous complex

Normal 0

Intermediate 1

Disrupted 2

Neurological status

Normal 0

Root injury 1

Complete cord injury 2

Partial cord injury 3

Ongoing cord compression 1

a b

Fig. 10.2 Pre-op MRI (a) and post-op X-ray (b) illustrating a C2 odontoid fracture and surgical fixation

10 Geriatric Cervical Spinal Trauma: History, Presentation, and Treatment



98

References

 1. Taylor JA, Bussières A. Diagnostic imaging for spinal 
disorders in the elderly: a narrative review. Chiropr 
Man Therap. 2012;20:16.

 2. Watanabe M, Sakai D, Yamamoto Y, Nagai T, Sato 
M, Mochida J. Analysis of predisposing factors in 
elderly people with Type II odontoid fracture. Spine 
J. 2014;14(6):861.

 3. Tanishima S, Takeda C, Hamamoto Y, Kondo Y, 
Nagashima H. Prompt surgical management for spinal 
fracture in the elderly aged over 90 years with diffuse 
idiopathic skeletal hyperostosis to extend their healthy 
lifespan. Eur J Orthop Surg Traumatol. 2012;22:29–34.

 4. Savall F, Mokrane F-Z, Dedouit F, Capuani C, 
Guilbeau-Frugier C, Rougé D, et al. Spine injury fol-
lowing a low-energy trauma in ankylosing spondylitis: 
a study of two cases. Forensic Sci Int. 2014;241:123–6.

 5. Fujimura Y, Nakamura M, Toyama Y. Influence of 
minor trauma on surgical results in patients with cer-
vical OPLL. J Spinal Disord. 1998;11:16–20.

 6. EFFO, NFO. Who are candidates for prevention 
and treatment for osteoporosis? Osteoporosis Int. 
1997;7:1–6.

 7. Lerner U. Bone remodeling in post-menopausal 
osteoporosis. J Dent Res. 2006;85:584–95.

 8. Cherniack EP, Levis S, Troen BR, Hypovitaminosis 
D. A widespread epidemic. Geriatrics. 2008;63:24–30.

 9. Alexander L, Beur SMJD. Lifestyle modifications 
may help avoid need for pharmacological manage-
ment of osteoporosis. MD Conf Exp. 2011;11:26–8.

 10. Schwarz C, Sulzbacher I, Oberbauer R. Review: diag-
nosis of renal osteodystrophy. Eur J Clin Investig. 
2006;36:13–22.

 11. Kelsey JL. Risk factors for osteoporosis and associ-
ated fractures. Public Health Rep. 1989;104:14–20.

 12. Drake MT, Murad MH, Mauck KF, Lane MA, 
Undavalli C, Elraiyah T, et al. Risk factors for low 
bone mass-related fractures in men: a systematic 
review and meta-analysis. J Clin Endocrinol Metabol. 
2012;97:1861–70.

 13. Einhorn TA. Bone strength: the bottom line. Calcif 
Tissue Int. 1992;51:333–9.

 14. Johnell O, Kanis JA. An estimate of the worldwide 
prevalence and disability associated with osteoporotic 
fractures. Osteoporos Int. 2006;17:1726–33.

 15. Todd AG. Cervical spine: degenerative conditions. 
Curr Rev Musculoskelet Med. 2011;4:168–74.

 16. Urban JPG, Mcmullin JF. Swelling pressure of the 
lumbar intervertebral discs. Spine. 1988;13:179–87.

 17. Urban JPG, Holm SH. Intervertebral disc nutrition 
as related to spinal movements and fusion. Tis Nutr 
Viabil. 1986:101–19.

 18. Kumaresan S, Yoganandan N, Pintar FA, Maiman DJ, 
Goel VK. Contribution of disc degeneration to osteo-
phyte formation in the cervical spine: a biomechanical 
investigation. J Orthop Res. 2001;19:977–84.

 19. Zhong G, Buser Z, Lao L, Yin R, Wang JC. Kinematic 
relationship between missed ligamentum flavum 

bulge and degenerative factors in the cervical spine. 
Spine J. 2015;15:2216–21.

 20. Weinfeld RM, Olson PN, Maki DD, Griffiths HJ. The 
prevalence of diffuse idiopathic skeletal hyperostosis 
(DISH) in two large American Midwest metropolitan 
hospital populations. Skelet Radiol. 1997;26:222–5.

 21. Baxi V, Gaiwal S. Diffuse idiopathic skeletal hyperosto-
sis of cervical spine—an unusual cause of difficult flex-
ible fiber optic intubation. Saudi J Anaesth. 2010;4:17.

 22. Belanger TA, Rowe DE. Diffuse idiopathic skeletal 
hyperostosis: musculoskeletal manifestations. J Am 
Acad Orthop Surg. 2001;9:258–67.

 23. Khan AQ, Gupta K, Jameel J, Sherwani M. Diffuse 
idiopathic skeletal hyperostosis. J Clin Orthop 
Trauma. 2010;1:47–8.

 24. Hir PXL, Sautet A, Gars LL, Zeitoun F, Tubiana JM, 
Arrivé L, et al. Hyperextension vertebral body frac-
tures in diffuse idiopathic skeletal hyperostosis: a 
cause of intravertebral fluidlike collections on MR 
imaging. Am J Roentgenol. 1999;173:1679–83.

 25. Kalb S, Martirosyan NL, Perez-Orribo L, Kalani 
MYS, Theodore N. Analysis of demographics, risk 
factors, clinical presentation, and surgical treatment 
modalities for the ossified posterior longitudinal liga-
ment. Neurosurg Focus. 2011;30:E11. https://doi.
org/10.3171/2010.12.focus10265.

 26. McAfee PC, Regan JJ, Bohlman HH. Cervical cord 
compression from ossification of the posterior longi-
tudinal ligament in non-orientals. J Bone Joint Surg 
Br. 1987;69:569–75.

 27. Smith ZA, Buchanan CC, Raphael D, Khoo 
LT. Ossification of the posterior longitudinal liga-
ment: pathogenesis, management, and current sur-
gical approaches. Neurosurg Focus. 2011;30:E10. 
https://doi.org/10.3171/2011.1.focus10256.

 28. Kim T-J, Bae K-W, Uhm W-S, Kim T-H, Joo K-B, 
Jun J-B. Prevalence of ossification of the posterior 
longitudinal ligament of the cervical spine. Joint Bone 
Spine. 2008;75(4):471.

 29. Sarkiss CA, Fogg GA, Skovrlj B, Cho SK, Caridi JM. To 
operate or not? A literature review of surgical outcomes 
in 95 patients with Parkinson’s disease undergoing 
spine surgery. Clin Neurol Neurosurg. 2015;134:122–5.

 30. Fasano A, Plotnik M, Bove F, Berardelli A. The neu-
robiology of falls. Neurol Sci. 2012;33:1215–23.

 31. Bub LD, Blackmore CC, Mann FA, Lomoschitz 
FM. Cervical spine fractures in patients 65 years 
and older: a clinical prediction rule for blunt trauma. 
Radiology. 2005;234:143–9.

 32. Fredø H, Bakken I, Lied B, Rønning P, Helseth 
E. Epidemiology of traumatic cervical spine fractures 
in the Norwegian population. Global Spine J. 2015. 
https://doi.org/10.1055/s-0035-1554113.

 33. Jabbour P, Fehlings M, Vaccaro AR, Harrop 
JS. Traumatic spine injuries in the geriatric popula-
tion. Neurosurg Focus. 2008;25:E16. https://doi.
org/10.3171/foc.2008.25.11.e16.

 34. Regenbogen V, Rogers L, Atlas S, Kim K. Cervical 
spinal cord injuries in patients with cervical spondy-
losis. Am J Roentgenol. 1986;146:277–84.

V.R. Lewis et al.

https://doi.org/10.3171/2010.12.focus10265
https://doi.org/10.3171/2010.12.focus10265
https://doi.org/10.3171/2011.1.focus10256
https://doi.org/10.1055/s-0035-1554113
https://doi.org/10.3171/foc.2008.25.11.e16
https://doi.org/10.3171/foc.2008.25.11.e16


99

 35. Torretti JA, Sengupta DK. Cervical spine trauma. 
Indian J Orthop. 2007;41:255–67.

 36. Lomoschitz FM, Blackmore CC, Mirza SK, Mann 
FA. Cervical spine injuries in patients 65 years old 
and older. Am J Roentgenol. 2002;178:573–7.

 37. Moore TA, Vaccaro AR, Anderson PA. Classification 
of lower cervical spine injuries. Spine. 2006;31:S37–43.

 38. London S (2011) ACEP. Geriatric patients fare worse after 
trauma. https://www.acep.org/content.aspx?id=79746.

 39. Jeffreys RV. The surgical treatment of cervical 
myelopathy due to spondylosis and disc degeneration. 
J Neurol Neurosurg Psychiatry. 1986;49:353–61.

 40. Thompson C, Gonsalves JF, Welsh D. Hyperextension 
injury of the cervical spine with central cord syn-
drome. Eur Spine J. 2014;24:195–202.

 41. Dahdaleh NS, Lawton CD, El Ahmadieh TY, 
Nixon AT, El Tecle NE, Oh S, Fessler RG, Smith 
ZA. Evidence-based management of central cord syn-
drome. Neurosurg Focus. 2013;35:E6.

 42. Aarabi B, Koltz M, Ibrahimi D. Hyperextension cer-
vical spine injuries and traumatic central cord syn-
drome. Neurosurg Focus. 2008;25(5):E9. https://doi.
org/10.3171/FOC.2008.25.11.E9.

 43. Taylor AR. The mechanism of injury to the spinal 
cord in the neck without damage to vertebral column. 
J Bone Jt Surg Br. 1951;33-B(4):543–7.

 44. O’Dowd JK. Basic principles of management for cer-
vical spine trauma. Eur Spine J. 2009;19:18–22.

 45. Lehman D, Sandhu RS, Baga L, Hussain F. CT scan-
ning is sufficient to clear the cervical spine of elderly 
falls less than 5 feet. Poster presented at: Lehigh 
Valley Hospital; 2011; Allentown, PA.

 46. American Spinal Injury Association. Reference 
manual for the international standards for neuro-
logical classification of spinal cord injury. Chicago: 
American Spinal Injury Association; 2003.

 47. Gunduz H, Binak DF. Autonomic dysreflexia: an 
important cardiovascular complication in spinal cord 
injury patients. Cardiol J. 2012;19:215–9.

 48. Whang PG, Patel AA, Vaccaro AR. The development 
and evaluation of the subaxial injury classification 
scoring system for cervical spine trauma. Clin Orthop 
Relat Res. 2010;469:723–31.

 49. Lauweryns P. Role of conservative treatment of cervi-
cal spine injuries. Eur Spine J. 2009;19:23–6.

 50. Jakob W, Wirz M, van Hedel HJ, et al. Difficulty 
of elderly SCI subjects to translate motor recov-
ery—“body function”—into daily living activities. 
J Neurotrauma. 2009;26:2037–44.

 51. Kay ED, Deutsch A, Wuermser LA. Predicting walk-
ing at discharge from inpatient rehabilitation after a 
traumatic spinal cord injury. Arch Phys Med Rehabil. 
2007;88:745–50.

 52. Aito S, D’Andrea M, Werhagen L, et al. Neurological 
and functional outcome in traumatic central cord syn-
drome. Spinal Cord. 2007;45:292–7.

10 Geriatric Cervical Spinal Trauma: History, Presentation, and Treatment

https://www.acep.org/content.aspx?id=79746
https://doi.org/10.3171/FOC.2008.25.11.E9
https://doi.org/10.3171/FOC.2008.25.11.E9


101© Springer International Publishing AG, part of Springer Nature 2018 
A. Rodriguez et al. (eds.), Geriatric Trauma and Acute Care Surgery,  
https://doi.org/10.1007/978-3-319-57403-5_11

Identification, Treatment, 
and Prognosis of Geriatric 
Thoracolumbar Spinal Trauma

Stephen C. Kane, Victor R. Lewis, 
James E. Conway, and Ira M. Garonzik

Abbreviations

ASIA American Spinal Injury Association
BSS Brown-Séquard syndrome
CES Cauda equina syndrome
CMS Conus medullaris syndrome
CT Computed tomography
DVT Deep-vein thrombosis
MRI Magnetic resonance imaging
NSAID Nonsteroidal anti-inflammatory drug
PE Pulmonary embolism
SCI Spinal cord injury
TLF Thoracolumbar fracture
TLICS Thoracolumbar injury classification 
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 Geriatric Osteodegenerative, 
Arthrodegenerative, 
and Neurodegenerative 
Predispositions

It is well known that the prevalence of osteoporo-
sis and decreased bone density in the geriatric 
population is as high as 43.9% [4] and can lead to 
progressive changes in the vertebral body as well 
as the neuronal arch, and zygopophenzegal joints, 
and sagittal or coronal alignment [5]. The causes 
of geriatric osteoporosis include hypovitaminosis 
D [6], postmenopausal osteoporosis [7], andro-
pause [8], renal osteodystrophy [9], decreased 
mechanical stress [10], as well as chronic smok-
ing [11], alcohol [12], or prescription drug use. 
Specifically, the vertebral body, rich in trabecular 
bone, has the greatest propensity for degradative 
changes due to osteoporosis [13]. It has been 
shown that osteoporosis affects trabecular bone 
considerably more than cortical bone due to its 
increased osteoactivity and, specifically, 
decreases the density of the lateral cross mem-
bers among trabecular bone [14]. In tandem with 
low-energy trauma, this could produce an array 
of fractures including vertebral body and laminar 
compromise. Furthermore, late-onset hyperossi-
fication, such as ankylosing spondylitis, can 
cause decreased flexibility and increase predispo-
sition to fracture as well [15].

In addition to osteo-degradation, degenerative 
disk disease has become a hallmark of aging 
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 individuals and can destabilize the thoracolumbar 
spine [16]. Ultimately, metabolic changes cause 
reduced intra-annular hydrostatic pressure [17]. 
In turn, this creates a “flat-tire” situation in which 
the disc becomes more likely to rupture, fissure, 
or tear. Furthermore, this can perpetuate degener-
ative changes due to the decreased ability of the 
disc to successfully handle axial loading situa-
tions especially in the inferior thoracolumbar 
spine [18]. In geriatric persons, low-energy impact 
in any plane can cause disc rupture causing insta-
bility with or without neurological compromise.

Neurologically, an array of disorders can pre-
dispose a geriatric individual to low-energy 
trauma. Falls, the most common trauma for 
elderly persons, can be caused due to degenera-
tive changes such as Parkinson’s [19] cognitive 
impairments, age-related visual impairments, 
underlying neuromuscular disorders, peripheral 
neuropathies, and postural instability [20].

 Posttraumatic Geriatric Vertebral 
Fracture

Various mechanisms can cause thoracolumbar 
fracture (TLF) including compression-type inju-
ries, flexion-distraction injuries, or fracture dislo-
cation injuries. Each individual mechanism can 
cause an array of TLFs which has been character-
ized by Denis’ three-column system [21]. Denis 
defines three columns (anterior, middle, and pos-
terior) and characterizes compromise of these 
accordingly. The anterior column consists of the 
anterior longitudinal ligament, anterior annulus, 
and anterior aspect of the vertebral body. The 
middle column consists of the posterior longitu-
dinal ligament, posterior aspect of the vertebral 
body, and posterior annulus. The posterior col-
umn consists of the ligamentum flavum, the facet 
joints, and lamina (Fig. 11.1).

Traditionally, elderly patients are more suscep-
tible to low-energy axial loading compression frac-
tures due to degradation of the trabecular bone of 
the vertebral body [22]. Specifically, violation of the 
anterior and middle columns (such as endplate frac-
ture, vertebral body collapse, or burst fractures) is 
typical as up to 80% of axial loading is allocated to 

the vertebral body and can cause increased kyphosis 
[23]. Flexion- distraction injuries mainly present 
after a motor vehicle accident in which the individu-
als’ pelvis is secured but the torso is accelerated for-
ward rapidly causing compression of anterior and 
middle column in conjunction with fracture of lam-
ina or lesion of the ligamentum flavum. Fracture 
dislocation injuries are comparable to flexion dis-
traction injuries but include translation with osteo-
ligamentous compromise in the anterior ligaments, 
disc rupture axially, and facet or pars fracture poste-
riorly resulting in spondylolisthesis [24]. Typically, 
TLF occurs in the thoracolumbar junction and lum-
bar spine rather than the thoracic spine due to the 
stabilization of the rib cage [25].

X-rays, CT scans, as well as clinical assess-
ment for instability are the gold standard in iden-
tifying TLF (Fig. 11.1). It should be noted while 
attempting to identify a TLF that previous asymp-
tomatic common endplate degradation can appear 
on radiographic images [26]. This could lead to 
an inaccurate diagnosis of a posttraumatic frac-
ture rather than a preexisting stable fracture. A 
T2 flare MRI scan is the most common tool to 
view vertebral edema deciphering previous deg-
radation versus acute injury.

Treatment for TLF depends on multiple factors 
including fracture type, fracture severity, degree of 
neurological compromise, symptom severity, sta-
bility, age-related comorbidities, as well as quality 
of life [27]. In cases with only vertebral body vio-
lation and no neurological compromise it may be 
appropriate to treat merely with medication man-
agement (bisphosphonates [28], teriparatide [29, 
30], analgesics, or other osteoporosis combative 
drugs), weight-bearing physical therapy, as well 
as thoracic-lumbar- sacral orthotics [31]. In cases 
with increased kyphosis and significant vertebral 
body compromise it may be appropriate to treat 
with percutaneous vertebroplasty or kyphoplasty 
[32]. Treatment using kyphoplasty/vertebro-
plasty has been controversial in its ability to 
increase stability and decrease pain [33]. In cases 
with severe vertebral body collapse, posterior 
column violation, spondylolisthesis, or severe 
neurological compromise it is appropriate to con-
sider surgical options including anterior corpec-
tomy with placement of a cage, posterior 
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stabilization with or without instrumentation, as 
well as decompression of any ongoing neurologi-
cal pathology [34]. Due to the poor bone quality 
of these individuals, it is essential to augment any 
hardware with autograft and allograft, large-
diameter bicortical or unicortical screws 
(Fig. 11.2), and cement [35].

 Posttraumatic Geriatric 
Neurological Compromise

Thoracolumbar spinal trauma can cause neuro-
logical dysfunction secondary to osteoligamen-
tous compromise and/or disc prolapse causing 
spinal cord injury (SCI) with potential nerve root 
compression. Most commonly these can present 
as radiculopathy, anterior cord syndrome, cauda 
equina syndrome, conus medullaris syndrome, or 
Brown-Séquard syndrome.

 American Spinal Injury Association’s 
(ASIA) Standards for Neurological 
and Functional Classification 
of Spinal Cord Injury

After a primary assessment, it is important to 
obtain a baseline neurological examination. The 
most accepted system in understanding spinal 
cord injury is the American Spinal Injury 
Association’s (ASIA) Standards for Neurological 
and Functional Classification of Spinal Cord 
Injury [36]. The standards incorporate a sensory 
and motor exam by systematically testing corre-
sponding nerve root dermatomes and myotomes. 
The sensory exam consists of bilateral pin prick 
as well as light-touch sensation and is rated from 
0 to 2 (0 = absent, 1 = impaired, 2 = normal). The 
muscular exam tests bilateral range of motion 
(ROM) as well as degree of strength against various 

Fig. 11.1 Computed tomography (CT) of a burst fracture after a fall in an 83-year-old female

Fig. 11.2 Example of a unicortical pedicle screw with 
increased cortical threads
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resistance levels and is graded 0–5 (0 = total 
paralysis, 1 = palpable or visual contraction, 
2 = active movement/full ROM with gravity 
eliminated, 3 = active movement/full ROM 
against gravity, 4 = active movement/full ROM 
against moderate resistance, 5 = active move-
ment/full ROM against full resistance). The myo-
tomes that have not been distinguished are 
identical to the dermatomes. Formally, the level 
of SCI is defined muscularly as the most inferior 
with a grading of ≥3 given that the adjacent supe-
rior level is graded a 5 (as muscles are generally 
innervated by multiple nerve roots). Of note, it 
should be recognized that inferior nerve roots 
may have partial preservation of sensation or 
motor function and should be recorded [36]. It is 
common among elderly individuals to have con-
tributing symptomatic preexisting degenerative 
neurocompressive etiology of the thoracolumbar 
spine which could be most easily clarified 
through radiographic studies such as MRI as well 
as diagnostic studies such as EMG/NCV in order 
to make a correct diagnosis.

Furthermore, the ASIA impairment scale is the 
gold standard in determining prognosis of 
SCI. The degree of impairment scale ranges from 
A to E and is defined as follows: A = Complete: 
No sacral sensory or motor preservation; 
B = Incomplete: Only sensory preservation below 
level of SCI; C = Incomplete: At least half of the 
muscles below the level of SCI have a motor 
grade ≥3; D = Incomplete: Greater than half of 
the muscles below the level of SCI have a motor 
grade ≥3; E = Normal: Normal sensory and motor 
function. Prognostically, it has been shown that an 
individual with an A rating has a 13% chance of 
returning to incomplete impairment 1 year postin-
jury [37]. However, an individual with a B rating 
that maintains pinprick discrimination has a 
20–50% chance of regaining ambulation [38].

 Anterior Spinal Artery Syndrome 
(Anterior Cord Syndrome)/ 
Brown- Séquard Syndrome (BSS)

Compression of the anterior spinal artery causing 
ischemia in the anterior white and gray matter of 

the spinal cord is termed anterior cord syndrome. 
Deficits solely present in the spinothalamic tract 
and corticospinal tracts causing paraplegia (if 
presenting in the thoracic spine) as well as pain 
perception dysfunction but spared proprioception 
and light-touch sensation [39]. Specifically, 
motor function restoration has a poor prognosis 
especially if there is minimal recovery within 
24 h. There is no current accepted treatment for 
ischemic damage to the spinal cord.

BSS is well defined as a hemicord syndrome 
in which the corticospinal tract, ascending fibers 
in the posterior column, and spinothalamic tract 
are compressed causing compromise of ipsilat-
eral motor function, ipsilateral proprioception, 
ipsilateral tactile perception, as well as contralat-
eral pain and temperature perception [40].

 Cauda Equina Syndrome (CES)/Conus 
Medullaris Syndrome (CMS)

Posttraumatic central canal obstruction at the 
level of the cauda equine (L2-sacrum) due to 
osteoligamentous material retropulsion posteri-
orly or significant disc herniation is termed cau-
ada equina syndrome. Symptomatically, the 
individual would present with motor and sensory 
disturbance (asymmetric saddle anesthesia and 
leg weakness), decreased deep tendon reflexes 
below the injured level, severe low back pain, 
bowel incontinence, and most commonly urinary 
retention. Individuals with bladder paralysis or 
multiple of these symptoms following trauma 
should undergo emergent MRI to confirm the 
etiology as well as surgical decompression 
within 24–48 h of symptom commencement 
[41]. Interestingly, elderly patients with CES 
have a significantly poorer sexual function out-
come [42].

While very comparable to cauda equina syn-
drome, conus medullaris syndrome is distinctly 
different [43]. Symptomatically, the saddle anes-
thesia presents symmetrically, there is complete 
absence of lower extremities deep tendon 
reflexes, and the onset of bladder atonia is accel-
erated. Due to the location of the compression, 
the individual may present with upper motor neuron 
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symptomology as well as lower motor neuron 
dysfunction causing plausible inaccurate diagno-
sis of cauda equine syndrome or superior spinal 
cord compression.

 Thoracolumbar Radiculopathy

Retropulsion of osteoligamentous material postero-
laterally from vertebral body fracture/disc desicca-
tion or vertebral dislocation can cause foraminal 
stenosis leading to thoracolumbar radiculopathy 
[44]. Symptomatically, the individual would pres-
ent with hypoesthesia in the corresponding derma-
tome, and atrophy of corresponding myotome in the 
thoracic spine with additional decreased reflexes in 
the lumbar spine [45]. Palliatively, medication man-
agement (opioids, neuropathic agents, NSAIDS) 
and steroid injections (selective nerve root blocks, 
epidural steroid injections) could be considered in 
the absence of structural instability indicating surgi-
cal intervention. If the individual fails conservative 
treatment foraminotomies, laminoforaminotomies, 

and/or discectomy with or without posterolateral 
fusion may be needed [46].

 Clinical Decision Making in Geriatric 
Spinal Trauma

In the geriatric population, the main goal of any 
treatment is to increase mobility as quickly as 
possible to avoid further degradation and compli-
cations. Clinically, the most pressing question 
upon first evaluation is surgical versus nonsurgi-
cal treatment. The most useful system to deter-
mine this is the Thoracolumbar Injury 
Classification and Severity score (TLICS) [47]. 
The system takes into account the morphology of 
the injury, neurological compromise, and viola-
tion of the posterior column. As a point-based 
system (Fig. 11.3), it allows for clarity and 
straightforward decision making. The algorithm 
dictates a total score of 0–3 as nonoperative, a 
score of 4 as either operative or nonoperative, and 
a score of 5 or greater as surgically operable.

Fig. 11.3 Neurological classification chart (reproduced from Maynard et al. [50])
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Parameter Points

Morphology

Compression fracture 1

Burst fracture 2

Fracture dislocation 3

Flexion-distraction fracture 4

Neurological compromise

Normal 0

Nerve root 2

Incomplete spinal cord 3

Complete spinal cord 2

Cauda equina syndrome 3

Posterior column

Normal 0

Injury suspected 2

Injured 3

Specifically, in elderly patients it is important 
to take into consideration potential surgical com-
plications. Elderly patients are at a greater risk 
for a postoperative thromboembolic event (such 
as a deep-vein thrombosis (DVT) with pulmo-
nary embolism (PE)) and cardiac and respiratory 
comorbidities [48] as well as further low-energy 
traumatic events. It has also been shown that 
patients with Parkinson’s are predisposed to 
requiring a revision spinal surgery [49].
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Geriatric Hip Fractures
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 Introduction

Hip fractures represent a serious source of morbid-
ity and mortality in the elderly population. While 
hip fractures do occur in the younger population 
related to high-energy trauma, the majority of hip 
fractures occur in the elderly related to low-energy 
falls [1]. Hip fractures have been reported to 
account for over 350,000 hospital admissions per 
year [2] and for 72% of total hospital costs for the 
orthopedic fracture care in the elderly [3–5]. The 
impact of hip fracture only stands to increase with 
the aging population. Despite trends toward a 
decline in the incidence of hip fracture over the past 
few years, estimates of the number of hip fracture 
by 2050 are projected to be between 458,000 and 
1,037,000 by 2050, with the largest number occur-
ring in females over the age of 65 [6].

 Demographics

Risk of hip fractures varies with race, age, and 
geographic location. Elderly women are at a three 
times increased risk of hip fracture as compared 

to elderly men [7]. There is wide variability in the 
frequency of hip fracture based on race and eth-
nicity. Rates of hip fractures are highest in 
Northern European countries [8]. Within the 
USA, there is significant differences in the fre-
quency of hip fractures based on race. White 
women are at much higher risk of hip fracture 
than Asian or African-American. Additional risk 
factors include advancing age, tobacco and alco-
hol use, poor general health, a history of falls, 
history of previous fragility fracture, and low 
estrogen levels [9].

98% of hip fractures occur in patients over 50 
with an average age of 72 [1], with the majority 
occurring due to low-energy falls [10].

 Classifications

The generic term hip fracture encompasses a vari-
ety of conditions. Classification of hip fractures is 
critical for the treating orthopedic surgeon both 
for purposes of communication and treatment rec-
ommendations. Hip fractures are classified based 
on the location of the fracture as follows:

 Femoral Neck Fractures

Femoral neck fracture indicates that a fracture 
can be classified anatomically as subcapital, 
transcervical, or basicervical. The critical 
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 distinction is between intracapsular and extra-
capsular, with subcapital and transcervical 
being the former and basicervical the latter. 
Intracapsular femoral neck fractures have 
greater concern regarding healing potential 
and possibility of avascular necrosis (AVN). 
The primary blood supply to the femoral head 
is via the lateral epiphyseal artery, which is the 
terminal branch of the medial femoral circum-
flex artery, with second major blood supply 
provided by the inferior metaphyseal arteries 
from the lateral femoral circumflex artery and 
the third major blood supply from the medial 
epiphyseal branches from the ligamentum 
teres [11]. Many studies have confirmed that 
displacement correlates with severity of dam-
age to the blood supply to the femoral neck 
and risk of AVN. Histologic studies may over-
estimate the risk of AVN as in situ revascular-
ization can occur [12, 13]. However, due to the 
risk of fixation failure via AVN or nonunion, 
intracapsular femoral neck fracture requires 
consideration of fixation versus replacement, 
whereas extracapsular hip fractures are typi-
cally repaired.

The most widely used historical classifica-
tions of femoral neck fractures include the 
Garden classification and the Pauwels classifi-
cation system. The Garden classification 
attempted to group femoral neck fractures based 
on displacement as it relates to prognosis and 
incidence of complication. Grade I represents 
an incomplete or valgus impacted fracture, 
Grade II a nondisplaced fracture, Grade III a 
partially displaced fracture, and Grade IV a 
completely displaced fracture. Displaced frac-
tures (Grade III and Grade IV) are at higher risk 
of nonunion, AVN, and fixation failure [14]. 
The Pauwels classification groups femoral neck 
fractures based on fracture orientation as it 
relates to shear forces and stability. Pauwels 
type I is a horizontal fracture (<30 degrees from 
the horizontal) with low risk of displacement 
due to lack of shear forces, Pauwels type II is of 
intermediate inclination (30–50 degrees), and 
Pauwels type III is a more vertical fracture line 
(>50 degrees) with more shear forces and higher 
risk of displacement [15].

 Peritrochanteric Femur Fractures

Peritrochanteric femur fracture is a generic term 
for extra-articular hip fractures which are subdi-
vided based on the location of the fracture. 
Intertrochanteric hip fractures are fractures involv-
ing fractures between the greater and lesser tro-
chanter. Subtrochanteric hip fractures are fractures 
that extend below the level of the lesser trochanter. 
These fractures are typically treated with internal 
fixation, with implant and method determined by 
fracture pattern. They are extracapsular fracture 
with robust blood supply and are at minimal risk of 
disrupting blood supply to the femoral neck [16].

Historically multiple classification systems 
have been applied to peritrochanteric femur frac-
tures. The key to treatment is distinguishing stable 
from unstable fractures. Stable fractures tend to be 
simple patterns with medial apposition. Unstable 
fractures include reverse obliquity, intertrochan-
teric fractures with subtrochanteric extension, 
compromised lateral cortex, and/or posteromedial 
calcar comminution. The AO/OTA has developed 
a classification system that classifies intertrochan-
teric hip fractures on the basis of stability, and 
helps guide implant choice [16–18].

 Evaluation

 Clinical Evaluation

As with any injury, a thorough history including 
mechanism of injury, additional injuries, past 
medical history including active medical prob-
lems and/or any oncologic history, syncopal epi-
sodes, history of chest pain, preexisting hip 
symptoms, and functional status are all critical to 
evaluation and treatment.

 Imaging

Initial evaluation includes standard radiographs, 
including AP and cross-table lateral of affected 
hip, as well as AP pelvis for comparison to  normal 
hip. Lateral film can help to assess for posterior 
femoral neck comminution and displacement. 
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Cross-table lateral should be performed instead of 
frog lateral, because the frog lateral is performed 
by abducting and externally rotating the hip, which 
can cause further displacement of the fracture. 
Manual internal rotation view (10–15 degrees) 
eliminates the anteversion of the femoral neck and 
allows true AP that can help delineate the fracture 
pattern, including identifying subtle nondisplaced 
fractures or impacted fractures. MRI is the imag-
ing modality of choice for detecting occult femo-
ral neck fractures or stress fractures [19]. In a 
patient with a pacemaker prohibiting MRI, bone 
scan can be used to detect occult fractures [9].

 Preoperative Testing

Routine preoperative testing should include 
CBC, basic metabolic panel, coagulation studies, 
urinalysis, EKG, and chest radiographs. Chest 
radiographs should be performed in all patients 
with a history of cardiopulmonary disease, as 
well as in all patients older than 50. There has 
been a shift to comanagement of hip fracture 
patients between the orthopedic surgeon and a 
geriatrician or hospitalist, both in the preopera-
tive and postoperative setting with excellent 
results. A recent meta-analysis of 18 studies 
looking at orthogeriatric models showed signifi-
cant reduction of in-hospital mortality and long- 
term mortality, and significantly reduced length 
of stay and time to surgery [20–22].

Hip fracture patients often have significant 
medical comorbidities requiring further preoper-
ative testing, but delay of surgery has historically 
been noted to increase morbidity when surgery is 
delayed more than 48 hours [23], with a recent 
study showing an odds ratio of 1.13 at 2 days 
postinjury and 1.33 at 3 days postinjury associ-
ated with higher mortality [24]. While these find-
ings may be related to higher risk patients 
requiring more preoperative evaluation, an effort 
should still be made to expedite care.

Preoperative testing beyond the routine 
screening test has been noted to increase the time 
to surgery and length of hospital stay. A recent 
retrospective study showed that mean time to 
 surgery for patient undergoing additional tests 

was nearly twice as long as in nontested patients 
(73 h vs. 37 h, respectively) and had a 33% lon-
ger hospital stay. In only 2 of the 67 patients did 
test findings alter care [25]. As unnecessary car-
diac testing can delay surgery, it should only be 
performed if it will alter medical care and/or 
intraoperative monitoring. Additional cardiac 
testing should be performed in the setting of 
diminished functional capacity tolerance as repre-
sented by metabolic equivalent less than or equal 
to 4 (e.g., unable to walk a block or do light house 
work), cardiac risk factors, and abnormalities 
seen on baseline EKG [9]. Cardiology consults 
and further cardiac testing should be initiated 
based on American College of Cardiology (ACC) 
Foundation and the American Heart Association 
(AHA) guidelines, which note four discrete car-
diac conditions, including severe valvular heart 
disease, unstable coronary syndromes, decom-
pensated heart failure, and significant arrhyth-
mia. The presence of these conditions indicates 
that cardiac evaluation may be necessary before a 
noncardiac surgery [26].

The American Society of Anesthesiologist 
(ASA) physical status classification determines 
perioperative risk under anesthesia based on 
comorbid conditions and functional status and 
has been shown to directly correlate with inpa-
tient mortality, readmission rates, and complica-
tion rates [27].

 Treatment

Hip fractures are an operative injury. Nonoperative 
treatment is reserved for bedridden or nonambu-
latory patients with limited pain, those with a 
very limited life expectancy, and those who are 
unable to tolerate surgery [8, 19, 28, 29]. 
Nonoperatively treated patients should be 
 mobilized as soon as able with bed to chair to 
minimize the complications of bedrest such as 
UTI, thromboembolic disease, urinary tract 
infections, atelectasis, pulmonary complications, 
and decubitus ulcers [28]. Even in bedridden 
patient, surgery should be considered as a pain 
relief measure and to facilitate transfers if patient 
is painful and can tolerate surgery.
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Surgery is the mainstay of treatment, with goals 
of allowing early mobilization, return to preinjury 
function, and pain improvement. Treatment 
options are dictated by fracture pattern.

 Treatment of Femoral Neck Fractures

Despite the prevalence of femoral neck fractures and 
large body of published literature, there are a limited 
number of quality randomized controlled trials 
(RCTs) and reported outcomes are conflicting. 
Therefore, significant controversy remains regard-
ing optimal treatment algorithms. Treatment options 
include internal fixation versus arthroplasty.

Stable, nondisplaced, or valgus impacted fem-
oral neck fractures may be considered for internal 
fixation. In the Garden classification this equates 
to Garden I or Garden II. These are treated closed, 
with percutaneous fixation in situ to prevent frac-
ture displacement and allow for early weight 
bearing [30]. Fixation methods include cannu-
lated screws or sliding hip screw (SHS). 
Cannulated screws are associated with less surgi-
cal time and bleeding than SHS, providing ade-
quate fixation for stable fracture patterns. 6.5, 7.0, 
or 7.3 cannulated screws are typically utilized in 
an inverted triangle configuration with three 
screws. When performed correctly, this configura-
tion provides the greatest stability [31–35]. 
Sliding hip screws are biomechanically more sta-
ble, and should be considered in more unstable 
fractures such as more vertical fractures with 
higher shear stress or basicervical fractures [36]. 
There is still wide variability of implant choice 
among surgeons. The Fixation Using Alternative 
Implants for the Treatment of Hip Fractures 
(FAITH) is an ongoing randomized controlled 
trial comparing sliding hip screw versus multiple 
cancellous lag screws followed for a 2-year period 
in regard to health-related quality of life, function, 
fracture healing, mortality, and adverse events in 
patients with stable and unstable femoral neck 
fractures, seeking to further clarify choice of 
implant and success rates [37] (Fig. 12.1).

One study showed a 90% survival rate with 
screw fixation in stable femoral neck fractures 
[38] but internal fixation of displaced femoral 

neck fractures results in need for reoperation in 
30–47% of patients [39–41]; therefore, careful 
consideration by the surgeon of fracture pattern 
and risk factors for failure must be considered.

Controversy exists regarding surgical inter-
vention for displaced and unstable femoral neck 
fractures, i.e., Garden III or Garden IV femoral 
neck fractures. A Cochrane review in 2003 noted 
internal fixation results in shorter OR time, less 
blood loss, lower infection rate, and lower overall 
complication rate, but much higher risk of reop-
eration [42]. Another meta-analysis of 20 RCT 
looking at 3109 patients with displaced femoral 
neck fractures treated with internal fixation or 
arthroplasty found that arthroplasty led to fewer 
surgical complications and reduced incidence of 
reoperation. However, arthroplasty was at higher 
risk of deep wound infection, greater blood loss, 
and longer operating time. Overall there was 
greater mortality rate in arthroplasty, but it was 
not statistically significant [43]. Blomfeldt et al. 
published a RCT comparing mid- to long-term 
follow-up for internal fixation (IF) versus total 
hip arthroplasty (THA) in displaced femoral neck 
fractures in patients older than 70 years old who 
were relatively independent (no severe cognitive 

Fig. 12.1 Percutaneous fixation of valgus impacted fem-
oral neck fracture with cannulated screws
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dysfunction, independent living status, ability to 
walk independently). Main outcomes investi-
gated were hip complications, reoperations, hip 
function, and health-related quality of life. At 4 
years, post-op rate of complications of 4% in 
THA and 42% in IF were noted, with reoperation 
of 4% in THA and 47% in IF (34% conversion to 
THA, 13% screw removal) [41]. While there is a 
greater role for reduction and internal fixation for 
displaced femoral neck fractures in younger 
patients, overall better outcomes are seen with 
arthroplasty in the geriatric population and recent 
AAOS guidelines regarding the treatment of geri-
atric femoral neck fractures report strong evi-
dence to support arthroplasty in displaced 
femoral neck fractures [44]. Another advantage 
of arthroplasty is immediate full weight-bearing 
status, while internal fixation is sometimes asso-
ciated with restricted weight bearing.

The type of arthroplasty is determined by 
patient factors such as age, preinjury function, 
and preexisting hip pain and arthritis. 

Hemiarthroplasty (HA) has proven as an effec-
tive treatment for displaced femoral neck frac-
tures in low-demand patients, allowing early 
mobilization, pain relief, and good functional 
recovery [9]. Comparing types of hemiarthro-
plasty, cemented versus uncemented arthroplasty 
in a RCT showed similar outcomes in regard to 
function, dislocation rate, and reoperation at 
5-year follow-up [45]. However, Gjertsen 
reported two times increased rate of reoperation 
with uncemented hemiarthroplasty primarily due 
to periprosthetic fracture [46] and Taylor reported 
higher periprosthetic fracture rate in uncemented 
HA in the immediate postoperative period and at 
2-year follow-up [47]. Use of noncemented or 
press-fit technique in patients with adequate bone 
stock has been advocated for shorter operative 
times and lower blood loss. Although reported 
rates of periprosthetic fracture risk vary, after 
review of the literature AAOS clinical guideline 
recommendations report moderate support for 
cemented hemiarthroplasty [44] (Fig. 12.2).

a b

Fig. 12.2 (a) Cemented left hip hemiarthroplasty. (b) Press-fit hip hemiarthroplasty
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Total hip arthroplsty (THA) provides better 
outcomes in healthier active elderly patients and 
patients with a history of symptomatic preinjury 
osteoarthritis [48–51]. Although there is a higher 
risk of dislocation in acute THA for femoral neck 
fracture compared with HA, there is still 
improved results in pain, function, and lower 
reoperation rate [50, 51]. THA cost is more than 
that of hemiarthroplasty, but cost is offset by lon-
ger implant survival, lower reoperation rate given 
no acetabular symptom from preexisting arthritis 
versus ongoing acetabular erosion, and improved 
functional results [52].

 Stress Fractures

Stress fractures are a distinct type of nondis-
placed fractures that result from cyclic mechani-
cal loading in the setting of diminished bone 
quality. As above, MRI is the imaging modality 
of choice for detection. Tension-sided femoral 
neck fractures are at high risk of displacement 
and are recommended for surgical stabilization to 
avoid associated morbidity of femoral neck frac-
ture displacement. Compression-sided femoral 
neck fractures are less likely to be displaced, and 
restricted weight bearing should be considered. 
Endocrine referral for evaluation of metabolic 
bone disease should be initiated [53].

 Treatment of Peritrochanteric Femur 
Fractures

The mainstay of peritrochanteric femur fracture 
treatment is surgery to restore anatomy and allow 
for healing with controlled compression. This has 
been achieved via extramedullary or intramedul-
lary devices. Selecting the correct device is based 
on the stability of the fracture pattern to prevent 
excessive collapse. In addition to fracture pattern, 
implant, quality of the bone, and quality the oper-
ative reduction all influence the strength of fixa-
tion and risk of failure [18].

For intertrochanteric femur fractures, the 
typical deformity is flexion, shortening, varus, 
and external rotation. Quality of reduction is 

critical for stable fixation and using tools such 
as traction or a fracture table can help correct 
the above deformities. Varus fixation increases 
the moment arm on the implant, predisposing to 
fixation failure. Likewise, varus shortening 
results in abductor weakness by lengthening the 
abductor mechanism. Excessive shortening 
likewise alters hip biomechanics placed at risk 
of implant cutout. Failure rates have been 
reported from 9 to 16% [54].

Implant options include traditional extramed-
ullary implants such as sliding hip screws (SHS) 
and intramedullary implants such as cephalomed-
ullary nails (CMN). Cephalomedullary nails pro-
vide the benefit of being a load-sharing implant 
more closely located to the axis of weight bearing, 
limiting the amount of femoral neck collapse due 
to the more medially located nail serving as a but-
tress effect on the fracture [54–56]. Extramedullary 
screws rely on the lateral wall to limit compres-
sion, so in the setting of lateral wall compromise 
an intramedullary nail or a side plate is required. 
Both short and long nails are available. 
Historically, short nails were associated with 
higher periprosthetic fracture risk, but improve-
ments have been made to the design of these short 
CMNs and there is no difference in the complica-
tion rate of new short nails compared to long nails 
in stable fracture patterns [57]. In stable fracture 
patterns, SHS and CMN have similar outcomes; 
however CMNs are more expensive [58, 59]. 
Bridle et al. reported on a series of stable intertro-
chanteric fractures randomized to SHS versus 
CMN and found no difference in surgical time, 
length of stay, mobility, and rate of cutout at 
6-month follow-up [60]. In unstable fracture pat-
terns, CMN is required. Failure rates of SHS for 
unstable fracture patterns are as high as 25% [18]. 
Reverse obliquity fracture has a high failure rate 
and fails by medial displacement. While they can 
have a high failure rate with CMN devices and 
95-degree blade plate, not recognizing the insta-
bility of this fracture and treating with a SHS 
result in a 56% failure rate [61] (Fig. 12.3).

Subtrochanteric fractures extend distal to the 
lesser trochanter and impart instability that is not 
amenable to fixation with a SHS and requires a 
trochanteric or femoral reconstruction nail or a 
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95-degree blade plate. While the identifying fac-
tor of the subtrochanteric femur fracture is its dis-
tal extension, it can extend up proximally and 
mimic an intertrochanteric fracture which can 
lead to incorrect implant selection and subse-
quent failure [62].

 Postoperative Care

Multidisciplinary care with the goal of early mobi-
lization and minimizing complications is becom-
ing the gold standard in geriatric hip fracture 
patients. Elderly patients are at high risk of postop-
erative altered mental status and delirium. This is 

often multifactorial, related to medications, dehy-
dration, baseline dementia, hypoxia, hypoglyce-
mia, and use of restraints. Care should be taken to 
address underlying causes when possible, provide 
frequent orientation, maintain day- night cycle, use 
glasses/hearing aids, and minimize narcotics [63, 
64]. Peripheral nerve blocks can help limit narcotic 
requirements. Seventy percent of hospitalized geri-
atric patients are at risk or suffer from malnutrition, 
so identifying this and addressing can help limit 
malnutrition- related complications, including 
wound dehiscence, infection, and mortality [65, 
66]. Rates of deep vein thrombosis (DVT) have 
been reported ranging from 30 to 60% in hip 
 fracture [67]. Based on the American College of 

a

b

c

d

Fig. 12.3 (a, b) Reverse obliquity peritrochanteric hip fracture. (c, d) A cephalomedullary nail was selected due to the 
unstable nature of the fracture pattern
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Chest Physicians evidence-based clinical practice 
 guidelines, hip fractures should be started on low-
molecular-weight heparin within 12 h of surgery 
and continued for 1 month postoperatively [68]. In 
the setting of history of syncopal episodes and/or 
high fall risk, the risk of bleeding event must be 
considered. Dedicated physical therapy as an inpa-
tient and often discharge to an acute rehab or skilled 
nursing facility are often required prior to discharge 
back to independent living situations.

 Outcomes

Factors affecting the outcome of femoral neck 
fractures and peritrochanteric femur factures are 
dictated by elements intrinsic to the patient 
including age, sex, past medical history, prein-
jury functional status, fracture pattern, and then 
factors related to the treatment including implant 
selection and rehab protocol.

These fractures have a significant impact on 
the patient’s quality of life. Return to function 
following hip fracture can be difficult. In one 
study of hip fractures (femoral neck and peritro-
chanteric hip fractures) only 57% of patients 
regained their prefracture functional status and 
13% former ambulators were unable to walk 
[69]. Globally, hip fractures rank in the top ten of 
causes of disability-adjusted life years lost [71].

Overall, 20% of hip fracture patients die within 
1 year of fracture. Compared to age- matched con-
trols, women are at 3.3 times relative risk of death 
and men are at 4.2 times relative risk [28]. ASA, 
age, dialysis dependence, obesity, cardiac disease, 
diabetes, and male sex are all risk factors for mor-
tality following hip fractures. Typically, patients 
with IT fracture tend to be older and sicker, and 
have longer hospital stays and worse outcomes at 2 
months [70].

 Prevention

Given the aging population, prevention is a critical 
public health concern given the potential socioeco-
nomic burden of hip fractures. Interventions are 
both nonmedical and medical.

A critical nonmedical intervention is fall pre-
vention. Risk factors for falls include advancing 
age, weakness, balance problems, visual and cog-
nitive impairment, medication effects, environ-
mental factors, and history of falls. When a fall 
risk is identified, patient education is key and 
then taking an interdisciplinary approach to lim-
iting risks including assistive devices, home 
modifications such as toilet/bed height or shower 
rails, medication review, gait training, and physi-
cal therapy. As most hip fractures are a result of a 
direct trauma, some have advocated hip protec-
tors which are an orthosis with polypropylene or 
polyethylene sewn into garments which absorb 
some of the force in a fall and have been advo-
cated as a simple and cost-effective means of lim-
iting risks [71, 72].

Medical interventions including removing 
psychotropic medications from patient regimen 
and unnecessary polypharmacy. Further medical 
management is focused on combating osteoporo-
sis or secondary causes of osteoporosis. These 
can include antiresorptive medications such as 
bisphosphonates, calcium and vitamin D supple-
mentation, estrogen and selective estrogen modu-
lators, calcitonin, and anabolic agents like 
PTH. Close coordination with primary care phy-
sicians and/or endocrinologist can help to combat 
osteoporosis, and an increased focus on this has 
been attributed to the downtrending of hip frac-
tures in recent years [73].

While ideally prevention of osteoporosis should 
be undertaken prior to fracture as a preventive mea-
sure, for some patients the first  diagnosis of osteo-
porosis will be at the time of presentation with a 
fragility fracture. Geriatric hip fracture patients 
have a high relative risk of second hip fracture, 
ranging from 2.4 to 5, with 50% occurring within 
the next 2 years [73–75]. For patients presenting 
with a fragility fracture, such as a wrist fracture or 
hip fracture, coordinating programs for osteopo-
rotic workup can decrease likelihood of future frac-
ture and is a cost-effective model [76, 77].

 Conclusion

Hip fractures are a complex and life changing 
event in the geriatric population. Continued 
efforts and research to improve preventative 
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measures and further randomized controlled 
trials to improve evidence-based treatment 
algorithms will be critical in the setting of the 
aging population.
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Geriatric Acetabulum Fractures

Daniel T. Altman and Edward R. Westrick

 Introduction

Acetabular fractures in the elderly are estimated 
to account for 10–20% of all osteoporotic pelvis 
fractures and represent the fastest growing seg-
ment of pelvic trauma [1].

The incidence of acetabular fractures in the 
Medicare population alone has increased by 29% 
since 1998 [2]. As the population ages, this num-
ber will likely continue to grow. Although age 
older than 60 years was defined as a contraindica-
tion to surgery in Judet and Letournel’s 1964 text 
[3], this was redacted in their second edition in 
1981 [4]. Devastating functional results have been 
demonstrated with nonoperative management 
involving bedrest or traction [5, 6]. Today, the 
majority of patients benefit from operative man-
agement due to the inherent instability of their 
fractures and the need for mobilization. That being 
said, treatment is decided on a case- by- case basis 
depending on patients’ overall functional status, 
with the ultimate goal of early mobilization. 
Although mortality rates following acetabular 

fractures have improved over the past 25 years, 
recent studies show 1-year mortality of approxi-
mately 16% [7] and 5-year mortality of 29.5% [8], 
thereby demonstrating the devastating nature of 
these injuries and the need for timely and accurate 
diagnosis and treatment. There is not much litera-
ture available to determine the proper treatment of 
acetabulum fractures in the geriatric population; 
however, options continue to expand.

 Mechanism

In contrast to younger patients, geriatric acetabulum 
fractures frequently result from low-energy mecha-
nisms. In their 2010 study, Ferguson et al. [9] 
reported that 49.8% of their geriatric study popula-
tion sustained their injury in a fall. Only 37.4% of 
fractures resulted from a motor vehicle accident, in 
contrast to 66% in their younger population. Because 
of this difference in mechanisms, only 29.8% of the 
geriatric population had an associated injury, com-
pared to 49.1% of the younger study population.

Fall from standing height causes a direct 
impact on the greater trochanter, which dis-
places the femoral head medially into pelvis, 
causing impaction of the anterior column and 
quadrilateral plate. The femoral head then 
medializes to the anterior column and impacts 
the  posteromedial portion of the roof [10, 
11]. As a result, anterior column, associated 
both column, and anterior column/posterior 
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 hemitransverse with medial protrusion of the 
femoral head are the most common fracture 
patterns [9]. Posterior wall fractures are uncom-
mon and are associated with posterior hip dislo-
cations. Posterior column fractures are similarly 
uncommon due to the comparatively good bone 
quality of the column [9].

Due to osteoporosis and poor bone quality, 
geriatric acetabulum fractures tend to be highly 
comminuted and demonstrate metaphyseal 
impaction [12]. Marginal impaction of either 
the anteromedial or the posteromedial joint sur-
faces is common, occurring in about 40–56% of 
fractures [9, 13]. The “gull sign” was described 
by Anglen et al. [14] and represents impaction 
of a portion of the subchondral bone of the 
anteromedial roof into the osteopenic support-
ing bone. This results from medial displacement 
of the femoral head, causing central or superior 
dome impaction. In their paper, Anglen et al. 
had a 100% rate of fixation failure in patients 
demonstrating this radiographic finding. 
Although further studies have improved this 
percentage [14], it remains a harbinger of poor 
outcome [13]. Comminution of the posterior 
wall with more than three fragments is also an 
indicator of early fixation failure [9, 15]. Zha 
et al. [15] had early loss of reduction in 33% of 
patients. Although reduction was able to be 
achieved initially, multiple fracture fragments 
made maintenance of reduction difficult. 
Posterior dislocation of the hip, femoral head 
impaction, and quadrilateral plate fracture are 
also negative indicators of successful fracture 
fixation [1].

 Diagnosis

AP and Judet radiographs of the pelvis should 
be obtained in all geriatric patients presenting 
with hip or groin pain [16]. However, poor 
bone quality can decrease the diagnostic capa-
bility of radiographs, and CT scan should be 
used if clinical suspicion exists [17]. Schicho 
et al. [18] diagnosed 15 acetabular fractures 
with CT scan that had previously been missed 
on plain radiographs. If clinical suspicion 

remains after negative CT scan, MRI should 
be obtained. Henes et al. [19] demonstrated 
100% sensitivity and specificity in MRI diag-
nosis of acetabular fractures, whereas CT 
demonstrated 100% specificity and 96.4% 
sensitivity for left-sided fractures and 68.8% 
for right-sided fractures.

Although associated injuries are not as com-
mon in geriatric patients, a full primary and sec-
ondary survey should be obtained. Fractures 
resulting from a low-energy mechanism such as 
a fall should be regarded as fragility fractures 
and an appropriate workup consisting of vita-
min D levels, detection of secondary causes of 
osteoporosis, and an inpatient DEXA scan for 
baseline bone mineral density should be per-
formed [20].

 Initial Management

Once initial primary and secondary surveys 
have been completed in accordance with ATLS 
principles, management should focus on stabili-
zation of the patient, prevention of injury propa-
gation, and prompt medical risk stratification 
and optimization. Initial priority is given to the 
overall hemodynamic stability and resuscitation 
of the elderly patient. Oftentimes, although 
appearing to be hemodynamically stable, elderly 
patients can be subclinically under-resuscitated, 
with depleted intravascular volume.

Close evaluation of the radiographs will guide 
decision making for the best way to initially sta-
bilize the injury. Continued cartilage impaction 
or joint instability calls for skeletal traction to 
avoid further displacement, cartilage abrasion, 
and vascular compromise to the femoral head, 
and to aid in patient comfort.

Early and aggressive involvement of a medi-
cal team is also a key factor to a successful out-
come. A thorough medical, surgical, and social 
history will allow for risk stratification and 
better treatment and decision making. A com-
prehensive medical evaluation including stan-
dard labs (chemistry, complete blood count, 
coagulation profile), EKG, and a preoperative 
chest  radiograph in conjunction with appropriate 
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 involvement of cardiac, pulmonary, renal con-
sultation will aid in the medical optimization for 
the patient.

 Treatment

The goals of treatment of geriatric acetabular 
fractures are as follows:

 1. Early mobilization and pain control to prevent 
complications of bedrest

 2. Optimization of hip joint function
 3. Minimizing of complications from surgical or 

nonsurgical treatment [21]

A full history and physical examination should 
be completed with a focus on the patient’s associ-
ated injuries, medical history, prior ambulatory 
and functional status, living situation, and history 
of arthritic hip pain prior to medical decision 
making [2].

Pagenkopf et al. [22] created an algorithm for 
acetabulum surgery in the older adult, which they 
defined as age over 50.

 

Copied from Carroll, Eben A., et al. “Treatment 
of acetabular fractures in an older population.” 
Journal of Orthopaedic Trauma 24.10 (2010): 
637–644.

There still exists considerable inconsistency 
in the treatment of displaced geriatric acetabu-
lar fractures. Significant site variation was 
demonstrated in a study of 15 US level I trauma 
centers participating in the Major Extremity 
Trauma Research Consortium (METRC) [23]. 
Sixty percent (162/269) of patients 60 years or 
older were surgically treated, with age younger 
than 80, high-energy mechanism, femoral head 
impaction, and incongruity of the hip joint sig-
nificantly associated with receiving operative 
treatment.

 Nonoperative Treatment

Nonoperative treatment may be indicated in both 
column fractures exhibiting secondary congru-
ence. Because all fracture fragments are separated 
from the intact ilium, they settle around the femo-
ral head, with the head acting as a template to 

ACETABULAR FRACTURE IN AN ELDERLY PATIENT

Medical Evaluation for Operative Risk Assessment

Deemed unacceptable
risk for surgery

Deemed
acceptable for surgery

Treatment Determinanats:
Patient and Injury Variables

Non-ambulatory.
Has severe osteopenia.
Low Transverse fracture with intact roof arc angles (>45°) 
Posterior Wall fracture involving <25% of the posterior
wall with stable hip joint*
Minimally or non-displaced frature.
Stable fracture.*
*As defined by; Tometta P, JAAOS, 2001

I.
II.

I.
II.
III.
IV.

V.
VI.

Functional ambulator.
Able to tolerate surgery.

A. Expectation of an acceptable reduction
     with < 3-4 hours operative time through a
     single non-extensite approach.

A. Irreducible through single, non-extensite
     exposure
B. Protracted surgery time expected (>3-4 hours).
C. Severe acetabular impaction / comminution
D. Displaced femoral neck frature.
E. Significant femoral head fracture impaction
F. Significant pre-existing arthrosis.
G. Severe Osteoporosis

a. Non-operative treatment a. Open Reduction & Internal Fixation a. Open Reduction and Internal Fixation with
primary total hip arthroplasty1.  Rapid mobilization, toe-touch weight bearing

2. Secondary Total Hip Arthroplasty, as
Indicated
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 produce an acceptable hip joint [24]. Nonoperative 
management may also be trialed in fractures that 
simultaneously meet all of the following criteria: 
less than 2 mm of displacement, an intact roof arc 
angle of 45°, intact subchondral ring, involvement 
of less than 20% of the posterior wall, stability of 
the hip joint, and preservation of the hip joint [6, 
25, 26]. In addition, nonoperative management is 
preferred and generally necessary for patients 
who are medically unfit for surgery or function-
ally incapacitated. Butterwick’s protocol for non-
operative patients [26] involved a short period of 
bedrest for pain control followed by toe-touch 
weight bearing for 6 weeks with subsequent pro-
gression to full weight bearing. Deep-vein throm-
bosis prophylaxis was recommended until the 
patient is fully weight bearing.

 Minimally Invasive (Percutaneous) 
Fixation

Due to the extensive exposure and subsequent 
large blood loss with open procedures, methods 
have been developed to perform a more mini-
mally invasive approach to acetabulum fractures. 
Percutaneous fixation was first described by Starr 
et al. in 1998 [27] as an adjunct to open fixation. 
Indications have expanded since then and percu-
taneous fixation can now be used either as a 
stand-alone procedure or in conjunction with 
other procedures such as open reduction or total 
hip arthroplasty. Percutaneous fixation can be 
used for any column fractures, but posterior wall 
fractures are contraindicated [28]. Reduction 
may need to be obtained using either percutane-
ously placed clamps or a limited open approach. 
In general, percutaneous acetabular fixation is 
best for minimally displaced, potentially unstable 
fractures involving a single-column (posterior or 
anterior), anterior column posterior hemitrans-
verse fractures, or transverse-type fractures. This 
technique may also be used to preserve bone 
stock and serve as a temporizing surgery prior to 
total hip arthroplasty in patients unable to 
undergo arthroplasty acutely [29]. Disadvantages 
of minimally invasive fixation include limited 
access to the fracture site with subsequent 

decreased ability to adequately reduce the frac-
ture and apply stable implants. Screw purchase in 
osteoporotic bone is unpredictable and the proce-
dure is technically challenging, with narrow safe 
zones for screw placement and potential for hem-
orrhage or neurologic injury with improper 
placement [30].

At our institution, we use the method for per-
cutaneous fixation described by Starr et al. [27]. 
To place a posterior column screw, the hip and 
knee are positioned in flexion with the hip in 
slight external rotation to decrease tension on the 
sciatic nerve [31]. The central or medial portion 
of the ischial tuberosity is used as a starting point 
for the cannulated screw guidewire; this wire is 
then drilled cephalad up the posterior column. 
Iliac and obturator radiographs are used to ensure 
intraosseous placement. Once the wire has been 
appropriately positioned, the outer cortex of the 
ischial tuberosity is drilled and the correct length 
partially threaded 6.5 or 7.3 mm screw is inserted, 
ensuring that all threads cross the fracture site.

Anterior column screws can be placed in an 
antegrade (cephalad to caudad) or retrograde 
(caudad to cephalad) manner [32]. For retro-
grade placement, a mini-Pfannenstiel incision 
is made proximal to the pubic symphysis and 
the cannulated screw guidewire is inserted 
through the ipsilateral pubic tubercle, aimed 
posterior and inferior to the anterior inferior 
iliac spine. The wire is then passed cephalad up 
the superior pubic ramus. Inlet iliac oblique 
radiographs are obtained to ensure that the 
guidewire does not penetrate the inner cortex of 
the ramus, and outlet obturator oblique radio-
graphs are used to prevent penetration of the 
hip joint. Following appropriate wire place-
ment, the outer cortex is again drilled and the 
correct size 6.5 or 7.3 mm partially threaded 
cannulated screw is advanced, again ensuring 
that all threads cross the fracture site.

For antegrade screws, the starting point is at 
the junction of a line drawn along the lateral bor-
der of the femur through the greater trochanter 
and a line from the pubic symphysis through the 
anterior inferior iliac spine [28]. The guidewire is 
then passed down the superior pubic ramus to the 
pubic symphysis. Again, frequent inlet iliac 
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oblique and outlet obturator oblique radiographs 
are obtained before the outer cortex is drilled and 
the correct size partially threaded screw inserted.

A study by Gary et al. [33] showed a 25% con-
version rate to total hip arthroplasty (THA) at a 
mean time of 1.4 years, with no statistically sig-
nificant difference between percutaneous and 
open procedures. These results were corrobo-
rated in 2012 [34], where again functional out-
comes and rates of conversion to total hip 
arthroplasty in patients treated with percutaneous 
fixation were not significantly different from 
patients treated with formal open reduction inter-
nal fixation. This was likely because elderly 
patients generally tolerate slight malalignment of 
the hip joint better due to lower functional 
demands and better pain tolerance as well as 
reluctance to undergo further surgery.

 Open Reduction Internal Fixation

Open reduction and internal fixation (ORIF) 
through an open approach remains the treatment 
of choice for markedly displaced fractures and 
gross incongruency of the hip joint [35]. In frac-
tures demonstrating marginal impaction, an open 
reduction is necessary to improve reduction and 
preserve hip joint function [36]. Malreduction 
has been shown to contribute to poor results and 
early conversion to total hip arthroplasty in sev-
eral studies [15, 37, 38]. However, open reduc-
tion internal fixation is challenging in elderly 
patients as it necessitates a larger exposure with 
potential for greater blood loss and neurovascular 
damage. In addition, previous hernia repair, 
abdominal surgery, or prostate or bladder surgery 
can cause scarring in the areas of planned inci-
sions. Because of this, limited incision approaches 
have been trialed [12, 39–41].

Almost any fracture pattern involving the ante-
rior column may be approached via either an ilio-
inguinal or Stoppa approach. Fractures involving 
the posterior wall or isolated posterior column 
require a Kocher-Langenbeck approach [42]. In 
fractures involving the anterior column with dis-
placement of the quadrilateral plate, the Stoppa 
approach provides direct access and  visualization 

of these fragments. Comparison of the full ilioin-
guinal and Stoppa approaches demonstrated sta-
tistically significant rates of acceptable reduction 
in the Stoppa group as well as shorter operative 
time. No difference was detected in the frequency 
of postoperative complications, which consisted 
mainly of surgical site infections and nerve palsy 
[43]. LaFlamme et al. [12] reported their results 
with a combined Stoppa and lateral window of the 
ilioinguinal approach in patients over age 60 with 
an acute displaced fracture of the anterior column. 
Significant loss of reduction was seen in two 
patients; however, the majority had a good func-
tional outcome. Limited use of the ilioinguinal 
approach involving only the lateral two windows 
has also been used successfully. Jeffcoat et al. 
[40] reported on their results in patients over age 
55 treated using this approach. In their analysis of 
fractures of the anterior column cephalad to the 
midportion of the pubic ramus, the limited inci-
sion group had shorter operative time and 
decreased blood loss but no difference in func-
tional outcome or quality of reduction when com-
pared to fractures treated with the full ilioinguinal 
approach.

Once the approach of choice has been per-
formed, reduction begins with disimpaction of 
the medialized femoral head using traction via 
a proximal femoral Schanz pin. Reduction and 
fixation of high anterior column fractures can 
then be completed through the lateral ilioingui-
nal window. Internal rotation of the anterior 
column is usually needed to correct the defor-
mity. The impacted roof segments should be 
disimpacted via a bone tamp placed through a 
cortical window [26]. Regarding fixation, 
implant failure with plates and screws is more 
common in the elderly patient, as deterioration 
of cortical and trabecular bone with aging and 
osteoporosis causes reduction in construct 
strength [44]. Lag screws alone are inadequate 
in osteoporotic bone. Neutralization plates are 
required for column fixation and buttress plates 
are necessary for wall fractures. Although lock-
ing implants are typically used in osteoporotic 
bone, their use is  limited in pelvic fractures due 
to the need for variable angle screw placement 
and contouring of plates.
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Peter [45] described his experience with but-
tress plating of the quadrilateral surface to pre-
vent medial displacement in older patients. He 
used an overcontoured 7–10 hole 3.5 mm recon-
struction plate with an angle of approximately 
80° positioned perpendicularly across the pelvic 
brim. He did not have any early or late implant 
failures in his series. Archdeacon et al. [46] 
treated 38 patients aged 70 and older with 
protrusion- type fractures with an infrapectineal 
buttress plate and a pelvic brim plate. Twenty 
patients had an anatomic reduction, 14 had an 
imperfect reduction, and 4 had a poor reduction 
on plain radiographs. None sustained early loss 
of fixation. At 12 months postoperatively, five 
patients had received a total hip arthroplasty.

O’Toole et al. [47] examined the rate of con-
version of ORIF to THA. Twenty-eight percent of 
patients treated initially with ORIF required con-
version at an average of 2.2 years following their 
index procedure. There were no statistically sig-
nificant radiographic differences between patients 
who required conversion and those who did not.

 Total Hip Arthroplasty

When fractures are associated with poor bone 
quality, articular comminution, femoral head 
impaction, and injury to the weight bearing 
dome, achieving satisfactory reduction and stable 
fixation may not be possible [48]. Acute THA is 
generally beneficial in patients with severe non-
reconstructible comminution related to poor bone 
density, femoral head lesions, impaction frac-
tures consisting of greater than 40% of the dome, 
femoral head and/or neck fractures, and preexist-
ing severe degenerative arthritis [49]. Acute THA 
allows for immediate full weight bearing and 
reduces the occurrence of delayed surgery for 
posttraumatic onset of osteoarthritis [50]. 
However, it is a technically demanding procedure 
with potential for large blood loss, infection, dislo-
cation, and neurologic damage. Another challenge 
is achieving acetabular component stability. The 
uncontained acetabular fragments preclude effec-
tive cement pressurization or press-fit cementless 
fixation of the acetabular component. In addition, 

there is limited contact surface between the ace-
tabular component and the host hip bone [51]. 
This has led to early radiographic loosening in up 
to 21% of cases [52]. As a result, several ancil-
lary techniques have been trialed, including anti-
protrusion cages, cable fixation, plate fixation, 
and cup-cage constructs [50–52].

 ORIF and THA

The “combined hip procedure” involves operative 
stabilization of an acetabular fracture followed by 
acute placement of a total hip arthroplasty. When 
fracture comminution is associated with osteope-
nia, achieving adequate bone stock for a subse-
quent total hip arthroplasty may be difficult. 
Fracture fixation increases the available surface 
area for fixation of the acetabular cup [1]. It is a 
technically difficult procedure that is often per-
formed with both a trauma surgeon and an arthro-
plasty surgeon. There is potential for high 
transfusion rates, lengthy anesthesia times, and 
technical difficulties even in experienced hands 
[50]. Rickman et al. [53] reported their results with 
24 patients treated with the combined hip proce-
dure. In 20 patients, the anterior column was stabi-
lized initially through a modified Stoppa approach 
before the posterior column was stabilized through 
a Kocher- Langenbeck approach and a THA per-
formed. The remaining four patients were treated 
exclusively through a Kocher-Langenbeck 
approach. They allowed full weight bearing post-
operatively. Radiographically, no component 
migration was seen in any patient at 1-year follow-
up. There was one case of superficial wound infec-
tion, one symptomatic deep venous thrombosis, 
and one inpatient death from myocardial infarc-
tion. Boraiah et al. [48] had similar results in their 
study using ORIF and THA through the Kocher- 
Langenbeck approach. Osteotomy of the femoral 
neck and excision of the femoral head were per-
formed before ORIF of the displaced column frac-
tures. Femoral head autograft was used to augment 
the posterior wall prior to acetabular component 
implantation. Patients were touchdown weight 
bearing for 8 weeks and allowed to weight bear as 
tolerated 12 weeks after the surgery. One patient 
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who developed superficial wound infection was 
successfully treated with antibiotics. One patient 
required revision of the THA 3 weeks after the 
index surgery due to recurrent hip dislocation. At 
the time of final follow- up, there was no radio-
graphic evidence of loosening of the acetabular 
component. One uncemented femoral stem 
showed osteolysis but no subsidence.

 Cup-Cage Construct

In cases involving an associated both column 
acetabular fracture or acetabular protrusion, the 
small contact area can preclude almost any form 
of fixation. Because cup-cage constructs have 
been successfully used for cases of pelvic discon-
tinuity, they have also been trialed as an alterna-
tive to ORIF [54–56]. Solomon et al. [51] used an 
oversized acetabular component with screws 
inserted only into the ilium and a cup-cage con-
struct with femoral head autograft. Postoperatively 
all patients were allowed to weight bear as toler-
ated. Using radiostereometric analysis at 1 year 
postsurgery, they noted that 33% of acetabular 
components developed proximal migration or 
sagittal rotations above the suggested limits of 
migration for primary THA. As a result, they 
added screw fixation of the acetabular component 
to the ischial tuberosity and the superior pubic 
ramus to increase the surface contact area.

 Delayed THA

Converting an initial procedure to an arthroplasty 
is a difficult procedure, as is performing an 
arthroplasty for posttraumatic arthrosis from 
failed nonoperative treatment. These situations 
should not be undertaken lightly, as there are 
many obstacles. Scarring, heterotopic bone, 
retained hardware, acetabular deformity, acetab-
ular nonunion, potential deep infection, and 
osteonecrosis of the femoral head [57] are all fre-
quently reported complications. Additionally, 
arthroplasty remains challenging due to difficulty 
with fixation of the acetabular components [1]. 
However, arthroplasty may be necessary in 

patients with failed fixation or intractable pain 
from arthrosis.

Schnaser et al. [58] reviewed 17 patients with 
acetabulum fractures who went on to require a total 
hip replacement. Thirteen fractures were initially 
treated by ORIF, three were treated nonoperatively, 
and one was treated with an acute THA. Eleven of 
the 17 failures occurred within 5 years of fixation. 
One patient in the nonoperative group underwent 
THA 18 months after injury. Following revision 
surgery, they noted that the procedure was more 
challenging with a higher rate of complications and 
more blood loss when compared with a primary 
THA. Two patients dislocated in the immediate 
postoperative period, with one requiring revision 
acutely. When compared with controls, patients 
who had THA after an acetabular fracture had sig-
nificantly higher musculoskeletal function assess-
ment scores and significantly lower Harris hip 
scores, indicative of worse functional level.

Morison et al. [59] also reported worse results 
in patients requiring a delayed THA. The 10-year 
survivorship of the prosthesis was lower in 
patients with a previous acetabular fracture than 
in the matched cohort. There were no differences 
in the 10-year implant survival rate for those 
patients whose acetabular fracture was initially 
treated nonoperatively and those treated with ini-
tial ORIF. Patients with previous acetabular frac-
tures also had a higher likelihood of developing 
infection, dislocation, or heterotopic ossification 
following total hip arthroplasty.

 Conclusion

As the population continues to age, acetabu-
lum fractures in the geriatric population will 
likely continue to increase in frequency. Due 
to the devastating nature of this injury, not 
only is appropriate treatment necessary, but 
also prevention of further fragility fractures. 
Geriatric acetabular fractures demonstrate dif-
ferent fracture patterns and fracture character-
istics compared to acetabular fractures in 
younger patients and should be treated differ-
ently. Although nonoperative  management 
remains a possibility, there are many options 
for surgical treatment of these fractures that 
should be weighed on a case-by-case basis.
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Radiographs of a 67-year-old lady demon-
strating comminution of the posterior wall 
with posterior dislocation of the femoral head. 
Although her initial 2-week radiographs dem-
onstrate maintained reduction, she sustained a 
dislocation with catastrophic implant failure 
at 6 weeks postoperatively.
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Geriatric Long Bone Fractures

Jessica G. Kingsberg and Daniel T. Altman

 Introduction

Long bone fractures in the elderly are uncom-
mon. According to a retrospective database 
review performed by Keller et al. [1], fractures of 
the ribs, distal radius, pelvic ring, facial bones, 
proximal humerus, clavicle, ankle, and sacrum 
were the most common fractures in patients over 
age 65. Although uncommon, fractures of the 
tibial and femoral diaphysis can have devastating 
functional effects on elderly patients and have 
increased rates of morbidity and mortality com-
pared to equivalent fractures in younger patients 
[2]. Schatzker et al. [3] in their 1974 review of 68 
patients with distal femur fractures recommended 
cast treatment for all elderly patients with easily 
reducible fractures and described using internal 
fixation in patients with osteoporosis as “doomed” 
due to the risks of implant failure, malunion, and 
nonunion. Since that time, treatment of elderly 

patients with diaphyseal fractures of the tibia and 
femur has changed dramatically. That being said, 
true fixation may be difficult without supplemen-
tal fixation. Treatment depends on the patient’s 
overall functional status with the goal of early 
mobilization and pain control.

 Evaluation and Management

Falls constitute 75% of all geriatric traumas, with 
the frequency of blunt trauma much higher than 
that of penetrating trauma [4]. Because fractures 
in nonambulatory and bedridden patients may 
result from minimal trauma, radiographs should 
be carefully scrutinized if these patients are 
reporting limb pain [5]. Radiographs of osteopo-
rotic bone may be difficult to interpret, but gener-
ally patients with a fracture of the long bones 
have less subtle radiographs. Nondisplaced frac-
tures may still be missed due to reduced sensitiv-
ity in patients with osteopenia. If radiographs are 
negative, CT scan may be obtained to further 
evaluate bony anatomy. Because low-energy 
injuries frequently result from torsional injury to 
the diaphysis, CT may also be used to evaluate 
the extent of the fracture and determine the pres-
ence or absence of intra-articular extension. MRI 
may be used for subtle nondisplaced fractures of 
the diaphysis, although these are rare. Salminen 
et al. [6] noted that 32 out of 50 patients admitted 
to their facility with a low- energy femur fracture 
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had a fracture of the left femur. The fracture was 
in the middle third of the femur in 33 patients and 
was a spiral configuration in 29, transverse in 10, 
oblique-transverse in 7, and oblique in 4 patients. 
These low-energy fractures are usually closed 
and have less internal soft-tissue stripping, 
although soft-tissue damage may still be present. 
Comminution is almost always noted in high- 
and low-energy fractures in the elderly popula-
tion secondary to their thinner and weaker outer 
cortices, less hematopoietic activity, and greater 
overall brittleness of the bone [7, 8].

Following diagnosis, the overwhelming 
majority of geriatric patients with a long bone 
fracture are admitted to an inpatient unit. Due 
to proximal muscle weakness and balance 
issues, many elderly patients are unable to 
care for themselves when faced with weight-
bearing restrictions. It is common for many 
geriatric patients to be admitted to an internal 
medicine service, but this has been shown to 
be costly and cause excessive and unneces-
sary testing [9]. Even in patients with low-
energy mechanisms of injury, surgery is often 
delayed secondary to perceived need for 
unnecessary cardiology consultation or echo-
cardiogram [10]. This delay in surgery can 
have catastrophic results. To begin with, 
removing the elderly patient from their regu-
lar environment and placing them in the hos-
pital disrupts their sleep-wake cycle, which 
causes confusion and delirium. These symp-
toms are often then treated with medications 
such as sedatives, which can increase confu-
sion and make falls more likely [11]. This 
effect can also be magnified with narcotic 
treatment, which may cause not only confu-
sion and delirium, but also gastrointestinal 
side effects. Lack of mobilization may also 
have a debilitating effect on geriatric patients. 
Because of their increased ventilation perfu-
sion mismatch at rest, they are at particular 
risk of atelectasis if they also have rib frac-
tures. This leads to hypoxia and possibly 
mechanical ventilation, which brings with it 
risks of tracheomalacia and ventilator- 

associated pneumonia [12]. Elderly patients 
are also more likely to develop skin break-
down and pressure ulcers from bedrest [13].

Early stabilization of long bone fractures has 
been supported since the 1980s with Johnson 
et al. [14] reporting a fivefold reduction in the 
rate of adult respiratory distress syndrome in 
patients treated with early fixation compared to 
late. In 1985, Seibel et al. [15] demonstrated 
that femur fracture fixation within 24 h was 
associated with a decreased mortality rate. In a 
classic article published in 1989, Bone et al. 
[16] demonstrated that reamed intramedullary 
nailing within 24 h was not only safe, but led to 
a shorter hospitalization compared to delayed 
treatment. These principles apply to elderly 
patients as well as younger patients. When early 
definitive treatment is not possible in the elderly, 
external fixation may be safely used for geriatric 
patients and has proven to be cost effective and 
simple, causing minimal trauma to skin and soft 
tissues [17]. It can also be revised to facilitate 
the healing process. Unfortunately, external fix-
ation also has several drawbacks in elderly 
patients. Screw fixation is decreased in osteopo-
rosis, which causes decreased primary stability 
at the bone-implant interface, increased initial 
loosening, and overall decreased functional 
strength of the construct [18]. These issues 
plague traction pins as well, with poor purchase 
even in the shaft of the femur.

 Femoral Shaft Fractures

In the elderly, femoral shaft fractures may 
result from either high-energy or low-energy 
mechanisms. Low-energy femur fractures gen-
erally result from a fall from standing height; 
these affect the midshaft femur less often than 
the proximal and distal femur. High-energy 
fractures usually result from a motor vehicle 
accident, similar to younger patients [2]. Patel 
et al. [19] identified a 1-year mortality rate of 
21% in geriatric patients who sustained a high-
energy femoral shaft fracture, with patients 

J.G. Kingsberg and D.T. Altman



135

demonstrating increased postoperative compli-
cations, longer hospital length of stay, greater 
percentage of discharges to rehabilitation facil-
ities, and more accompanying long bone frac-
tures. The association between surgical delay 
and mortality in geriatric patients was found to 
be stronger in geriatric patients than in younger 
patients. [20] Cantu et al. explored this rela-
tionship and found that for elderly patients with 
an isolated femur fracture, surgical delay 
beyond 48 h was associated with nearly five 
times greater mortality risk compared with sur-
gery within 12 h.

 Immediate Management

Although traction may be utilized initially 
during resuscitation or for a short period of 
time in the critically ill patient, it carries with 
it the risks of immobilization described ear-
lier. Because patients are unable to move in 
bed, they are at even greater risk of develop-
ing decubitus ulcers, pneumonia, or other 
complications of bedrest. In addition, traction 
is unwieldy for patients who must undergo 
multiple procedures prior to their eventual 
surgery. External fixation may be used as an 
alternative, particularly in a patient who is 
polytraumatized or underresuscitated. Many 
external fixators are compatible with mag-
netic resonance imaging, which is especially 
useful in polytraumatized patients who need 
to undergo MRIs or other advanced imaging 
procedures [21]. However, both external fixa-
tion and traction are difficult to use to main-
tain length and reduction in elderly patients 
due to their weakened bone quality and its 
effect on the bone-pin interface. In addition, 
there are risks of pin tract infection, both 
superficial and deep. There are no recent stud-
ies on the use of external fixation for defini-
tive treatment of femoral shaft fractures in 
elderly patients; it is recommended to per-
form an additional method of fixation up to 2 
weeks later [22].

 Plate Fixation

Compression plating is difficult to perform in 
most geriatric fracture patterns due to fracture 
comminution. Attempting compression plating in 
the face of comminution and poor bone quality 
generally results in shortening of the diaphysis 
and lack of appropriate cortical contact [23]. In 
large areas of comminution, bridge plating is rec-
ommended instead [24]. Indications for plating 
include a large open associated wound, complex 
femoral shaft and neck fractures, and theoretical 
risk to cardiopulmonary systems with reaming 
[22, 25]. Bridge plating may also be performed in 
a percutaneous manner to avoid disrupting the 
blood supply to the fracture fragments of the 
femoral shaft. Weight bearing is generally 
restricted for several weeks, although range of 
motion at the hip and knee is allowed in the early 
postoperative period.

Khursheed et al. [26] reported their results 
with minimally invasive plate osteosynthesis 
(MIPO) techniques with locking screws for extra- 
articular distal femoral shaft fractures in 25 
patients over aged 60. None of their patients 
developed delayed union or nonunion and MIPO 
was felt to be a good option for elderly patients 
despite comminution and osteoporosis.

Complications may arise using MIPO due to 
atrophic tissues and poor soft-tissue envelope. 
Implant loosening in osteoporotic bone may 
occur, as can alteration of metaphyseal soft tis-
sues. Frankhauser et al. [27] reported irritation of 
the iliotibial band by the implant as the main 
cause for implant removal in 23.4% of cases.

 Intramedullary Nailing

Fractures resulting from low-energy trauma in 
patients older than 50 years of age account for as 
much as 85% of all distal femur fractures [28]. 
For that reason, retrograde intramedullary nailing 
and supracondylar nail fixation have both been 
used for treatment of these distal fractures. 
Intramedullary nailing demonstrates superior 
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axial stability to plate constructs [29], making it 
especially useful for elderly patients who have 
difficulty following weight-bearing restrictions. 
Minimal soft-tissue stripping is also an advan-
tage of these procedures [30]. Retrograde nails 
are also useful in the treatment of femoral frac-
tures proximal to a total knee prosthesis as they 
avoid soft-tissue stripping and potential contami-
nation of the implant [31] (Fig. 14.1).

With retrograde nailing, reduction of the frac-
ture site is generally obtained through external 
manipulation of the leg or percutaneous clamp-
ing, although it is sometimes necessary to per-
form an open reduction at the fracture site through 
a lateral approach. The femur is then reamed 
sequentially and the nail is seated 3–5 mm deep 
to the distal articular cartilage extending to the 
level of the lesser trochanter. Proximal and distal 
interlocking screws are placed. Following sur-
gery, the patient is generally allowed to weight 
bear as tolerated and hip and knee motion is 
encouraged. In fractures of the midshaft or proxi-
mal shaft of the femur, antegrade nailing obtains 
better control of the fracture site. The starting 

point is the piriformis fossa or just medial to the 
tip of the greater trochanter.

Neubauer et al. [32] reported a 97.8% union 
rate of femoral fractures treated with retrograde 
nail fixation. The most common complication was 
loosening of distal locking bolts in three patients, 
followed by a periprosthetic fracture after 15 
months, septic nonunion, subcutaneous bleeding, 
and recurvatum of >5° in one patient each.

Bliemel et al. [33] performed an analysis of 
polyaxial angle-stable locking plate versus a ret-
rograde intramedullary nail in a human cadaveric 
bone model. They noted that the load to failure 
for both implants in geriatric femur cadavers was 
much higher than that experienced with normal 
ambulation.

 Tibial Shaft Fractures

Diaphyseal fractures of the tibia are uncommon in 
the elderly population but represent a devastating 
injury. Clement et al. [34] determined that the 120-
day and 1-year unadjusted mortality rate of a tibial 
shaft fracture was 17% and 27%, respectively. 
Their research also showed that fractures of the 
diaphysis of the tibia occurred predominantly in 
women (73%) and were sustained in a fall (61%). 
Elderly women were also found to have more 
severe injuries, with an increased rate of open frac-
tures and greater risk of nonunions. Ritchie et al. 
[35] evaluated 23 patients aged over 60 with open 
tibial shaft fractures and found a final amputation 
rate of 47%, demonstrating the severity of these 
injuries. Although they concluded that age was not 
a contraindication to attempted limb salvage in 
open injuries of the tibia, they had a 100% amputa-
tion rate in grade IIIC injuries of the tibia, proving 
the catastrophic effect of this injury.

 Immediate Management

Low-energy tibia fractures in the elderly typi-
cally present as long spiral oblique fractures. As 
is the case with younger patients, high-energy 
fractures are generally transverse and represent a 
more unstable fracture pattern [36]. In contrast to 

Fig. 14.1 Radiograph of a 65-year-old female with a 
high-energy distal femoral shaft fracture treated with ret-
rograde intramedullary nail fixation
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femoral shaft fractures, tibial shaft fractures may 
be treated nonoperatively under certain circum-
stances. Although indications for closed treat-
ment of tibial shaft fractures are somewhat 
arbitrary, most authors agree that nonoperative 
treatment is only appropriate for fractures at least 
5 cm away from the plateau and plafond. In addi-
tion, fractures must be stable after reduction, and 
demonstrate at least 50% cortical overlap, less 
than 1 cm shortening, and less than 5 degrees 
varus/valgus angulation or anterior/posterior 
angulation. Internal rotation should not exceed 
10 degrees and external rotation should not 
exceed 20 degrees [37]. Although fractures may 
be treated nonoperatively with casting followed 
by treatment in a patellar tendon-bearing brace, 
elderly patients generally have frail skin, which 
makes prolonged casting difficult. Close follow-
 up with frequent skin checks must be arranged 
and the cast must remain well padded over bony 
prominences [13].

External fixation may also be trialed in patients 
with tibial shaft fractures, but this carries with it 
similar risks to that of patients with femoral shaft 
fractures and should be used mainly as a tempo-
rizing measure and not for definitive fixation.

 Plate Fixation

After a tibial shaft fracture, the periosteal blood 
supply becomes the major nutrient vessel. 
Because of this, plate fixation of the tibia is rarely 
performed, as this would involve disrupting the 
vascularity. Although percutaneous plating tech-
niques have been trialed, plating of the tibia is 
best indicated for extreme proximal and distal 
segments of the tibia [38]. Although subcutane-
ous and minimally invasive plating techniques 
have been developed, these still run the risk of 
skin compromise and even skin breakdown. Lau 
et al. [39] demonstrated a 15% rate of deep infec-
tion following MIPO fixation of distal tibia frac-
tures in elderly patients and 52% of patients 
eventually underwent implant removal. They felt 
that although the overall clinical outcome was 
very good, late wound infection and impinge-
ment were still common complications.

 Intramedullary Nailing

Intramedullary nailing is the preferred treatment 
for fractures of the tibial shaft. The advantages to 
intramedullary nailing include preservation of 
the periosteal blood supply, decreased soft-tissue 
stripping, and immediate weight bearing. 
Disadvantages include anterior knee pain and dif-
ficulty utilizing the technique with extreme prox-
imal or distal fractures [40].

There have been no studies specifically study-
ing the effects of intramedullary nailing on tibial 
shaft fractures in geriatric patients.

 Conclusion

Fractures of the femoral and tibial diaphysis are 
uncommon injuries in the elderly population but 
treatment principles generally follow the same 
patterns as those of diaphyseal fractures in 
younger patients. Emphasis is placed on mobility 
and preservation of blood supply, with the goal of 
early weight bearing. The majority of diaphyseal 
fractures may be treated with load-sharing intra-
medullary implants, which preserve the periosteal 
blood supply while limiting soft-tissue stripping.
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Cardiac Trauma

Benjamin Moran, Lars Ola Sjoholm,  
and Amy J. Goldberg

 Introduction

Cardiac trauma to the geriatric population is rare. 
A 10-year registry review of the Pennsylvania 
Trauma Outcomes from 2006 to 2015 showed 
only 458 patients over 65 with cardiac injury [1]. 
The geriatric patient is exposed to the same 
amount of force as their younger counterparts, 
but has less physiologic reserve to combat the 
effects of traumatic stress. There are few studies 
and guidelines about specific management of 
geriatric cardiac trauma due to its uncommon 
nature. When comparing the younger myocar-
dium to an aged and injured counterpart, injuries 
to the elder heart can be difficult to manage with 
very high rates of mortality.

 Physiologic and Pathologic 
Effects of Aging

To effectively treat geriatric cardiac injury, the phy-
sician must understand the pathologic and physio-
logic effects of aging on the heart. Physiologic 
aging is unique in that it affects every individual. 
The effect is variable in the  population, with patients 
being “young” 75-year-olds, and “old” 50-year-
olds. This differs from the pathologic effects of 
aging, those being modifiable and preventable dis-
ease processes like coronary artery disease [2]. The 
total amount of cardiac myocytes decreases with 
age, leading to the overall decline of cardiac func-
tion by 50% between the ages of 20 and 80 years [2, 
3]. The elasticity of the aorta and great vessels 
declines over time causing decreased compliance, 
stiff vessels, and increased afterload which results 
in left ventricular hypertrophy [2]. Increased vascu-
lar afterload, arterial-ventricular load mismatching, 
and decreased ventricular inotropic reserve cause 
reduced exercise tolerance [4]. Cardiac autonomic 
regulation is impaired as baroreceptors and intrinsic 
catecholamines have a decreased effect on myocar-
dial tissue [2, 4]. The depressed response to cate-
cholamines may be compounded by preexisting 
beta-blocker use, leading to fixed heart rates, which 
prevents cardiac output from rising to achieve ade-
quate tissue perfusion when most necessary [5]. 
The aging myocardium serves to mask the classical 
effects of hypovolemia in these patients making tri-
age and treatment a challenge.
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Physiologic effects of aging

Declining cardiac function 
[3]

Decreased and fixed 
cardiac output

Myocyte depletion [2] Decreased contractility

Decreased cardiac 
output

Less inotropic reserve

Decreased aortic and great 
vessel elasticity [2]

Decreased arterial 
compliance

Increased afterload

Left ventricular 
hypertrophy

Impaired response to 
catecholamines [2, 4]

Decreased response in 
stress

Lower HR and BP

The pathologic effects on coronary artery dis-
ease, heart disease, and valvular disease must be 
considered in treating geriatric patients. As the 
population ages over 40, men have a 49% and 
women have a 32% lifetime risk of developing 
coronary heart disease [6, 7]. Women typically 
lag in cardiac events behind men by about 10 
years; however the rates rise as menopause 
occurs. The manifestation of coronary artery dis-
ease in women increases 3:2 compared to men 
aged 65–94 [7, 8]. The prevalence of valvular 
disease increases with age, as 11.7% of patients 
over the age of 75 have moderate to severe valve 
disease [9]. The effects of coronary and valvular 
heart disease can impair myocardial function 
and perfusion which may lead to deleterious 
effects during stress and trauma. Plaque and cal-
cification in coronary artery disease may act as 
lead points for arterial dissection in blunt cardiac 
trauma [10].

 Mechanism and Incidence

In Pennsylvania from 2006 to 2015 patients over 
65 represented 20% of all cardiac injuries sustained 
in trauma. The overall mortality in this age group 
was 35%. In patients over 65 blunt mechanism was 
the cause of cardiac injury 90% of the time, where 
penetrating injury was the primary mechanism in 
10%. This differed from injury mechanisms in all 
age groups where blunt mechanism accounted for 
60% of all injuries and penetrating injury accounted 

for 40%. Myocardial infarction (MI) occurred in 
association with cardiac trauma in 2.9% of patients 
over 65. Cardiac injuries with a concurrent MI in 
this age group were very lethal with a mortality 
approaching 50% [1].

Penetrating cardiac injuries most commonly 
result from stab wounds and gun shots. The 
injury pattern follows the anatomy of the myo-
cardium. Roughly one-third of the heart lies to 
the right of midline and two-thirds lie to the left. 
In the anterior-posterior dimension the right ven-
tricle encompasses the majority of the anterior 
surface of the heart while the left atrium com-
prises the posterior aspect [11]. This anatomy 
creates a descending order of injury incidence, 
with the right ventricle (40–43%), left ventricle 
(34–40%), right atrium (18–24%), and left atrium 
(3–5%) [11, 12]. These are deadly injuries, with 
an overall mortality of 47%.

Blunt cardiac injury (BCI) occurs with com-
pression of the thoracic cavity leading to direct 
energy transfer to the myocardium. Rapid accel-
eration and deceleration incidents create myocar-
dial injury as the heart swings and pivots against 
the sternum and spinal canal. These forces are 
most often seen in motor vehicle collisions as the 
sternum strikes the steering wheel. The energy 
transfer is intensified in the geriatric patient as 
intercostal muscle mass decreases and bone den-
sity of the ribs decreases the protective effect of 
the thoracic cavity [13]. Myocardial contusion 
occurs often in blunt chest trauma, with rates 
reported between 16 and 76% [14]. Blunt injury 
may manifest in a variety of ways. Arrhythmias 
are common, with sinus tachycardia seen most 
often followed by ventricular, atrial premature 
contractions and atrial fibrillation [15]. Valve and 
myocardial rupture can result from thoracic 
impact. Myocardial rupture is a devastating 
injury with near-100% mortality. It is most com-
monly found during autopsies in cases from non-
penetrating chest injury. Rates of cardiac chamber 
rupture in decreasing frequency include right 
atrium (40%), right ventricle (31%), left atrium 
(25%), and lastly left ventricle (12.5%) [16]. 
Right ventricular rupture occurs most often fol-
lowed by the left ventricle, right atrium, and left 
atrium. Valvular rupture is often a result of 
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 papillary muscle rupture leading to immediate 
insufficiency which may precipitate myocardial 
tress and hypotension. The aortic valve is injured 
most commonly, followed by mitral, tricuspid, 
and pulmonic with rupture occurring more fre-
quently in patients with preexisting valve disease 
[17]. Coronary artery occlusion and dissection 
can result from direct impact of the chest. 
Preexisting plaques rupture causing intimal flaps 
which results in dissection and occlusion [10].

Invasive procedures can cause iatrogenic 
injury to the myocardium. Central lines, cardiac 
catherization, endovascular repair, transcatheter- 
based valve repairs, and pericardiocentesis may 
all injure the heart. Central lines may puncture 
the innominate-caval confluence, causing cardiac 
tamponade and necessitating the need for surgery 
[18]. Myocardial hematomas may result from 
cardiac catherization procedures [10]. Chest 
compressions during cardiopulmonary resuscita-
tion can lead to cardiac injury.

Electrocution may lead to cardiac damage, 
through occupational exposures or accidents at 
home. Electrical energy causes disruption of the 
ventricular conduction system and heat damage to 
the myocardium. Ventricular fibrillation and car-
diac standstill may occur with increasing amounts 
of energy transfer and duration of current applied 
to these patients. Additionally, there has been 
reports of direct myonecrosis and coronary vaso-
spasm precipitated from electrocution [19, 20].

 Evaluation

Initial evaluation follows advanced trauma sup-
port guidelines, beginning with airway, breath-
ing, and circulation. The heart rate and blood 
pressure exhibited in the geriatric trauma patient 
may be misleading. Preexisting pathological and 
physiological effects of aging and concomitant 
medication use, specifically beta-blockade, may 
lead to a fixed cardiac output. A normotensive 
patient can be physiologically hypotensive.

In penetrating trauma caused by firearms it is 
important to understand the missile trajectory. 
This is achieved by rolling the patient early on, 
identifying all wounds and obtaining plain 

X-rays. For stab wounds, if the injury is located 
in the “cardiac box” there needs to be a high 
index of suspicion for cardiac injury. These land-
marks are defined as the area between the borders 
of both nipples, sternal notch, and xiphoid. The 
cardiac view of the focused assessment with 
sonography for trauma (FAST) exam is crucial in 
identifying the presence of pericardial fluid in 
both blunt and penetrating injuries. If fluid is 
present, the patient may need to be further evalu-
ated with pericardial window. Computerized 
tomography may be of use in the blunt geriatric 
trauma patient in order to evaluate pericardial 
fluid composition by measuring Hounsfield units.

Cardiac Box:  Defined area between
borders – superior/inferior: sternal 
notch/xiphoid. Lateral edges – nipples

BCI must be considered when a patient has 
sustained significant force to the thoracic cavity. 
There are no specific correlations between frac-
ture pattern and BCI. In isolated sternal frac-
tures there is no clear correlation with cardiac 
injury, and therefore all patients do not need 
screening [21, 22]. Thus the physician must be 
vigilant and have a high index of suspicion for 
BCI when there is appropriate mechanism. 
Suggested screening guidelines for BCI consist 
of obtaining an electrocardiogram and a tropo-
nin I value. If both the electrocardiogram and 
troponin I levels are normal, BCI may safely be 
ruled out. If there are new ECG changes or tro-
ponin elevation the patient should be admitted 
for monitoring [21]. An echocardiogram is not 
beneficial as a screening tool; however it is use-
ful in identifying injuries in patients who have 
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hypotension, murmurs, and/or arrhythmias. An 
echocardiogram is the diagnostic test of choice 
in patients with BCI; however computerized 
tomography or magnetic resonance imaging 
may be used to differentiate acute myocardial 
infarction from BCI [21, 23].

 Treatment

 Penetrating Cardiac Injury

Penetrating cardiac injury is an uncommon entity 
in the elderly. Penetrating injuries necessitate 
operative intervention with cardiac exposure best 
accomplished by either a left anterior-lateral tho-
racotomy or a median sternotomy. Median ster-
notomy is often reserved for precordial stab 
wounds; this will allow access to the heart but 
will not allow for adequate access to the lungs or 
aortic cross clamping. A left anterolateral thora-
cotomy provides rapid cardiac exposure, which 
may be accomplished as a resuscitative thoracot-
omy in the trauma bay or operating room. An 
incision is made in the fifth intercostal space 
from the sternum to the midaxillary line. 
Exposure provides immediate pericardial decom-
pression and allows for aortic cross clamping. If 
there is myocardial injury there are a variety of 
ways to perform cardiac repair. Finger occlusion 
and stapling with a skin stapler can be used to 
obtain temporary control. Definitive repair is 
achieved with suturing with a nonabsorbable 
suture material done with or without pledgets. If 
the injury is close to the coronary artery, care 
must be taken to avoid iatrogenic injury [24].

 Blunt Cardiac Injury

Patients who present to the hospital with blunt 
cardiac injury generally have injuries that are less 
severe, as most patients who have suffered ven-
tricular rupture are pronounced at the scene of 
injury. The most common injuries following 
blunt cardiac injury are myocardial stunning, 
intramural hematoma, myocardial wall rupture, 
valve injury, and coronary injury. Patients that 

have sustained myocardial wall rupture have 
near-100% mortality rate. Pericardial tamponade 
may present in patients with atrial or ventricular 
wall rupture. These patients require immediate 
decompression and cardiac repair. There is a role 
for emergency department thoracotomy in this 
patient group.

In blunt cardiac injury patients should have a 
baseline ECG obtained at the time of admission 
and continuous cardiac monitoring for dys-
rhythmias. Sinus tachycardia, ventricular and 
atrial premature contractions followed by atrial 
fibrillation are the most common dysrhythmias 
seen in BCI [10]. If there is unexplained hypo-
tension or arrhythmias a transthoracic echocar-
diogram is useful to determine overall cardiac 
function [21]. BCI is usually self-limiting and 
treated with supportive care. In extreme cases 
inotropic or mechanical support may be 
necessary.

Intramural hematoma (IH) is another injury 
pattern, often an incidental finding seen on echo-
cardiogram. This may also be present on CT or 
MRI. IH is less often seen after a trauma incident, 
but seen more commonly after percutaneous cor-
onary interventions or cardiac surgery. These 
injuries are associated with premature ventricular 
contractions and transient bundle branch blocks. 
The right ventricle followed by the left ventricle 
are the most common sites. IH usually has a 
benign course, is self-limiting, and resolves 
within 4–12 weeks [10].

Valvular injury may result following blunt 
chest trauma. Diagnosis is achieved by echocar-
diogram [10]. The aortic valve is injured most 
frequently, followed by mitral, tricuspid, and 
pulmonic with rupture occurring more frequently 
in patients with preexisting valve disease [17]. 
Blunt force causes papillary muscle rupture, 
chordae, or injury to the leaflets leading to acute 
valvular regurgitation [10]. These patients need 
early supportive care with emergent or delayed 
valve surgery determined by clinical stability 
and cardiac function. Papillary muscle rupture 
causes dynamic fluid shifts in the heart which 
can precipitate ventricular failure. An early car-
diothoracic consultation is recommended, as 
57% of patients sustaining mitral valve rupture 
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required valve replacement [14]. Tricuspid valve 
rupture and regurgitation are often well toler-
ated, and may present in a delayed fashion. 
First-, second- and third-degree heart blocks are 
associated with tricuspid valve rupture [10].

Coronary artery injury occurs when direct 
impact over the left anterior descending or the 
left main coronary artery causes an acute dissec-
tion. Dissected segments rarely occur in healthy 
arteries; however they occur in disease segments. 
Plaque rupture initiates intimal tearing which 
then precipitates atrial dissection. This can lead 
to complete occlusion and infarction. Infarction 
usually involves the apex, septum, or both as the 
septal and distal LAD branches occlude and 
thrombose, leading to ST elevations on 
ECG. Prompt coronary revascularization is nec-
essary in these circumstanc  es [10].

Arrhythmias associated with cardiac injury

Penetrating 
cardiac injury

Sinus tachycardia, 
supraventricular tachycardia, ST 
segment changes, ventricular 
tachycardia, ventricular 
fibrillation [24]

Blunt cardiac 
injury

Sinus tachycardia, ventricular, 
atrial premature contractions, 
atrial fibrillation [10]

Intramural 
hematoma

PVC, bundle branch block [10]

Valvular injury First-degree, second-degree, 
complete heart block [10]

Coronary artery 
injury

ST segment elevation [10]

Electrocution Sinus tachycardia, bundle branch 
blocks, ST segment and T wave 
changes, prolonged QT, 
supraventricular tachycardia, 
atrial fibrillation, ventricular 
tachycardia/fibrillation [24]

 Summary

Cardiac injury in the geriatric population has 
not been thoroughly studied but appears to be 
rare. It is associated with high morbidity and 
mortality. The most important aspect when 
caring for these patients is understanding the 
physiologic reserve of the geriatric patient and 
providing close continuous monitoring and 
supportive care.
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Geriatric Thoracic Vascular Injury

David Elliott and Aurelio Rodriguez

A 75-year-old male is the restrained driver of a 
motor vehicle broadsided by a pickup truck. 
There is only mild intrusion to the driver’s side 
door. The patient appears stable and minimally 
injured on initial evaluation, although two poste-
rior rib fractures are apparent on a suboptimal 
chest radiograph.

Is this patient more or less likely than patient 
half his age to harbor a thoracic vascular injury? 
Should he undergo further studies at this point to 
exclude such an injury, and, if so, which one(s)?

If the patient has sustained a blunt aortic injury 
(BAI) from this trauma, what are his chances of 
survival? Is he likely to have other injuries as 
well? Would he be best served by repair by thora-
cotomy, thoracic endovascular aortic repair 
(TEVAR), or observation with medical control 
but without surgery?

 Epidemiology

Regardless of age, thoracic vascular injury 
(TVI)—in particular, BAI—remains a major 
cause of mortality in trauma victims, despite 
recent advances in diagnostic and therapeutic 
strategies. Although, compared to the nongeriat-
ric cohort, geriatric patients have a lower likeli-
hood of incurring vascular injuries overall, the 
vascular injuries sustained are much more likely 
to be TVI, especially blunt TVI. TVI carries a 
mortality of 43% in trauma victims under the age 
of 65 years, and 66% in those over 65 years: 
higher than vascular injuries in any other body 
region for both age groups (Fig. 16.1) [1].

In an autopsy study of all blunt traumatic 
deaths in Los Angeles County in 2005, 34% had 
sustained BAI, and 80% of those died at the scene 
of the injury [2]. All had associated injuries, 
including blunt cardiac (44%) and intra- 
abdominal (74%) as well as rib fractures (86%).

A similar autopsy study out of Athens, Greece, 
reporting on all blunt and penetrating deaths due 
to injury to the thoracic aorta or its branches 
(13% of all trauma-related deaths) found that 
83% incurring BAI expired at the scene, while 
100% of gunshot victims and 80% of knife- 
wound victims with TVI died at the scene. BAI 
constituted 92% of all blunt TVI (isthmus and 
descending segments), whereas aortic injuries 
occurred in 81% of TVI victims with gunshot 
wounds, primarily within the ascending segment, 
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and in only 26% of TVI deaths due to knife 
wounds (the majority occurring in aortic arch 
branches) [3].

Looking specifically at the geriatric age group 
in an analysis of the National Trauma Databank, 
Konstantinidis and colleagues showed that BAI 
constituted 33% of all geriatric vascular injuries, 
that the incidence of BAI steadily increased with 
age (Fig. 16.2), and that the geriatric cohort dem-
onstrated a fourfold higher risk for mortality after 
vascular injury than their younger counterparts 
[1]. The authors concluded, “Given this high 
incidence and the increased mortality that is 
associated with traumatic aortic rupture in geriat-

ric patients compared with their younger counter-
parts, a high clinical suspicion for this injury 
must always be present when assessing this par-
ticular age group of patients” [1].

Similar results were found by McGwin and col-
leagues, utilizing an analysis of the National 
Automotive Sampling System [4]. 85% of BAI vic-
tims died at the scene, consistent with other studies, 
and not differing between the geriatric and younger 
age groups. Most notable, however, were the find-
ings that in-hospital mortality increased for BAI 
victims greater than 60 years of age; that a third of 
the geriatric BAI patients were in motor vehicles 
which sustained  collisions which were not frontal; 
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and that geriatric patients sustained BAI at signifi-
cantly lower velocity of impact (“delta-V”) than 
the nongeriatric cohort. These latter findings sug-
gest that the clinician must maintain a high index of 
suspicion for BAI in the geriatric patient despite 
involvement in a low-velocity collision.

The findings in both these studies, that geriat-
ric trauma victims have a higher incidence of 
TVI (especially BAI) as well as a higher chance 
of in-hospital mortality should they reach the 
hospital alive, are supported by two other studies, 
one showing a ninefold increased risk of in- 
hospital death in geriatric trauma patients due to 
all causes (but especially higher incidences of 
chest, intracranial, and spinal injuries) [5] and the 
other showing a 40-fold increased risk of mortal-
ity for operative repair of BAI in “old patients” 
(greater than 55 years of age, and before the 
advent of TEVAR) [6].

 Diagnosis

In the 10 years between 1997 and 2007, a mark 
shift occurred in the modalities chosen for diagno-
sis of TVI, especially BAI. The use of aortography 
for diagnosis plummeted, from 87 to 8%, as did 
the need for transesophageal echocardiography 
(12 to 1%); both were replaced by CT scan, which 
now predominates as the means for BAI diagnosis 
(35% in 1997; 93% in 2007; Fig. 16.3) [7]. In 
addition to its accuracy in diagnosis, CT also 

offers the advantages of rapidity of diagnosis, and 
ability to elicit additional intrathoracic injuries. 
Aortography still is essential, however, both for 
diagnosis when CT scanning is equivocal or sub-
optimal and for placement of the stent graft when 
TEVAR is utilized for treatment.

 Treatment

As with means for diagnosis, in the last two 
decades the means for treatment of TVI has also 
undergone a marked shift: from open surgery 
(thoracotomy) to endovascular (TEVAR), which 
involves remote (generally femoral artery) 
deployment of an expandable stent graft to cover, 
exclude, and repair the aortic defect, under arte-
riographic guidance (Fig. 16.4) [7–9, 11–17]. 
This shift to the endovascular approach has been 
accompanied by a marked decrease in mortality 
and paraplegia, by liberalized indications for 
intervention (including age, comorbidities, addi-
tional injuries, physiologic status), and by an 
increase in graft-related complications.

Three published reports of prospective obser-
vational multicenter studies sponsored and con-
ducted by the American Association for the 
Surgery of Trauma (AAST) [7–9] give a clear 
and contrasting picture of the results of open 
repair and TEVAR for BAI. One compared a late 
twentieth-century standard of care to more mod-
ern results, and found that use of open repair fell 
from 100% of cases to 35%, as TEVAR increased 
in utilization from 0 to 65%, with a resultant fall 
in procedural mortality from 22 to 13%, and fall 
in perioperative paraplegia from 8.7 to 1.6%, but 
accompanied by a TEVAR graft-related compli-
cation rate of 20% [7].

The second report detailed analysis of the most 
recent AAST multicenter data. As compared to 
open repair, TEVAR of BAI significantly resulted 
in lower mortality (7.2% vs. 23.5%), paraplegia 
(0.8% vs. 2.9%), acute renal failure (8.3% vs. 
10.4%), and use of blood products (9.5 vs. 12 
units). Given the predominance of geriatric 
patients assigned to TEVAR, the adjusted odds 
ratio for mortality for open repair (vs. TEVAR) 
was 8.4, and that for use of blood products, 5.0 [9].

Fig. 16.3 Preoperative CT scan showing BAI with arrow 
pointing to rupture at isthmus (reproduced from Nano 
et al., J Cardiothorac Surg 2011) [25]
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The third report of these AAST data concerned 
the advisability of early (<24 h) versus delayed 
(>24 h) repair of BAI. Adjusting for other vari-
ables, the authors found that those patients who 

received delayed BAI repair had a lower mortal-
ity, irrespective of associated  injuries, but incurred 
a longer ICU stay and more complications. Of 
particular note, in multivariate regression analysis, 

Fig. 16.4 Postoperative CT scan of TEVAR graft properly positioned in thoracic aorta; left subclavian artery is patent 
(reproduced from Nano et al., J Cardiothorac Surg 2011) [25]
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age >55 years did not prove to be a factor in out-
come, regardless of associated injuries or timing 
of intervention [8]. Given the high percentage of 
BAI repaired by TEVAR in this study, this pro-
vides a stark contrast to age- related outcomes pre-
viously reported after open surgery [6].

A number of other recent retrospective studies 
also corroborate the superiority of TEVAR over 
open repair of BAI. One meta-analysis of 17 pub-
lished studies, which included BAI patients who 
underwent 220 TEVAR and 369 open surgical 
procedures, matched for age but not for injury 
severity (the TEVAR patients had significantly 
higher ISS scores), demonstrated significantly 
lower 30-day mortality (8% vs. 20%) and paraple-
gia (0% vs. 7%) rates for the TEVAR group [10]. 
Another group of authors analyzed 7 years of data 
from the National Inpatient Sample, a nationwide 
administrative database of inpatient admissions 
that reflects national trends, and found that 
TEVAR has significantly extended the inclusion 
criteria for operative treatment of BAI (including 
geriatric patients and those with severe comor-
bidities, associated injuries, and shock), and in the 
process lowered the overall mortality for the 
injury [11]. A separate analysis of the National 
Trauma Databank over two time periods (2002–
2006 and 2008) showed a marked increase over 
time in the percentage of traumatic vascular 
repairs performed by endovascular means (1 to 

11% overall, 1 to 17% blunt; Fig. 16.5), and 
regression analysis confirmed that early endo-
scopic repairs of BAI and blunt carotid and sub-
clavian injuries resulted in a 35% reduction in 
mortality, even in geriatric patients and those with 
higher ISS and lower GCS scores (Fig. 16.6) [12].

Many other recent studies have added evi-
dence to the preference of TEVAR for treatment 
of BAI. In a meta-analysis of 33 published arti-
cles with 699 BAI patients (half repaired by 
TEVAR, half by open surgery), Tang and col-
leagues reported that TEVAR carried half the 
mortality of open surgery (7.6% vs. 15.2%), no 
paraplegia, and much lower risk of stroke (0.8% 
vs. 5.3%) [13]. Of particular interest, they noted 
that TEVAR proved especially suitable for geriat-
ric patients, whose aortas generally enlarge with 
age (>23 mm), making the available endografts 
designed for aneurysmal disease more techni-
cally and clinically satisfactory. Watson and col-
leagues, in a single-center retrospective study 
spanning 14 years, found similar improved out-
comes with TEVAR compared to open repair, 
reporting significantly lower rates of mortality 
(7% vs. 42%), renal failure requiring hemodialy-
sis (0% vs. 9%), and paraplegia (0% vs. 6%); no 
breakout for geriatric patients was performed 
[14]. In another meta-analysis, this one includ-
ing 139 studies of 7768 BAI patients covering 
20 years of evolving treatment, Murad and 
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 colleagues confirmed the superiority of TEVAR 
over open repair and nonoperative management 
with respect to mortality (9% vs. 19% vs. 46%, 
respectively), paraplegia (3% vs. 9% vs. 3%), 
and renal failure (3% vs. 8% vs. 5%) [15]. This 
study showed no difference in the three treatment 
groups with regard to stroke rate. Open repair 
carried a higher graft infection rate than TEVAR 
(11% vs. 3%), but TEVAR resulted in graft fail-
ure (leak, collapse, or rupture) in 10% of cases, 
which necessitated additional operations.

Based on the results of this last study, the 
Society of Vascular Surgery (SVS) published a 
position paper recommending TEVAR as the pre-
ferred treatment of BAI; in justifying this recom-
mendation, “the committee placed a significantly 
higher value on preventing catastrophic compli-
cations of thoracic aortic repair (death, stroke, 
and spinal cord ischemia) and a lower value on 

potential adverse events such as endoleak, need 
for reintervention, and device failures. The com-
mittee also placed less value on possible late- 
term outcomes that remain unknown at this time.” 
[16] In this article, the SVS also put forward its 
consensus for guidelines for the use of TEVAR 
for BAI (Table 16.1).

One of the SVS recommendations for TEVAR 
of BAI includes “selective [as opposed to manda-
tory] revascularization of the left subclavian 
artery.” [16] This issue is addressed because 30% 
of stent graft placement by TEVAR results in 
total or partial coverage of the left subclavian 
artery (LSA) [15], which can lead to arterial 
occlusion and arm ischemia requiring urgent left 
carotid-to-subclavian bypass grafting. One pro-
spective, nonrandomized, multicenter trial exam-
ining this issue found that the LSA was covered 
in 29 of 50 TEVAR graft placements for BAI 

Table 16.1 Society for Vascular Surgery-recommended guidelines for use of TEVAR for BAI (reproduced from Lee 
et al., J Vasc Surg 2011)

Guideline Consensus
Grade of recommendation 
1—strong 2—weak

Quality of evidence 
A—high B—
moderate C—low or 
very low

Choice of treatment We suggest that endovascular 
repair be performed 
preferentially over open 
surgical repair or nonoperauve 
management

2 C

Timing of repair We suggest urgent (<24 hours) 
repair, and at the latest prior to 
hospital discharge

2 C

Management of minimal 
aortic injury

We suggest expectant 
management with serial 
imaging for type I injuries

2 C

Type of repair in the young 
patient

We suggest endovascular repair 
regardless of age if 
anatomically suitable

2 C

Management of left 
subclavian artery

We suggest selective 
revascularization of the left 
subclavian artery

2 C

Systemic heparinization We suggest routine 
heparinization but at a lower 
dose than in elective TEVAR

2 C

Spinal drainage We do not suggest routine 
spinal drainage

2 C

Choice of anesthesia We suggest general anesthesia 2 C

Femoral access technique We suggest open femoral 
exposure

2 C
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(58%); 3 of the 29 (10%) required carotid-to- 
subclavian bypass grafting for arm ischemia and 
claudication [17]. A meta-analysis of this issue, 
sponsored by the SVS and involving 51 studies 
with 3365 patients, found that LSA coverage dur-
ing TEVAR graft placement increased the risk 
47-fold for arm ischemia and 11-fold for verte-
brobasilar ischemia: of the patients with BAI 
who underwent TEVAR graft placement with 
LSA coverage, a total of 5 of 57 (9%) developed 
arm ischemia and 1 of 47 (2%) vertebrobasilar 
ischemia [18].

Tang and colleagues [13] assert that there is 
one subset of BAI patients in whom TEVAR with 
LSA coverage mandates prophylactic carotid-to- 
subclavian bypass grafting: those patients who 
have had prior coronary artery bypass grafting 
using the left internal mammary artery, as this 
vessel originates from the LSA.

Similar to the SVS, the Eastern Association 
for the Surgery of Trauma (EAST) has also 
adopted and published a set of guidelines for 
BAI, utilizing meta-analysis of 51 peer-reviewed 
articles published between 1998 and 2013; EAST 
strongly recommends the use of CT for BAI 
diagnosis and the use of TEVAR for BAI repair, 
and it suggests its preference for delayed repair 
of BAI, especially in the presence of other life- 
threatening injuries, as long as the blood pressure 
is controlled with anti-impulse (antihypertensive) 
medication [19].

One currently debated topic in the treatment 
of BAI concerns the use of nonoperative therapy 
for minimal aortic injury. Starnes and colleagues 
from Seattle based treatment strategy on a novel 
CT grading scheme. Discovering that, in their 
series, “no patient with a normal external contour 
of the aorta died of their BAI,” they successfully 
employed nonoperative therapy for all intimal 
tears and nonprogressive intimal flaps, and based 
urgency of operative therapy on the presence of 
hypotension or periaortic hematomata (>2 cm) in 
BAI patients with an abnormal aortic external 
contour (pseudoaneurysm or free extravasation) 
[20]. The fundamentals of this treatment strategy 
were corroborated by Rabin and colleagues [21], 
Smeds and colleagues [22], and DuBose and 
 colleagues [23].

Recently, the FDA has approved two second- 
generation commercially available thoracic aor-
tic endograft systems for the treatment of 
BAI. Industry improvements with these newer 
devices that should lower the rate of previously 
published TEVAR-related complications include 
(a) expanding stent graft choices down to an 
 aortic diameter of 16 mm; (b) increasing the aor-
tic arch angulation and proximal wall conform-
ability; and (c) improving percutaneous 
peripheral access with smaller delivery profiles 
and preclose technique devices. These three fac-
tors should expand TEVAR use to a broader 
range of patients (especially younger ones with 
smaller diameter aortas and tight radius of curva-
ture of the aortic arch) and concomitantly reduce 
the risk of endoleak, LSA coverage, and iliofem-
oral access- site injury [23, 24].

 Conclusions

Although relatively uncommon, thoracic vas-
cular injuries are highly lethal after both blunt 
and penetrating trauma, regardless of age. In 
particular, blunt aortic injury still carries an 
85% mortality at the scene, in both the geriat-
ric and younger age groups. For the blunt 
trauma victim of geriatric age, (a) the inci-
dence of BAI increases linearly with advanc-
ing years, (b) BAI can occur at much lower 
levels of blunt impact, and (c) BAI has tradi-
tionally incurred a greater chance of mortality 
once a live patient reaches the hospital.

Recent years have seen significant progress 
in the diagnosis, treatment, and chance of sur-
vival for geriatric patients sustaining BAI. CT 
scan has become the diagnostic modality of 
choice, obviating the need for time-consum-
ing, resource- intensive, invasive aortography 
to rule in or out this injury. TEVAR has 
become the preferred means for treatment of 
BAI and other blunt TVI, resulting in improved 
survival rates, most dramatically in geriatric 
patients, eliminating the risks of open surgery. 
Primarily due to TEVAR, advanced age is no 
longer a significant factor in deciding whether 
to perform repair for BAI, even when com-
bined with numerous comorbidities or other 
severe injuries.
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Nonetheless, published studies of TEVAR 
relate a high rate of procedure-related compli-
cations, such as endoleak, arm ischemia due to 
LSA coverage, and insertion-site injury, 
necessitating additional procedures in up to 
20% of patients. The fact that significantly 
more geriatric patients now survive this 
extremely lethal injury makes such complica-
tions seem less important; however, efforts to 
minimize such TEVAR side effects are cru-
cial. Recent product innovations by industry 
are addressing these issues, and published 
reports of improvements are forthcoming. 
Long-term follow-up studies of BAI patients 
treated with TEVAR are lacking; such will 
undoubtedly prove critical in both refining the 
technique and validating whether endovascu-
lar stent graft placement can endure as a safe 
and effective form of treatment.

Recent studies have confirmed a place for 
nonoperative therapy for BAI. Agreement 
seems to exist that those injuries showing only 
intimal tear or intimal flap on CT rarely cause 
mortality, and can be medically managed (with 
anti-impulse medication). Disagreement exists 
on how best to handle small BAI pseudoaneu-
rysms, but delaying therapy until severe asso-
ciated injuries are addressed seems 
appropriate.

Finally, it should be noted that there exist 
very few published, peer-reviewed studies 
concerning TVI in the geriatric population, 
especially articles containing data for injuries 
other than BAI. Researchers and clinicians are 
encouraged to focus more efforts on studying 
such lethal injuries in the aged, particularly as 
those of the “baby boomer” generation reach 
their seventh decade of life.
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Thoracic Trauma in the Elderly

T. Robert Qaqish, JoAnn Coleman, and Mark Katlic

 Introduction

As our population continues to age, the man-
agement of the “geriatric trauma patient” will 
become more commonplace in emergency 
departments across the country. In a report of 
the National Automotive Sampling System/
Crashworthiness Data System (1998–2007) the 
relationship between occupant’s age and inci-
dence of thoracic injuries was measured [1]. 
The authors found that occupants 75+ had a 
higher percentage of moderate to severe (abbre-
viated injury score, AIS 2+) thoracic injuries 
than the three other age groups studied (25–44, 
45–64, 65–74) in a tow-away crash. Moreover, 
the threshold for thoracic injury in older adults 
was lower when compared to their younger 
counterparts. Seventy-five percent of occupants 
greater than 75 years of age sustained a AIS 2+ 
thoracic injuries at a crash delta-v (Delta-V 
(∆v) is a measure of the severity of a traffic col-
lision, defined as the change in velocity between 

precollision and postcollision trajectories of a 
vehicle [2]) of 37 km/h (23 mph) or less whereas 
the same AIS of thoracic injury in 75% of 
patients aged 25–44 was sustained at a crash 
delta-v of 46 km/h (28.6 mph). Furthermore, 
the ratio of thoracic injuries to other causes of 
death was highest in patients greater than 75 
(Fig. 17.1). Although the above study repre-
sents one, albeit a common mechanism of 
trauma, motor vehicle collision (MVC), it 
underscores and provides perspective regarding 
our geriatric trauma patients that suffer from 
thoracic injuries.

 The Thorax as We Age

Unlike other intra-thoracic or intra-abdominal 
organs, the lungs are in direct contact with the 
atmosphere. Over a person’s lifetime, this poses a 
number of environmental insults, most notably, 
first- and second-hand tobacco smoke. Oxidative 
stress within the airways is a key component that 
drives airway inflammation with the downstream 
effects, such as accumulation of ROS, culminat-
ing in the eventual decline in lung function [3].

As we age, the lung undergoes both structural 
and physiologic changes over time. The lung 
becomes more stiff which translates into a less 
compliant lung. Moreover, the elastic recoil of 
the lung parenchyma is dampened. This is sec-
ondary to disruption of collagen and elastin fibers 
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that ultimately leads to dilatation of alveolar 
ducts and subsequent reduction of surface area 
and gas exchange. As a result, there is a greater 
tendency for the small airways to collapse [4]. In 
healthy elderly individuals, this may be of no 
consequence; however in an elderly patient who 
suffers from acute chest trauma, pulmonary 
reserve is further restricted and less tolerant to 
injury. As a result, the manifestations of so-called 
senile emphysema flourish.

Compliance of the chest wall is a measure of 
the thoracic cavity’s ability to expand and con-
tract. The compliance of an elderly patient’s 
chest wall is decreased secondary to ossification 
of costal cartilages and calcification of the articu-
lar surfaces of ribs [5]. The mobility of the chest 
wall is further impaired from vertebral body col-
lapse from osteoporosis [5]. As a consequence, 
the thoracic rib cage is more brittle and less pli-
able during blunt trauma. This not only predis-
poses the chest wall to fracture (rib, sternum) but 
may also predispose to more severe chest wall 
injuries (flail chest, thoracic spine fracture) and 
resultant morbidity and mortality.

The structural changes described above alter 
the chest wall dynamics and in consequence 
impair the respiratory cycle. Forced expiratory 
volume in 1 second (FEV1) and forced vital capac-
ity (FVC) are reduced with age. Residual volume 
(RV) and functional residual capacity (FRC) 
increase with age as the elastic recoil of the termi-
nal airways is compromised. The elderly adult 
breathes at higher tidal volumes forcing a greater 

energy expenditure on the muscles of respiration 
[6]. Alveoli collapse at lower lung volumes in the 
elderly leading to greater ventilation/perfusion 
mismatch. Pulmonary capillary blood volume and 
capillary density are also decreased [5].

Immune-related changes are also present in 
the elderly lung. Reduced mucociliary clear-
ance further exposes the lung to environmental 
insults. Chemotaxis and bactericidal activity of 
neutrophils is reduced in the elderly [7]. Such 
phenomena may predispose the lung to infec-
tion and render it more susceptible to environ-
mental insult.

Thus, the elderly patient’s respiratory system 
is inherently vulnerable to injury. When an 
elderly patient suffers trauma to the thoracic cav-
ity, the injuries are often more severe than their 
younger counterparts. Furthermore, the sequelae 
that follow these injuries often result in a more 
turbulent clinical course.

 Rib Fractures

After life-threatening conditions that require 
emergent therapy during the primary survey are 
managed, the secondary survey can help identify 
potential injuries to the chest wall prior to more 
sophisticated diagnostic modalities such as com-
puted tomography (CT) are employed.

It is important to palpate all aspects of the 
chest wall, including the upper abdomen, during 
the secondary survey of the Advanced Trauma 
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mortality from chest 
injuries to other injuries 
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Life Support (ATLS) algorithm. The multitrauma 
patient often possesses distracting injuries, and 
the provider may not immediately observe the 
clinical manifestations of rib fractures such as 
splinting or paradoxical chest wall motion. 
Ecchymosis, abrasions, and seat belt injuries 
should alert the clinician that there may be under-
lying bony injury to the thoracic cage. However, 
the absence of physical manifestations on the 
patient’s chest or back does not serve as reassur-
ance that rib fractures do not exist. Furthermore, 
a negative upright chest X-ray as an adjunct to 
the primary survey should also not reassure the 
provider that rib fractures are absent as up to 50% 
of chest X-rays may fail to identify rib fractures 
(Fig. 17.2) [8]. In addition, the elderly have 
blunted responses to hypoxia and hypercarbia 
which may result in a delayed presentation as 
clinical signs of respiratory compromise may not 
be immediately apparent.

Rib fractures represent the most common 
thoracic injury as a result of blunt chest trauma 
in the elderly. In a retrospective cohort study 
from Taiwan where 1621 thoracic trauma 
patients were reviewed over a 9-year period 
(mean age 51.2), 78.5% had rib fractures [9]. 
Approximately 75% of the rib fracture patients 
had three or fewer rib fractures with left-sided 
rib fractures being more common and the fifth 
and sixth ribs fractured most often. In this 

study, patients between 65 and 74 were identi-
fied as a risk factor associated with rib frac-
tures (OR 2.41, 1.6–3.6, <0.001). Moreover, 
the number of rib fractures was positively 
associated with hemothorax, pneumothorax, 
and hemopneumothorax. Mortality was not 
significantly associated with increasing rib 
fractures; however, it has been demonstrated 
elsewhere [10].

Similar data has been reproduced in the United 
States. In a retrospective 10-year study in Ohio, 
3095 elderly patients were admitted for blunt 
trauma, of which 12% of patients suffered from 
blunt chest trauma [10]. Sixty-five percent of 
patients suffered from rib fractures, with 50% of 
the patients presenting with falls as their primary 
mechanism of injury. There was a linear relation-
ship associated with a higher number of rib frac-
tures and overall mortality. In the elderly, the 
mortality was twice that compared to adults (18% 
vs. 9%, p = 0.03), Fig. 17.3. This was supportive 
of other reports where mortality was higher in 
elderly patients with increasing rib fractures and 
risk of pneumonia increased 27% for each rib 
fracture in patients greater than 65 years of age 
[11].

Although falls are the predominant mecha-
nism of trauma in our elderly patients, blunt chest 
trauma from MVCs represents a large portion of 
traumatic admissions [12]. Moreover, seat belts, 
steering wheels, armrest, and side panels are 
often responsible for rib and sternum fractures 
during MVCs.

Multiple rib fractures in the elderly also pre-
dispose patients to adverse events during their 
evaluation and treatment for blunt chest trauma. 
In a small retrospective review of 99 trauma 
patients with isolated blunt trauma to the chest, 
16.2% developed an adverse event that included 
pneumonia (most common), transfer to the inten-
sive care unit for hypoxia, unanticipated endotra-
cheal intubation, ARDS, or death from pulmonary 
sequelae. Risk factors for developing any of the 
above-mentioned sequelae included age greater 
than 85, initial SBP less than 90, hemothorax, 
pneumothorax, greater or equal to three rib frac-
tures, or pulmonary contusion [13].

Fig. 17.2 Arrowhead indicating extrapleural hematoma 
associated with right-sided rib fractures (reprinted with 
permission [8])
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 Rib Fracture Management

Analgesia and aggressive pulmonary toilet are 
the tenets of rib fracture management and apply 
across all patient populations. Management of rib 
fracture-associated pain helps prevent splinting 
and subsequent atelectasis and helps prevent the 
elderly population’s already heightened risk of 
suffering from pulmonary sequelae. Continuous 
hemodynamic monitoring, supplemental oxygen, 
and pulse oximetry are also paramount in caring 
for the elderly patient with bony thoracic injury.

Multiple options exist for the management of 
rib fracture-associated pain. Oral and intravenous 
narcotics are the mainstays of therapy where the 
intravenous route has many forms including 
nursing administered versus patient-controlled 
routes (i.e., patient-controlled analgesia, PCA). 
Extrathoracic modes of therapy are also employed 
such as epidural analgesia in which an anesthetic 

agent is injected into the epidural space to assist 
with pain control. Nonsteroidal anti- inflammatory 
drugs (NSAIDs) are commonly administered in 
younger patients with rib fractures; however their 
use in elderly individuals needs to be heavily bal-
anced in light of baseline renal dysfunction and 
history and risks of peptic ulcer disease.

Intravenous narcotics are effective in manag-
ing fracture-associated pain and are often used 
first line in managing patients with rib fractures. 
Respiratory depression as well as central nervous 
and hemodynamic consequences are not uncom-
mon with the use of intravenous narcotics. 
Moreover, the elderly patient’s underlying cogni-
tive impairment (i.e., dementia, Alzheimer’s) 
must be taken into consideration when prescrib-
ing narcotic therapy in the inpatient setting.

Level I recommendations from the Eastern 
Association for the Surgery of Trauma (EAST) 
advocate early implementation of epidural 
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 anesthesia (EA) as the preferred method of analge-
sia for severe blunt trauma resulting in rib fractures 
[14]. Contraindications to EA include coagulopa-
thy, unstable spinal trauma, an uncooperative 
patient, infection overlying the puncture site, and 
increased intracranial pressure. In the multitrauma 
elderly patient, consideration should also be given 
when serial abdominal examinations are performed 
while conservatively managing an intra-abdominal 
process. Epidural anesthesia in this setting may dis-
guise clinical abdominal findings.

The rationale for the use of EA stems from 
studies demonstrating increased pO2, improved 
spirometry parameters including FRC, lung com-
pliance, and vital capacity [15]. EA is able to 
maintain adequate analgesia while not influenc-
ing the patient’s level of sedation. This allows the 
patient to participate more frequently in pulmo-
nary physical therapy [16].

Alternate forms of pain management options 
exist and include intercostal nerve block, intra-
pleural anesthesia, and thoracic paravertebral 
blockade.

Intercostal nerve blocks depend on the infil-
trating agent to bath the posterior compartment 
of the intercostal space. This is typically achieved 
via percutaneous injection or catheter placement 
and requires multiple anatomic injections above 
and below the affected rib segments. This 
achieves unilateral analgesia, and improves peak 
expiratory flow rates and volumes without sig-
nificant effects on hemodynamics; however it 
requires palpation overlying the fractured ribs 
and repeated injections [17, 18].

Intrapleural anesthesia involves placement of 
a local anesthetic into the pleural space via an 
indwelling catheter [19]. The diffusion, and 
essentially the effectiveness of the anesthetic, is 
gravity dependent. Thus patient positioning, 
presence of hemothorax or pneumothorax, and 
tube thoracostomy may impair its effectiveness.

Thoracic paravertebral blockade involves per-
cutaneous injections in close proximity to the 
thoracic vertebrae for unilateral thoracic analge-
sia. The injections produce unilateral somatic and 
sympathetic blockade without the inherit risks of 
spinal cord injury or need to palpate along the 
fractured rib segments [20–23].

Although the preferred delivery of analgesia is 
epidural anesthesia, clinical factors as well as 
resource limitations often dictate the intervention 
the patient receives. The analgesic options are 
numerous and should often combine multiple 
modalities of pain control with the overarching 
goal of encouraging as much patient participation 
in pulmonary physiotherapy as well as facilitate 
patient mobility.

 Flail Chest

Flail chest is the result of double fractures to 
three or more contiguous ribs or combined ster-
nal and rib fractures. A nonintegrated chest wall 
is one that occurs when there are multiple single- 
rib fractures [24]. The clinical manifestations on 
physical exam result in an inward displacement 
of the affected segment during inspiration and 
outward movement during expiration termed 
“paradoxical” chest wall movement. As a result 
of this gross deformity of the chest wall, the 
dynamics of the chest wall and diaphragm are 
altered compromising the respiratory parameters 
of lung function. The patient’s inspiratory capac-
ity is limited and the vital capacity may decrease 
by more than 50%. The deformity restricts the 
lung, decreases its compliance, and ultimately 
results in impaired gas exchange (Fig. 17.4). In 
the elderly patient, where the respiratory reserve 
is already reduced, an insult such as an unstable 
chest wall is often devastating to the patient’s 
respiratory system and is often associated with a 
high morbidity and mortality.

In a review of the National Trauma Bank 
Data between 2007 and 2009, 354,945 blunt 
trauma patients with injury severity scores (ISS) 
of 9 or greater were extracted [25]. One percent 
(3467/354,945) had a documented flail chest 
injury. The mean age was 52.5 years and mean 
ISS was 30.4. The most common mechanism of 
injury was MVC (79%) and falls being the sec-
ond most common (16%). Data regarding the 
remainder of the clinical cohort and outcomes is 
outlined in Fig. 17.5. Severe head injury (defined 
as an Abbreviated Injury Score of three or 
greater and Glasgow Coma Scale (GCS) less 
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than or equal to four) occurred in 15% of 
patients with FC and 54% had documented lung 
contusions. Patients with severe head injuries 
required longer ventilatory support/ICU stay 
and ultimately had worse outcomes. Elderly 

patients were unfortunately not subcategorized 
in this study for analysis.

In a retrospective review of 58 trauma patients 
admitted with flail chest, patients above the age 
of 55 (n = 26) had a 58% mortality whereas 

Fig. 17.4 Factors involved in the pathophysiology of respiratory failure in patients with flail chest (reprinted with 
permission [24])
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Fig. 17.5 Outcomes, morbidity, and mortality for 3467 patients identified with flail chest injury (reprinted with permis-
sion [25])
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 mortality reported for patients less than or equal 
to 55 (n = 32) was 16% [26]. Contrastingly, in a 
retrospective review by Athanassiadi et al., in 
which 250 patients presenting with flail chest 
were  studied (mean age 58.3 ± 16.5 years) age 
did not affect mortality; however it did affect the 
length of hospitalization. Although flail chest is a 
relatively uncommon thoracic injury, it is a 
marker of more severe chest trauma and often 
mandates a longer and more morbid hospitaliza-
tion, especially in the elderly.

The current literature on the surgical man-
agement of flail chest is relatively scant. The 
studies that do exist are mostly small and retro-
spective and include a wide range of patient 
demographics, including age. Nonetheless, the 
data from a number of these studies were 
reviewed in a meta- analysis by Slobogean and 
colleagues [27]. From the 11 studies reviewed, 
a total of 753 patients comprised the study pool 
and the literature data spanned between 1965 
and 2008. Nine studies were retrospective and 
two were prospective and randomized. The 
pooled studies demonstrated multiple benefits 
to operative fixation of flail chest that included 
decreased odds for mortality, tracheostomy, 
pneumonia, sepsis, and chest deformity. 
Although small and mostly retrospective in 
nature, the pooled data suggested that opera-
tive repair reduced the number of mean venti-
lator days, ICU, and hospital days. Furthermore, 
another meta-analysis reported similar findings 
in that operative fixation improves the out-
comes related to resource expenditure, mortal-
ity, and morbidity [28]. Currently, patients 
with flail chest are mostly managed conserva-
tively just as other patients with rib fractures, 
with analgesia and pulmonary toilet represent-
ing the most crucial aspects of treatment.

In a more recent randomized control trial by 
Marasco et al., 22 patients with traumatic flail 
requiring mechanical ventilation were random-
ized to receive operative fixation, and 23 received 
nonoperative management (mean age 57.8 ± 17.1 
vs. 59.3 ± 10.4 with patients greater than 80 
excluded secondary to osteoporotic rib segments 
precluding rib fixation) [29]. This study sup-
ported the findings of older literature in that those 

who received rib fixation had reduced ventilation 
requirements (duration of noninvasive ventilation 
postextubation, 3 h [0–25] versus 50 [17–102] 
p = 0.01) and ICU stay (324 h [238–380 h] versus 
448 h [323–647] p = 0.03). There were no signifi-
cant differences in spirometry results at 3 months 
post hospitalization between the two groups in 
their study; however their study population was 
older (mean age 58) than the two previously 
reported randomized trials (mean ages 45 [30] 
and 38 [31]).

There are a number of clinical trials that are 
currently evaluating the efficacy of the operative 
management of flail chest and rib fractures, two 
of which are North American studies 
(ClinicalTrials.gov identifiers: NCT01367951, 
NCT02635165, NCT02132416, NCT02595593). 
The results from these studies may bolster the 
encouraging, albeit small, above-mentioned lit-
erature supporting operative repair of flail chest.

 Sternal Fractures

With the introduction of seat belt legislation, ster-
nal fractures (SF) have been on the rise [32]. In a 
review from the data from the National Trauma 
Data Bank, 32,742 records of patients with ster-
nal fractures were analyzed [33]. In this study by 
Yeh et al., 84% of the patients were involved in a 
MVC and falls accounted for 8%. The mortality 
associated with isolated SF was 3.5%; however 
poorer outcomes were associated with comor-
bidities as well as associated injuries. Increasing 
age was also one factor.

The diagnostic accuracy of chest X-ray (CXR) 
relative to chest computed tomography in the 
evaluation of sternal fractures is low. In a review 
of 14,553 patients from the NEXUS Chest (Jan 
2009 to Dec 2012) and NEXUS Chest CT (Aug 
2011 to May 2013) which were two multicenter 
observational cohorts of blunt trauma patients, 
292 were diagnosed with sternal fractures (2.0%). 
Two hundred seventy-five of the 292 patients had 
both CXRs and chest CTs. From this group that 
had both imaging modalities, 257 (93.4%) had 
sternal fractures only seen on CT. Thus, with 
trauma algorithms that are CT driven, we are 
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surely to see a rise in the incidence of sternal 
fractures in our patients who suffer from blunt 
chest trauma.

In the evaluation of an elderly trauma patient, 
the clinician should be alerted to the associated 
injuries that may be associated with sternal frac-
tures. In the review by Yeh et al., from 32,742 
patients with sternal fractures, approximately 
70% and 30% had associated rib fractures and 
pulmonary contusions, respectively—both of 
which were found to be predictors of mortality 
(OR 2.06 and OR 1.41, p < 0.001).

Surgical interventions for sternal fractures are 
uncommon. In a small review by Velissaris et al., 
of 73 patients with traumatic sternal fractures, 3 
underwent surgical correction with positive out-
comes [34]. Indications for repair include severe 
unrelenting, intractable pain, respiratory insuffi-
ciency or ventilator dependence, sternal defor-
mity/instability, and nonunion or hunched posture 
with limited range of motion.

The data on sternal fracture repair is not 
exhaustive. In a review of 12 publications by 
Harston and Roberts, 76 cases of sternal fractures 
were reviewed [35]. The techniques for repair 
varied amongst the population of surgeons as did 
the indications. Not all studies made specific ref-
erence to complications; however in the seven 
studies that did (n = 64), 12 patients suffered 
from complications. The most common was sur-
gical removal of hardware secondary to pain. 
Furthermore, the authors found that only 35.5% 
of the patients had long-term follow-up. 
Accordingly, further prospective studies should 
be conducted before guidelines and algorithms 
are created to assist the clinician in surgically 
treating patients with sternal fractures.

 Associated Injuries and Pulmonary 
Sequelae

Elderly patients commonly have more than one 
injury to the thorax as a result of thoracic trauma. 
In a retrospective cohort study by Bulger et al., 
trauma patients with rib fractures greater than 
65 (n = 277) were compared to similarly injured 
patients less than 65 (n = 187) [11]. The inci-

dence of hemothorax and pulmonary contusion 
in elderly patients (greater than 65) was 25% 
and 27%, respectively, and was not statistically 
significant from the incidence of hemothorax 
and pulmonary contusion that occurred in 
patients <65. Interestingly, pneumothorax in 
association with rib fractures occurred less fre-
quently in patients greater than 65 (34 vs. 44%). 
Moreover, two retrospective studies that investi-
gated isolated rib fractures in elderly trauma 
patients found that pulmonary contusions and 
hemothorax can be found in up to 20% and 
13%, respectively, in patients with isolated rib 
fractures [36, 37].

The accepted initial management of traumatic 
hemothorax is tube thoracostomy. The inability 
of the first chest tube to adequately drain the 
hemothorax should not prompt additional place-
ment of a secondary tube. Video-assisted thora-
coscopic surgery (VATS) is recommended in 
these instances where a hemothorax is retained 
[38]. Ideally, this should be performed early (3–7 
days of hospitalization) to decrease the risks of 
empyema; however there are reports where this is 
successfully performed later during the patient’s 
hospitalization [39].

Post-traumatic hemothorax can be success-
fully treated with VATS drainage even in elderly 
patients. In a retrospective review in which 60 
patients (mean age 63.2) underwent VATS for 
post-traumatic hemothorax, the outcomes of the 
elderly population within this review (15 
patients) were examined [39]. Ninety-three per-
cent of the elderly population underwent suc-
cessful VATS drainage of their hemothorax with 
no inpatient mortalities. The elderly patients 
were greater than 80, mostly suffered from blunt 
thoracic trauma (87%), and had a median delay 
between trauma and VATS of 16 days (range 
1–45 days). The outcomes reported included 
median hospital stay after VATS (20 days), 
number of patients requiring ICU-level care 
(9/15), mean ICU stay (11.8 days), and postop-
erative mechanical ventilation (5/15). The 
authors concluded that the morbidity and 
extended prolonged hospitalizations may be 
improved if patients are referred earlier for sur-
gical management rather than later.
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The management of patients with pulmonary 
contusions requires a careful evaluation of the 
patient’s fluid and resuscitation status. Although 
level 1 recommendations do not exist for the 
management of pulmonary contusions, the EAST 
guidelines support the administration of fluids to 
maintain tissue perfusion, i.e., avoid and correct 
shock and avoid unnecessary overadministration 
[40]. Unfortunately, management guidelines for 
pulmonary contusions in the elderly do not exist; 
however a careful examination of the patient’s 
volume status, including consideration of echo-
cardiographic findings, results from serial chest 
radiographs, as well as laboratory surrogates for 
the patient’s volume and resuscitation status will 
help the clinician tailor the elderly trauma 
patient’s treatment accordingly.

The most frequent pulmonary sequelae as it 
relates to blunt chest trauma is pneumonia. 
Pneumonia was observed in 31% of elderly 
patients treated over a 10-year period admitted 
with rib fractures [11]. Moreover, pneumonia 
contributes to the overall mortality to an elderly 
patient’s clinical course and not surprisingly rep-
resents a significant morbidity.

 Concluding Remarks

The elderly trauma patient is often more severely 
injured and as a consequence may have a more 
prolonged and volatile clinical course. This is no 
different as it pertains to thoracic injuries in this 
age group. Our elderly patients are more vulner-
able to injury and are limited in their tolerance to 
traumatic insult. The clinician responsible for the 
care and evaluation of the elderly thoracic trauma 
patient should have a high index of suspicion 
while judiciously assessing the patient for bony 
injury in all components of the chest wall. Greater 
attention to associated intrathoracic injuries may 
also prepare the clinician for common pulmonary 
sequelae that accompany blunt thoracic trauma.

As the geriatric trauma literature grows and 
professional societies continue to place emphasis 
on the care of the elderly, trauma-related out-
comes in our elderly population should continue 
to improve.
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Esophageal Injury

Mathew A. Van Deusen, Mark Crye,  
and Jonathan Levy 

 Anatomic Considerations

The esophagus is a tubular muscular structure, 
approximately 25–30 cm in length. There are three 
discrete anatomic divisions of the esophagus. The 
cervical esophagus begins at the pharyngeoesoph-
ageal junction and ends at the thoracic inlet. The 
thoracic portion of the esophagus begins at the 
thoracic inlet and ends at the diaphragmatic hiatus. 
The intra-abdominal portion of the esophagus 
begins at the diaphragmatic hiatus and ends at the 
gastroesophageal junction. There are three promi-
nent areas of anatomic narrowing that naturally 
occur. The first is at the level of the cricopharyn-
geus muscle, which occurs in the cervical esopha-
gus at the level of the cricoid cartilage. The second 
area is found in the intrathoracic portion of the 
esophagus, as it courses behind the aorta and left 
mainstem bronchus. The final location of ana-
tomic narrowing can be found at the level of the 
diaphragmatic hiatus, where the intra-abdominal 
portion of the esophagus begins.

 Initial Evaluation

The initial evaluation of any trauma patient 
begins with the appropriate and rapid assess-
ment of airway, breathing, and circulation. 
Immediate operative exploration may be neces-
sary in patients with blunt or penetrating injury 
involving the neck or chest. In the hemodynami-
cally stable patient, without indications for 
immediate operative exploration, computed 
axial tomography (CT) scanning is the best 
modality for the initial evaluation of esophageal 
trauma. Radiographic evaluation alone is inad-
equate, as it has been found to be only 15% sen-
sitive [1]. Helical CT scan has been shown to be 
100% sensitive and 85% specific in the identifi-
cation of major aerodigestive injury, primarily 
due to the improved ability to visualize subtle 
pneumomediastinum as an indicator of potential 
esophageal or tracheobronchial injury [2]. 
Pneumomediastinum alone is not a sensitive 
indicator of esophageal trauma, as almost 90% 
of trauma patients found to have pneumomedi-
astinum on CT scan do not have any esophageal 
injury [1]. Because pneumomediastinum is so 
nonspecific for esophageal trauma, further eval-
uation of the aerodigestive tracts with bronchos-
copy and endoscopy may be necessary [3]. Not 
all patients require direct visualization, how-
ever. Given the relatively low incidence of 
esophageal injury, the rate of negative endos-
copy would be prohibitively high if all patients 

M.A. Van Deusen, M.D. • M.  Crye, M.D.
Department of Cardiovascular and Thoracic Surgery, 
Allegheny Health Network,  320 East North Avenue, 
Pittsburgh, PA 1521, USA
e-mail: mathew.vandeusen@ahn.org

J. Levy, M.D. 
Department of General Surgery, Allegheny Health 
Network,  320 East North Avenue, Pittsburgh, PA 
1521, USA

18

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-57403-5_18&domain=pdf
mailto:mathew.vandeusen@ahn.org


168

with  pneumomediastinum underwent endo-
scopic evaluation. Additional CT findings spe-
cific to esophageal injury may include 
esophageal thickening, periesophageal fluid, 
mediastinal inflammation, and pleural effusion 
[2]. Additionally, helical CT scan is of tremen-
dous value in the evaluation of other potential 
injuries and sources of chest pain, which can be 
a useful diagnostic tool in the elderly patient 
with multiple comorbidities and risk factors [2].

 Additional Radiographic 
and Endoscopic Evaluation

When esophageal injury is suspected based on 
clinical findings and CT scan, the gold standard 
for further testing is a contrast esophagogram 
with fluoroscopy. This can be supplemented by 
direct endoscopic evaluation if inconclusive, or 
if not obtainable. Water-soluble contrast should 
be used initially to rule out large perforations, as 
barium may cause significant mediastinal fibro-
sis if it is allowed to escape into the mediasti-
num. If negative, this may be followed by barium 
swallow study, which is more sensitive and spe-
cific than water-soluble contrast and has been 
shown to identify more injuries than water-solu-
ble contrast alone [4]. While contrast esophago-
gram is sensitive for esophageal injury, there is 
still a significant false-negative rate. It may 
always not be possible to obtain, as it requires a 
neurologically intact patient with an adequate 
swallowing mechanism. Aspiration of water-
soluble contrast can cause significant pneumoni-
tis or pulmonary edema [4]. This is an especially 
important consideration in the elderly popula-
tion, as these patients may already have baseline 
dysphagia. CT esophagogram with oral contrast 
is becoming an acceptable alternative to fluoro-
scopic imaging.

Endoscopic evaluation may be particularly 
useful in the diagnosis of esophageal injury fol-
lowing penetrating trauma. Direct visualization 
of the mucosa of the esophagus may be necessary 
in patients who cannot tolerate further imaging 
studies and in patients who have inconclusive 
radiographic studies.

In patients where there is a clinical suspicion 
of esophageal injury, associated with positive 
findings on CT scan, proceeding to endoscopic 
evaluation or to operative exploration may be the 
appropriate initial intervention. Clinical signs 
and symptoms of esophageal injury may include 
crepitus, chest pain, dysphagia, blood in orogas-
tric or nasogastric secretions, hoarseness, and 
classic signs of injury such as tachypnea and 
tachycardia [1, 5, 6]. Unfortunately, in some 
cases there may be no overt signs of injury. Of 
these clinical findings and symptoms, dyspnea 
and hoarseness were seen to be up to 90% spe-
cific in the evaluation of aerodigestive injury [1].

 Management

 General

The mechanism, extent, and location of the injury 
are important factors in determining the neces-
sary management. All patients should also be 
placed on broad-spectrum antibiotics to cover 
both gram-negative and gram-positive flora 
escaping from the GI tract. In the case of blunt 
esophageal injury, if the patient is stable and 
there is only a suggestion of esophageal trauma 
(small amount of pneumomediastinum, con-
tained perforation), then the patient can often be 
managed nonoperatively with close observation 
and expectant management [1, 4]. Patients with 
penetrating esophageal injury or unstable patients 
with significant blunt trauma associated with 
possible esophageal injury are typically managed 
surgically. Similarly, in patients with significant 
contamination following iatrogenic injury, surgi-
cal intervention is warranted.

 Injury of the Cervical Esophagus

Injuries to the cervical esophagus are much more 
common than injuries to the thoracic esophagus 
as a result of the forces acting on the esophagus 
in rapid deceleration injuries associated with 
blunt trauma and the relatively exposed area of 
the neck in penetrating trauma. With any cervical 
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esophageal injury, the treatment of choice is open 
drainage via an oblique left neck incision at the 
anterior sternocleidomastoid border [2, 4]. While 
small studies have examined the possibility of 
expectant management, the morbidity associated 
with a cervical neck incision and primary drain-
age and repair is extremely low and generally 
considered very safe [4]. Dissection is carried 
down to identify the carotid sheath, which is 
reflected laterally. Care must be taken to avoid 
injury to the recurrent laryngeal nerve, which is 
located within the tracheoesophageal groove. 
Blunt finger dissection is utilized to form a plane 
between the trachea and esophagus, taking care 
to avoid injury to the membranous trachea. A 
nasogastric tube can be helpful to identify the 
esophagus, as tissues and planes can be distorted 
with significant inflammation and contamination 
in the setting of perforation. Retroesophageal dis-
section is performed bluntly between the esopha-
gus and vertebral body. A Penrose drain can be 
utilized to facilitate traction on the esophagus at 
this point, and an attempt at locating the perfora-
tion should be undertaken. If the location of 
injury is identified, the muscular layer must be 
opened longitudinally, proximally, and distally, 
to fully visualize the extent of the mucosal dis-
ruption. The mucosa and submucosal layers are 
then reapproximated utilizing interrupted absorb-
able suture. The muscular layer is then closed in 
a running fashion with nonabsorbable suture. 
Once the perforation is closed, the repair is but-
tressed with a muscle flap from either the sterno-
cleidomastoid or a strap muscle. Whether the 
location of injury can be found or not, it is critical 
to ensure that blunt dissection is carried down 
into the thoracic inlet to assist with mediastinal 
drainage. A Jackson-Pratt drain can then be 
guided down into the mediastinum and brought 
out through a separate neck stab incision. In 
severe trauma where the cervical esophagus can-
not be repaired, the injured area can be brought 
to/near the skin and act as a temporary side 
esophagostomy [4]. The distal lumen of the 
esophagus can even be sutured closed to prevent 
further contamination as the patient recovers 
enough to have the perforation heal or be closed 
in a delayed fashion.

 Thoracic Esophageal Injury

For thoracic esophageal injuries, operative drain-
age and primary repair are the standards of care. 
Intrathoracic perforation can progress to medias-
tinal sepsis if not treated early, which can lead to 
fatal consequence. The most important step is to 
ensure wide drainage of the mediastinal contami-
nation. This can be performed via an open thora-
cotomy or minimally invasive thoracoscopic 
approach, based on the stability of the patient and 
the expertise of the surgeon. Surgical repair is 
often undertaken via open thoracotomy. The 
position of the patient (right lateral decubitis ver-
sus left lateral decubitis) is dependent on the 
location of the injury. For injuries to the proximal 
intrathoracic esophagus, the incision should be 
made on the right side, as the arch of the aorta 
and great vessels prevent exposure of the proxi-
mal esophagus [2, 4]. Injuries of the distal intra-
thoracic esophagus should generally be 
approached via a left thoracotomy. In all patients 
with intrathoracic perforations, endoscopy is crit-
ical to identify the exact location of the lesion 
and the extent of mucosal injury. As in surgical 
repair of cervical esophageal perforations, the 
area of injury should ideally be closed primarily 
without tension in two layers of nonabsorbable 
suture. Viable tissue should be routinely used to 
buttress the surgical repair. Options for coverage 
include intercostal muscle flaps, pleural and peri-
cardial flaps, diaphragm flaps, flaps involving the 
fundus of the stomach, and omental flaps. For 
any case in which the thoracic esophagus cannot 
be closed primarily, either due to excess tension 
or gross contamination, the esophagus may be 
managed with repair around a T-tube. This strat-
egy can provide controlled drainage of esopha-
geal contents until a formal repair can be obtained 
or adequate healing can occur. Adequate drain-
age of the pleural space is necessary. In the event 
of severe tissue loss where repair is not possible, 
diversion can be performed with a cervical 
esophagostomy, esophageal debridement, and 
resection as needed. Creation of a gastrostomy 
tube and enteral access with a jejunostomy tube 
may be necessary [2, 4]. Traumatic injuries of the 
intra-abdominal portion of the esophagus can be 
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managed similarly, through an abdominal 
approach, typically performed for management 
of associated intra-abdominal injuries.

 Iatrogenic Injury

Esophageal injury is most likely to occur as a 
result of medical intervention. Iatrogenic injury 
related to endoscopic intervention is the most 
common cause of esophageal perforation, 
encompassing up to 60% of all cases. Additional 
causes that have been reported include injury 
from placement of nasogastric or orogastric 
tubes, and injury associated with surgery of the 
cervical or thoracic spine, airway procedures, 
and cardiac procedures. As previously men-
tioned, the most common locations of perforation 
within the esophagus are the areas of anatomic 
narrowing. A high index of suspicion is required 
to identify the injury regardless of the location. 
This may be challenging in the geriatric popula-
tion. Chronic illnesses, polypharmacy, altered 
sensorium, and anatomic changes are all factors 
that can make identifying and treating esopha-
geal injuries more problematic.

Evaluation of patients with concern for iatro-
genic esophageal perforation should include a 
detailed history of the procedures. Signs and 
symptoms at presentation can be nonspecific. 
These may include chest or abdominal pain, 
fever, leukocytosis, dyspnea, and crepitus. The 
severity of the symptoms may also be variable 
and is often related to the duration of time from 
perforation to presentation. Thorough physical 
examination and laboratory analysis should be 
performed. A detailed review of medication 
usage is critical, including the use of anticoagula-
tion and antiplatelet therapies. Physical exam and 
vital signs may be blunted in the geriatric popula-
tion due to chronic illnesses, relative immune 
suppression, and effects of medications such as 
beta-blockers. Radiographic and endoscopic 
evaluation, as in patients with blunt or penetrat-
ing esophageal injury, is often needed. 
Management of iatrogenic esophageal perfora-
tion may include observation, endoscopic thera-

pies, or operative intervention, similar to that of 
traumatic esophageal injury.

 Endoscopic Intervention

With improved endoscopic visualization and 
techniques, there has been growing support for 
endoscopic management of esophageal injuries. 
Esophageal stent placement in stable patients 
with traumatic esophageal injury may be a con-
sideration [2]. While this has been examined 
more commonly in patients with spontaneous 
and iatrogenic esophageal perforations, the idea 
that trauma patients can quickly be managed with 
a stent has great appeal. However, there has been 
no direct study examining primary repair versus 
stent placement. Secondary complications of 
esophageal stenting may include perforation, 
bleeding, and stricture. More importantly, the 
majority of patients with traumatic esophageal 
injury have other associated vascular and tissue 
injuries which mandate operative management 
[4].

 Postoperative Management

Postoperatively, all patients should be monitored 
closely for signs of ongoing sepsis. Patients 
should be continued on appropriate broad- 
spectrum antibiotics and maintained 
NPO. Postoperative imaging including an upper 
gastrointestinal study is routinely performed to 
assess for persistent extravasation prior to resum-
ing oral nutrition [2, 4]. In the elderly population, 
care should again be taken to ensure that no base-
line dysphagia exists, as this can lead to aspira-
tion and potential pulmonary compromise. In 
addition, many elderly patients have either a 
baseline dementia which may be exacerbated fol-
lowing traumatic injury or prolonged recovery 
from illness or a new delirium while in the hospi-
tal. Either of these may interfere with the patient’s 
ability to swallow in a coordinated fashion. In 
those patients, repeat endoscopy can be per-
formed to examine the repair.
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Liver Trauma

Adrian W. Ong and Rao R. Ivatury

 Initial Approach to Liver Injuries

In patients with suspected intra-abdominal inju-
ries after blunt trauma, immediate operation is 
indicated in the setting of refractory shock with 
hemoperitoneum demonstrated on ultrasound or 
diagnostic peritoneal lavage. Otherwise comput-
erized tomographic (CT) scanning should almost 
always be done if possible. If a liver injury is 
identified on CT, the decision to pursue nonop-
erative management (NOM) hinges on the sever-
ity of the physiologic derangement, and the 
presence or absence of peritonitis. CT character-
istics of the liver injury such as grade of liver 
injury, presence of a vascular “blush” or contrast 
extravasation, the degree of hemoperitoneum, 
and presence of associated injuries should also be 
considered in the decision to pursue NOM. 

Angioembolization is an important modality 
which can be utilized as the primary therapeutic 
intervention when NOM is pursued, or as an 
adjunct to operative management where hemo-
stasis is less than satisfactory. The decision to 
proceed with angiography in the latter scenario is 
usually made on the basis of operative findings 
and clinical course although a recent study has 
also demonstrated some value in postoperative 
CT scanning to guide the need for angiography 
[1].

In most (70–90%) of the patients presenting 
with blunt liver injuries, NOM can be attempted 
with a high success rate [2, 3]. Despite the fact 
that higher grade (American Association for the 
Surgery of Trauma [AAST] Organ injury Scale 
grades 3–5) liver injuries are more likely to 
require operative intervention, the failure rate is 
low (about 6–8%) for NOM when properly 
selected [4, 5].

For patients with penetrating abdominal inju-
ries, urgent operation is largely necessary in gun-
shot wounds, and less so for stab wounds. In the 
stable patient with a documented trajectory 
through the liver on CT and a very low suspicion 
of hollow viscus injury by examination and CT 
findings, NOM is an acceptable strategy [6]. In 
one series, NOM was attempted in only 15% of 
patients with penetrating liver injuries, with a low 
(3%) failure rate [7]. Another study found that of 
36 penetrating liver injuries selected for NOM, 
the success rate was 86% [8].
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 The Geriatric Patient: Initial 
Approach

In elderly patients with blunt liver injuries, there 
is no available evidence demonstrating that NOM 
is detrimental or that the NOM strategy should be 
somehow modified. In a multicenter study of 
severe (AAST OIS grades 4 and 5) blunt liver 
injuries undergoing NOM, where NOM was 
defined by “a clear note in the medical record 
committing the patient to NOM or by the fact that 
an operation was booked later than 3 hours after 
the diagnosis,” there was no difference in mean 
age as to who underwent immediate operation as 
opposed to a trial of NOM. Out of 262 patients, 
23 (8.8%) failed NOM. Patients 55 years and 
older formed 10.3% (n = 27) of the entire cohort 
and only 1 of 27 (4.3%) failed NOM [4]. Recent 
guidelines by prominent societies [9, 10] have 
not considered age an important factor in the 
decision to pursue NOM of blunt liver injuries 
(Fig. 19.1).

In the largest recent study of isolated severe 
(AIS of 4 or greater) blunt liver injuries from the 
National Trauma Data Bank, attempted NOM 
(defined as no surgery in the first 6 hours) 
occurred in 73% of 3267 patients with a failure 
rate of 6.5% [11]. Failed NOM was indepen-
dently associated with 30-day in-hospital mortal-
ity after controlling for confounders (crude 
survival rate 78.8% vs. 92.9%, hazard rate, 1.7; 
95% confidence interval [C.I.] 1.1–2.6). Age 
(odds ratio 1.02, [95% C.I. 1.01–1.03]) was a 
predictor of NOM failure, others being male sex, 
systolic blood pressure <90 mmHg, Injury 
Severity Score, Glasgow Coma Scale score, and 
need for hepatic angioembolization. Putting this 
into practical terms, for every 10 years of age, the 
odds of failure of NOM changed by 1.0210 or 
1.22. If the NOM failure rate was 6.5% at age 30, 
the corresponding rates would be 11% at age 60 
and 13.3% at age 70 with the other variables in 
the study being equal. These hypothetical figures 
give some reassurance to clinicians that although 
age is associated with failure of NOM, NOM is 
still an acceptable strategy in the elderly with 
severe blunt liver injuries.

There is no available evidence to suggest that 
age is a contraindication to NOM of selected 
patients with penetrating injuries. In recent pub-
lished guidelines [6, 10] there is no mention of 
age as a contraindication for this strategy. The 
decision to manage patients nonoperatively for 
penetrating injuries should be made by an experi-
enced surgeon with the ability to provide vigilant 
follow-up.

 The Geriatric Patient: Operative 
Management of Liver Injury

There is no available evidence to suggest that dif-
ferent operative techniques should be used in 
elderly patients as opposed to younger patients to 
control bleeding from the injured liver. However, 
in general, the elderly have a poorer outcome 
when operative management is necessary com-
pared to younger patients. Lustenberger et al. 
[12] compared 34 patients ≥55 years of age to 
124 younger patients with head-Abbreviated 
Injury Score (AIS) of ≤2 who received initial 
damage control laparotomy for predominantly 
blunt (>90%) injuries: in-hospital mortality rate 
was significantly higher for elderly patients (29% 
vs. 4.8%) with the main causes of death being 
hemorrhagic shock and multi-organ system 
failure.

Studies comparing younger to older patients 
in terms of techniques of liver hemostasis in 
trauma are also lacking. Liver resection, an 
uncommon technique in trauma, has been evalu-
ated in one study: Tsugawa et al. [13] compared 
29 patients >70 years of age and 71 younger 
patients undergoing anatomic liver resection. The 
older patients were more severely injured and 
had a lower mean GCS. The majority of the 
resections involved right hepatectomy (52% in 
the older patients vs. 63% in younger patients). 
Survival was significantly lower in the older 
group (66% vs. 80%). There were no intraopera-
tive deaths or deaths related to exsanguination in 
either group. The authors concluded that ana-
tomic resection might still be a viable option in 
the elderly with blunt liver trauma. This study, 
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however, was notable for its frequent utilization 
of anatomic liver resection (100/487 or 21%) for 
blunt liver trauma and poorer outcomes in the 
elderly.

In contrast, there is more data on elective 
liver resections. In general, studies show a 
higher but still acceptable postoperative mortal-
ity rate for the elderly compared to younger 
patients [14–17]. However, in major liver resec-
tions (≥3 liver segments), the elderly may have 
poorer outcomes. Reddy et al. [18] found that 
for major resections, postoperative mortality 
rates were 8.4% for patients ≥65 years old and 
1.5% in patient 50 years and younger. Age was 
an independent predictor of postoperative mor-
tality (odds ratio of 1.43 for every 10 years’ 
increase in age). Other predictors included male 
sex, simultaneous procedure, diagnosis of 
malignancy, and American Society of 
Anesthesiologists (ASA) grade. On the other 
hand, Menon et al. [19] similarly evaluated 
patients 70 years and older compared to younger 
patients who underwent major resections with 
similar 30-day mortality rates (7.9% vs. 5.4%), 
ICU length of stay, and postoperative complica-
tion rates. In this study, ASA grade III and intra-
operative transfusion of more than 3 units of 
blood were predictive of overall survival, not 
age. Studies of elective liver resection need to 
be interpreted with caution because of selection 
bias: details of selection of elderly patients for 
these major liver procedures are not always 
available.

 Complications of Hepatic Trauma

There are several well-described complications of 
liver trauma: delayed hemorrhage [4, 5], bile leak 
manifesting as bile ascites or biloma [4, 20], hepatic 
necrosis [21], hepatic failure [5, 19], abscess [5, 
22–24], and hemobilia [25, 26]. These complica-
tions are more likely to be associated with higher 
grade liver injuries, whether operatively or nonop-
eratively managed. Studies comparing hepatic-
related complication rates and outcomes of 
management of these complications between the 
elderly and younger patients are lacking.

 Summary

The approach to the geriatric patient with liver 
injury should follow the same principles as that 
for younger patients. It is important to recognize 
that although age is associated with failure of 
NOM in blunt liver injuries NOM is still an 
acceptable strategy in elderly patients with low 
NOM failure rates. When operative intervention 
is necessary, the elderly have poorer outcomes in 
general. There is very scant evidence available 
comparing elderly and younger patients in terms 
of operative techniques, except perhaps liver 
resection. There is very scant evidence compar-
ing elderly to younger patients in terms of liver- 
related complications after liver trauma.
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Optimal Management of Blunt 
Splenic Injury in the Geriatric 
Patient

James M. Haan

The spleen is the most commonly injured organ 
from blunt abdominal trauma. Historically, due 
to high nonoperative mortality rates, splenec-
tomy was the treatment of choice in the early 
1900s [1]. In 1919 Bullock recognized over-
whelming post-splenectomy sepsis (OPSS) as an 
uncommon, but lethal, condition, with studies 
indicating a 1–2% incidence of OPSS with a 
mortality rate of 50–80% [2–5]. This infectious 
concern led to the advent of surgical splenic con-
servation in the 1950s and 1960s [6]. In 1968, 
nonoperative management of children with 
splenic injury was first described [7]. In the 
1980s, this nonoperative management of splenic 
injury in children became the standard of care, 
even in those requiring transfusion [8]. This suc-
cess paved the way for the use of nonoperative 
management of injured spleens in hemodynami-
cally stable adults [9–33]. Advanced age as 
defined by either age greater than 55 or 65 years 
was initially felt to mandate surgery as risk of 
failure in nonoperative and operative patients 
with limited reserves would lead to unacceptably 
high mortality. Many studies debate the risk of 
nonoperative failure with the routine use of 
splenic operative techniques in the elderly trauma 

population versus the risk of laparotomy in this 
group [25–33]. This chapter reviews the diagno-
sis and management options of elderly patients 
with splenic injury.

 Evaluation

The elderly trauma patient undergoes initial his-
tory and physical examination. The determina-
tion of hemodynamic stability is critical in 
management of the spleen; hemodynamically 
unstable patients, especially elderly patients, 
should undergo primary surgical therapy. In 
many instances the finding of left upper quadrant 
pain, shock, and ± positive FAST will lead to 
exploration for presumed splenic injury. 
Historically shock had been defined as systolic 
blood pressure less than 90 mmHg. In recent 
years, the concept of occult shock was noted 
especially in the elderly. Eastridge et al. attempted 
to define shock based on the review of the 
National Trauma Data Bank. Their review defines 
a new set point in the injured elderly for shock of 
110 mmHg with biochemical markers of shock 
occurring in the elderly at 117 mmHg [34]. Based 
on this, the clinician must take care to carefully 
consider primary operative therapy in elderly 
patients presenting with SBP not only less than 
90 but also even 110 mmHg, especially if vitals 
do not immediately normalize resuscitation. 
Additionally, even in those considered stable 
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based on vital signs, evaluation for occult shock 
using lactate or arterial blood gas with base defi-
cit should be performed. In those patients with 
biochemical shock markers greater than six, there 
should be a serious consideration of primary sur-
gical therapy, especially in those with higher 
grade splenic injury and/or limited physiologic 
reserves.

 Diagnosis

In those deemed hemodynamically stable, the 
diagnosis of splenic injury is made with contrast 
CT. Contrast reaction and renal injury are of con-
cern but effects are relatively rare, even in elderly 
trauma patients [35–37]. Adequate but judicious 
volume loading pre- and postprocedure should be 
performed to minimize renal toxicity risks. The 
routine use of non-contrast abdominal CT in 
trauma is to be condemned as it will miss signifi-
cant organ injury [38]. Additionally, even in 
those scans in which injury is demonstrated, it 
cannot detect many markers for nonoperative 
failure such as contrast extravasation, injury 
grade, and pseudoaneurysm [38–42]. Abdominal 
CT with a detailed evaluation of the extent of 
injury is critical in making a treatment plan.

 Treatment Selection

After determining continued hemodynamic sta-
bility, patient frailty, and descriptive abdominal 
CT characteristic of the splenic injury, treatment 
is then determined. Accepting that age is not a 
contraindication to nonoperative management, it 
is admitted in most studies that the nonoperative 
failure rate will be higher than in younger patients 
with rates varying from a low of 6% up to 33% 
based on screening criteria [25–33]. Prior studies 
describe the importance of volume of hemoperi-
toneum, associated intra-abdominal injuries, 
neurologic injury, splenic injury grade, and 
abdominal CT evidence of vascular injury (pseu-
doaneurysm, extravasation contained or into 
peritoneum) [9–33, 38–42]. All these predictive 
factors have been evaluated for failure in overall 

trauma patients with splenic injury but only in 
limited studies are they specifically evaluated in 
the elderly subgroup [25–35]. Untreated PSA 
were thought to have a 50% failure rate without 
intervention with 15–75% seen on delayed imag-
ing [38–41]. There are ongoing multicenter trials 
to see if this rate of delayed pseudoaneurysm 
with high nonoperative failure rate remains true 
in the latest generation multidetector CT scan-
ners. In considering nonoperative management, it 
is important to consider that free intraperitoneal 
extravasation has a 90% success rate with angio-
graphic embolization but 50% will become 
unstable prior to treatment [43]. Arteriovenous 
fistula has a 40% failure rate even with successful 
angiography [43, 44]. As such, primary operative 
therapy is recommended in these groups.

 Angiography

In those with CT evidence of vascular injury and 
higher grade injury, angioembolization should be 
used to increase salvage rates. There remains 
some debate regarding angioembolization and 
splenic salvage. There is a large volume of litera-
ture supporting angioembolization for pseudoan-
eurysm, extravasation, and increasing injury 
grade defined grades 3–5 [40–54]. Main coil or 
proximal splenic artery embolization is preferred 
to decrease symptoms of infarction as well as 
repeat embolization is needed [43, 51]. Prior 
studies describe missed or delayed pseudoaneu-
rysm on follow-up imaging in patients undergo-
ing selective distal technique. This can require 
additional invasive therapies while those patients 
undergoing main splenic artery embolization are 
already treated even if a new pseudoaneurysm is 
seen. Proximal splenic artery embolization 
decreases gland perfusion pressure thereby 
allowing injuried vessels to clot increasing 
splenic salvage [46]. In selective, superselective, 
or distal embolization, only the specific pseudoa-
neurysm is treated. The incidence of delayed 
pseudoaneurysm is debated but in the 15–75% 
range based on current literature [45, 55, 56]. 
This, coupled with the inherent gland infarction 
from selective/distal embolization and equivalent 
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efficacy, makes the proximal  embolization 
approach preferred, especially in the elderly [43]. 
As noted in prior studies combination of selective 
and main coil embolization has a high complica-
tion rate and must be avoided [44]. When Ong 
et al. reviewed elderly patients with splenic injury 
they found an overall nonoperative failure rate of 
15% with a greater than 50% failure rate for 
AAST OIS splenic injury grades 3–5 in the 
elderly without interventions [27]. Mortality in 
this and prior studies was linked to increasing age 
and failure of nonoperative management [25–33]. 
With this in mind angiographic screening for 
high-grade injury seems to improve outcomes in 
the majority of studies. Although prophylactic 
embolization is debated, in recent studies age 
was used to perform prophylactic embolization 
with improved salvage and has been used at our 
institution with good results for high-grade inju-
ries [43, 51, 52].

 Operation

As in all trauma adequate exposure and mobiliza-
tion are critical in trauma laparotomy. Midline 
incision xiphoid to pubis is used in all acute oper-
ations. In documented isolated splenic injury, a 
left subcostal can be used, but as abdominal CT 
can miss pancreatic and hollow visceral injury, 
this incision should be reserved for delayed fail-
ures of nonoperative management with no other 
organ concerns. Clot is evacuated and four quad-
rants are packed to allow resuscitation with com-
pressive hemostasis. If packs do not control 
hemorrhage, rapid control of hilum is performed. 
In most of these cases the massively injured 
spleen is already mobilized by the force of the 
accident allowing rapid access to hilum. The 
spleen is stabilized by multiple ligaments in the 
left upper quadrant. The phrenicolienal and 
lienorenal are avascular and may be rapid taken 
bluntly or sharply. Care must be taken not to go 
too far medially as the inferior polar vessel and 
collaterals from the dorsal pancreatic artery can 
be seen close to this area. Large vessels may be 
present in the lienocolic ligament. Care must be 
taken to also identify and ligate the short gastric 

vessels between the greater curve of the stomach 
and the superior pole of the spleen. Postoperative 
bleeding after splenectomy is uncommon but 
when it occurs it usually is from improper liga-
tion of a short gastric or misses an avulsed vessel 
in the initial exploration. Although many vessel 
ligation systems are popular in elective splenec-
tomy, this author has had to reexplore patients in 
which the supposedly coapted short gastric had 
reopened and bled. Additionally in patients who 
have failed a proximal splenic artery emboliza-
tion, splenectomy should be performed as the 
mobilization process; ligating the short gastrics 
and pancreatic collaterals will devascularize the 
spleen leading to postoperative infarction.

The now mobilized spleen is displaced into 
the midline and packs are placed behind to main-
tain this position and provide retroperitoneal 
hemostasis. Now the surgeon can occlude the 
hilum posteriorly using fingers near the pancre-
atic tail to minimize blood loss while evaluating 
the extent of injury.

The surgeon now determines the extent of 
injury and patient stability. In minimal injury 
such as low-grade capsular tears, hemostatic 
agents and cautery can be used. Higher grade 
splenic injury may require ligation of individual 
distal vessels or even polar vessel to control 
bleeding. After allowing gland demarcation of 
ischemic tissue, partial resection is performed 
leaving a rim of devitalized tissue. Mattress 
sutures over pledgets are placed for additional 
hemostasis in rim residual devitalized tissue. 
Residual capsule or omentum may be placed on 
the cut end as well using the mattress ends to 
secure. Unless there is minimal injury or isola-
tion to a limited area of gland, splenectomy with 
individual splenic artery and vein ligation is pre-
ferred for two reasons. First with the limited 
reserves in the elder, the potential need for a sec-
ond surgery due to bleeding must be avoided at 
all costs. Incidence of overwhelming post- 
splenectomy sepsis is low, and the elderly patient 
have far fewer years left to potionally experience 
it. Therefore the risk of rebleed in attempts to sal-
vage a severly injuried spleen outweigh the ben-
efit of complicated splenic salvage surgeries. In 
the elderly this likely is very low while the 
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 morbidity and mortality of rebleed following 
laparotomy are high. With this in mind, other 
conservation techniques such as wrapping the 
pulverized spleen in mesh should not be used in 
this patient population. After removal a laparot-
omy pad is spread over the raw retroperitoneum 
and rolled up lateral to medial with control of all 
bleeding points as exposed from beneath the pad, 
or “taking a walk on the splenic bed.” The pan-
creas is then carefully examined for signs of con-
tusion/laceration. Drains should be placed only if 
there are concerns of pancreatic injury and poten-
tial for leak.

 Post-injury Management

In the past, prolonged bedrest to allow the vessels 
to clot and stabilize was recommended. There 
were additional concerns regarding delayed bleed 
or rupture. Early mobilization and limited hospi-
tal observation are advocated based on the fol-
lowing. In those with splenic injury, there is 
usually an associated thoracic injury or rib frac-
tures. This mandates good pain control, pulmo-
nary toilet, and early mobilization to prevent 
pneumonia. This is especially critical in the 
elderly as this is the number one cause of mortal-
ity following trauma. Additionally, the majority 
of studies, of nonoperative failures, occur within 
72 h [9–33, 39–60]. One recent study using the 
National Trauma Data bank noted that 95% of 
failures in the elderly occurred at 48 h [27]. We 
recommend early aggressive monitoring with 
serial abdominal exams and blood counts per-
formed every 8 h to detect occult signs of bleed-
ing. When two stable exams and hematocrits 
occur, routine lab and physician exam are 
decreased to daily unless change from patient 
baseline. Based on this and our prior studies, 
patients with grades 1 and 2 without interven-
tions are discharged at 48 h while those with 
higher grade injuries, treated operatively, or with 
angioembolization, are discharged at 72 h. An 
area of debate remains in the utility of delayed 
imaging prior to discharge. There is good evi-
dence that grades 1 and 2 injuries without vascu-
lar injuries can be discharged at 24–48 h without 

repeat imaging [27, 58]. A more difficult ques-
tion is the utility in higher grade splenic injury. 
As stated earlier, 15–75% of pseudoaneurysms 
were seen on delayed imaging in prior studies. 
Current large studies are ongoing regarding the 
rate of delayed pseudoaneurysm and its signifi-
cance. Until these results return, specifically in 
the elderly, repeat imaging on day 3 prior to dis-
charge may be indicated in those not undergoing 
angioembolization in grades 3–5 or with evi-
dence of vascular injury [43, 51, 58–60]. The 
advantage to the aggressive use of angiography 
and main coil embolization is that no follow-up 
imaging or therapy is needed. Angiography still 
appears more sensitive than CT. We believe that 
many of the classic delayed pseudoaneurysms 
were present and in spasm on initial CT. These 
are identified as pseudoaneurysm or as vessel 
truncation on admission and would be treated ini-
tially. Even if delayed pseudoaneurysms were 
seen on CT in main coil group, the patient is 
already treated and requires no further interven-
tions [43, 51].

Postoperative complications include most fre-
quently atelectasis, effusion, and pneumonia as 
above [61, 62]. Subphrenic abscess occurs in 
3–13% usually in patients with concomitant 
bowel and pancreatic injuries [61, 62]. Close 
monitoring in the elderly especially with associ-
ated injuries is critical as leukocytosis is common 
following splenectomy limiting lab utility. 
Screening procalcitonin may assist in determin-
ing infection from post-splenectomy state. 
Additionally with diminished immune function, 
the elderly may not be febrile and physical com-
plaints may be limited even with infection. As 
stated reoperation for bleeding is low between 
2.5 and 1% [62–65].

In those patients undergoing embolization, a 
significant portion will experience post- 
embolization syndrome. Attributed to the body’s 
reaction to infarcted splenic tissue, the patient 
experiences left upper quadrant pain, low-grade 
fever at usually 38°C, and mild leukocytosis 
10,500–12,000. These symptoms should improve 
with time and NSAIDs may benefit. If signs and 
symptoms are greater than above, standard infec-
tion must be assessed with chest X-ray, cultures, 
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procalcitonin, and white cell differential. If pain 
is significant or no other source, abdominal CT is 
performed to assess for abscess. Of note, in the 
embolization group, small collections of air can 
be seen without infection. If large pockets of 
splenic air are seen, however, splenic infection 
can be presumed and the patient should undergo 
splenectomy [66].

Immunization for patients undergoing sple-
nectomy is widely accepted with data recom-
mending waiting at least 2 weeks from injury to 
maximize antibody response [67]. Most data 
indicate that the severely injured and embolized 
spleen both recover immunologic function [67–
72]. However the majority of studies use indirect 
markers of immune function. Streptococcal vac-
cination is already recommended in this age 
group. As many have lost their immune response 
to Haemophilus with time, we routinely vacci-
nate for both in follow-up. The utility of booster 
vaccines is unclear, but as these are recommended 
in this age group, we routinely perform them.

 OPSS

As stated, splenic conservation stems from the 
recognition of overwhelming post-splenectomy 
sepsis (OPSS). This is a rare but often fatal com-
plication of the asplenic state. The risk is highest 
in children undergoing splenectomy with cancer, 
a described lifetime incidence of 2%. It is 
accepted to be lower in the adult population 
under 1%.

 Protocol

The recommended abbreviated protocol is early 
operation for SBP <90 with serious consideration 
of operative therapy for SBP <110 or lactate/base 
deficit ≥6. Contrast ACT to delineate the extent 
of injury. Patients with low-grade injury (one to 
two) undergo observation with serial examina-
tion and hematocrit for 24–48 h. Patients undergo 
admission angiography for grades 3–5 or evi-
dence of vascular injury (PSA, extravasation, 
vessel truncation). Operative therapy is preferred 

if active extravasation into peritoneal cavity or 
arteriovenous fistula. Embolization is performed 
for all signs of vascular injury and prophylactic 
embolization in grades 3–5 is recommended in 
this elderly group. Discharge at 72 h unless other 
injuries preclude with follow-up at 2 weeks for 
patients undergoing splenectomy or 
embolization.

 Conclusion

As both age and increasing splenic injury 
grade of three or greater are predictors of non-
operative failure, a more aggressive use of 
angioembolization and operative therapy is 
needed. The elderly may arrive with systolic 
blood pressure of 110 mmHg or less or bio-
chemical markers of occult, but significant 
shock, warranting early consideration of oper-
ative therapy. In those with higher grade injury 
or signs of vascular injury, angiographic prox-
imal splenic artery embolization remains a 
valuable adjunct to splenic salvage.
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 Introduction

Hollow viscus injury (HVI) in elderly trauma 
patients is a source of high morbidity and mortal-
ity. Age-related declines in organ function, end- 
stage comorbidities, and long-standing metabolic 
syndrome sequelae lower survival in these patients 
[1–5]. The higher mortality in frail elderly patients 
leads to a poor outcome correlation with Injury 
Severity Scores (ISS) when compared to younger 
patients [5, 6]. From 2013 to 2014, trauma was 
the seventh most common cause of mortality for 
patients over the age of 65, and 13.5% of those 
deaths were related to motor vehicle crashes 
(MVCs) [1–3, 7]. This subset of patients with 
higher mortality can be expanded to include 
patients aged 45–56 which showed increased 
mortality and increased rates of decubitus ulcers, 
renal failure, sepsis, wound infections, abscesses, 
and multi-organ failure [8–10]. In addition, mor-
bidity is also higher in elderly trauma patients 
with 88% of the patients not able to return to pre-
injury level of mobility, activity, and indepen-

dence [11, 12]. When mortality of patients with 
HVI was compared to non-HVI patients, patients 
with HVI had a higher mortality and severely 
injured elderly patients had the highest mortality 
[13, 14]. The high mortality associated with HVI 
in all age groups accentuates the importance of 
having a high index of suspicion and prompt 
expert management of all patients that suffer from 
HVI, especially the elderly.

The Eastern Association for the Surgery of 
Trauma (EAST) HVI study analyzed registry 
data from 95 trauma centers. Out of 2632 patients, 
the incidence of stomach injury was 4.3% and 
small bowel perforation from blunt trauma was 
0.3% [13]. Though the incidence for HVI from 
blunt trauma is low, the impact of gastric, small 
bowel, and large bowel perforation on morbidity 
and mortality is significant. With the escalation 
of morbidity and mortality in the elderly, even 
with best management, HVI in geriatric patients 
is devastating.

Despite differences in obesity rates and 
comorbidities among patients from different 
nations, HVI remains a worldwide problem [15]. 
HVI does not escape disparities in healthcare, 
with patients of low socioeconomic status having 
7.1% more anastomotic leaks, 11.4% more fas-
cial dehiscence, and 13.8% more abscesses than 
higher status [16]. Though computer tomography 
(CT) scanning technology has improved signifi-
cantly, early diagnosis and management of HVI 
remain clinically challenging [17].
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 Mechanisms of Injury

Geriatric patients are more likely to be severely 
injured from motor vehicle crashes (MVCs) 
compared to younger patients [18]. In addition, 
blunt abdominal injury and concomitant opera-
tive fractures increase the risk of sepsis and 
multi-organ failure [19]. Though seatbelts 
increase survival from MVC, seatbelts have 
increased the incidence of HVI [20]. Three-point 
restraints have 4.38-fold more risk of HVI com-
pared to no belt and two-point lap belt restraints 
have 10-fold increased risk [21]. Seatbelts are 
associated with high-energy transfer to the abdo-
men which can result in a flexion distraction 
injury-related fracture called a Chance fracture. 
A Chance fracture is a transverse fracture of the 
posterior elements of a vertebral body between 
T12 and L4. First described by G.Q. Chance in 
1948, the vertebra most commonly fractured 
through this mechanism is L2 [22]. A subgroup 
analysis of patients with chance fractures showed 
that 62.5% of patients had concomitant HVI [21]. 
Though gastric injury from improper seatbelt use 
is rare, there is a case report of a 65-year-old 
woman who suffered from gastric mucosal lac-
erations, pneumatosis of the stomach, and mas-
sive bleeding [23]. The presence of a transected 
rectus abdominis or abdominal wall hernia after 
improper seatbelt placement and MVC has been 
associated with major bowel devascularization 
and morbidity [24, 25]. Seatbelt syndrome- 
related HVI is a worldwide problem with increas-
ing incidence in developing countries [26, 27].

Most of these seatbelt-related HVIs occur 
because lap belts are inappropriately worn above 
the pelvic anterior superior iliac spines (ASIS), 
on the anterior abdominal wall, and not across the 
hips below the abdomen. Similarly, the shoulder 
harness can lead to additional injuries if not worn 
or placed below the arm instead of across the 
chest and shoulder. Aggressive campaigns exist 
to improve compliance and correct use of child 
seats and seat belts in pediatric patients [27–30]. 
These efforts have decreased morbidity and mor-
tality in pediatric patients [31]. To decrease pre-
ventable MVC-related HVI in adult and geriatric 
patients, major educational campaigns focused 

on the correct use and placement of lap and har-
ness belts need to be created and implemented for 
adults and the elderly.

HVI occurs more commonly after penetrating 
trauma than blunt trauma. Of penetrating inju-
ries, 68–80% of small-bowel injuries occur from 
gunshot wounds (GSW) and 20–32% from stab-
bings or impalements [32]. Like small bowel, 
75% of large-bowel injuries occur from penetrat-
ing trauma [33]. Ivatury et al. reported that 80% 
of rectal injuries were caused by GSW, 6% by 
transanal injury, and stab wounds <3% [34]. 
Though penetrating trauma occurs less often in 
geriatric patients, the elderly wounded have twice 
the length of stay in the ICU compared to non-
elderly patients and worse morbidity and mortal-
ity [35].

 Multi-Organ Dysfunction and HVI 
in the Elderly

Trauma management and outcomes in geriatric 
patients, and especially those who suffer from 
HVI, are complicated by impaired physiologic 
reserve. There is a large impact on gastrointesti-
nal perfusion because of impaired cardiopulmo-
nary function, central, and peripheral vascular 
disease. A significant number of patients arrive 
on medications that further decrease cardiac out-
put such as beta-blockers and calcium-channel 
blockers. In trauma patients with heart disease 
and cardiac stents, preexisting hemorrhage risk 
exists from antiplatelet agents, such as acetylsali-
cylic acid (ASA) and clopidogrel. Some patients 
present on anticoagulants such as warfarin, dabi-
gatran, rivaroxaban, apixaban, and edoxaban 
[36–40]. These agents increase or have the poten-
tial to increase blood loss, morbidity, and mortal-
ity in trauma patients [41–43]. To complicate the 
management of drug-enhanced exsanguination, 
some of these agents do not have efficient rever-
sal agents, and may require dialysis for removal. 
Most reversal protocols involve reversal using 
FFP or prothrombin complex concentrates (PCC) 
which have shown improvement in outcomes 
with potential for thromboembolism complica-
tions under retrospective evaluation [44]. 
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Prospective randomized trials evaluating out-
comes after treatment with FFP and PCC in 
trauma patients need to be performed [45–52]. 
Idarucizumab, a monoclonal antibody to dabiga-
tran, has been recently approved by the FDA as 
an antidote and its impact on trauma outcomes is 
yet to be elucidated. Several experimental drugs 
are under investigation for the reversal of factor 
Xa inhibitors such as andexanet alfa (PRT064445) 
and aripazine (PER977), but are not available for 
general clinical use in the United States [40, 53]. 
Volume loss from hemorrhage combined with 
low ejection fraction and a combination of beta- 
blockers and or calcium-channel blockers con-
tributes to the patient’s inability to compensate 
for worsening shock [54].

Treatment of shock, not hemoglobin, is the 
initial trigger of transfusion in the immediate 
period after trauma and a massive transfusion 
protocol is activated if clinically indicated [55]. 
Though some controversy exists regarding 
trauma outcomes, almost 40% of US trauma sur-
geons routinely use tranexamic acid (TXA) in 
patients that present with hemorrhagic shock 
because the majority of studies report decreased 
mortality, transfusion requirements, coagulopa-
thy, or multi-organ failure in adult and pediatric 
patients after tranexamic acid treatment [56–65].

 Initial Management and Diagnosis

On presentation to the trauma center, the American 
College of Surgeons Advanced Trauma Life 
Support (ATLS) protocol is initiated and the 
patient’s airway, breathing, and circulation are 
assessed while the trauma team simultaneously 
places the patient on a cardiac monitor, pulse 
oximetry, and capnography; obtains blood for 
testing; and inserts two large-bore intravenous 
catheters (IVs) [66]. Assuming that airway and 
breathing are normal, hypotension would be 
treated with 1 L of saline, and if severe emergency 
uncross-matched O blood released for transfu-
sion. Studies have shown that the physical exam 
does not reliably assist in the diagnosis of HVI 
[67, 68]. Though the presence of a seatbelt sign is 
highly suggestive of HVI, absence of the sign 

does not rule out HVI [69]. Obvious signs such as 
evisceration after penetrating trauma or peritonitis 
are not common. Blood on digital rectal exam, 
proximity perianal wounds, or projectile trajecto-
ries would increase the index of suspicion and 
warrant further workup for HVI [70].

 Laboratory Studies

A CBC with differential would give a baseline 
assessment of preexisting leukocytosis or anemia 
from an uncompensated sample if the patient pre-
sented immediately after HVI and hemorrhage. 
This assay could reveal if the patient has preexist-
ing thrombocytopenia. Though nonspecific for 
duodenal or pancreatic injury, an amylase may be 
helpful. A basic metabolic panel would be 
assessed for metabolic acidosis, possible exis-
tence of acute and or chronic kidney disease, and 
any electrolyte abnormality such as hypokalemia 
from diuretic therapy or hyponatremia from thia-
zide therapy, hypovolemia, proton pump inhibi-
tors, or heart failure [71–73].

 Imaging Studies and ATLS Adjuncts

First published by Spanish surgeons, the ultra-
sound  (U/S) has been in clinical use for the pur-
poses of trauma care since 1953 [74–77]. In the 
last two decades, it has been widely adopted as 
the adjunct of choice in the unstable trauma 
patient for the rapid identification of peritoneal 
hemorrhage and pericardial tamponade. The 
Focused Assessment with Sonography for 
Trauma (FAST) examines the peritoneal cavity 
for free fluid in the right flank in the hepatorenal 
recess of Morison’s pouch, the left flank in the 
subphrenic perisplenic space, and suprapubic 
area posterior to the bladder in men or in the 
pouch of Douglas in women. The fourth FAST 
position is the subxiphoid view with the probe 
pointed towards the left shoulder to assess for a 
pericardial effusion between the liver and the 
heart [78–80]. With additional training, the 
probe can also be used to assess for pleural effu-
sions, pneumothorax, and preload assessment 
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by visualizing the vena cava. With the additional 
pleural assessment, the FAST acronym has been 
modified to Extended Focused Assessment with 
Sonography for Trauma (EFAST). Using com-
puted tomography (CT) of the chest as the gold 
standard, the ultrasound showed a 28% higher 
sensitivity for pneumothorax detection than 
chest X-ray (CXR) [81, 82]. Advantages of 
FAST over DPL are that FAST is noninvasive 
and can be easily repeated, and additional 
organs can be assessed. The disadvantages are 
the operator dependence of quality, learning 
curve, and lower sensitivity and specificity com-
pared to diagnostic peritoneal lavage (DPL), but 
close to equivalent with improvements in ultra-
sound technology and training [83–87]. In 1997, 
a prospective study by McKenney and col-
leagues showed that abdominal U/S could 
replace the invasive DPL abdominal assessment 
in the unstable, blunt trauma patient [88]. 
However, if the FAST exam is repeatedly equiv-
ocal or an ultrasound device is not available, a 
DPL may be needed in the unstable blunt trauma 
patient.

At some American and European metropoli-
tan trauma centers, DPL is still in use [89, 90]. 
To prevent bladder and stomach injuries, cathe-
ters are inserted to drain the bladder and stomach 
prior to the surgical procedure. The DPL can be 
done minimally invasively with an over-wire 
catheter kit. However, if a kit is not available, the 
DPL can be done with a scalpel, retractors, an 
18-gauge angiocatheter, a 1 L saline bag, IV tub-
ing with bidirectional flow, and a peritoneal dial-
ysis catheter. Open and percutaneous methods of 
DPL are equivalent in accuracy and safety when 
performed by a trauma surgeon, though techni-
cal difficulty or adhesions may require an open 
technique [91, 92]. After prepping and draping 
with aseptic technique, lidocaine with epineph-
rine is injected in the planned incision site to pre-
vent a false-positive reading from incisional 
bleeding. The surgeon cuts down to the linea 
alba, above or below the umbilicus depending on 
body habitus, presence of pelvic fracture, or 
gravid uterus. An 18-gauge angiocatheter is 
inserted in a 45° angle towards caudally or ceph-
alad. Aspiration of 10 mL of blood from the 

peritoneal cavity is diagnostic for peritoneal 
hemorrhage. If there is any bile-stained fluid or 
food particles, then injury to hollow viscus is 
identified. If there is no evidence of injury on 
aspiration, a soft peritoneal dialysis catheter is 
inserted into the peritoneal cavity and a liter of 
saline in adults or 10–15 mL/kg in children is 
infused by gravity [93]. Once it is completed, the 
bag is held below the patient and allowed to fill 
by gravity. At least 30% of the peritoneal efflu-
ent is sent to the lab and assayed for RBCs, 
WBC, amylase, and alkaline phosphatase. If 
>100,000 RBC/mm3, then it is considered posi-
tive for peritoneal hemorrhage. With a RBC cut-
off of 100,000 RBC/mm3, the negative 
laparotomy rate was 0.2–4.1% and the false-neg-
ative rate was 0–1.2% [94, 95]. If WBC > 500/
mm3, amylase >20 IU/L, or alkaline phosphatase 
>3 IU/L, then the DPL is considered positive for 
HVI [96]. The fascia is closed if the open tech-
nique was used. Advantages of DPL are that it 
has slightly better sensitivity, specificity, and 
predictive values compared to U/S. The disad-
vantages are that it is invasive and can cause 
intestinal, aortic, or bladder injury depending on 
technique and the needle angle of attack, though 
complication rates are <2% [95, 97].

If the patient is hemodynamically unstable, 
then the patient is taken to the operating room for 
peritoneal hemorrhage control. If the patient is an 
immediate responder to intravenous resuscitation 
and the blood pressure is stable, then a CT of the 
abdomen and pelvis (CTA/P) is obtained with 
intravenous (IV) contrast. Free fluid is present in 
68.8% of HVI cases, and in 29–38% of hollow 
viscus perforation. Absence of free fluid does not 
rule out HVI. Injury of the mesentery may pres-
ent as fat stranding. Pneumatosis indicates bowel 
necrosis and free air indicates perforated hollow 
viscus. Sensitivity, specificity, and predictive val-
ues for HVI vary from institution to institution, 
but CT can detect up to 80% of HVI cases. 
Livingston and colleagues performed a four- 
trauma- center, prospective study that analyzed 
2299 patients and reported that no admission for 
observation was necessary if the CTA/P was nor-
mal because of a negative predictive value of 
99.63% [98].
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 Perioperative Management

After ATLS primary and secondary surveys, ini-
tial intravenous resuscitation, and diagnosis of 
hollow viscus perforation, type and screen, 
empiric broad-spectrum antibiotics are initiated, 
a central venous introducer sheath is inserted, 
and the patient is taken to the operating room. A 
thermal-regulated rapid infusion pump is placed 
on standby and the blood bank is notified in case 
of activation of the massive transfusion protocol 
(MTP). If the MTP is activated and the injury 
occurred <3 h from presentation, 1 g of tranexamic 
acid is administered over 10 min. Some surgeons 
will employ an autotransfusion blood salvage 
device despite bacterial contamination of blood 
from HVI. Multiple studies and a 2015 Cochrane 
database systematic review report that filtered, 
bacterial contaminated, autologous blood does 
not alter clinical outcomes and lowers transfu-
sion requirements in trauma patients. These find-
ings suggest that the infectious and transfusion 
reaction risks from heterologous blood compo-
nents are a greater risk to the trauma patient and 
increase healthcare costs [99–103].

As the surgical team scrubs, sequential com-
pression devices (SCDs) are placed and catheters 
are inserted to decompress bladder and stomach. 
Multiple studies have shown that prompt surgical 
management leads to better outcomes. Though a 
greater than 24-h delay has not been clearly 
shown to increase mortality in patients, there is 
consensus that worse infectious complications 
occur with operative delay including anastomotic 
leaks, abscesses, and sepsis [104–106].

Because anesthesia resuscitation methods 
vary greatly even within the same institution, 
communication between then trauma surgeon 
and the anesthesia team is critical. In addition to 
verifying preoperative antibiotics, the authors 
discuss the resuscitation plan, usually a bal-
anced crystalloid and blood product resuscita-
tion, to prevent massive crystalloid infusions. 
Predominantly crystalloid resuscitations lead to 
intra-abdominal edema, abdominal hyperten-
sion, and possibly abdominal compartment syn-
drome. Also, the patient is serially assessed for 
the trauma “triad of death”: hypothermia (tem-

perature < 36 °C), metabolic acidosis (pH < 7.2), 
and coagulopathy if not already present.

 Damage Control Resuscitation 
and Surgery

At the initial stages of the trauma triad of death, 
the definitive operative repairs must be aban-
doned for a damage control operation and tem-
porary abdominal closure (TAC) utilized. Failure 
to recognize or heed the trauma triad of death at 
INR >1.5 will lead to 47.8% mortality and, if the 
INR reaches three or greater, certain death [107–
114]. The authors have had success closing open 
abdomens covered with a commercially avail-
able negative-pressure TAC device (ABThera, 
Kinetic Concepts Inc., San Antonio, TX) which 
prevents loss of abdominal domain as long as the 
device is deployed correctly and washouts are 
performed every 1–2 days. As washout interval 
increases in duration, the risk of adhesions caus-
ing loss of abdominal domain and preventing 
primary fascial closure increases. A 2014 pro-
spective, multicenter study showed that second-
look operations >24 h from initial operation 
decreased the rate of primary fascial closures 
and >48 h showed a trend towards more intra-
abdominal complications [115].

The patient is prepped neck to knees and a 
midline incision laparotomy is created if the 
FAST was suggestive of peritoneal hemorrhage 
or hollow viscus injury. All four quadrants are 
packed and time is given to anesthesia to catch up 
with resuscitation now that bleeding is relatively 
controlled. After the patient is euvolemic, the 
cleanest packs are removed first. All hemorrhage 
is stopped and perforations are controlled to pre-
vent further soilage. If the patient is exhibiting 
the lethal triad of death, or has received a massive 
transfusion protocol, then hollow viscus anasto-
moses will be avoided at this operation because 
anastomotic failures will occur in up to 40% of 
patients resulting in leaks and fistulas [116]. 
Perforations are either stapled off, closed with 
umbilical tape, or vessel loops [117]. A tempo-
rary abdominal closure device is utilized and the 
patient is transferred to the ICU for continued 
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resuscitation and warming. After 24–48 h of 
resuscitation and stabilization, the patient is taken 
back to the OR. If there is still significant edema 
and the abdomen cannot be closed, then stomas 
are created. If minimal edema and the fascia can 
be closed without tension, then an ileocolic anas-
tomosis is created for perforations to the right of 
the middle colic pedicle. For perforations to the 
left of the middle colic and above the peritoneal 
reflection, most surgeons would perform either 
stapled or two-layered hand-sewn repairs. Rectal 
injuries are treated with a Hartmann’s procedure 
with diverting colostomy and pelvic closed suc-
tion drains are placed. Additional indications for 
diversion are massive fecal soilage or ongoing 
massive transfusion as discussed above.

If the patient can be closed at the second opera-
tion and GI tract edema has mostly resolved, 
repairs and resections are performed. If the patient 
cannot be closed on the second washout opera-
tion, then an aggressive fluid mobilization strat-
egy is pursued in between washouts to decrease 
bowel and mesenteric edema and allow for fascial 
closure of the abdomen. Because mobilization of 
excess total body water is a slow process, prevent-
ing large-volume crystalloid resuscitations with a 
balanced use of non- crystalloid solutions and 
blood products has been shown to improve rates 
of primary fascial closure [118].

Pitfalls of temporary abdominal closure 
include improper application of the temporary 
abdominal closure (TAC) appliance whether 
commercially available or created at the time of 
surgery. If the device does not sufficiently cover 
the small intestines, then significant retraction of 
the abdominal wall and adhesions would create 
complex and permanent abdominal wound 
because of loss of abdominal domain. If timing 
between washouts increases past 48–72 h, then 
bowel adhesions may prevent peritoneal closure. 
Lack of fluid mobilization in between washouts 
will prolong closure beyond 7 days and the prob-
ability of successful peritoneal closure will be 
significantly decreased. In addition, overutilizing 
crystalloids and insufficient transfusion of blood 
products in the initial resuscitation period 
increase the time to peritoneal fascial closure 
from 2.4 to 7.2 days and increase the number of 

washout laparotomies from 2.7 to 4.3 [118, 119]. 
Because of the complexities of open abdomen 
management, classifications and evidence-based 
management guidelines have been created to 
maximize the rate of primary fascial closures, 
decrease morbidity, and improve survival of 
patients who require an open abdomen after dam-
age control surgery [120–123].

 Hollow Viscus Injury Scales 
and Surgical Repairs

“In all cases of abdominal contusions the progno-
sis should be guarded, and the patients ought to be 
kept under careful observation. Upon the least sus-
picion of rupture immediate laparotomy is the only 
course to be followed.” Emanuel J. Senn M.D., 
1904 [124].

The first laparotomy for blunt HVI was per-
formed by M. Bouilly M.D. in 1883 on a 29-year- 
old man kicked by a horse [125]. Dr. Bouilly 
performed a 5-in. small-bowel resection, created 
a single-layered primary anastomosis with No. 0 
silk in a Lembert fashion, and closed the abdo-
men with silver wire. The patient had bowel 
recovery on postoperative day (POD) 3 and sur-
vived until POD 11. On POD 10, to determine 
how to repair the enterocutaneous fistula that 
appeared, Dr. Bouilly digitally explored the 
patient’s fistula at the bedside which created a 
free perforation, peritoneal sepsis, septic shock, 
and death within 24 h [124, 125]. In 1889, John 
Croft M.D. performed the first successful repair 
for HVI in a 14-year-old boy kicked by a horse. 
He performed a 1-in. small-bowel resection of 
the ileum for a small perforation, repaired it pri-
marily in a two-layered fashion, and washed out 
the abdomen with a dilute carbolic acid solution 
for a total operative time of 1 h and 45 min. His 
patient recovered successfully [124–126]. Per Sir 
Zachary Cope’s 1914 report on early diagnosis 
and treatment of ruptured intestine and surgical 
repair of HVI, including complex duodenal inju-
ries, became the standard of care after Dr. Croft 
succeeded in 1889 [127].

The American Association for the Surgery of 
Trauma (AAST) Organ Injury Scales (OIS) for 
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abdominal GI tract is shown in Tables 21.1, 21.2, 
21.3, 21.4, and 21.5 [128]. Principles of surgery 
must be followed to decrease risks of surgical 
complications. Performing tension-free anasto-
moses and not sewing ischemic viscus together 
have improved surgical success and clinical out-
comes. Traditional perfusion assessments of hol-
low viscus after injury are subjective assessments 
of color, degree of pulsatile flow in the mesen-
tery, and bleeding cut edges. Because these mea-
sures are indirect, subjective, and qualitative 
measurements of organ perfusion, anastomotic 
failures occur throughout the gastrointestinal 
tract, most commonly in the rectum and esopha-
gus. The use of intraoperative fluorescence angi-
ography is currently being investigative as a 
direct measurement of perfusion and preliminary 
data shows reduced anastomotic failures 
[129–131].

Table 21.1 Stomach injury scale

Gradea Injury ICD-9
AIS- 
90

1 Contusion or hematoma 
Partial thickness 
laceration

863.0/1 2

II Laceration 863.0/1 3

     <2 cm in GE junction 
or pylorus

     <5 cm in proximal 1/3 
stomach

     <10 cm in distal 2/3 
stomach

III Laceration 863.0/1 3

     >2 cm in GE junction 
or pylorus

     >5 cm in proximal 1/3 
stomach

     >10 cm in distal 2/3 
stomach

IV Tissue loss or 
devasoularization <2/3 
stomach

863.0/1 4

V Tissue loss or 
devasoularization >2/3 
stomach

863.0/1 4

aAdvance one grade for multiple injuries up to grade 
III. GE (gastroesophageal). Adapted from Moore et al., 
American Association for the Surgery of Trauma Organ 
Injury Scaling, 2010

Table 21.2 Duodenum injury scale

Gradea Injury ICD-9
AIS- 
90

I Hematoma involving single 
portion of duodenum 
Partial thickness laceration 
without perforation

863.21 2

3

II Hem atoma Involving more 
than one portion Laceration 
<50% of circumference

863.21 2

4

III Laceration 863.21 4

     50–75% of 
circumference of D2

4

     50%–100% of 
circLtnterence of D1,  
D3, D4

IV Disruption >75% of 
circumference of D2 
Involving ampulla or distal 
common bile duct

863.21 5

V Massive disruption of 
duodenopancreatic 
complex Devascularization 
of duodenum

863.21 5

5

aAdvance one grade for multiple injuries up to grade 
III. D1 (1st portion of duodenum), D2 (2nd portion of duo-
denum), D3 (3ed portion of duodenum), D4 (4th portion of 
duodenum). Adapted from Moore et al., American 
Association for the Surgery of Trauma Organ Injury 
Scaling, 2010

Table 21.3 Small bowel injury scale

Gradea Injury ICD-9
AIS- 
90

I Contusion or hematoma 
without devascularization 
Partial thickness laceration 
without perforation

863.20 2

2

II Laceration <50% of 
circumference

863.30 3

III Laceration > 50% of 
circumference without 
transection

863.30 3

IV Transection of the small 
bowel

863.20 4

V Transection of the small 
bowel with segmental 
tissue loss Devascularized 
segment

863.30 4

4

aAdvance one grade for multiple injures up to grade 
II. Adapted from Moore et al. American Association for 
the Surgery of Trauma Organ Injury Scaling, 2010
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The low-grade, uncomplicated, stomach, 
small-bowel, and colon injuries can be primarily 
repaired or resected with a primary stapled anas-
tomosis using Lembert sutures as a second layer 
of reinforcement. Rectal injuries can be primarily 
repaired and diverted as discussed previously 
with avoidance of the more difficult three-stage 
Hartmann’s procedure and diverting colostomy. 
If there is significant bowel edema, most sur-

geons would avoid a stapled anastomosis and 
perform either a hand-sewn two-layered anasto-
mosis or diverting stoma as required.

Based on the degree of injury and devascular-
ization, gastric repair injuries are either primarily 
repaired or reconstructed after resection of devi-
talized tissue. Injuries involving the pylorus can 
be repaired using a pyloroplasty technique to pre-
vent gastric outlet obstruction. Depending on the 
nature of the gastric injuries, Billroth I or Roux- 
en- Y gastrojejunostomy is usually chosen for 
reconstruction. Billroth II reconstructions are 
usually avoided because of the significant mor-
bidity associated with postoperative retrograde 
bile reflux and impaired quality of life. Primary 
repairs are performed using stapled or hand-sewn 
techniques.

Because of complication rates associated with 
duodenal repairs, duodenal hematoma grades I 
and II (Table 21.2) are initially treated conserva-
tively for 2 weeks with nasogastric tube (NGT) 
decompression, total parenteral nutrition (TPN), 
and weekly gastrografin studies. Repair of low- 
grade duodenal injuries of the first, third, and 
fourth parts of the duodenum (D1, D3, and D4) 
has a <2% postoperative fistula rate and the rate 
increases with grade of injury [132]. A tension- 
free repair is critical for success and the duode-
num must be mobilized. Longitudinal injuries are 
closed transversely to prevent duodenal stricture. 
Omentum is accepted as the best tissue to be used 
to buttress the duodenal repair as is done with a 
Graham patch for perforated peptic ulcers [133]. 
If the omentum is not sufficient to buttress a duo-
denal repair, alternative options are jejunal 
serosa, gallbladder wall, or falciform ligament 
[134, 135].

About 20% of duodenal injuries are moderate 
to high grade, grades III–V (Table 21.2), and 
require complex repairs. The second part of the 
duodenum (D2) contains the major duodenal 
papilla which connects to the biliopancreatic 
ampulla where the sphincter of Oddi prevents ret-
rograde reflux. The biliopancreatic ampulla is the 
common channel of the common bile duct (CBD) 
and pancreatic duct confluence. Because of the 
proximity of the biliary and pancreatic outflow 
tracts, injuries to this area are difficult to repair. In 

Table 21.4 Colon injury scale

Gradea Injury ICD-9b

AIS- 
90

I Contusion or hematoma 
without devascularization 
Partial thickness laceration 
without perforation

863.40- 
863.44

2

2

II Laceration <50% of 
circumference

863.50- 
863.54

3

III Laceration >50% of 
circumference without 
transection

863.50- 
863.54

3

Iv Tran section of the bowel 863.50- 
863.54

4

V Transection of the bowel 
with segmental tissue loss 
Devascularized segment

863.50- 
863.54

4

4

aAdvance one grade for multiple injures up to grade III
b863.41, 863.5 - ascending; 863.42, 863.52—transverse; 
863.45, 863.53—descending; 863.44, 863.54—sigmoid. 
Adapted from Moore et al. American Association for the 
Surgery of Trauma Organ Injury Scaling, 2010

Table 21.5 Rectum injury scale

Gradea Injury ICD-9
AIS- 
90

I Contusion or hematoma 
without devascularization 
Partial thickness laceration

863.45 2

2

II Laceration <50% of 
circumference

863.45 3

III Laceration > 50% of 
circumference

863.55 4

IV Full-thickness laceration 
with extension into the 
perineum

863.55 5

V Devascularized segment 863.55 5
aAdvance one grade for multiple injures up to grade 
III. Adapted from Moore et al., American Association for 
the Surgery of Trauma Organ Injury Scaling, 2010
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1914, Sir Zachary Cope reported the need for gas-
trojejunostomy when repairing complex duodenal 
injuries [127]. To minimize morbidity and mortal-
ity, these complex repairs must be performed as a 
staged procedure when the patient exhibits hypo-
thermia, acidosis, and coagulopathy [107–114]. 
Patients with associated mesenteric vascular or 
pancreatic injury are at higher risk for duodenal 
leak. If the duodenal injury is of high grade, 
grades IV and V (Table 21.2), an omental or a 
serosal patch repair is not feasible, and there is 
major mesenteric devascularization, or concomi-
tant pancreatic injury, the majority of surgeons 
would perform a pyloric exclusion procedure 
[136–142]. In a pyloric exclusion, the pylorus is 
closed either externally with a linear non-cutting 
stapler or sutured closed with 0 absorbable suture 
through a gastrotomy. A loop gastrojejunostomy 
was originally described, but a Roux-en-Y gastro-
jejunostomy is commonly created to restore gas-
trointestinal continuity with a lower risk of bile 
reflux. The excluded duodenum is decompressed 
via a distal retrograde jejunoduodenostomy tube 
and a gastrojejunostomy feeding tube through the 
anastomosis or feeding jejunostomy may be 
placed. Studies have reported lower fistula rates 
of 0.5% vs. 19.3% with and without pyloric exclu-
sion, for severe combined duodenal and pancre-
atic injuries [132]. Mortality for moderate to 
severe duodenal injuries has decreased to 1.6–
10.5% with use of pyloric exclusion, proximal 
drainage, and distal retrograde intraluminal drain-
age [117, 142]. Vagotomy for prevention of mar-
ginal ulcers is not performed because of the 
efficacy of proton pump inhibitors (PPIs) [143, 
144]. Less popular than pyloric exclusion and 
more labor intensive is the duodenal diverticuliza-
tion in which the duodenal is defunctionalized 
and the hepatopancreaticobiliary system is exter-
nally drained. Diverticulization involves vagot-
omy, antrectomy, gastrojejunostomy, biliary 
T-tube drainage, duodenal primary repair, and lat-
eral duodenostomy drainage [145, 146]. Though 
diverticulization was reported in the literature 
prior to pyloric exclusion, there are insufficient 
studies to suggest superiority over pyloric exclu-
sion for the most complex pancreaticoduodenal 
injuries. Obliteration of the duodenum and  

pancreatic head which is reported in <3% of 
patients has been successfully treated with staged 
repair, control of hemorrhage, and contamination 
with wide drainage, followed by Whipple pancre-
aticojejunostomy (PJ) reconstruction [147]. 
Reported as early as 1965, the modern-day trauma 
Whipple procedure is associated with significant 
morbidity of 84% and mortality of 28% even with 
damage control surgery because of the cumulative 
severity of associated visceral and vascular inju-
ries [148–151]. Pancreaticogastrostomy (PG) has 
been compared to PJ in multiple randomized con-
trolled trials (RCTs) and meta-analyses and found 
to be relatively equivalent in postoperative fistula 
rates, 12.3% vs. 11.1%, morbidity and mortality 
[152–155]. A study of five trauma patients that 
underwent PG alone or after failed PJ reconstruc-
tion showed reasonable outcomes despite massive 
transfusion and long operative times. PG is a via-
ble alternative to PJ for complex reconstruction, 
especially in elderly patients [147, 156, 157]. 
Some studies suggest that there is worse postop-
erative exocrine dysfunction and pancreatic duct 
strictures with PG, so PJ may be the better proce-
dure in younger patients despite non-inferiority in 
RCTs and multiple meta- analyses [158, 159].

If there is <50% loss of jejunal, ileal, or colon 
lumen, grades I and II (Tables 21.3 and 21.4), the 
authors prefer to perform a primary repair in two 
layers, 3–0 absorbable running suture for the 
inner layer and 4–0 silk Lembert sutures for the 
outer layer in a transverse fashion to prevent 
stricture. A resection and enteroenterostomy, 
ileocolostomy, or colocolostomy anastomosis is 
performed if there is >50% loss of bowel lumen, 
grades III–V (Tables 21.3 and 21.4).

In healthy patients under elective conditions, 
rectal anastomoses have a 3–26% leak rate [160]. 
Massive transfusions and concomitant comor-
bidities increase the leak rate to 42% or greater 
[161]. Some advocate a loop-diverting colostomy 
with a skin-level bridge device that is matured 
immediately with the proximal lumen sutured so 
that it is 100% diverting [162]. This approach 
allows for an easier procedure to return the 
patient to gastrointestinal continuity, assuming 
that the patient was stable and the surgeon per-
formed a primary rectal anastomosis. Some 
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acute-care surgeons prefer to perform a 
Hartmann’s procedure with colostomy diversion 
in the setting of massive transfusions or massive 
fecal contamination. Wide drainage with closed- 
suction drains or sump drains is considered based 
on degree of fecal contamination.

To prevent surgical site infections (SSI) after 
massive fecal contamination, most surgeons will 
close the fascia, but leave the skin partially open. 
Drains may be used in the subcutaneous tissue to 
obliterate dead space lateral to the incision. 
Removal of projectiles is usually not done except 
if they traverse a hollow viscus prior to ending in 
subcutaneous tissues. Necrotizing fasciitis can 
occur from contaminated bullets and projectiles 
left in the soft tissues after penetrating intestines 
[163].

 Postoperative Management

Hypoperfusion after trauma and surgery contrib-
utes to secondary injury of compromised hollow 
viscus. Even if the patient is successfully resusci-
tated and repaired, there is a risk of anastomotic 
failure from perioperative hypoxia and/or hypo-
tension [164]. Elderly patients that are frail have 
preexisting malnutrition, hypoalbuminemia, and 
low oncotic pressure which lead to increased 
third spacing, anasarca, and intestinal anasto-
motic leak [164–166]. Unfortunately, indiscrimi-
nate use of diuretic therapy and hypovolemia to 
improve pulmonary function and minimize venti-
lator time in the immediate postoperative period 
can have disastrous consequences. Diuresis in a 
third-spacing trauma patient who has poor car-
diac output, impaired perfusion from atheroscle-
rosis, and low oncotic pressure will likely create 
an ischemic hollow viscus repair [167, 168]. 
Dehydration is compensated by splanchnic vaso-
constriction which impairs arterial inflow to the 
gastrointestinal tract even further. Brief, repeti-
tive, and persistent ischemic insults to any hollow 
viscus repair will increase the probability of 
breakdown and catastrophic leak.

A balanced resuscitation strategy to prevent 
excessive fluid overload, maintain effective 
oncotic pressures, and provide for sufficient oxy-

gen transport capacity is critical for preventing 
hollow viscus repair complications. Patients with 
chronic hypertension are prone to end-organ 
hypoperfusion. A MAP of 65 mmHg may be 
insufficient for hollow viscus perfusion, espe-
cially in elderly patients with a baseline MAP 
>100 mmHg [169, 170]. In patients with uncon-
trolled hypertension, hemodynamics should be 
maintained at a mean arterial pressure (MAP) of 
75–85 mmHg instead of a MAP >65 mmHg 
because of the increased risk of acute kidney 
injury, hollow viscus hypoperfusion, morbidity, 
and mortality [169, 170]. Because of the unreli-
ability of vital signs to predict perfusion out-
comes in geriatric patients, all geriatric patients 
should have lactic acid levels drawn until trend-
ing towards normal to avoid occult hypoperfu-
sion [171, 172].

After traumatic hemorrhage is controlled, a 
hemoglobin concentration of 7 g/dL, which may 
provide adequate oxygen-carrying capacity for a 
young healthy patient, could potentiate the isch-
emic insult in the elderly patient with cardiopul-
monary and peripheral vascular disease. 
Therefore, elderly patients with severe cardiopul-
monary disease may require a greater hemoglo-
bin concentration. If in doubt, use a goal-directed 
approach with indirect measures of perfusion 
such as mixed venous oxygen saturation of >65% 
and resolution of lactic acidosis to obtain ade-
quate oxygen delivery and perfusion [173–176].

Because the stress of trauma, shock, and work 
of breathing increase the risk of paroxysmal atrial 
fibrillation (Afib) with rapid ventricular response 
(RVR) in patients with preexisting arrhythmoge-
nicity, magnesium and phosphate levels are ordered 
and treated. In patients at high risk for postopera-
tive Afib with RVR, short-term prophylactic amio-
darone therapy should be initiated immediately 
postoperatively. Afib with RVR would further 
exacerbate the gastrointestinal hypoperfusion 
because of diminished cardiac output. Judicious 
use of beta-blockers or  calcium- channel blockers 
and combination therapy with class III antiarrhyth-
mics such as amiodarone can prevent additional 
hypotension and subsequent secondary injury to 
the hollow viscus at risk [177].

A.R. Maldonado and J.L. Peschiera



199

Proximal GI injuries, especially in the stom-
ach and duodenum, benefit from NGT decom-
pression to prevent vomiting, aspiration 
complications, and gastroduodenal distension. In 
addition, gastric distension could precipitate 
massive bleeding from the short gastrics if one of 
the sutures is compromised. Efforts at prevention 
of multi-organ dysfunction, ileus, and Ogilvie’s 
syndrome are made by replacing electrolytes, 
preventing massive fluid shifts, keeping the 
patient euvolemic, and minimizing drugs with 
antimotility activity such as narcotics and anti-
cholinergics. Enteral feeds are initiated as soon 
as gastric residuals have decreased and bowel 
recovery is in progress. A potential pitfall of 
early enteral feedings is simultaneous vasopres-
sor use. The reduced splanchnic inflow combined 
with the increase in oxygen, nutrient metabolism, 
and waste removal can exceed perfusion capacity 
and put the patient at risk for anastomosis isch-
emia, necrosis, and leak.

Stress ulcer prophylaxis with PPIs is critical, 
especially when a pyloric exclusion is performed 
in which the stomach may be overproducing acid. 
Because of posttraumatic hypercoagulability, 
immobility, total body excess water which is typ-
ical in multi-trauma patients, and intra- abdominal 
hypertension, HVI patients are at high risk for 
thromboembolic events. Based on the degree of 
coagulopathy seen at the time of operation, hepa-
rin or Lovenox is given for DVT prophylaxis. 
Fluids and medications are optimized for optimal 
anastomosis perfusion and healing.

 Postoperative Complications

If the leak after hollow viscus repair is minimal 
and imaging shows a contained abscess, percuta-
neous drainage may be sufficient treatment in 
addition to antibiotics and nutrition. However, 
high-output fistulas from massive hollow viscus 
leaks identified in the early postoperative period 
generally benefit from early operative interven-
tion. Delays in surgical diversion led to higher 
mortality because of infectious complications 
such as sepsis, shock, and multi-organ failure 
[104–106].

Low-output fistulas with <50 mL output per 
day are usually managed nonoperatively because 
of the increased risks for morbidity and mortality 
from reoperation. Management strategies include 
making the patient NPO, TPN, antibiotics if indi-
cated, a gradual transition to enteral feeds, and 
placing drainage appliance to protect the skin. If 
slow feeds do not convert the fistula to high out-
put, the feeds are increased to goal while the TPN 
is weaned off. This reduces the risks of central 
line infections, bacteremia, sepsis, and multi- 
organ failure inherent in long-term TPN therapy. 
Severely injured trauma patients with tube or 
needle feeding jejunostomy have a 4% complica-
tion rate with more leaks from the tube than the 
needle [178]. HVI-related low-output fistulas 
close in 55% of patients and if persistent are ame-
nable to endoscopic treatment with covered 
endoscopic stents, absorbable biologic plugs, and 
fibrin glue [104, 179].

Severe HVI complicated by comorbidities, 
occult postoperative hypoperfusion, or postoper-
ative vasopressor use can lead to postoperative 
strictures [180]. Management will depend on the 
location of the stricture, whether the patient has 
enough physiologic reserve to undergo revision 
surgery, or if the stricture can be managed short- 
term with an endoscopic stent. Especially in the 
distal large-bowel obstruction, endoscopic stents 
have made it possible for patients to be bowel 
prepped, undergo elective surgery, and avoid a 
colostomy. Because of the high rate and variety 
of complications associated with stomas, includ-
ing obstruction, herniation, peristomal abscesses, 
bowel necrosis, and altered patient quality of life, 
surgical strategies including endoscopic stents 
are used to avoid stoma creation when possible 
[181, 182]. In addition, patients over 70 years old 
have a lower probability that their stoma will be 
reversed [183].

Surgical site infection (SSI) is one of the most 
common complications after operative blunt 
trauma, occurring in up to 9.3% of patients 
repaired primarily and up to 50% in patients 
requiring intestinal diversion [184, 185]. SSIs 
after contaminated HVI repairs or stoma closures 
are prevented generally by closing the fascia, but 
leaving the skin partially open. Some surgeons 
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close the lateral edges and leave the center open, 
while others place loose sutures to bring the skin 
closer together [186]. The flora of these infec-
tions is usually polymicrobial and broad- 
spectrum antibiotics are empirically initiated 
[187]. If the SSI is associated with a deep organ 
space infection (DOSI) postoperatively because 
of anastomotic leak, the patient could develop 
necrotizing fasciitis, especially in immunocom-
promised individuals. Prompt intervention with 
diversion, cultures, biopsy, washout, debride-
ment, antibiotics, and nutrition optimization is 
critical [188]. Large defects with significant fluid 
losses often benefit from negative-pressure ther-
apy prior to definitive closure [189].

Short bowel syndrome (SBS) occurs when an 
individual with normal bowel function loses 
>50% of small intestine, <200 cm of small and 
large bowel, or less in someone with baseline 
compromised bowel function such as Crohn’s 
disease. Of all adult patients with SBS, 8% of 
cases occurred because of traumatic injury [190]. 
Trauma-related SBS occurs from major devascu-
larization injuries that obliterate major branches 
of the superior mesenteric artery (SMA) in 38% 
of trauma patients. The remainder of trauma SBS 
are caused by bowel necrosis from posttraumatic 
shock or extensive resections of injured small 
bowel [191].

In SBS patients, diarrhea from malabsorption 
of fluid, electrolytes, and nutrients causes large 
fluid loses, electrolyte abnormalities, enteral 
bicarbonate loss, and acid-base derangements 
[192]. The patients are infused with total paren-
teral nutrition (TPN) chronically which can cause 
liver and renal failure in addition to central 
venous access complications, such as line sepsis 
[193–195]. These patients also require vitamin, 
mineral, and trace element supplementation 
intravenously because of significant enteral 
losses.

Enteral feeding protocols are initiated to max-
imize intestinal adaptation which can take months 
to years, depending on baseline bowel function 
and length remaining [196, 197]. To potentiate 
intestinal adaptation and increase mucosal sur-
face area, patients can now be treated with a 
recently FDA-approved drug called teduglutide. 

Teduglutide is a glucagon-like peptide-2 (GLP2) 
analog, a gut peptide hormone endogenously 
synthesized from proglucagon that stimulates 
intestinal proliferation and nutrient metabolism, 
reduces bone reabsorption, and is protective to 
the enteric nervous system [198, 199]. Because 
the proteolytic binding site of GLP2 is mutated in 
teduglutide, the half-life is increased from 7 min 
to 2 h which potentiates its downstream signal 
transduction efficacy [200].

Prevention of short bowel syndrome includes 
deploying temporary intravascular shunts (TIVS) 
to reestablish SMA perfusion in unstable patients 
undergoing damage control surgery, avoiding 
resection of partially viable bowel, placing a TAC 
appliance, and performing the complex SMA 
reconstruction at the second-look operation 
[201]. Microvascular reconstruction is successful 
in preserving small-bowel length in some patients 
[202]. If all else fails, small-bowel transplanta-
tion may be necessary in eligible elderly patients, 
currently patients with an age in the lower 60s 
[203, 204].

 Conclusions and Future Directions

Worldwide, hollow viscus injury is a rare but 
deadly traumatic event in elderly patients, a 
patient population prone to higher morbidity and 
mortality [1–4, 6]. To decrease mortality and 
healthcare costs of seatbelt syndrome-related 
HVI in patients of advanced age, greater efforts 
worldwide are needed in creating and instituting 
prevention programs aiming to educating adults 
and seniors in the correct use and placement of 
lap and harness belts in motor vehicles [25].

Because of the low incidence of HVI in blunt 
trauma and the difficulty in making a clinical 
diagnosis, the traumatologist must keep a high 
index of suspicion [13, 125–127]. The use of 
multimodal diagnostic approaches including 
FAST and high-fidelity CT scans is essential for 
early diagnosis [17, 74, 80, 81, 98, 205]. CT pro-
tocols focused on evaluation of sarcopenia sever-
ity are being investigated with preliminary results 
suggesting that these protocols can predict mor-
tality at 6 months [206]. Prognosis may inform 
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the surgeon’s decision not to operate if the sarco-
penic severity and clinical circumstances suggest 
that an operation would be a futile effort. These 
sarcopenia protocols are experimental and need 
to be validated with prospective clinical trials.

Early intervention is critical for most HVI to 
decrease infectious complications that lead to 
high morbidity and mortality [207]. Damage con-
trol resuscitation, staged surgical repairs, frequent 
organ perfusion assessments, judicious periopera-
tive management, and medical optimization of 
comorbidities have been shown to improve hol-
low viscous repair outcomes and patient survival 
[107–114]. As the laparoscopic technology and 
surgeon’s skills become more advanced, there 
may be a greater role in the future for laparoscopic 
surgery in the management of traumatic hollow 
viscus injury, especially in the hemodynamically 
stable elderly patient population. Real-time intra-
operative fluorescence angiography may become 
the standard of care if it can reproducibly decrease 
hollow viscus repair complications in future pro-
spective RCTs [129–131].
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Management of Pancreatic Injury 
in the Geriatric Patient

Charles E. Lucas and Anna M. Ledgerwood

Surgeons always like to perform their magic on 
young adults who are in training in some athletic 
event for the upcoming Olympics. Unfortunately, 
our society continues to age so that more and 
more operations are performed in the elderly. The 
challenges of surgery in the geriatric population 
relate to the adverse events that aging has on both 
physical well-being and mental acumen [1–3]. 
The extent of physical derangement is often 
referred to by the popular term “frailty” whereas 
the progressive mental deterioration often falls 
under the name of “Alzheimer’s disease [3].” 
Although aging, per se, is not the cause of fragil-
ity or reduced acumen, the trend is for both to 
become progressively worse each year. Clearly, 
the effect of fragility and decreased cognitive 
function impair successful surgical treatment [1, 
4]. This is true not only for elective surgery but 
especially for emergency operations after injury.

Many papers have emphasized that the com-
promised elderly patient can tolerate a major 
operative procedure but cannot tolerate major 

complication [1]. This principle applies even 
more to the geriatric trauma patient. Consequently, 
the surgeon must focus on providing an efficient 
and prompt diagnosis of organ injury in order to 
make timely intervention before the ravages of an 
untreated major injury lead to complications and 
death. Prompt diagnosis as a means of optimizing 
efficient therapy is more difficult in the geriatric 
patient with pancreatic injury. Few geriatric 
patients with pancreatic injury have been stabbed 
or shot. Less than 1% of the patients treated at an 
inner-city trauma center for stab wound or gun-
shot wound to the abdomen will be a senior citi-
zen [5]. Consequently, these patients will be 
victims of blunt trauma due to a motor vehicle 
collision (MVC), a same-level fall, a fall from a 
height, or an assault. Even in the elderly, alcohol 
is often a cofactor associated with blunt pancre-
atic injury.

 Blunt Abdominal Trauma: Historical 
Vignettes

During the midportion of the twentieth century, 
making a diagnosis of a blunt retroperitoneal 
organ injury depended upon a careful physical 
examination followed by frequent reexamination 
[6]. A patient who is not under the influence of 
alcohol typically has early pain and tenderness in 
the epigastrium with stable vital signs. This dis-
comfort, or pain, becomes more pronounced by 
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6 h by which time there will often be a rise in the 
serum amylase compared to the serum amylase 
drawn on admission [7–9]. The progression of 
pain and tenderness leads to exploratory laparot-
omy where all organs, especially the retroperito-
neal pancreas, are carefully examined. The onset 
of diagnostic peritoneal lavage (DPL) allowed 
for the early diagnosis of hemoperitoneum or 
peritoneal contamination from an intraperitoneal 
hollow viscus injury; subsequent laparotomy 
would allow the unsuspected pancreatic injury to 
be discovered [10]. Unfortunately, the DPL is 
negative when there is an isolated pancreatic 
injury. The advent of ultrasonography (FAST) 
allowed for earlier diagnosis of hemoperitoneum 
but provided marginal help for making an early 
diagnosis of blunt retroperitoneal injury [10]. 
Consequently, the contrast CT scan is the most 
sensitive test for the early identification of blunt 
pancreatic injury. Cirillo and coworkers assessed 
a number of imaging studies in trying to identify 
the optimal test for diagnosing blunt pancreatic 
injury [11]. They confirmed that the enhanced 
CT scan, despite a number of false negatives, is 
the best first-line examination. When question 
exists about ductal injury, an MRI cholangiopan-
creatogram may be helpful. The “gold standard” 
for identifying ductal injury continues to be the 
ERCP [11–13].

Bokhari and coworkers summarized the 
Eastern Association for the Surgery of Trauma 
(EAST) guidelines for making an early diagnosis 
of blunt pancreatic injury. These authors pointed 
out that the initial amylase may not be helpful but 
that a rise in amylase or an elevated amylase at 
6 h suggests pancreatic injury [14]. Takishina and 
coworkers identified that a significant rise in 
amylase at 3 h after admission is very sensitive in 
predicting blunt pancreatic injury [9]. This rise in 
serum amylase at 6 h after injury has been 
observed by the authors [7]. The EAST guide-
lines also point out the significant false-negative 
exams with the enhanced CT scan and the lack of 
specificity regarding leukocytosis. When the 
patient is undergoing laparotomy for other rea-
sons, the performance of an intraoperative ERCP 
may be helpful in identifying whether there is a 
ductal injury [13].

 Emergent ERCP for Blunt Pancreatic 
Injury

The role of urgent ERCP for assessing pancreatic 
ductal integrity is outlined in the following case 
summary [12]. This 23-year-old man was driving a 
car when he collided with a truck; his upper torso 
bent the steering wheel. Despite momentary loss of 
consciousness, he was wide awake when he arrived 
in the emergency department at an outlying hospi-
tal, had stable vital signs, and had multiple facial 
abrasions. He had an obvious closed right femur 
fracture. Abdominal examination showed hypoac-
tive bowel sounds and mild upper abdominal ten-
derness particularly in the left upper quadrant. His 
initial amylase was 50 units/L and rose to 
240 units/L by 2 h. A DPL was negative. The CT 
revealed a probable transverse fracture of the distal 
pancreas (Fig. 22.1). He, therefore, was transferred 
to our Level I trauma center for abdominal explora-
tion; upon arrival 5 h after injury, he was stable and 
had minimal left upper quadrant tenderness 
although the amylase had risen to 478 u/L. Two 
hours following arrival, he had an ERCP which 
demonstrated a normal pancreatic duct without 
extravasation (Fig. 22.2). Consequently, he was 
treated nonoperatively with nasal gastric suction 
until the pain ceased after which, on day 8, he had 
ORIF of the femur fracture, was started on diet on 

Fig. 22.1 Grade 2 pancreatic tail injury after MVC. This 
patient was transferred for laparotomy to repair a pancre-
atic body transection. Because his abdominal findings did 
not suggest major pancreatic injury, he underwent an 
emergency ERCP
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day 9, and was discharged home on day 10. 
Subsequent outpatient ERCP and serum amylase 
levels were normal. The CT scan, at 2 months, 
showed thickening of the pancreatic body; he was 
asymptomatic (Fig. 22.3). Although this injury 
occurred in a young, healthy patient, the principles 
of diagnosis and management apply to the elderly, 
particularly when frailty is a comorbidity. ERCP is 
helpful when there is question of ductal injury [13].

 Nonoperative Management (NOM) 
for Blunt Pancreatic Injury

The past decade has seen a remarkable change in 
the surgical approach to blunt intraperitoneal solid 
organ injuries, particularly the liver and the spleen 

[15, 16]. Since the first study on NOM for blunt 
splenic injuries was prospectively initiated by Tom 
and coworkers in 1978 and published in 1985, the 
shift from NOM for blunt splenic injury has 
increased from less than 5% to almost 90% [16, 
17]. A similar pattern has been seen for patients 
with blunt liver injury [15]. The experience gained 
from the NOM of blunt liver and splenic injuries 
has slowly transferred to the pancreas [18]. Most 
authors now recommend NOM for grade 1 and 
grade 2 blunt pancreatic injuries which can be suc-
cessfully treated with percutaneous drains when 
there is evidence of a peripancreatic fluid collection 
[18, 19]. Some of these patients actually improve 
and have successful NOM without the addition of 
percutaneous drains [18]. Takishina and coworkers 
recommended NOM for all patients with minor 
(grade 1–2) blunt pancreatic injury [9]. The treat-
ment of grade 3 blunt pancreatic injury has become 
more controversial. Leppanimi and coworkers rec-
ommend exploration with distal resection from the 
point of the pancreatic ductal injury [19]. Bokhari 
and coworkers identify a higher incidence of pan-
creaticocutaneous fistulae in patients with grade 3 
injury treated without distal pancreatectomy [14]. 
Hamidian-Jahromi and coworkers noted that 
the nonsurgical treatment of patients with grade 3 
pancreatic ductal injury was associated with a 
 longer duration of pancreaticocutaneous fistula 
compared to the operative group (Fig. 22.4) [18]. 

Fig. 22.2 Emergency ERCP for blunt pancreatic injury. 
The above patient had emergent ERCP 12 h after injury; 
this showed no ductal disruption or extravasation, thereby 
leading to successful nonoperative therapy

Fig. 22.3 The pancreatic body, in the above patient, was 
thickened at 2 months that the patient was asymptomatic

Fig. 22.4 Typical grade 3 pancreatic transection. Patients 
with pancreatic injury following MVC often have a tran-
section over or to the left of the superior mesenteric vein. 
This is best treated, in the elderly patient undergoing lapa-
rotomy, with distal pancreatectomy with splenectomy
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The  long-term complication rate, however, was 
similar between the two groups. On the basis of a 
retrospective review, these patients required longer 
total parenteral nutrition, had a longer duration of a 
pancreaticocutaneous fistula, and had an increased 
length of stay but the overall mortality was compa-
rable to those treated with laparotomy and defini-
tive treatment of the pancreatic injury [18]. When a 
pancreatic fistula ensues, the value of octreotide 
therapy to close the fistula must be considered [20, 
21]. Bokhari and coworkers support the work of 
others that there is a decrease in secretion volume 
from the fistula but that cure of the fistula typically 
does not occur [14]. The natural history of a pan-
creatic fistula without proximal ductal obstruction 
is a gradual closure. Many years ago, the authors 
treated a number of patients who had post-injury 
pancreatic fistulae with intermittent octreotide 
which would be given for 10 days, discontinued for 
10 days, given for 10 days, with this sequence con-
tinued until closure [22]. The volume of the fistula 
drainage progressively decreased during each 
10 day interval independent of octreotide therapy, 
until closure.

The blunt grade 4 pancreatic injury with par-
tial or complete transection across the head of 
the pancreas without associated duodenal injury 
will almost always be diagnosed early with sig-
nificant changes seen on the CT scan [11]. The 
nonoperative treatment of a grade 4 pancreatic 
injury which is isolated has a much greater 
morbidity and mortality than definitive opera-
tive therapy [18]. The immediate challenge fol-
lowing early exploration will be to assure 
hemostasis and then identify the optimal proce-
dure depending upon both findings and patient 
comorbidities [7]. When the head of the pan-
creas is transected, this usually occurs at the 
point where the third portion of the common 
bile duct passes through the pancreas 
(Fig. 22.5). In the stable patient this may be 
treated by over-sewing and hemostasis of the 
remnant of the pancreas attached to the medial 
wall of the duodenum followed by a Roux-en-Y 
drainage of the remaining pancreas with the 
end of the pancreas being sewed to the side of 

the Roux-en-Y jejunal loop (Fig. 22.6). When 
this is technically not possible, the treatment 
may consist of a 90% pancreatectomy with 
splenectomy which would be a highly morbid 

Fig. 22.5 Grade 4 pancreatic head laceration. The grade 
4 pancreatic injury is associated with complete or partial 
transection of the head of the pancreas, often with ductal 
injury, but without duodenal injury

Fig. 22.6 Non-resectional therapy for grade 4 pancreatic 
injury. When the transection extends through the pan-
creas, the duodenal side of the pancreas may be made 
hemostatic with simple interrupted sutures, whereas the 
distal pancreas is drained into a Roux-en-Y jejunal limb
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procedure to be performed in an elderly patient 
with significant comorbidities. When the extent 
of frailty is significant, wide drainage of the 
area may be all that can be achieved over the 
short term with the expectation that one would 
have to deal with the subsequent pancreaticocu-
taneous fistula at a later date when, hopefully, 
the patient is more stable. This is best achieved 
with closed suction drainage [23].

The grade 5 pancreatic injury has either exten-
sive disruption with vascular embarrassment of 
the head of the pancreas or has a large laceration 
of the head of the pancreas in association with a 
duodenal rupture [7]. When this complex injury 
occurs in a young healthy stable patient, the 
definitive procedure would be a pancreaticoduo-
denectomy [24]. This operation, however, would 
have a prohibitive morbidity and mortality rate in 
the elderly patient with extensive comorbidities 
associated with the hemorrhagic shock insult 
associated with this injury [1, 4]. The Whipple 
operation typically takes 5–7 h in stable patients 
being operated upon electively and is much more 
prolonged in the unstable patient with severe 
injury with hemorrhage, and hematoma in the 
area of tissue dissection. Consequently, one may 
rely on the staged Whipple operation where the 
pancreaticoduodenectomy is performed in order 
to provide hemostasis and removal of the rup-
tured duodenum followed by damage control 
packing with plans to come back in 1–3 days in 
order to complete the operation after the patient 
has been stabilized. When this grade 5 injury 
involves severe laceration of the head of the pan-
creas with duodenal rupture, a lesser procedure 
may be indicated in the elderly patient. The tradi-
tional options in this setting have included the 
duodenal diverticulization procedure (Fig. 22.7), 
the pyloric exclusion procedure (Fig. 22.8), or 
the triple-intraluminal drain procedure with 
decompressive gastrostomy, decompressive ret-
rograde jejunostomy, and feeding anterior jeju-
nostomy [7, 25]. The authors prefer the duodenal 
diverticulization which consists of primary 
 duodenal repair, antrectomy with gastrojejunos-
tomy, and wide drainage [7].

Fig. 22.7 Duodenal diverticulization for grade 5 pancre-
atic injury. With grade 5 pancreatic injury, the associated 
duodenal perforation must be closed and the food stream 
may be diverted away from the duodenum with the duode-
nal diverticulization procedure consisting of antrectomy 
and end-to-side gastrojejunostomy

Fig. 22.8 Duodenal exclusion procedure. Grade 5 pan-
creatic injuries with transection or deep lacerations of the 
head of the pancreas in association with duodenal rupture 
can be treated by the pyloric exclusion procedure consist-
ing of primary repair of the duodenum, inferior gastroje-
junostomy, oversewing of the pylorus, and wide drainage 
of the pancreatic injury
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 Pancreatic Resection and Frailty

Augustin and coworkers presented an excellent 
report on how frailty affects outcome after pancre-
atic resection for malignancy [1]. These authors 
developed a Frailty Index which consisted of 15 
comorbidities and the current functional status of 
their patients [1]. Their Frailty Index is simple to 
measure, is objective, and has been validated in the 
National Surgical Quality Initiative Program 
(NSQIP). They utilized a score to measure the 
degree of frailty; this score ranged from no frailty 
(0) to a low level of frailty (1, 2), moderate frailty (3, 
4), or severe frailty (5 or greater). They evaluated 
13,492 elective pancreatic operations in elderly 
patients of whom 8830 had pancreaticoduodenec-
tomy, 4382 underwent distal pancreatectomy with 
splenectomy, and 280 had total pancreatectomy [1]. 
They showed that the factors that contributed most 
to frailty and a bad outcome were age, BMI, female 
gender, recent weight loss, preoperative infection, 
and hypoalbuminemia. They looked at the effect of 
the Frailty Index on recovery following pancreati-
coduodenectomy, distal pancreatectomy with sple-
nectomy, or total pancreatectomy for malignancy. 
Their findings demonstrated that the likelihood of 
death or a Clavien level 4 morbidity increased from 
7.5% in patients with no frailty to 40.7% 
(p ≤ 0.0001) in patients with frailty as defined by a 
Frailty Index score of 5 or greater. Following distal 
pancreatectomy the likelihood of death or a level 4 
Clavien complication ranged from 3.6% in patients 
without frailty to 27.8% in patients with frailty. 
Finally, after total pancreatectomy, the incidence of 
death or a level 4 Clavien complication increased 
from 5.2% in patients without frailty to 31.2% in 
patients with frailty [1].

The Frailty Index is not only a predictor of 
in- hospital death or major complication but is 
also a predictor of post-discharge morbidity and 
mortality. Maxwell and coworkers looked at a 
group of injured patients who were over 65 
years of age and were treated at a Level I trauma 
center during an 18-month period [3]. The mean 
age was 77 years and the median injury severity 
score was 10. Utilizing well-established sys-
tems for assessing pre-injury cognitive impair-
ment and physical frailty, both were predictive 
of subsequent  mortality 1 year after discharge. 

Age was also a predictor of mortality by 1 year 
after discharge [3]. Consequently, the physician 
caring for patients with blunt pancreatic injury 
has to make decisions based upon these prein-
jury conditions.

 Surgical Exposure of the Injured 
Pancreas

Since almost all geriatric patients with pancreatic 
injury will have sustained blunt trauma, the typical 
exposure to the pancreas is made through an upper 
midline incision. Sometimes the patient may be a 
candidate for diagnostic laparoscopic examination 
which, if positive, will be followed by an upper 
midline incision in most circumstances. Definitive 
laparoscopic repair of blunt pancreatic injury in 
the elderly is probably being performed but the 
authors have no experience with this approach. 
The anatomic principles, however, would remain 
the same in that the same technical steps need to be 
performed in order to provide both access and 
definitive treatment of the pancreas.

Once the abdomen is opened, the approach to 
the pancreas is best provided by dividing the greater 
omentum outside the arcades of the right and left 
gastroepiploic vessels (Fig. 22.9). This provides 

Fig. 22.9 Pancreatic exposure within the lesser sac. The 
anterior portion of the pancreas can be widely exposed by 
entering the lesser sac through the greater omentum just 
outside the arcades of the gastroepiploic vessels
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excellent exposure to the full length of the pancreas 
on the anterior surface. Examination of the interior 
border of the pancreas is made possible by dividing 
the inferior attachments of the superior leaf of the 
transverse colonic mesentery from the inferior bor-
der of the pancreas; this division should be done 
right at the border of the inferior border of the pan-
creas which is avascular. The superior border of the 
pancreas can be exposed by dividing the posterior 
leaf of the lesser omentum from the superior border 
of the pancreas; again, this division should be at the 
border of the pancreas which is avascular. By this 
time, the operating surgeon will have identified 
whether there are any injuries to the pancreas with 
the exception of the posterior surface.

The posterior surface of the body and tail of 
the pancreas is best exposed by freeing up the 
spleen from its attachments, then gently dissect-
ing the plane posterior to the spleen and the pan-
creas, and lifting the pancreas anteriorly and 
medially. The spleen will accompany the pancreas 
and should not be pulled less there be an avulsion 
of the splenic hilar vessels or a capsular tear 
(Fig. 22.10). The posterior portion of the head of 
the pancreas is best exposed by the performance 
of an extended Kocher maneuver which can be 
carried out to the level of the superior mesenteric 
artery (Fig. 22.11). These maneuvers will provide 
complete exposure to all of the pancreas.

 Abbreviated Injury Severity 
and Treatment

The optimal surgical treatment of blunt pancre-
atic injury correlates with injury severity [7]. The 
abbreviated injury severity (AIS) score provides 
excellent guidelines for therapeutic decisions 
(Table 22.1). A pancreatic grade 1 injury includes 
a small hematoma less than 2 cm, a small (less 
than 2 cm) peripheral laceration, or a small con-
tusion. Grade 1 injuries may not be apparent on 
imaging studies so that one has to rely on serial 
clinical examination and serial amylase levels or 
an exploratory laparotomy performed for other 
injuries. If left untreated, a grade 1 injury may 
cause adynamic ileus and a possible pancreatic 
infection leading to a lesser sac abscess [9]. 
When diagnosed at laparotomy performed for 
other reasons, the laceration, if bleeding, should 
be made hemostatic with electrocoagulation; the 
hematoma should be unroofed followed by care-
ful hemostasis, and the small contusion should be 
left alone. External drainage with a Jackson-Pratt 
drain is indicated for all of these conditions. If 
diagnosed after nonoperative management of 
blunt injury in the elderly, percutaneous drainage 
of the peripancreatic area will usually suffice [9].

A grade 2 pancreatic injury includes a paren-
chymal hematoma greater than 3 cm or a periph-
eral laceration more than 2 cm. When diagnosed 
at the time of laparotomy performed for another 

Fig. 22.10 Exposure of the posterior body and tail of the 
pancreas. Excellent visualization of the posterior body 
and tail of the pancreas can be achieved by rotating the 
pancreas with spleen anteriorly and medially

Fig. 22.11 Exposure of the posterior pancreatic head. 
Complete exposure of the posterior pancreatic head can 
be provided by an extended Kocher maneuver with the 
head of the pancreas rotated anteriorly and medially to the 
extent of the superior mesenteric artery
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injury, they should be managed in the same way 
as a grade 1 injury. The contrast CT is more likely 
to show peripancreatic fluid or evidence of pan-
creatic edema with grade 2 injury compared to a 
grade 1 injury. Care should be taken, however, to 
make sure that the hematoma or laceration does 
not extend into the major pancreatic duct. A pan-
creatic drain, placed at laparotomy done for other 
injuries or for a peripancreatic fluid collected in 
patients being observed will often yield a fluid 
with an elevated amylase level which will gradu-
ally decrease over the 2–14 days. Drainage 
beyond that time is an indication for an ERCP to 
identify whether there is a major ductal lacera-
tion or more proximal ductal obstruction.

A classic grade 3 pancreatic injury after blunt 
trauma typically is a transection of the body of 
the pancreas just to the left of the superior mesen-
teric vein. This transection will often overlie the 
vertebral column (Fig. 22.12). The patient, typi-
cally, has epigastric pain and tenderness. The 
contrast CT will demonstrate lesser sac fluid and 
the laceration in the body or tail of the pancreas. 
Typically, this is a transverse laceration 
(Fig. 22.1). The optimal procedure for the geriat-
ric patient with a grade 3 transection of the pan-
creatic body is distal pancreatectomy with 
splenectomy. Although distal pancreatectomy 
with splenic salvage has been used in selective 
circumstances, the serious complications of this 
procedure, including ischemic necrosis of the 
lower pole of the spleen, would be an excessive 
risk for the elderly patient [26]. As previously 
indicated, the elderly patient can tolerate a major 
operation but cannot tolerate a major complica-
tion. When the patient has a partial transection of 

the pancreas which comes in proximity to the 
main pancreatic duct, simple drainage may be all 
that is indicated if the patient is frail and has 
major comorbidities [27]. Likewise, when the 
patient with a suspected grade 3 injury seen on 
CT scan has minimal symptoms and is frail, non-
operative management with later percutaneous 
drainage of the lesser sac may be safest [18, 23].

A grade 4 blunt pancreatic injury includes a 
deep laceration with ductal disruption to the head 
of the pancreas or a complete transection of the 
head of the pancreas (Fig. 22.5). Treatment 
options in this setting might include wide exter-
nal drainage, pancreaticoduodenectomy in the 
presence of complete transection, simple over-
sewing of the proximal duodenal side of the frac-
tured pancreas followed by drainage of the distal 
pancreas into a Roux-en-Y jejunal limb 
(Fig. 22.6), or a 90% distal pancreatectomy with 
splenectomy. All of these injuries require wide 
drainage. When comorbidities and excessive 
frailty preclude this type of major operative pro-
cedure, wide drainage of the lesser sac and peri-
pancreatic area is mandatory with the hope that 
the patient will slowly improve as the leaking 
pancreatic fluid develops into a pseudocyst which 
can more safely be treated in the frail patient.

The grade 5 pancreatic injury includes the 
combination of a severe deep injury to the head 
of the pancreas in association with a duodenal 
rupture [7]. Sometimes these injuries are so 

Table 22.1 Pancreatic abbreviated injury severity

Grade

1 Small hematoma; contusion; shallow 
laceration <2 cm

2 Parenchymal hematoma >3 cm; peripheral 
laceration >2 cm without major ductal injury

3 Transection distal pancreas; deep laceration 
with ductal injury

4 Deep laceration or transection pancreatic head

5 Severe combined pancreatic head transection 
with duodenal rupture

Fig. 22.12 Grade 3 pancreatic transection overlying 
superior mesenteric vein. This patient had transection of 
the pancreas (arrow) overlying the superior mesenteric 
vein
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 massive that anything less than a pancreaticoduo-
denectomy will be associated with failure despite 
the fact that the Whipple operation would have a 
high death rate in the elderly patient [1, 19]. 
Lesser operations could include the duodenal 
diverticulization procedure (Fig. 22.7), the 
pyloric exclusion procedure (Fig. 22.8), or the 
combination of decompressive tube gastrostomy, 
decompressive retrograde tube jejunostomy, and 
an antegrade feeding tube jejunostomy [7, 24]. 
Geriatric patients with severe frailty are unlikely 
to survive any complicated pancreatic resection 
or pancreatic diversion. Following repair of the 
duodenal injury which is mandatory, the patient 
may be a candidate for extensive external drain-
age with the hopes that nutrition can be main-
tained by the intravenous route while the 
pancreatic tissues eventually heal and ductal con-
tinuity is reestablished. This decision would only 
be made because it is clear to the operating sur-
geon that the elderly, frail patient would not toler-
ate the more ideal but more extensive procedure 
[1]. Even patients with minimum frailty in the 
geriatric age group are unlikely to survive an 
emergency pancreaticoduodenectomy [1]. 
Clearly, the decision to perform the Whipple 
operation in this setting would reflect the sur-
geon’s judgment that frailty is not an issue.

Much debate exists regarding the ideal non- 
resectional therapy for a patient with a grade 5 
pancreatic injury. Following repair of the duode-
nal injury, which is mandatory, the patient could 
be treated by one of the three procedures as 
described above. The authors prefer duodenal 
diverticulization, whereby the food is perma-
nently diverted away from the duodenal pancre-
atic complex (Fig. 22.7).

 The Missed Injury

Occasionally, patients with blunt abdominal 
trauma have a pancreatic injury which is missed 
on the initial evaluation, thereby resulting in 
delayed therapy. This is more likely to occur in 
the body or tail of the pancreas (Fig. 22.13). 
When laparotomy is delayed because of a missed 
injury, there will often be extensive inflammation 

within the lesser sac with or without a pancreatic 
pseudocyst. When the patient is compromised, as 
might occur in the elderly, simple external drain-
age of the peripancreatic fluid may be enough to 
improve the patient’s overall condition until one 
can identify the specific anatomy by an ERCP or 
a pancreaticocutaneous fistulogram (Fig. 22.14). 

Fig. 22.13 ERCP for posttraumatic pancreatic pseudo-
cyst formation. This 73-year-old man had a liver injury 
following an MVC. This was repaired primarily but an 
associated pancreatic injury was missed. When trans-
ferred back to Michigan, he had open drainage of the 
lesser sac which led to a refractory pancreaticocutaneous 
fistula associated with a pseudocyst (arrow)

Fig. 22.14 ERCP on the above patient demonstrated 
leakage from the main pancreatic duct into the fistula 
tract. Although there was no obstruction between the 
pseudocyst and the ampulla, the fistula was refractory for 
3 months to nonoperative therapy. Cystogastrostomy 
resulted in prompt fistula closure
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When a subsequent pseudocyst develops in asso-
ciation with a pancreaticocutaneous fistula, one 
needs to be certain that the pancreatic duct 
between the ampulla and the fistula, or pseudo-
cyst, is not obstructed. When the duct is unob-
structed, a cystogastrostomy by the endoscopic 
or open approach, depending upon the circum-
stances, will allow the pancreaticocutaneous fis-
tula to close as the pancreatic juice is diverted 
into the low-pressure stomach. This is often bet-
ter tolerated than doing a distal pancreatectomy 
and splenectomy, especially in the elderly.

Sometimes, the missed injury is recognized 
within the first 72 h after injury. The patient 
depicted in Fig. 22.15 was involved in an MVC 
and sustained a grade 2 liver injury which was 
treated nonoperatively. By 36 h after injury, she 
had pain and tenderness in the left upper quadrant 
associated with fever, leukocytosis, and tachycar-
dia. Review of the previous scan identified the 
grade 2 pancreatic injury and the repeat scan on 
post-injury day 2 (Fig. 22.15) showed peripan-
creatic edema and a crack across the tail of the 
pancreas. Operation revealed that the pancreatic 
injury extended to the main duct and was, at this 
time, associated with peripancreatic inflamma-
tion and fat necrosis. She was treated by distal 

pancreatectomy with splenectomy and recovered 
uneventfully. Percutaneous treatment of this 
injury would likely have failed because she had 
already developed major signs of inflammation 
including tachycardia.

 Post-distal Pancreatectomy Fistula

Whenever a patient has a distal pancreatectomy 
with or without splenectomy there are a number 
of ways of closing the resected pancreatic mar-
gin. Ligation of the exposed pancreatic duct is 
recommended but often the duct is of such small 
size that it cannot be readily visualized within the 
adjacent pancreatic parenchyma. For many years 
the authors recommended that the pancreatic 
stump be closed in a fish mouth manner with 
interrupted sutures to bring the inferior margin to 
the superior margin after which closed suction 
drains are placed. The results of using a GIA sta-
pler to divide the pancreas and bring about defini-
tive closure have also been used with great 
success in patients having distal pancreatectomy 
as part of the debulking procedure for malig-
nancy. Regardless of which technique is used, 
there often will be some drainage of pancreatic 
fluid as evidenced by a high amylase. This drain-
age typically decreases quickly and seldom 
extends beyond 1 week. When one has continued 
drainage, a more proximal pancreatic ductal 
obstruction should be resected or else a portion of 
injured pancreas has been left behind.

Whenever a patient has a distal pancreatec-
tomy with splenectomy for blunt pancreatic 
injury but continues to have persistent pancreatic 
fluid drainage as evidenced by a very high amy-
lase, one should anticipate that not all of the 
injured pancreas was resected. Such patients 
need an ERCP which will identify the site of 
leakage (Fig. 22.16). This patient needs to be sta-
bilized and reexplored with the objective to iden-
tify the injured segment of the pancreatic stump 
which was not removed at the time of the first 
operation (Fig. 22.16). This will be a very diffi-
cult operation since the continued leakage of 
pancreatic juice adjacent to the pancreatic fistula 
will cause an extensive inflammation which will 
mandate that the operation be performed in a 

Fig. 22.15 Missed pancreatic tail injury. This patient 
was a victim of an MVC/pedestrian mishap and was found 
to have a grade 1 liver injury in the right lobe. He also had 
a grade 1 pancreatic tail injury which was not appreciated 
on the initial CT scan. Progressive abdominal tenderness 
led to a repeat CT on day 2 (above) which showed peri-
pancreatic phlegmon; laparotomy on post-injury day 2 
revealed a type 2 pancreatic injury with extensive inflam-
mation and peripancreatic fat necrosis within the lesser 
sac which was treated by distal pancreatectomy with 
splenectomy
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very slow and deliberate manner. Once the injury 
is identified, the inflamed sclerotic pancreatic 
stump needs to be freed up for either a re- 
resection with closure of the stump or a decom-
pression into a Roux-en-Y jejunal loop.

 Pancreatic Ascites or Empyema

A missed pancreatic injury following blunt trauma 
may also lead to pancreatic ascites which can eas-
ily be confused with liver ascites when there is a 
history of significant alcohol use. When the leak-
ing pancreatic juice is not walled off by the lesser 
sac tissues in the development of a peripancreatic 
pseudocyst, the fluid in the drain throughout the 
peritoneal cavity can lead to pancreatic ascites. 
The small communications between the chest and 
abdomen allow for this pancreatic ascites, when 
extensive, to accumulate within the chest as a 
pleural effusion (Fig. 22.17). Although this can 
happen on either side, most patients with pancre-
atic ascites and associated pleural effusion have 
the effusion located in the right chest. Confirmation 
that the ascites or pleural effusion is of pancreatic 
origin can be made by measuring amylase levels 
of the pericentesis or thoracentesis aspirate. Once 

identified as being pancreatic fluid, the patient 
should have an ERCP which will pinpoint the 
source of the pancreatic leak (Fig. 22.18). 
Definitive surgery even in the geriatric patient is 
best achieved by a lateral Roux-en-Y side-to-side 
pancreaticojejunostomy incorporating the site of 
the fistula into the anastomosis.

Fig. 22.16 Post-distal pancreatectomy fistula. This 
67-year-old patient had a distal pancreatectomy with sple-
nectomy after falling on a table while hanging tree lights. 
He had persistent drainage as part of a long-term pancre-
aticocutaneous fistula. ERCP demonstrated a second 
injury in the remaining pancreas necessitating a more 
proximal pancreatectomy

Fig. 22.17 Pancreatic ascites. This patient had both 
abdominal ascites and pleural effusion which persisted for 
about 12 weeks after he was treated for blunt thoracic 
trauma and multiple rib fractures. Thoracentesis identified 
a right pleural effusion which had a high amylase whereas 
the abdominal CT scan demonstrated ascites and a small 
cyst near the pancreas

Fig. 22.18 Origin of pancreatic ascites. ERCP in the 
above patient showed a leak from the main pancreatic 
duct in the midportion of the body of the pancreas. He was 
successfully treated with a lateral Roux-en-Y 
pancreaticojejunostomy
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Geriatric Cerebrovascular Injury

Peter B. Letarte

 Introduction

The incidence and prevalence of cerebrovascular 
disease increase with age. Acute care surgeons 
are sure to encounter this set of diseases when 
treating the emergently sick and injured in this 
age group. Cerebrovascular disease often pres-
ents in isolation, with elderly patient who awak-
ens with a new set of neuro-deficits or presents 
after a collapse with new associated neuro- 
deficits. Often these presentations are masked by 
other entities, such as the patient who suffers 
from spontaneous intracerebral hemorrhage 
while driving or the patient who has a stroke and 
falls while intoxicated. The acute care surgeon 
must be able to discern the presence of cerebro-
vascular disease within the patient’s presenting 
symptom complex and then rapidly incorporate 
the oftentimes limited care the patient requires 
into the patient’s care plan.

 Ischemic Strokes

While ischemic stroke is the usual purview of neu-
rologists and neurointensivist, the acute care sur-
geon will encounter patients who are experiencing 

an acute stroke, either as a cause of or as a sequela 
of their presenting traumatic complaint. This is 
especially likely in the geriatric age group.

Stroke is ranked fifth in causes of death in the 
United States. There have been recent significant 
declines in the stroke rate in those older than 65 
years old, although these declines have not been 
enjoyed by all ethnic groups uniformly.

Stroke patients over 85 years old make up 
17% of all stroke patients. These patients have a 
higher risk-adjusted mortality, greater disability, 
and longer hospitalizations; receive less evidence- 
based care; and are less likely to be discharged to 
their original place of residence. Over the last 
few years, men over the age of 84 are the only 
group who have not enjoyed a decline in death 
from stroke. From 2010 to 2050, the number of 
incident strokes is expected to more than double 
with the majority of the increase occurring in 
those over 75 years of age and among minorities. 
These trends increase the imperative for all acute 
care providers to identify stroke in the elderly 
and to institute standard protocols in a timely 
fashion [1].

 Stroke Management

The goal of treatment is to rapidly remove reverse 
cerebral ischemia by removing the offending ves-
sel’s obstruction. The American Heart Association 
has standard protocols for stroke management. 
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As stated in the 2015 updates for these guidelines 
“Rapid administration of intravenous recombi-
nant tissue-type plasminogen activator (r-tPA) to 
appropriate patients remains the mainstay of early 
treatment of acute ischemic stroke” [2]. The key 
goal for any stroke care system is the reperfusion 
of the brain, soon enough to minimize ischemic 
damage of the brain and to avoid the follow-on 
hemorrhage which can occur if reperfusion occurs 
too late, after ischemic injury has started to com-
promise the integrity of the cerebral vascular 
endothelium. Two classes of treatment can be 
used to achieve this goal. The first is intravenous 
fibrinolysis, such as r-TPA. The second class of 
treatments are endovascular, intra- arterial tech-
niques such as intra-arterial thrombolysis, and 
mechanical embolectomy [3].

The goal then is to get the patient, with certain 
exceptions, to r-tPA within 3 h of onset of symp-
toms and within 60 min of arrival in the emer-
gency room, or, in acute care situations, within 
60 min of identification of the stroke. The rate- 
limiting steps in this process are diagnosis of 
stroke and decision making. To address this, the 
AHA has set time frames for the interim steps. 
Acute care surgeons should be proficient in these 
steps since it is likely that at some point in the 
workup of an emergent geriatric patient, the pres-
ence of a stroke may be suspected.

The first step is identification of the presence 
of stroke. As soon as stroke is suspect by the 
team, immediate contact with a stroke team 
should be made, either by activating the stroke 
team within the institution providing care or con-
tacting a supporting hospital that provides stroke 
services. The likely outcome of attempting to 
improvise stroke care will be the failure to meet 
treatment deadlines and the denial of access to 
reperfusion services for the patient. This is espe-
cially true in the elderly.

The suspicion of stroke can be solidified by the 
use of either the Cincinnati Prehospital Stroke 
Scale or the Los Angeles Prehospital Stroke 
Screen. Once the diagnosis is established, the 
stroke team can be assisted by assuring that the 
early pieces of the stroke protocol are done. It 
should be ascertained that the time of onset of the 
symptoms and the time of arrival to the ED or, in 
an inpatient setting the time the problem was 

identified, are well documented in the chart. 
Adequate oxygenation of the patient should be 
assured. A complete blood count, coagulation 
studies, electrolytes, and serum glucose should be 
obtained but only the results of the serum glucose 
are needed to start fibrinolytic therapy. Starting 
fibrinolytic therapy should not be delayed await-
ing lab results other than glucose. A rapid serum 
glucose in some form is the best option. AHA pro-
tocol also requires that non- contrasted CT of the 
brain be obtained and interpreted within 45 min of 
presentation. This is a key rate-limiting step and 
obtaining such a scan is an emergent priority and 
should be instituted immediately. An EKG and 
chest X-ray may be obtained but also should not 
delay the administration of fibrinolytic therapy in 
any way. If intra- arterial techniques are to be con-
sidered, some form of vascular imaging, either a 
CT angiogram of the head and neck, an MRA, or 
a standard cerebral angiogram, will be required. It 
is important to remember that these images are 
not required for intravenous fibrinolytic therapy 
and obtaining them should not delay the start of 
this therapy. Emergently, only the non-contrasted 
CT of the brain will be required. The last piece of 
information the stroke team will require is a 
National Institute of Health Stroke Score. This is 
a useful tool but requires brief training to use due 
to the need for consistency between providers 
administering it. Initiating all these measures 
quickly will save the stroke team a great deal of 
time.

The expertise of the stroke team will be needed 
as these results are obtained. The interpretation 
of the clinical examination, the non-contrast CT, 
and the patient’s labs require specialized decision 
making and expertise, and must be done rapidly 
to meet the 60-min “door-to-needle” goal. This 
process includes in a discussion of the risks and 
benefits with the patient and in many cases the 
administration of a fibrinolytic agent.

The process also includes a checklist with 
absolute and relative contraindications to fibrino-
lytic therapy on them. Surgeons can assist the 
stroke team by alerting the stroke team if some of 
these contraindications are present. Some 
 contraindications of which the surgeon may have 
a special knowledge are a history of head trauma 
in the previous 3 months, a clinical presentation 
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suggestive of subarachnoid hemorrhage, a history 
of previous intracranial hemorrhage, a history of 
an arterial puncture within the last 7 days in a 
non- compressible site, the presence of active 
bleeding, or the presence of a bleeding diathesis, 
including those caused by anticoagulants. Relative 
contraindications for therapy including major sur-
gery or serious trauma in the last 14 days or sei-
zure at the onset of symptoms, all things of which 
the surgeon may have special knowledge.

Lastly, some patients may have fibrinolytic 
therapy out to 4.5 h from the onset of symptoms. 
In the geriatric age group an absolute contraindi-
cation for therapy over 3 h is age greater than 80 
or being on any anticoagulant.

A key determinant of whether fibrinolytic 
therapy can be given is whether hemorrhage is 
present on the CT scan. Strokes are either isch-
emic or hemorrhagic and a hemorrhagic stroke is 
an absolute contraindication to the administration 
of fibrinolytic. For the acute care surgeon, the 
presence of hemorrhagic stroke should be con-
sidered in elderly trauma patients who present 
with intraparenchymal hemorrhage. The possi-
bility of a hemorrhagic stroke causing a motor 
vehicle accident or a fall needs to be considered 
and the appropriate changes in the treatment par-
adigm considered. It is likely in these cases that 
the possibility of stroke will not be considered 
until the trauma head CT is obtained.

The key metrics for this system include onset 
to treatment time and “door-to-needle” time. To 
accomplish this, these guidelines emphasize the 
need for stroke to be cared for within a system of 
care. This system is comprised of primary stroke 
centers which are organized and equipped to pro-
vide specialized emergency stroke care and which 
are closely associated with a comprehensive 
stroke center which can provide more advanced 
stroke services such as neurointervention and 
neurocritical care. Many hospitals that do not 
have stroke teams have telemedicine arrange-
ments with supporting institutions, allowing 
stroke experts to perform this decision and admin-
ister fibrinolytic prior to transporting the patient.

For the acute care surgeon, the goal is to iden-
tify a patient who may be having a stroke and to 
assure that the patient’s stroke care is rapidly 
assumed by certified stroke system of care.

Guidelines for early stroke care are covered in 
the Advanced Cardiac Life Support course. These 
guidelines emphasize the early identification of 
stroke and then the previously mentioned rapid 
administration of rTPA to those appropriate to 
receive it [3].

 Transient Ischemic Attack

On occasion, presenting stroke symptoms will 
clear, in the emergency department or prior to 
arrival in the emergency department. These 
patients should receive a non-contrast CT scan to 
survey for areas of hypodensity. A significant 
number of patients with transient symptoms will 
have findings on CT. Patients whose symptoms 
have cleared should have the NIHSS or Canadian 
Stroke Scales administered to assure that no 
microdefect is present. Once this is confirmed, no 
fibrinolytic therapy should be offered. Should 
patients with stroke scores of 0 have hypodensi-
ties on CT, fibrinolytics are contraindicated, both 
due to the increased risk of breakthrough hemor-
rhage at the site of infarction and due to the 
absence of treatable symptoms [3].

Previous definitions of TIA which defined 
TIA as symptoms lasting less than 24 h are less 
operative under current guidelines. Therapeutic 
decision making is now based on the immediate 
stroke scale and emergent imaging.

Patients with TIAs are generally admitted for 
workup of the causes of their TIA. Causes for 
TIA can include intra- or extracranial atheroscle-
rosis and cardiac diseases such as atrial fibrilla-
tion, myocardial infarction or left ventricular 
thrombus, cardiomyopathy, and valvular heart 
disease. An EKG is appropriated in the early 
workup and follow-up echocardiography will be 
ordered by the managing team.

 Progressive Stroke

One stroke scenario may require rapid decision 
making by the acute care surgeon and that is 
stroke in progression or crescendo TIA. Patients 
with steadily progressing stroke symptoms or 
worsening TIA need an emergent non-contrast 
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head CT. If hemorrhage is not visualized, a CT 
angiogram or MRA should be obtained to look 
for severe stenosis or occlusion of the intracra-
nial, carotid, or vertebral arteries. Emergent 
carotid endarterectomy has historically been con-
sidered in these patients. More commonly now, 
endovascular thrombolysis and stenting are con-
sidered, though, as of 2015, the efficacy of these 
methods was still being evaluated with ongoing 
trials. Of note, many of the these studies will not 
include patients over 70 years of age since it 
appears that they can expect a much less robust 
recovery from stoke, thereby reducing the utility 
of these high-risk procedures in the elderly [2, 3].

 Spontaneous Intracerebral 
Hemorrhage

As noted above, obtaining a CT scan very early in 
the care of a patient suspected of stroke is essen-
tial. A key reason to obtain this scan is to identify 
patients who are suffering from a hemorrhagic 
stroke versus an ischemic stroke. Spontaneous 
intracerebral hemorrhages or hypertensive 
strokes have multiple etiologies, one of which is 
poorly controlled hypertension. They usually 
occur in the white matter of the brain, often in the 
basal ganglia.

Fibrinolytic therapy has no utility in hemor-
rhagic stroke and in fact is dangerous in these 
patients, making the presence of hemorrhagic 
strokes an absolute contraindications to the 
therapy.

Once a hemorrhagic stroke is identified, the 
patient should have a thorough history taken, 
focusing on time and pattern of onset of the 
symptoms, and the patient’s history of hyperten-
sion, diabetes, elevated cholesterol, and smoking. 
Recent surgery, especially carotid surgery or 
stenting, should be noted. Any history of sub-
stance abuse, particularly cocaine use, should be 
noted as should any history of liver disease.

Complete vital signs should be obtained. 
Fever is associated with early neurologic 
 deterioration in this patient group. The initial 
blood pressure is important; its management is 

discussed below. A thorough neurological 
 examination is critical and should include some 
measure of level of consciousness, such as the 
Glasgow Coma Score. Complete blood count, 
coagulation studies, and electrolytes should be 
obtained as should toxicology studies to screen 
for cocaine and other sympathomimetic.

A principal concern in patients with ICH is 
hematoma expansion, which often leads to clini-
cal deterioration. One factor often suspected on 
contributing to hematoma expansion is coagu-
lopathy, often from oral anticoagulants or platelet 
abnormalities.

Patients with coagulopathy due to warfarin 
should have their INR reversed with PCC and 
vitamin K. PCC acts to lower INR significantly 
faster than vitamin K alone. Vitamin K can 
require hours to reverse coagulopathy and so 
should be used as an adjunct to more rapid rever-
sal agents.

FFP has been used as a reversal agent in the 
past and studies have not demonstrated superior-
ity in the outcome for PCC over FFP. However, 
PPC reverses the INR more rapidly than FFP and 
complications from fluid overload with FFP are 
well documented [4].

Recombinant factor VIIa does not restore all 
the vitamin K-dependent factors and so may not 
restore thrombin generation as well as PCC. 
rFVIIa has been studied in non-coagulopathic 
patients with ICH and has been found to limit 
enlargement of the hematoma but not to affect 
clinical outcome. These patients also had 
increased thromboembolic events resulting in a 
recommendation against rFVIIa in non- 
coagulopathic patients [5].

Other anticoagulants are now commonly seen 
in patients presenting with ICH. These new anti-
coagulants include factor II and factor Xa inhibi-
tors. Antidotes to many of these new agents are 
now becoming available but their impact on 
 limiting the expansion, morbidity, and mortality 
of ICH in patients taking these agents is unknown.

A second immediate concern in patients pre-
senting with ICH is blood pressure management. 
Many patients have extremely high blood pres-
sure after ICH. The concern in these patients is 
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the perceived conflict between leaving the blood 
pressure elevated, risking expansion of the 
hematoma, and lowering the blood pressure too 
far, risking cerebral ischemia. Many practitio-
ners feel that the injured brain requires a higher-
than- normal pressure to stay perfused and so 
picking a target blood pressure for the ICH 
patient becomes important. There is evidence 
that lowering the SBP to 140 mmHg in patients 
presenting with an SBP of 150–220 mmHg is 
probably safe. AHA guidelines, however, recom-
mend that in patients presenting with an SBP 
>180 or a MAP >150, and who do not have evi-
dence of elevated ICP, lowering the SBP to 
around 160 mmHg or a MAP of 110 mmHg 
should be the goal. If the patient has clinical evi-
dence of elevated ICP (pupillary asymmetry, 
asymmetric examination, declining GCS), then 
an ICP monitor should be placed and the blood 
pressure lowered while maintaining a CPP of 
60 mmHg. Patients presenting with an SBP 
>200 mmHg or a MAP >150 mmHg should have 
their BP lowered immediately, irrespective of 
ICP, to 180 mmHg and then the previous guide-
line can be followed [4, 6].

The role of surgery in the management of 
ICH is uncertain. The tension is between the 
desire to reduce the mass effect of the clot as 
well as the toxicity of the hematoma to the sur-
rounding brain and the morbidity of the proce-
dure to remove it. In the supratentorial space, 
several large studies have failed to demonstrate 
that a surgery improves outcome. It has been 
pointed out frequently that the data in many of 
these studies may be corrupted by the failure to 
randomize patients who presented with “clearly 
surgical” lesions, who instead are taken to the 
OR outside of the study [4, 7, 8].

Patients with cerebellar lesions >3 cm in 
diameter, who are symptomatic, need surgery. 
The AHA guideline authors have made this a rec-
ommendation while stating that a study on this 
group is unlikely to be done. They caution against 
using a ventriculostomy as a temporizing mea-
sure in these patients. In the supratentorial space, 
however, there is no evidence that surgery 
improves outcome [4]. Patient with lesions larger 

than 30 cm3, within 1 cm of the surface of the 
brain, may be appropriate candidates for evacua-
tion but these patients did not reach statistical 
significance in the STITCH II trial [8]. In the 
thalamus and basal ganglia, where many of these 
bleeds occur, few consider evacuation of these 
clots, with the concordant severe morbidity, 
advisable. Decision making in the elderly is par-
ticularly difficult since they tolerate neither the 
clot nor the surgery well. The hazard of severe 
disability as an outcome is particularly high in 
the elderly, usually increased by surgery. It is the 
authors’ practice to be particularly judicious with 
surgery in this age group.

Since clinical trials for surgery have failed to 
demonstrate a statistical benefit from surgery, tri-
als to establish the optimum timing of surgery for 
ICH have also been inconclusive. Surgery from 4 
to 96 h after presentation has been studied with 
no firm conclusion reached [4].

Acute care surgeons who find themselves 
managing an ICH should obtain the best history 
possible, reverse coagulation abnormalities, con-
trol the patient’s blood pressure, and arrange to 
transfer care to a facility with neurosurgical and 
neurocritical care capabilities.

The emergent cerebrovascular imaging prior-
ities for the elderly patient will be addressed by 
a head CT without contrast. In fact, it is impor-
tant not to delay care, such as fibrinolytic ther-
apy for ischemic stroke, for other studies. 
Follow-on studies, CT angiography, or MRI/
MRA or MRV are often obtained. These studies 
are not needed for initial care but may be quickly 
needed for follow-on care. In the case of isch-
emic stroke for example, CT angiography or 
MRA will be needed if endovascular therapy is 
contemplated, either with intravenous fibrino-
lytic therapy or in lieu of it. In the case of spon-
taneous intracerebral hemorrhage, CT 
angiography and contrast- enhanced CT can 
show contrast extravasation from the hematoma, 
which is felt to be a predictor of hematoma 
expansion. In any case,  follow- on noninvasive 
vascular imaging will often reveal several new 
pathologies of which the acute care surgeon 
should be aware.
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 Vascular Malformations

AVMs are malformations that allow arterial 
blood to flow directly into the venous system 
without the usual interposed capillary system. 
They enlarge with age and can progress from 
low-flow lesions in childhood to medium- to 
high-flow lesions in adulthood.

The peak age for hemorrhage of AVM is 
15–20 years of age [9]. The average age of diag-
nosis for AVMs is 33 years old and 64% are diag-
nosed prior to age 40 [10]. There is, however, still 
an incidence into the later years.

AVM can occur in the dura, in the brain paren-
chyma, or as a combination of both. In the paren-
chyma, they can occur in the pial surface of the 
brain, subcortically, periventricularly, or as a 
combination of these.

Fifty percent of AVMs present as hemorrhage, 
and on noninvasive vascular imaging or a con-
trasted head CT, an AVM will be discovered as 
the source of the bleed [11]. Dural AVMs may 
appear as a large hemorrhage originating from a 
point on the dural surface usually near a dural 
venous sinus and usually the transverse sinus, the 
confluence of the transverse and sigmoid sinus or 
the tentorium.

Periventricular AVMs will hemorrhage at the 
wall of the ventricle, often hemorrhaging into the 
ventricle.

Subcortical and pial AVMs will appear as 
large hemorrhages with large complexes of blood 
vessels near or within them becoming apparent 
with noninvasive vascular imaging or contrast 
administration.

All AVMs will require a four-vessel angio-
gram and emergent neurosurgical consultation.

 Aneurysmal Subarachnoid 
Hemorrhage

The most common cause of diffuse subarachnoid 
blood on CT is trauma. The finding, however, is 
usually associated with a ruptured aneurysm and 
this diagnosis should not be overlooked in elderly 
patients presenting emergently. The common 

conundrum in trauma is to determine if the SAH 
is due to the trauma or if the trauma was caused 
by a rupturing aneurysm.

The peak age for aneurysmal rupture is 55–60 
years old, making it more of a geriatric diagnosis 
[12]. Patients over 70 tend to present with a 
greater degree of neurological impairment [13].

The greatest threat to a patient presenting with 
a ruptured aneurysm is rebleeding. Securing the 
aneurysm to prevent this is a critical priority early 
in presentation. Obtaining neurosurgical and 
neurointerventional services for this purpose, 
quickly, is crucial.

In elderly patients presenting with SAH, the 
index of suspicion for a ruptured aneurysm 
should be high, even in those presenting with a 
trauma history. After the patient is stabilized, 
noninvasive imaging should be used to rule out 
an aneurysm.

Once an aneurysm is identified, there are three 
priorities to the patient’s care. First, blood pres-
sure must be scrupulously controlled. As with 
spontaneous intracerebral hemorrhage, the goal 
is to lower the blood pressure enough to lower the 
risk of rerupture but not enough to create new 
cerebral ischemia. Each practitioner will have 
their own guideline but maintaining the SBP in 
the 120–150 range, depending on the patient’s 
baseline blood pressure, is usual.

Second, arrangements must be made to secure 
the aneurysm. The greatest threat to a patient pre-
senting with a ruptured aneurysm is rerupture. 
Four percent of secured aneurysms will rebleed 
within the first day. Fifteen to twenty percent will 
rebleed within the first 14 days [14]. Making 
rapid arrangements to secure the aneurysm will 
mitigate this risk. These arrangements must 
include prompt neurosurgical and neurointerven-
tional consults and arrangement for a four-vessel 
angiogram.

This angiogram should be performed by a 
neurointerventionist, allowing the aneurysm to 
be secured at the same time, if possible, and 
avoiding the additional risk and delay of a sec-
ond angiogram. In the vast majority of centers, 
the interventional radiologist and the neurosur-
geon work closely together and will decide 
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together which aneurysms should be coiled and 
which should be clipped. There is little utility 
in four- vessel angiograms obtained outside of 
the institution that will do the final treatment. 
Obtaining these angiograms adds unneeded risk 
and delays the transfer of the patient to defini-
tive care.

Third, subarachnoid blood can occlude the 
outflow of cerebral spinal fluid from the brain 
causing hydrocephalous. Patients with aneurys-
mal rupture can develop hydrocephalous rap-
idly. Early placement of an EVD is needed. 
This also requires the early involvement of a 
neurosurgeon.

A fourth threat to these patients is vasospasm. 
If this is to occur, it usually occurs 7–14 days 
after the hemorrhage. Strategies for treating or 
limiting vasospasm include keeping the patient 
slightly hypervolemic and allowing the blood 
pressure to rise, permissive hypertension. These 
will not be concerns of the acute care surgeon 
since the patient will have been transferred to 
more specialized care during this period. It is 
mentioned here only to emphasize that neither of 
the strategies is appropriate until the aneurysm 
has been secured.

In a similar fashion, hyponatremia, usually 
due to cerebral salt wasting, may occur later 
in the patient’s course and is addressed with 

volume resuscitation and some salt replace-
ment. Once again, aggressive fluid resuscita-
tion should be avoided until the aneurysm has 
been secured.

 Cerebral Vein Thrombosis

A wide variety of conditions have been associ-
ated with cerebral venous thrombosis, including 
pregnancy, birth control pills, sickle cell disease, 
dehydration, infections, malignancy, hypercoag-
ulable states, and trauma.

The most commonly involved sinuses are the 
superior sagittal sinus and the left transverse 
sinus.

Blockage of these vessels impedes cerebral 
blood flow creating ischemia. The presentation of 
deep cerebral vein thrombosis is highly variable. 
Some clues that it may be present are bilateral, 
white matter infarctions on the CT scan. The 
patients commonly have a headache in addition 
to other less common symptoms. Papilledema is 
an unusual finding that is commonly found in 
deep cerebral vein thrombosis and may provide a 
clue to its presence. The definitive diagnosis can 
be made with noninvasive imaging, CT angiogra-
phy, or MRA.
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 Introduction

Any injury to a peripheral vessel could result in 
major morbidity and limb loss and even lead to 
death if not diagnosed and treated promptly. This 
is particularly important when dealing with the 
geriatric population.

Great improvements and evolution of technol-
ogy have occurred in the diagnosis and treatment 
of peripheral vascular diseases in the last decades. 
We will show how endovascular interventions 
can aide and sometimes even replace the tradi-
tional open techniques to treat these injuries. In 
the geriatric population these minimally invasive 
alternatives can reduce blood loss and cardiovas-
cular events.

 Epidemiology

Vascular trauma is rare in the geriatric 
patient population. These injuries are pre-
dominantly blunt, with the thoracic aorta 
being the most commonly injured vessel. 
Peripheral injuries occur mostly from pene-
trating trauma or associated with major 
orthopedic trauma. Although vascular inju-
ries occur less frequently than in the nonge-
riatric cohort, in the geriatric patient, 
vascular injury is associated with a fourfold 
increase in adjusted mortality [1].

Abstract

We review the epidemiology, diagnosis, and 
management of vascular injuries to the 
extremities in this chapter. For the purpose 
of practical learning we define the extremi-
ties as upper anything distal to the intratho-
racic subclavian artery, and lower as 
anything distal to the common iliac arteries. 
We present any injuries resulting from blunt 
and penetrating noniatrogenic trauma.
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 Diagnosis

Taking into consideration the care of the patient 
holistically, here we focus on the vascular inju-
ries themselves.

Many times patients arrive to the hospital with 
tourniquets or manual/digital pressure to the 
affected limb. However, peripheral injuries are 
not always easy to identify and may lead to dif-
ficult resuscitation efforts, limb loss, or even 
death if not identified and treated promptly.

The classic assessment of “hard” and “soft” 
signs can become very helpful to determine the 
next step in management (Table 24.1). These 
signs require basic physical exam skills and are 
for the most part self-explanatory. The soft signs, 
though, will most of the times require additional 
diagnostic modalities, many times leading to 
catheter angiography for not only diagnosis but 
also treatment of these injuries.

During the examination of the patient, ankle 
brachial index (ABI) and wrist brachial index 
(WBI) are a very useful, simple, quick, and non-
invasive way of identifying perfusion anomalies. 
It is performed by measuring the pressure which 
results in the loss of Doppler signals after com-
pressing proximally with a pressure cuff. The 
index is calculated by dividing the ankle value to 
the brachial one for ABI and the wrist value to 

the brachial one for WBI. Anything below 0.9 is 
abnormal (Figs. 24.1 and 24.2) [2].

Computer tomographic angiography (CTA) is 
widely used in trauma patients. It is very helpful 
in localizing vessel injuries and other associated 
injuries around the blood vessels. It has reduced 
the number of catheter angiographies performed 
as well as ultrasounds for vessel injuries.

 Treatment Options

 Observation
Surgical therapy is not required in all cases of ves-
sel injury. This is particularly important when 
dealing with geriatric population, with limited 
reserve, common coronary, and renal disease, that 
would make any invasive procedure high risk.

Some reports have shown that nonoperative 
management is acceptable in some instances [3]. 
Small, non-flow-limiting dissections, small 
extravasations, and arteriovenous fistulas can all 
be observed for resolution or progression of limb 
threat.

 Endovascular Treatment
Reports of endovascular therapy have shown 
equal results to open in terms of limb salvage and 
bleeding control [4]. Since its low invasiveness 
compared to open revascularization, it reduces 
morbidity in situation where there are multi- organ 
trauma and multiple comorbidities present.

Endovascular techniques are diagnostic and 
therapeutic. But in many instances they can help 
in bleeding control until access and control to the 
vessel by open surgery is achieved (Fig. 24.3).

If the guidewire can pass through the affected 
site, a covered stent should strongly be consid-
ered as definitive treatment for a transection or an 
occlusive injury (Fig. 24.4).

The main issue with endovascular treatments 
is the presence of thrombosis distal to the injured 
site. Percutaneous thrombectomy catheters may 

Table 24.1 Hard signs and Soft signs in vascular trauma

Clinical signs of extremity arterial injury

Hard signs

  • Absent distal pulse

  • Palpable thrill or audible bruit

  • Actively expanding hematoma

  • Active pulsatile bleeding

Soft signs

  • Diminished distal pulse

  • History of significant hemorrhage

  • Neurologic deficit

  • Proximity of wound to named vessel
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be ineffective to completely restore flow to the 
limb. However, hybrid interventions where the 
repair of the injured artery can be performed with 
a stent graft and the thrombectomy to open the 
vessel distally, are becoming more common and 
very successful. This way of thinking unfolds 
one very complex situation into a few simpler 
ones dealt with separately.

 Open Treatment
Even though open control and repair are still 
considered “standard of care” for traumatic 
vessel injuries, in today’s technologically 
ever-evolving world, it must be considered 
one more tool and not more or less important 
than other techniques. When considering open 
revascularization, the surgical bed should be 
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Fig. 24.1 ABI showing normal values for the left lower extremity and abnormal values on the right
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Fig. 24.2 WBI showing normal right upper extremity values and abnormal values on the left

Fig. 24.3 Extravasation of popliteal artery injury controlled with intra-arterial balloon
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radiolucent and the team should be prepared to 
add endovascular instrumentation at any time 
during the case.

When conduit for revascularization is needed, 
using the greater saphenous vein (GSV) from the 
injured or affected limb is common practice. No 
data supports this way of practice, but creating 
more trauma to an otherwise functional limb may 
delay recovery and cause increased morbidity.

Proximal and distal control should be obtained, 
and in areas where this may be hindered by tissue 
trauma or orthopedic elements, endovascular 
proximal control is preferred.

Vascular repair is intended to control bleeding 
and restore in-line flow to the affected limb. Many 
times the latter is not possible because of hemody-
namic instability or extensive tissue loss. The geri-
atric population does not appear to have higher 
amputation rates than other trauma demographics. 
They do, however, have higher postoperative mor-
tality and morbidity rates as previously noted.

The possible repairs are direct repair with end- 
to- end anastomosis by spatulated ends, bypass, 
or patch angioplasty. Autologous vein should be 
used in the last two if possible. Prosthetic materi-
als carry a higher risk of infection and lower 
patency rates [5].

Early fasciotomy should be considered in all 
patients with revascularization of an extremity 
after ischemia resulting from trauma. Fasciotomies 
make wound management complex.

 Postoperative Care
Standard intensive care monitoring of critically ill 
geriatric trauma patients is described elsewhere. 
However, pulse and Doppler signal exams are per-
formed hourly in conjunction with vital signs. The 
location and quality of the pulse (present, absent, 
weak) or the Doppler signal are documented by 
nursing and surgical team. Change in the vascular 
examination or signs of bleeding warrant immedi-
ate communication with the surgeon.

Mechanical thromboprophylaxis in the form 
of pneumatic compression devices is initiated 
along with subcutaneous prophylactic dosing of 
heparin or low-molecular-weight heparin if the 
risk of bleeding is sufficiently low. When a 
venous injury was treated with ligation, the leg 
should be elevated and wrapped from the toes to 
the groin with compression with openings to 
monitor the arterial pulse or the Doppler signal. 
Compartment syndrome should always be evalu-
ated even if a fasciotomy has been performed.

 Conclusion

Vascular trauma in the geriatric population is 
uncommon, but if not treated promptly it has a 
high limb loss rate. Initial hemorrhage control 
including the use of tourniquets and direct or 
manual pressure with or without hemostatic 
agents is part of the treatment algorithm.

Fig. 24.4 Left subclavian artery injury after stab to shoulder repaired with covered stent graft
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With hemorrhage control, the management 
sequence is:

 1. Evaluation and diagnosis of injury level
 2. Restoration of perfusion by open or endovas-

cular techniques
 3. Close postoperative monitoring

The choice of management depends on the 
anatomic location of the extremity vascular 
injury, the physiologic status of the patient, and 
the ability of the surgical team to incorporate 
endovascular tools to the treatment.

A multidisciplinary approach is imperative in 
these cases. The low functional reserve seen in 
some of these geriatric patients makes endovas-
cular revascularization very appealing in spite of 
its lower patency rates.

 Abdominal Aortic Aneurysm 
Rupture Repair in the Geriatric 
Population

Justin Boccardo, M.D., F.A.C.S.

Department of Vascular Surgery,
Bayfront Punta Gorda,
700 East Marion Ave, Punta Gorda,  
FL, 33950, USA
justinboccardo@hotmail.com
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Abstract

AAA is relatively common in the elderly. 
EVAR in this population is efficient with a 
success rate exceeding 90% in all cases. 
Since open repair has extensively being 
reported and studied, we focus on endovas-
cular repair of this pathology in this chapter.
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 Introduction

The prevalence of abdominal aortic aneurysm 
(AAA) is difficult to report; however it is diag-
nosed in 5−10% of men above the age of 65 [6]. 
Endovascular abdominal aortic aneurysm repair 
(EVAR) has been well tested and it has become 
the primary means of repair for elective patients. 
The large EVAR trials have shown that it is 
 associated with less operating time and blood 
loss and better perioperative morbidity than open 
repair [7]. EVAR is more than an alternative to 
open repair for the elderly, who have significantly 
more comorbidities and less reserve.

EVAR is safe in octogenarians and it is supe-
rior to open repair across various age spectrums 
in terms of postoperative early and medium-term 
morbidity [8–11].

 Diagnosis and Treatment

The classic presentation of ruptured AAA is 
hypotension, abdominal pain, and a pulsatile 
abdominal mass. However, this triad is found in 
less than half of cases. Hypotension might be 
transient and could have resolved if the bleeding 
is retroperitoneal and has tamponaded, temporar-
ily. Rupture can also present with isolated back 
rather than abdominal pain [12].

Extreme caution must be taken when examin-
ing an elderly individual with new renal colic, 
musculoskeletal back pain, or even syncope 
without considering ruptured AAA. In these 
workups, AAA should be in the differential diag-
nosis list.

Once the diagnosis of AAA is entertained, a 
bedside ultrasound is fast and very useful to aid 
in the diagnosis (Fig. 24.5).

CT is the preferred imaging study for any 
patient being considered for EVAR. Not only will 
it diagnose the AA and its rupture, but it also pro-

vides crucial information for landing zones, graft 
sizes, and conduits (Fig. 24.6) in preparation for 
repair.

Permissive hypotension (SBP of 80–100 mm Hg) 
during this diagnostic phase is of utmost impor-
tance since aggressive resuscitation might create 
pressures in the arterial system that could cause 
rebleeding in an otherwise contained rupture. 
This is aided by adequate pain control and 
beta-blockers.

Once the decision is made to take the patient 
to the operating room, induction of anesthesia 
should not be initiated until the field has been 
prepped and draped for both open and endovas-
cular repair.

In the operating room, bilateral groin cut 
downs for vessel control is our access of choice. 
However, there have been reports of percutane-
ous access as well [13].

An intra-aortic occlusive balloon can be 
placed in the suprarenal position to control 

Fig. 24.5 Ultrasound of the abdomen showing an 
abdominal aortic aneurysm. Note the iliac veins pushed to 
the side in front of the aneurysm
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bleeding in the unstable patient. Otherwise, one 
can proceed with the deployment of the endo-
grafts. Once no threatening endoleaks are pres-
ent, we start with full resuscitation measures as 
needed, including blood transfusions and coagu-
lopathy treatment.

It is very important to have a rupture AAA 
protocol in place at the institution for minimal 
time wasting and graft availability (Fig. 24.7) 
[15, 16].

 Overview

The National Hospital Discharge Survey results 
showed a mortality rate for repair of ruptured 
AAAs of 48% (95% CI 46–50%) in 2002 [17].

Any improvement in these results is wel-
comed. EVAR appears to provide many answers 
to this complex issue.

There are seven retrospective studies analyz-
ing non-ruptured EVAR results in an elderly pop-
ulation. A recent meta-analysis by Biancari et al. 
[18] included six of these studies [19–24]. They 
found significantly higher perioperative mortality 
after open repair (pooled mortality rates: 8.6% 
vs. 2.3%; risk ratio: 3.87; 95% CI: 3.19–4.68).

Several randomized trials have compared 
open repair versus EVAR in patients with rup-
tured AAA [14, 16, 25–34]. The Dutch trial ran-
domly assigned 132 patients who were 
anatomically suitable for either repair similarly 
and found no difference in 30-day mortality 
between EVAR and OR (25 versus 21%).

Overall, EVAR is better in terms of early- and 
medium-term mortality and morbidity in both 
elective and ruptured geriatric patients.

EVAR is now employed as a first-line proce-
dure for the treatment of a non-ruptured AAA in 
anatomically suitable candidates. Randomized 

a b

Fig. 24.6 (a) CTA reconstruction showing an infrareanl 
aneurysm with the exact position of the renal, internal, and 
external iliac arteries with their measurements. (b) EVAR 

completion with the stent graft in place excluding the arte-
rial flow away from the aneurysm
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controlled trials and large prospective registries 
disclosed a clear early mortality and morbidity 
benefit over open repair and similar medium- and 
long-term results for the general population, even 
with the high re-intervention rates. Brinkman 
et al. reported a 68% survival (Kaplan-Meier 

analysis) 3 years after EVAR in octogenarians 
and Fonseca et al. a 95% survival rate after 5 
years.

Re-intervention is the main drawback of 
EVAR, as evidenced in randomized studies and 
other multicenter reports. Even using the latest 

ER Physician Suspects r-AAA

Alerts On-Call Vascular Surgery Team:

Vascular Surgeon

Vascular Resident/ Fellow

Operating Room

Hemodynamically Stable Patient

Systolic BP 80 ? mm Hg

Emergent CTA in ER

Femoral Cut-down

Wire Access & Ipsilateral 12 Fr. Sheath

Aortic Occlusion Balloon in Distal Thoracic Aorta (if needed)

Angiogram to Evaluate Infrarenal Aorthic Neck

Suitable Aortic NeckUnsuitable Aortic Neck

Aortic Occlusion Balloon in Distal Thoracic Aorta

Laparotomy for Open Surgical Repair

EVAR

Operating Room:

Ready for Endovascular & Open Surgical Repair

Patient in Supine Position Prepped & Draped

General Anesthesia

Hemodynamically Unstable Patient

Systolic BP < 80 mm Hg

Fig. 24.7 Ruptured AAA protocol guiding care [14]

24 Geriatric Vascular Trauma and Vascular emergencies



240

generation devices in a relatively healthy popula-
tion, such as in the ACE trial, re-intervention 
among those undergoing EVAR remains as high 
as 16% over a period of 3 years (2.4% vs. 16%, 
P < 0.0001).

An interesting observation is the fact that 
EVAR seems to benefit this old population the 
most, in terms of preventing morbidity and mor-
tality, at least over the short term. In the large 
analysis by Schwarze et al. including all hospital 
discharges for EVAR and open aneurysm repair 
over a 5-year period, patients above the age of 85 
had the greatest benefit in terms of early  mortality, 
cardiovascular complications, pulmonary com-
plications, hospital stay, and acute renal failure 
compared to the younger cohorts. Schermerhorn 
et al. found that the perioperative EVAR survival 
benefit was strongly related to age, with those 
above the age of 85 having an absolute reduction 
in mortality of 8.5%, which was maintained at 3 
years.

Overall, we suggest that EVAR is the pre-
ferred method of treating an AAA in the elderly, 
both elective and ruptured. The currently avail-
able data confirm its superiority in terms of early 
morbidity and mortality among the general popu-
lation, and the fact that it performs similar to 
open repair in the medium term. All registries 
and studies comparing EVAR and open repair in 
those above the age of 80 have disclosed superior 
performance in the early-term and 5-year sur-
vival rates can be as high as 95%. This practically 
means that EVAR should be the procedure of 
choice in the geriatric population, when anatomi-
cal criteria are met.

 Acute Mesenteric Ischemia
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Bayfront Punta Gorda,
700 East Marion Ave, Punta Gorda,  
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 Introduction

Acute mesenteric ischemia (AMI) is a life- 
threatening condition and many times treatment 
is not initiated due to missed diagnoses. Operative 
superior mesenteric artery (SMA) embolectomy 
for AMI is the mainstay of treatment. 
Angiography, vasodilators, and technological 
improvements have reduced the mortality to 
approximately 50% [35, 36].

Endovascular or hybrid endovascular-surgical 
treatments for all forms of AMI are increasing in 
their use and results are equal or better than his-
torical reports.

 Epidemiology

Most patients are 60–70 years old. Women are 
affected three times as frequently as men are [37, 38].

Patients with a history of atrial fibrillation or 
flutter, recent myocardial infarction, congestive 
heart failure, or peripheral arterial emboli are at 
risk for an SMA embolus. In contrast, a careful 
history may reveal postprandial abdominal pain, 
weight loss, and food intolerance, all of which 
clearly raise the suspicion of an acute SMA 
thrombotic occlusion.

The most common risk factors are smoking 
and hypertension. Two-thirds of patients have had 
symptomatic disease in the coronary, cerebrovas-
cular, renal, or peripheral circulation [39, 40].

Abstract

The diagnosis and management of patients 
with acute mesenteric arterial ischemia 
(AMI) are challenging. This chapter 
reviews the etiology, clinical presentation, 
diagnosis, and treatment for patients with 
AMI. The information in this chapter is 
based on our experience, as well as selected 
data that we have analyzed from the 
literature.
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A national database review identified that 
patients undergoing angioplasty and stenting for 
AMI had higher rates of comorbidities than those 
undergoing open surgical repair, including hyper-
tension, peripheral vascular disease, coronary 
artery disease, atrial fibrillation or flutter, and 
chronic renal failure [41].

 Diagnosis

The patients have a history of severe abdominal 
pain out of proportion to their physical examina-
tion findings. Delays in diagnosis and treatment 
remain the greatest challenge to reducing mor-
bidity and mortality for all forms of AMI [42].

High clinical suspicion is very important and the 
diagnosis should be confirmed by an imaging study 
such as CTA, MRA, or angiography. Ultrasound is 
helpful in limited cases due to the extreme pain and 
limited imagines obtained due to the patient’s poor 
compliance in these situations [43].

Laboratory results may be inconclusive 
depending on the stage of the disease process. 
The most common laboratory abnormalities are 
hemoconcentration, leukocytosis, high anion 
gap, and possibly lactic acidosis in more advanced 
cases. Lactic acid is an indirect marker of tissue 
injury. It is usually elevated in AMI patients. 
However, it is seldom elevated early and specifi-
cally enough in the serum to diagnose acute mes-
enteric ischemia [44]. High amylase, aspartate 
aminotransferase, and lactate dehydrogenase can 
also be observed [45] (Fig. 24.8).

Superior mesenteric vein (SMV) thrombosis, 
often caused by a hypercoagulable state, is pres-
ent in 5–15% of cases of AMI. It is rare in the 
geriatric population. There is usually a personal 
or family history of venous thromboembolism.

Non-occlusive mesenteric ischemia (NOMI) 
develops as the result of a low-flow state with 
vasospasm of the branches of the SMA, rather 
than acute occlusion. NOMI can develop in 
patients who are hypotensive, on vasopressors, 
severely volume depleted, or on dialysis. 

Generally more common in critically ill patients, 
it may occur acutely in situations such as trauma 
or cocaine abuse. NOMI has a very high mortality 
rate, likely due to the combination of comorbidi-
ties and difficulty in making this diagnosis [46].

 Treatment

AMI is a surgical emergency. Patients presenting 
with anything suggestive of AMI should undergo 
arteriography or CTA before operation if there is 
no evidence of peritonitis or shock. Patients with 
rebound tenderness, abdominal rigidity, severe 
acidosis, or shock should undergo immediate 
operation [35, 36].

Fig. 24.8 CTA showing SMA thrombosis with reconsti-
tution past the occlusion
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Fluid resuscitation should begin immedi-
ately with isotonic crystalloid solution and 
continue with blood, if necessary. Electrolyte 
imbalances (hyperkalemia) should be moni-
tored and corrected along with broad-spectrum 
antibiotics. If there are no contraindications, 
intravenous heparin for full anticoagulation 
should be initiated.

In our experience, we make sure that intravas-
cular volume has been maximized before initiat-
ing vasopressors.

 Endovascular Intervention

Thrombolysis followed by balloon angioplasty or 
stent placement of the stenotic artery at the time 
of arteriography is a reasonable option if diagno-
sis is made early, the patient is hemodynamically 
stable, there are no signs of peritonitis, and the 
thrombus burden is small [47]. This allows for 
revascularization without the need for a laparot-
omy in an already compromised individual. 

Failure of thrombolytic therapy or a worsening 
clinical status warrants operation.

Laparoscopy has become more useful for 
“quick look” even after successful endovascular 
revascularization in patients that remain intu-
bated or with altered mental status that makes 
their exam unreliable.

The goals of therapy are always restoration of 
SMA blood flow and resection of nonviable 
bowel.

 Open Revascularization

If the patient has peritoneal signs, or the endovas-
cular instruments are not available, laparotomy 
with open thrombectomy has excellent results as 
well [37].

The SMA is isolated at the base of the mesen-
tery with the transverse colon retracted superi-
orly and the small intestine retracted toward the 
right side except for the distal duodenum or prox-
imal jejunum.
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If the artery is soft, it is opened transversely. 
Embolectomy catheters (3 and 4) are passed 
proximally and distally in the artery to extract the 
embolic material and thrombus. Primary closure 
is performed.

The artery should be opened longitudinally if 
clinical findings or the arteriogram suggests in 
situ thrombosis or if atherosclerotic disease is 
palpable in the SMA. Closure can be done with 
saphenous vein, bovine pericardium, or pros-
thetic if excellent inflow is achieved.

 Outcomes

There are four retrospective studies (Table 24.2) 
reporting outcomes after open vascular and endo-
vascular surgery for acute SMA occlusion [48–51].

There are a lot of potential conflicts and 
biases when comparing the two. Sicker patients 
or in extremis tend to undergo open revascular-
ization, whereas more stable ones endovascular 
treatments.

There seems to be lower bowel morbidity and 
lower mortality after endovascular therapy for 
acute thrombotic occlusion compared with open 
vascular surgery. One important aspect of the 
endovascular or hybrid approach compared with 
open vascular surgery, which may influence out-
come, is that angiographic monitoring is part of 
the procedure after endovascular surgery, whereas 
there is room for much improvement in the per-
centage and quality of monitoring after open vas-
cular surgery [48].

Morbidity and mortality are directly related to 
the need for bowel resection, length of intuba-
tion, and open revascularization [50].

Overall, this catastrophe carries an over 50% 
mortality rate and multiple comorbid complica-
tions for those who survive it.
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Geriatric Urologic Trauma

Gregory P. Murphy, Jack W. McAninch, 
and Benjamin N. Breyer

 Introduction

Geriatric trauma is becoming an increasing prob-
lem as the largest segment of the population ages 
over 65 years [1–3]. Trauma is the ninth leading 
cause of death in the geriatric population [2]. The 
most common mechanism of injury sustained by 
the elderly is blunt trauma, specifically falls and 
motor vehicle collisions, while penetrating 
trauma is rare [1, 4]. Urologic injuries represent 
9% of the total injuries to older patients [5].

While the diagnosis and management of geri-
atric urologic trauma patients is quite similar to 
younger adults, the outcomes tend to be worse. 
This is likely due to increasing comorbidities and 
decreasing physiologic reserve [1–5]. The best 
outcomes are seen in level 1 trauma centers with 
lower complication and death rates compared to 
less experienced centers [6]. Centers that utilized 
geriatric consult teams had lower rates of delir-
ium [1, 2]. This highlights the need for appropri-
ate triage to centers capable of managing geriatric 
trauma patients.

 Renal Trauma

Renal trauma is the most common genitourinary 
(GU) injury in all trauma patients as well as the 
elderly [1–5]. Computed tomography (CT) scan 
with IV contrast including immediate and 
delayed imaging is the ideal diagnostic modality 
for renal injuries (see Fig. 25.1). Patients with 
gross hematuria, microscopic hematuria, and 
shock or a mechanism of injury causing a high 
index of suspicion for renal injury should undergo 
a CT scan [7]. Studies have shown that there is a 
higher rate of acute kidney injury (AKI) in elderly 
trauma patients [8, 9]. This has raised concerns 
that using iodinated contrast may lead to higher 
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rates of AKI and worse outcomes. One study 
reviewed the risks factors for AKI and did not 
find IV contrast to be a significant risk. Their 
conclusion was that IV contrast was safe to use in 
the elderly trauma patient [8].

Staging of renal trauma is based on the 
American Association for the Surgery of Trauma 
(AAST) system. Grades ranging from grade 1 to 
5 are described in Table 25.1 [2, 10]. Though the 
AAST grading system is predictive of the need 
for nephrectomy and the risk of mortality, it has 
not however been specifically validated in the 
geriatric population [1, 2, 11].

There has been a major paradigm shift in the 
management of renal injuries over the last few 
decades. Conservative management with obser-
vation has replaced surgery as the mainstay of 
treatment for the patient who is hemodynami-
cally stable [7]. Some grade 4 and 5 injuries may 
require angioembolization by interventional radi-
ology or operative exploration if there is hemo-
dynamic instability [7, 12]. Angioembolization 
has been less successful in the elderly, requiring 

repeat procedures [13]. Rates of operative inter-
vention are not significantly different in the 
elderly in blunt or penetrating trauma [5]. 
However, when operative exploration is under-
taken, there is a higher rate of nephrectomy and 
higher rate of mortality [5].

 Ureteral Trauma

Ureteral injury is rare in trauma patients of all 
ages as well as the geriatric population [1, 14]. 
The most common mechanism for injury is a 
penetrating trauma, specifically gun-shot wounds 
[15]. Rates in general population were 2.6% ver-
sus 1.7% in the geriatric population [5]. Ureteral 
trauma is often associated with multiple other 
injuries to the bowel or vasculature so a multidis-
ciplinary approach is beneficial. Furthermore, a 
high index of suspicion is required to diagnose 
these injuries as there is no foolproof laboratory 
or radiologic test [1, 2]. Delays in diagnosis can 
lead to further morbidity and worse outcomes 
[2]. If the patient is stable, a CT with delayed 
images or a retrograde pyelogram under anesthe-
sia may help delineate an injury [7]. However, 
operative exploration may be necessary to rule 
out an injury in patients undergoing laparotomy 
who do not have preoperative imaging [7].

If a ureteral contusion is seen, ureteral stent-
ing or surgical repair is recommended [7]. If a 
laceration to the ureter is seen, principles of 
repair include debridement of devitalized tissue, 
followed by a tension-free repair and watertight 
anastomosis [2, 16]. If the patient has life- 
threatening injuries, the ureter can be tied off and 
a nephrostomy tube placed until a more prudent 
time for repair [2, 7]. Ureteral repair requires a 
large armamentarium of surgical options. If the 
injury is to a distal segment of the ureter, a ure-
teral reimplant can be undertaken. If there is a 
larger segment of distal ureter injured, a psoas 
hitch or Boari flap may be required to bridge the 
gap [2, 7, 16]. The most common type of trau-
matic ureteral injury is a short segment of the 
midureter which can often be managed by a ure-
teroureterostomy [17]. Rarely a transureteros-
tomy, ileal ureter, or autotransplant may be 

Table 25.1 American Association for the Surgery of 
Trauma Organ Injury Severity Scale for the Kidney

Grade Type Description

I Contusion Microscopic or gross 
hematuria, urological studies 
normal

Hematoma Subcapsular, nonexpanding 
without parenchymal 
laceration

II Hematoma Nonexpanding perirenal 
hematoma confined to renal 
retroperitoneum

Laceration <1 cm parenchymal depth of 
renal cortex without urinary 
extravasation

III Laceration >1 cm depth of renal cortex, 
without collecting system 
rupture or urinary 
extravasation

IV Laceration Parenchymal laceration 
extending through the renal 
cortex, medulla, and 
collecting system

Vascular Main renal artery or vein 
injury with contained 
hemorrhage

V Laceration Completely shattered kidney
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required electively if a significant portion of the 
ureter is damaged. These repairs have significant 
downsides so should only be used as a last resort 
[2, 7, 16]. To minimize the risk of complications, 
a ureteral stent and a retroperitoneal drain should 
be left in place after the ureter is repaired. 
Typically, the drain is removed prior to discharge 
if the output is low and the creatinine is consis-
tent with serum. Ureteral stents are kept for 
4–8 weeks [2, 16].

 Bladder Trauma

Bladder injury is most commonly associated with 
pelvic fractures. Eighty percent of bladder inju-
ries occur in patients with pelvic fractures while 
5.7% of pelvic fracture patients have associated 
bladder injuries [18]. In younger patients, a sig-
nificant force is required to cause a pelvic frac-
ture so the most common mechanism of injury is 
motor vehicle crash or crush injuries. In the 
elderly, presumably due to osteoporosis, there is 
a higher incidence of pelvic fractures from lesser 
impact injuries such as falls [2, 19].

Algorithm for Bladder Trauma
Pelvic fractures are associated with significant 

morbidity and mortality in the elderly [2, 20]. 
Concomitant bladder injuries were more com-
mon in the elderly compared to the general popu-
lation. But these injuries were less likely to 
require operative intervention [5]. This retrospec-
tive review of the National Trauma Data Bank 
did not specify location of bladder injury so the 
authors speculate that the reason for less opera-
tive intervention may be due to differing location 
of the injury [5].

The bladder sits deep in the pelvis where it is 
well protected from injury. When a fracture 
occurs, the bladder can be torn at its fascial 
attachments causing a laceration. A blow to the 
abdomen with a full bladder can lead to rupture at 
the dome. Less commonly, a bony spicule can 
lacerate the bladder [18].

Diagnosis of bladder injury is by cystogram 
(plain film or CT). The absolute indication for a 
cystogram is a patient with a pelvic fracture and 
gross hematuria. Relative indications include 
gross hematuria with a mechanism of injury con-
cerning for bladder injury or a pelvic fracture 

Gross Hematuria and Pelvic Fracture

Cystogram

Normal
Cystogram

Uncomplicated
Extraperitoneal 
Bladder Injury 

Complicated Extraperitoneal 
or Intraperitoneal Bladder

Injury

Foley Until
Hematuria
Resolves 

Foley for 2
Weeks 

Operative
Repair

Cystogram and Foley
Removal if No Leak
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with indicators of bladder rupture such as inabil-
ity to void, abdominal distention, and pain [6].

Management of bladder injuries depends on 
whether the injury is intraperitoneal or extraperito-
neal. Intraperitoneal injuries typically occur when 
there is rupture of a full bladder at the dome or 
from penetrating injuries. A two-layer closure with 
absorbable suture is recommended to repair intra-
peritoneal injuries. Uncomplicated extraperitoneal 
injuries can be managed conservatively with 
extended catheter drainage alone. Complicated 
extraperitoneal injuries such as those with bony 
spicules in the bladder, heavy hematuria, concomi-
tant vaginal or rectal injuries, or bladder neck inju-
ries should be managed operatively [7]. 
Extraperitoneal injuries should be explored and 
closed from within the bladder so as not to disrupt 
a pelvic hematoma [2]. Urethral catheter drainage 
alone is typically sufficient and patients often do 
not require suprapubic tube drainage after surgery 
[7]. The catheter can be left in for 7–10 days after 
surgery and a cystogram prior to removal will con-
firm that there is no extravasation [2].

 Urethral Trauma

Urethral injuries are much more common in 
males than females [1]. The male urethra can be 
divided into anterior and posterior segments [2]. 
Posterior urethral injuries occur during pelvic 
fractures in about 5% of cases [21]. Essentially 
the prostate and membranous urethra tear away 
from the bulbar urethra creating a distraction 
defect. Posterior urethral injuries can be sus-
pected when there is blood at the meatus or if 
there is a high-riding prostate on rectal exam. 
Diagnosis is by retrograde urethrogram which 
should be performed with oblique views to better 
evaluate the length of the urethra [2]. Primary 
realignment can be attempted in the stable patient 
but close follow-up is needed as many patients 
will develop a stenosis. Suprapubic drainage is 
another primary option with a delayed posterior 
urethroplasty after the patient has recovered. 
Immediate urethroplasty is not recommended for 
the majority of urethral injuries due to the extent 
of tissue damage and poor outcomes [2].

Anterior urethral injuries most commonly 
occur from straddle injuries (see Fig. 25.2). In 
this case, the bulbar urethra is compressed by the 
pubic bone. Similarly, patients present with blood 
at the meatus and a retrograde urethrogram will 
be diagnostic. A catheter may be gently attempted, 
but if this is unsuccessful, suprapubic drainage 
will be required and likely a urethroplasty at a 
later date [2]. Contrary to posterior urethral inju-
ries, uncomplicated penetrating injuries to the 
anterior urethra can be repaired promptly with 
urethroplasty [6].

 Genital Trauma

Injuries to the scrotum, testes, and penis occur 
less frequently in the elderly population [5]. 
Mechanisms of injury include sexual intercourse 
for penile fractures, sports injury, and blunt 
trauma for testicular rupture, burns, and machine 
accidents for genital skin loss. These activities 
and injuries lend themselves to a younger patient 
population [1].

Our group reviewed the National Electronic 
Injury Surveillance System which provides a 
sample of emergency department presentations 
in the United States excluding those from MVC 
and acts of violence. The majority of GU injuries 
were to external genitalia. The elderly were more 
likely to sustain injuries from falls often in bath-
room or shower. In this cohort, as patient age 

Fig. 25.2 RUG after straddle injury
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increased, there was a higher rate of inpatient 
admission [22].

Penile fractures can be suspected if a pop is 
felt followed by immediate detumescence during 
intercourse. An eggplant deformity has been 
described and requires operative exploration and 
corporal repair if an injury is found (see 
Fig. 25.3). Concomitant urethral injury should be 
suspected if the patient has blood at the meatus 
[2] (see Fig. 25.4). Some studies have discussed 
ultrasound or MRI as a possible diagnostic 
modality but neither is very accurate and a missed 
injury can lead to chronic problems with 
 curvature so operative exploration is recom-
mended in most cases [2, 7].

Testicular injury is rare but most present with 
scrotal swelling and hematoma. When testicular 
rupture is suspected from blunt trauma, operative 
exploration is required. Similarly, penetrating 
scrotal wounds should be explored when testicu-
lar injury is suspect. In equivocal cases, ultra-
sound can be used to assess testicular viability but 

surgery should not be delayed. During explora-
tion, nonviable tissue should be debrided and the 
tunica closed if salvageable. If there is no viable 
tissue remaining, an orchiectomy is needed [2, 7].

Genital skin loss injuries require minimal 
debridement and local wound care only in most 
cases. If less than 50% of the scrotal skin is dam-
aged, the defect can often be closed primarily. If 
greater than 50% of the scrotal skin is involved, 
skin grafting is recommended [1, 7].

 Conclusion

Overall, more research is needed into the dif-
ferences between the adult and geriatric uro-
logic trauma patients. As a rule, geriatric 
trauma injuries are managed in a similar fash-
ion to their younger cohort. Despite this, the 
elderly, being more frail and with more 
comorbidities, generally have worse outcomes 
and therefore require a level of expertise to 
manage. These patients should be transferred 
to an appropriate trauma center with special-
ists in the fields of trauma, urology, and geriat-
rics to provide a multidisciplinary approach 
and comprehensive care.
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Plastics/Skin and Soft-Tissue 
Injury Trauma

Sharline Z. Aboutanos

 Introduction

Aging affects every layer of the skin. The epider-
mis becomes thinner with age and the junction 
between the epidermis and the dermis flattens 
[1]. This age-related change can lead to an 
increased tendency for shearing injury, which is 
commonly seen in the elderly trauma population. 
A reduction in hair follicles and decreased lubri-
cation of the skin are also noted. These changes 
can make the skin drier and more prone to crack-
ing. While these intrinsic skin changes occur as 
one ages, the addition of extrinsic factors, such as 
ultraviolet light, and disease progression, such as 
diabetes and peripheral vascular disease, can fur-
ther complicate healing of the skin and soft tissue 
after injury in the geriatric age group.

Age-related changes of the bone have also 
been documented. These changes include bone 
becoming more porous and a decrease in osteo-
blast activity [2]. Therefore, with increasing age, 
bone strength decreases, which may lead to an 
increased propensity for fracture. Specifically in 
cranial bone, there is an increased risk for loss of 
bone mineral content in women more than men. 
Also, the risk for osteoporotic fracture in the 

mandible is higher in edentulous individuals [2]. 
This background knowledge is important for sur-
geons faced with the challenge of treating an 
elderly patient with skin and soft-tissue injury 
and facial fractures.

 Initial Consultation

There are several key facts one must elicit at the 
time of initial plastic surgery consultation sur-
rounding the injury of the elderly trauma patient 
with skin and soft-tissue injury and/or facial frac-
ture. This information includes history of present 
illness (location, time of injury, and mechanism 
of injury), past medical history (coexisting ill-
nesses), medications, and social history.

Most injuries in the elderly occur at home [3, 
4]. Typical mechanisms of injury include walk-
ing, ground-level falls, assault, and motor vehicle 
crashes. When walking, furniture, carpet, steps, 
and pets can play a role in injury. Time of injury 
is pertinent because delay in treatment of skin 
lacerations and open wounds can lead to increased 
infection rate [5]. Additionally, increased swell-
ing in the initial post-injury period can increase 
tension on laceration repair, therefore increasing 
the chance of unfavorable scarring and 
dehiscence.

In the elderly population, facial fractures after 
falls occur more commonly in women compared 
to men [6, 7]. The most common facial fractures 
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reported in the elderly are malar and orbital [6–8]. 
There are reports that elderly patients with facial 
fractures are more severely injured, and have a 
higher mortality and a higher rate of brain injury 
when compared to younger patients [8]. Other 
reports conclude that elderly patients suffer from 
less severe facial fractures and can be treated con-
servatively for the majority of cases [7].

Past medical history also plays an important 
role in geriatric injury, especially dementia, dia-
betes mellitus, poor vision, venous stasis disease, 
peripheral vascular disease, stroke, malnutrition, 
depression, osteoporosis, and congestive heart 
failure. Medications, such as anticoagulants, 
antiplatelet medications, steroids, and sleep aids, 
can also affect injury severity. A history of alco-
hol use in the elderly patient must also be deter-
mined. History of tobacco abuse can affect 
healing of skin and soft-tissue injuries, especially 
in crush injuries and/or vascularly compromised 
tissue. Social history to determine the patient’s 
living arrangements and history of interpersonal 
domestic violence is also important and relevant 
to patient discharge arrangements and outpatient 
treatment plans [4, 9].

 Physical Exam

Initial management of the injured patient focuses 
on the advanced trauma life support (ATLS) pro-
tocol and stabilization of the patient. During the 
initial evaluation, one can identify facial fractures 
and soft-tissue injury. Facial fractures can have 
associated injuries, which include airway com-
promise, hemorrhage, brain and spinal injury, 
trauma to the orbital globe and blindness, and 
dental injury or tooth loss.

Airway compromise can be associated with 
bleeding from upper airway as well as aspiration 
of foreign bodies. Emergent airway management 
by the trauma team may include endotracheal 
intubation, cricothyroidotomy, or tracheotomy. 
Most upper airway bleeding can be managed by 
applying direct pressure; however, in cases of 
severe hemorrhagic injury, nasal packing may be 

necessary. If these measures fail, angiographic 
embolization may be utilized for severe bleeding.

Neurologic or spinal injury must be ruled out 
prior to pursuing repair of facial fractures to 
avoid exacerbating these injuries during surgical 
manipulation of the facial bones. Cervical spine 
precautions are required until negative clinical 
and radiological exam is determined. An altered 
mental status may prevent clinical clearance; 
therefore one may consider obtaining computed 
tomography (CT) of the neck or magnetic reso-
nance imaging for definitive evaluation.

After ABCDE survey, a detailed head exam 
may be performed. Routine and methodical 
examination of the patient’s head from a superior 
to inferior direction allows one to avoid missing 
an injury. Skin, soft tissue, neurovascular struc-
tures, and bones should be evaluated. Swelling 
may impair accurate examination of the underly-
ing structures; therefore repeat examination after 
the initial 48 h post-injury may be warranted. 
However, high-velocity mechanism of injury, 
bony instability, crepitus, step-offs, and maloc-
clusion could indicate underlying bony injury. In 
addition to the nasal bones, careful assessment of 
the nasal septum and the presence of a nasal sep-
tal hematoma must be documented and addressed. 
Trigeminal and facial nerve function must be 
tested in addition to changes in sensation in the 
upper, mid, and lower face. Injuries of the facial 
nerve can be associated with parotid duct inju-
ries. Visual disturbances or ocular injury warrant 
expedited ophthalmologic consultation. Dental 
occlusion and injury to the tongue, gums, and 
teeth must also be noted.

 Imaging

Computed tomography (CT) scan is the most 
effective radiologic examination ordered to eval-
uate the facial bones. Typically, a maxillofacial 
CT, which can be ordered in conjunction with a 
head CT, obtained at 3 mm intervals or less is 
adequate to rule out injuries of the skull and 
facial bones (Figs. 26.1 and 26.2). In cases of 
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complex craniofacial trauma, a three-dimensional 
reconstruction of the facial skeleton can aid in 
surgical planning. Other helpful radiologic exams 
include a panoramic radiograph (Panorex) to 
evaluate the mandible, notably the condyles, and 
teeth. Additionally, CT angiogram may be neces-
sary to rule out associated injuries to the cerebro-
vascular structures of the head and neck [10].

 Treatment

 Soft-Tissue Injuries

Treatment of soft-tissue injuries begins with 
avoiding infection and closing open wounds 
within the first 24 h after injury. Irrigation with 
saline and/or chlorhexidine soap brush can be 
performed after the patient is admitted to the 
emergency department under local anesthesia. 
Typically, 1% lidocaine with epinephrine is used. 
For more severely contaminated wounds, wash-
out and debridement should occur in the operat-
ing room with anesthesia to properly cleanse the 
wounds of debris while the patient is comfortable 
and cooperative.

Linear or stellate injuries can be repaired after 
proper cleansing of the wound. Devitalized tissue 
can be debrided sharply to create clean, viable 
edges for repair. Both dermal and epidermal lay-
ers should be repaired to promote optimal scar 
formation by lessening tension on the closure. 
Location of the injury dictates the size and type 
of suture used. Typically, carefully placed inter-
rupted sutures are utilized to accurately approxi-
mate the edges of the wound. Sutures in the face 
should be removed in 5–7 days to decrease suture 
tracking. Because of the effects of aging and the 
thinner quality of skin seen in the elderly, addi-
tional challenges are faced during laceration 
repair. A technique to facilitate closure in this 
population has been reported and is performed by 
placing sutures through Steri-Strips. The Steri- 
Strips prevent the suture material from cutting 
through the skin and prevent shearing of the thin 
skin to keep it in place after suture removal [11].

Fig. 26.1 Axial image of maxillofacial CT scan of a 
74-year-old woman who sustained facial fractures after 
falling 13 steps at her home. Images demonstrate soft- 
tissue swelling in left periorbital area with subcutaneous 
air, fracture of the left maxillary sinus, and fracture of the 
left orbital floor

Fig. 26.2 Coronal image of maxillofacial CT scan of the 
same patient in Fig. 26.1
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Crush injury, contusions, and vascular com-
promise can result in poorer healing and scar out-
comes. In these instances, wound care, rather 
than laceration repair, may be warranted 
(Fig. 26.3). Depending on the patient’s drug 
allergies, wound care with bacitracin or silver 
sulfadiazine ointment can provide moisture to the 
wound while promoting an antibacterial environ-
ment. Wound care dressings should be applied in 
such a manner so as to limit maceration and 
injury to the surrounding peri-wound skin edges 
and avoid pain with future dressing changes. 
Eventual delineation of nonviable tissue over the 
next 24–48 h can lead to accurate surgical 
debridement of these areas in the operating room 
(Fig. 26.4). Small areas of stable, dry, clean scab 
can remain to function as a biologic dressing dur-
ing the wound healing process. Reconstruction of 
a resultant defect to restore appearance and func-
tion depends on the size and location of the 
defect. The reconstructive ladder must be consid-
ered in each case. Options include wound healing 
by secondary intention, skin grafting, or flap 
repair. In circumstances where the patient has 
limited mobility, pressure relief and frequent 
turns during the patient’s hospital stay are crucial 
to avoid deep tissue injury and formation of pres-
sure ulcers in pressure-sensitive areas.

Large hematomas should be evacuated to 
avoid pressure on underlying structures and 
infection. In areas of the face, hematomas of the 
ear and nasal septum must be evacuated as soon 
as possible to avoid deformity to the underlying 
cartilage.

Fig. 26.3 83-year-old woman sustained left anterior leg 
wounds status post-fall during the night and hitting the 
corner of a table. Her wounds are significant for ecchymo-
sis, laceration, and full-thickness skin loss. She also has a 
history of tobacco use. Her findings are consistent with 
skin and soft-tissue injuries sustained by the elderly 
population

Fig. 26.4 70-year-old woman sustained left anterior leg 
wounds status post-motor vehicle crash 3 weeks prior. She 
reports being admitted to the intensive care unit for rib 
fractures and chest pain. She was subsequently discharged 
with home health follow-up of her leg wounds. After this 
visit, she was taken to the operating room for debridement 
and washout of the infected areas and placement on intra-
venous antibiotics
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 Facial Fractures

Indications for facial fracture repair oftentimes 
depend on the facial bone involved, the angle of 
the fracture, the degree of comminution, and 
other associated injuries. For the most part, facial 
fracture repair in the elderly is similar to patients 
of other ages. It is worth noting that in the elderly 
population there is a higher incidence of edentu-
lous mandible and this condition may complicate 
mandibular fracture repair. Mandibulomaxillary 
fixation (MMF) in this group of patients is diffi-
cult to achieve with the patient’s dentures, if pres-
ent. Additionally, there is increased difficulty 
with eating and maintaining proper nutrition 
postoperatively. Patients with atrophic mandibles 
benefit from open reduction and internal fixation 
using a rigid reconstruction plate. Placing more 
screws on either side of the fracture may be nec-
essary in the atrophic mandible. Other acceptable 
alternatives include external fixation.

Patients with facial fractures are often placed 
on a soft diet to prevent further trauma to facial 
bones and limit pain with mastication. Nutrition 
consultation is useful in this scenario to help 
identify foods specific to this diet that deliver 
adequate caloric needs during periods of healing 
and high energy demand.

Interdisciplinary care of geriatric trauma 
patients is vital to increasing survival and improv-
ing outcomes after injury. This team includes, but 
is not limited to, trauma and critical care special-
ists, emergency room physicians and nurses, geri-
atricians, pharmacists, wound care nurses, 
nutritionists, chaplains, and other surgical special-
ists. Injury and trauma prevention targeted toward 
the elderly population may also be useful.
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Soft Tissue Infections in the Elderly

Margaret H. Lauerman and Sharon Henry

 Introduction

Necrotizing soft-tissue infection (NSTI) is a morbid 
and potentially mortal diagnosis in a patient of any 
age (Fig. 27.1). Extensive soft-tissue debridement 
leaves large, potentially disfiguring wounds in 
patients who survive (Fig. 27.2). Sepsis and organ 
dysfunction are frequent occurrences in patients 
with NSTI requiring intensive care unit (ICU) 
admission. Successful care of patients with NSTI 
involves coordinating operation for early source 
control and critical care management for support of 
organ dysfunction. Preexisting medical comorbidi-
ties more commonly present in the elderly can make 
management of NSTI even more problematic. As a 
result the challenges in the diagnosis and treatment 
of NSTI are more acute in elderly patients.

 Epidemiology

Skin and soft-tissue infections (SSTI) are a com-
mon problem. Annually there are 867,777 cases 
of SSTI diagnosed in the United States. 
Approximately 6000 patients yearly develop a 

NSTI, accounting for only 0.7% of SSTIs [1]. It is 
estimated Group A streptococcus infection (GAS) 
specifically accounts for 650–800 of the NSTI 
cases per year [2]. Overall NSTI represents a 
small portion of surgical pathology, with only 
0.1% of surgical cases performed for treatment of 
a NSTI [3]. Therefore, surgeons typically may 
see only a handful of these cases in their careers. 
The elderly comprise a significant portion of 
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Fig. 27.1 NSTI involving the flank, leg, and perineum in 
a 76-year-old prior to debridement. He has multiple medi-
cal comorbidities including coronary artery disease, hyper-
tension, prostate cancer, rheumatoid arthritis, and chronic 
hip pain. He was brought to his community emergency 
room with complaints of worsening of his chronic hip pain 
and not feeling himself for 5 days. His family noted him to 
be short of breath and unable to ambulate. In the emer-
gency room he was hypotensive and desaturating. He was 
intubated and resuscitated. A non-contrast CT scan (he had 
acute kidney injury on presentation) documented extensive 
air in hip and thigh. Incisions were made under local in the 
ED and he was transferred to a tertiary referral center for 
further management where he underwent wide debride-
ment but continued to require pressors; after discussion 
with the family he was transitioned to comfort care and he 
expired with 48 h of admission.
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patients with NSTI, with over one-quarter of 
patients with NSTI over the age of 60 [4].

 Types of Necrotizing Soft-Tissue 
Infection

NSTIs are classified into subgroups by bacteria 
type (Table 27.1) [5], and type I NSTI is thought to 
target patients with poor health and medical 
comorbidities [6], and is the most common type of 
NSTI in the United States [5]. The elderly may be 
more susceptible to type I NSTI given their higher 
rates of comorbidities, such as diabetes mellitus 
and malignancies [7, 8]. Type II NSTI, which 
includes GAS infection, is thought to be precipi-
tated by minor local trauma, allowing bacterial 
entry into the underlying tissues [6]. GAS infec-
tions increase with age [9]. Type III NSTI is also 
seen in patients >65 years despite the association 
with environmental exposure [10].

 Etiology of Necrotizing Soft-Tissue 
Infections

The list of potential causes of NSTI in geriatric 
patients is long and (Table 27.2) includes gastroin-
testinal, gynecologic, integumentary, genitourinary, 

and traumatic pathology. Prevalence of many etiol-
ogies of NSTI increases with age. Rates of malig-
nancy, chronic wounds, traumatic injury, and 
decubitus ulcers are higher in the elderly, making 
geriatric patients an at-risk population for NSTI [8, 
12–14].

 Clinical Presentation

Differentiating NSTI from cellulitis can be diffi-
cult in any patient. Erythema, warmth, and ten-
derness, the most common clinical exam findings 
of NSTI [4], are also present in uncomplicated 
SSTIs. The presence of skin necrosis, bullae, skin 
discoloration, crepitus, and discharge [4] is more 
specific for NSTIs but these are not universally 
present. The elderly have some specific condi-
tions which can make the clinical diagnosis of 
NSTI more difficult. Evaluation of geriatric 
patients can be confounded by the higher preva-
lence of chronic edema, chronic wounds, skin 
discoloration, and hematoma formation from 
anticoagulation for conditions such as atrial 
fibrillation [13, 16, 17].

Given the overlap in clinical exam findings 
with NSTI and uncomplicated SSTI, scoring sys-
tems have been developed to differentiate NSTI 
from uncomplicated SSTI, such as the Laboratory 
Risk Indicator for Necrotizing Fasciitis 
(LRINEC) score [18, 19]. However, this NSTI 
prediction score is imperfect, particularly in the 
elderly. The LRINEC score utilizes laboratory 
values such as hemoglobin, sodium, and creati-
nine [18] that in the elderly are more likely to be 
abnormal at baseline [20–22]. The ability to dis-
tinguish a NSTI from an uncomplicated SSTI in 
an elderly patient remains difficult even when 
this score is utilized.

Radiologic imaging is another potential tool 
for differentiating NSTI from SSTI. Plain X-ray, 
computerized tomography (CT), and magnetic 
resonance imaging (MRI) are all potential imag-
ing options. Both X-ray and CT can detect subcu-
taneous emphysema, the hallmark of a NSTI. Air 
within the subcutaneous tissues or tracking along 
the fascia on imaging is diagnostic of NSTI and 

Fig. 27.2 Large residual perineal and abdominal wall 
wound after NSTI debridement in an elderly patient
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should prompt operative exploration. However, 
the absence of these findings does not exclude 
NSTI [23]. Thus, the addition of imaging does 
not guarantee that the correct diagnosis will be 
made. Interpretation of the finding of subcutane-
ous emphysema may be influenced by the pres-
ence of a chronic wound, which is not an 
uncommon finding in the elderly [13]. The limi-
tations of radiographic imaging in NSTI apply to 
both younger and geriatric patients. Additionally 
geriatric patients are more likely to have chronic 
renal disease which limits the use of intravenous 
contrast [22]. Changes related to tissue enhance-
ment will be missed without contrast; however 

subcutaneous air can still be detected. CT may 
still provide useful information in this circum-
stance when interpreted in combination with the 
clinical presentation.

Medical comorbidities are frequently present 
in patients with NSTI. Patients with NSTI have 
higher rates of diabetes mellitus (47%), hyperten-
sion (51%), respiratory disease (31%), neuro-
logic disease (23%), cardiac disease (17%), and 
peripheral vascular disease (17%) than the over-
all surgical patient population [3]. Some studies 
suggest that not only are rates of comorbidities 
higher in NSTI, but the presence of these comor-
bidities is associated with a higher mortality [3, 
4]. Heart failure, chronic obstructive pulmonary 
disease, and renal disease increase with age, 
placing elderly patients at higher risk of mortality 
in NSTI due to their preexisting medical condi-
tions [24–26].

Additionally, patients with NSTI commonly 
present with physiologic derangements. Eighty 
percent of patients with NSTI have a sepsis spec-
trum diagnosis at admission. Twenty-six percent 
of patients with NSTI present in septic shock [3]. 
The presence of sepsis on admission is associated 
with higher mortality in patients with 
NSTI. Elderly patients treated for infection are 
more likely to present with sepsis and more fre-
quently die due to sepsis than their younger coun-
terparts [27]. The elderly with NSTI are likely at 
increased risk of mortality given their suscepti-
bility to sepsis.

A diagnosis of NSTI may be delayed in geri-
atric patients, as infections are common in the 

Table 27.1 Types of NASTI and the bacterial burden associated with the NSTI types [5, 11]

NSTI type Bacteria Clinical characteristics

Type I Infection can include anaerobic and 
aerobic bacteria. Bacterial load is 
polymicrobial

Most common type of NSTI. Local spread of 
disease is less aggressive

Type II Can be monomicrobial or combined 
with staph. Most commonly 
GAS. Can be MRSA alone

Aggressive local spread of disease

Type III Monomicrobial infection with 
gram-negative bacteria

Often with exposure to warm, costal water

Type IV Fungal infection Often associated with immunocompromised 
patients

Table 27.2 Etiologies of NSTI in geriatric patients  
[4, 15]

Etiologies of NSTI

Chronic wound

Trauma

Injection (medications)

Intravenous drug use

Integumentary

Perianal abscess

Postoperative infection

Bartholin’s abscess

Perforated genitourinary tract

Decubitus ulcer

Perforated rectal/anal cancer

Perforated viscus

Strangulated hernia

Burns

Self-induced (i.e.: Munchausen’s syndrome)

Idiopathic
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elderly. Greater than 54% of infections occur in 
patients over 65 years, with the two most com-
mon infectious etiologies being urinary tract 
infection (UTI) and pneumonia [28]. Geriatric 
patients are often treated empirically for sepsis 
when a source of the infection remains 
unknown, during which an unidentified NSTI 
may be progressing. Even though non-NSTI 
sources are far more frequent causes of infec-
tion in the elderly, the index of suspicion must 
be high for NSTI when an elderly patient pres-
ents with sepsis, particularly when the source is 
not determined.

 Treatment

Early debridement is of great importance in 
NSTI. Multiple studies correlate time to debride-
ment with survival; survival decreases linearly 
with time to debridement [4, 11, 29, 30]. Much 
of the benefit of early debridement may result 
from the removal of the nidus for the patient’s 
systemic illness by obtaining local source 
control.

With progression of illness and subsequent 
organ failure, an association is seen between 
mortality and number of organs failed. As the 
number of organs failed increases, mortality 
increases in a stepwise fashion [4]. Patients pre-
senting with organ dysfunction in sepsis are 
more often older [31]. While organ dysfunction 
is a serious event in any patient with NSTI, in 
the elderly it carries a far more grave 
prognosis.

Elderly patients have well-documented barri-
ers to medical care which often delay medical 
attention, allowing their underlying NSTI to 
progress untreated. Older patients are more likely 
to report barriers to medical care, such as trans-
portation limitations and concern over medical 
bills [32]. With 1.4 million adults living in a nurs-
ing home, a large proportion of the geriatric pop-
ulation does not directly control their ability to 
access medical care [33]. Elderly patients with 
cognitive decline may be unable to convey their 
symptoms, further delaying their presentation to 
medical care.

 Outcomes

Mortality is high overall in NSTI, ranging from 6 
to 76%, with many reviews reporting mortality 
greater than 20% [11]. Increasing age is associ-
ated with a higher mortality rate in NSTI; patients 
over the age of 60 years have a 28% absolute 
increase in mortality compared with younger 
patients [4]. Even after controlling for comorbid-
ities, demographic variables, and preoperative 
sepsis, age remains an independent predictor of 
mortality in NSTI [3, 4]. Long-term mortality is 
also a consideration in those patients with NSTI 
who survive their initial hospitalization. After 
discharge, patients with a previous NSTI have an 
excess mortality when compared to the general 
population that increases with age [34].

Beyond mortality, many other in-hospital 
complications often occur in patients with NSTI 
[4, 35] (Table 27.3). These complications com-
pound the effect of a NSTI in the elderly and con-
tribute to the higher mortality found in elderly 
patients [36].

Limb loss is particularly devastating in 
geriatric patients with extremity NSTI. While 
age does not predict limb loss in NSTI [15], 
the ability to achieve a good functional out-
come after amputation declines with age [37]. 
Elderly patients often have preexisting mobil-
ity limitations such as decreased walking 
speed [38] and underlying balance, strength, 
and coordination problems already account for 
a majority of falls in older adults [39]. At 
baseline, 24% of elderly patients rely on a 
mobility device such as a cane to  ambulate 

Table 27.3 Rates of in-hospital complications in patients 
with NSTI [4, 35]

Complication Frequency (%)

Acute renal failure 7–32

Hepatic failure 0–6

ARDS 24–29

MOF 21

Stroke 2.5

Heart failure 2.0

Clostridium difficile colitis 9

Other infections 27
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[40]. An amputation in an elderly patient can 
further impair previously limited mobility.

Level of amputation for geriatric patients can 
be crucial for regaining independence, as the 
amount of energy required to ambulate increases 
from a partial foot to below-knee (BKA) to 
above-knee amputation (AKA). BKA requires a 
40–60% increase in energy expenditure, while 
AKA requires a 90–120% increase in energy 
expenditure. In the elderly, up to 80% of patients 
with a BKA are recommended for prosthesis 
training, and up to 90% of those patients are able 
to utilize the prosthesis; however, only 30% of 
patients with a AKA or higher are recommended 
for prosthesis training, and only 40% of those 
patients ultimately are able to utilize their pros-
thesis [41].

Preexisting medical comorbidities often 
impede recovery from an amputation in geriatric 
patients. Concurrent arthritis may limit mobility, 
vision loss may exacerbate loss of proprioception 
with a prosthesis, and cardiovascular disease may 
impair the ability to participate in rehabilitation 
or to even propel a wheelchair in those not eligi-
ble for a prosthesis [41]. These patient comor-
bidities are associated with the inability to 
achieve independence in activities of daily living 
after amputation [42]. However, the importance 
of rehabilitation after amputation must be stressed 
as the ability to perform activities of daily living 
increases over time [41, 42].

Patients with NSTI have persistent, long-term 
difficulties after leaving the hospital. Patients 
report a moderate level of distress overall and 
distress about their NSTI operative site specifi-
cally. Most patients report pain and physical limi-
tations. While the level of distress does not 
increase in older patients, elderly patients report 
more pain and physical limitations, although 
these improve with time from discharge [43].

Social functioning is decreased to a greater 
extent in elderly patients with NSTI. While over-
all patients report a moderately good quality of 
life after debridement of NSTI, older patients 
report a lower quality of life. Specifically geriat-
ric patients report worse fatigue which may 
impact postoperative social functioning [43]. 
Patients with NSTI report depression, post- 

traumatic stress disorder (PTSD), fear of further 
infection, changes in family dynamic, sexual dif-
ficulty, and loss of employment, to which the 
elderly are not immune [44].

 Conclusions

NSTI is a morbid and mortal condition. Older 
age is associated with an increased mortality, 
and the comorbid conditions and complica-
tions often associated with NSTI also have a 
higher mortality in the elderly. Barriers to care 
in the elderly may delay presentation for med-
ical attention and debridement. Elderly 
patients with an amputation face difficulty in 
returning to independence given their underly-
ing comorbidities and increased energy 
requirements. The risks of NSTI do not end 
with discharge, as after discharge elderly 
patients have worse physical and social func-
tion. The elderly are a high-risk group among 
patients with NSTI.
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 The Geriatric Burn Patient

 Epidemiology

In 2015, approximately 200,000 burn injuries 
occurred in individuals over the age of 60 years 
in the United States, representing 13.4% of all 
burn injuries during that year [1]. In this elderly 
burn population, flame burns represent over 

half (55%) of all cases, with scald burns 
accounting for about one-quarter of cases 
(23%) [1]. A relatively large percentage of burn 
injuries are related to cooking accidents in this 
age group. Figures 28.1 and 28.2 depict typical 
second- and third degree burns. In contrast to 
the overrepresentation of males in younger burn 
patients, the male-to-female proportion 
decreases steadily with increasing age [1]. A 
small, yet considerable and likely underre-
ported percentage of elderly thermal injury is 
related to self-neglect and elder abuse [2]. Both 
conditions should be taken into consideration 
when assessing the etiology of geriatric burn 
injuries. Measures that can be taken to avoid 
recurrence include the activation of adult pro-
tective services (APS) [3].
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 Outcome

Although mortality has decreased in all age 
groups in recent decades, overall outcomes of 
thermal injury are worse for the very young and 
the very old [1]. For example, a 60% overall 
mortality rate is seen with a 45–55% total body 
surface area (TBSA) burn at the age of 60–69 
years, with this rate also being seen in burns cov-
ering only 20–29% of the TBSA at ages over 80 
years. Mortality rates due to thermal injury 
increase steadily with age, averaging 7.4% for 
patients older than 60 years, 12.9% for those 
older than 70 years, and 21% for those older than 
80 years [1]. During their hospitalization, the 
elderly are more prone to complications such as 
pneumonia, urinary tract infections, and respira-
tory failure [4]. A recent study of a large data-
base of elderly burn patients was not able to 
determine a defined “cutoff age” at which an 
outcome worsens significantly, but it reinforced 
the notion that even small burn injuries can be 
life threatening despite access to standardized 
modern burn care [5].

 Risk Factors

Elderly patients with thermal injury have various 
risk factors that are unique to their age group, 
complicate treatment, and worsen outcomes. 
Reduced cardiopulmonary reserve may lead to 
earlier pulmonary and cardiac failure, while ath-

erosclerosis and coronary artery disease with or 
without previous infarction further strain the heart 
during post-burn stress [6]. Malnutrition is com-
mon in the elderly and can be strongly exacerbated 
by the burn-induced hypermetabolic and hyper-
catabolic response [7]. The resulting massive loss 
in lean body mass that occurs over a short time 
impairs wound healing, increases immune defi-
ciency, decreases anabolic compensation, and pro-
longs overall recovery time [8, 9]. The aging skin 
progressively thins due to decreased epidermal 
turnover rates as well as a reduction in dermal 
cells, vascularity, and extracellular matrix proteins 
[10]. These phenomena put the elderly at signifi-
cantly higher risk of full- thickness burns and 
impair regenerative capacity [11].

 Treatment

The overall principles of treating geriatric burn 
patients are identical to those for younger 
patients. Individual differences in treatment com-
monly result from comorbidities and adverse 
conditions arising during patient management.

 Initial Assessment

The Advanced Burn Life Support (ABLS) guide-
lines issued by the American Burn Association 
provide a valuable overview of the initial steps in 
treating a burn patient. A primary assessment of 
any burn patient should address a secure airway, 
breathing, circulation, neurological disabilities, 
and environmental factors contributing to the 
injury and should quickly resolve all related 
problems as soon as possible. Intubation should 
be performed liberally when inhalation injury or 
worsening of the patient’s airway and breathing 
is suspected, as progressing burn- and 
resuscitation- induced edema can make later 
attempts difficult or impossible. A secondary 
assessment should be directed towards a full- 
body physical examination and obtaining a 
detailed history including specifics about the 
injury, comorbidities, allergies, and medications 
being taken by the patient. Tetanus vaccination 

Fig. 28.2 Seventy-nine-year-old woman with third- 
degree contact burn to right hand
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status should be evaluated and updated as neces-
sary. The patient’s body temperature should be 
maintained meticulously with blankets and/or 
heating devices, as loss of body temperature due 
to the impaired skin barrier is a frequent compli-
cation of burn injury. The extent and severity of 
second- and third-degree TBSA burns should be 
assessed using either the rule of nines (Fig. 28.3) 
or the 1% rule (patient’s palm and digits repre-
sent 1% TBSA). Resuscitation should be initi-
ated accordingly, and a Foley catheter should be 
considered for precise monitoring of urinary out-
put in patients with burns larger than 15% 

TBSA. A nasogastric tube can be placed to coun-
ter nausea and vomiting. Wounds should not be 
treated with creams or special dressings. Rather, 
they should be covered with sterile dry dressings 
until they can be evaluated by a burn physician.

 Admission and Referral

After initial assessment of burn severity, initia-
tion of resuscitation, and stabilization of the 
patient, referral to a burn center should be initi-
ated for the following cases: 

4.5%

4.5%

1%

9% 9% 9% 9%

4.5% 4.5% 4.5%

4.5%

18% 18%

LL

Fig. 28.3 Rule of nine to estimate burn size as percent total body surface area (TBSA) burned. Various body parts are 
representing their surface area as multiples of 9
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 – Partial-thickness burns exceeding 10% TBSA
 – Any burns of face, hands, feet, genitalia, 

perineum, or major joints
 – Any full-thickness burn
 – Pediatric burns, if the hospital is not equipped 

or staffed to treat children
 – Inhalation injury
 – Chemical burns
 – Electrical burns, including lightning injury
 – Patients who are expected to require special 

psychological or rehabilitative intervention [12]

 Combination of Trauma and Burns
Patients with burns and concomitant trauma should 
be assessed to determine which injury poses the 
greatest risk for morbidity and mortality. Joint phy-
sician judgment in concordance with regional med-
ical center plans and triage protocols is essential. 
Fractures may be initially stabilized in a trauma 
center before referral to a burn center while mind-
fully minimizing delay of burn care as much as rea-
sonably possible. Ideally, any burn patient should 
reach a burn center within 72 h of injury.

 Initial Resuscitation

Next to general intensive care measures to stabi-
lize a patient after burn injury, resuscitation plays 
a key role in post-burn treatment. Fluid require-
ment is dependent on burn size, depth, and onset of 
resuscitation [13]. Due to decreased resistance to 
edema formation and fluid accumulation, higher 
resuscitation volumes can be needed to avoid 
hypovolemia in the elderly [14]. However, 
impaired cardiac function may demand cautious 
volume therapy to avoid congestive heart failure. 
While successful resuscitation should be moni-
tored primarily through measures of hemody-
namic stability, vital signs, and urinary output, the 
Parkland formula can be used to calculate the fluid 
requirement during the first 24 h. ABSL guide-
lines and the Brooke formula suggest more restric-
tive fluid management to avoid over- resuscitation. 
Benicke’s formula, which includes other variables, 
is more tailored to the elderly patient population 
and provides age-adjusted estimates of initial fluid 
demand during the first 24 h post-burn [15, 16].

Parkland formula:

Predicted volume mL =weight in kg TBSA 2 &3nd rd( ) × × 4mL

Modified Brooke formula:

Predicted volume mL weight in kg TBSA nd rd( ) = × ×2 3& 2mL

Benicke’s formula:

Predicted volume mL weight in kg TBSA nd rd( ) = ×( ) + ×( ) +50 300 2 3 3500& ××( )
×( ) − × ≥( )∗

IHI

+ BAL age years4000 3500 65

*First 24 h; IHI: Inhalation injury present: 
yes = 1, no = 0; BAL: blood alcohol level, 
<0.1% = 0, ≥0.1 = 1

The first half of the calculated volume should 
be given during the first 8 h after the burn as 
Ringer’s lactate, and the other half should be 
given over the next 16 h. Infusion therapy is 
monitored and adjusted according to vital signs, 
circulatory stability, and hourly urinary output 
measures.

 Wound Management

 Partial-Thickness Burns
Superficial and deep partial-thickness burn 
wounds should undergo initial cleaning and 
removal of blisters and nonviable tissue. They 
should then be covered with a dressing that 
enables re-epithelialization of the affected area 
without painful adherence during dressing 
changes. Dressing options include hydrocolloids, 
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polyurethane film dressings, silicone-coated 
nylon dressings, reabsorbable polylactic acid 
compounds, or foam dressings with or without 
antimicrobial silver coating. Full re- 
epithelialization can normally be expected after 
10–14 days but can be delayed due to comorbidi-
ties as described above.

 Full-Thickness Burns
As early burn wound excision and wound closure 
are paramount to survival and decreasing morbid-
ity, the clinician should not be tempted by a 
patient’s advanced age to take less aggressive 
therapeutic approaches [17]. Burn eschars of a 
full-thickness defect should be excised tangen-
tially, and the resulting wound should ideally be 
covered with autologous split-thickness skin graft 
(STSG). The prospect of multiple surgical graft-
ing procedures in large burns necessitates special 
considerations in the elderly. For example, donor-
site healing may be impaired due to the aforemen-
tioned thinning of regenerative dermal layers. 
Likewise, donor-site morbidity may increase due 
to comorbidities complicating wound healing in 
general. The use of thinner STSG is warranted to 
ameliorate these problems [11]. Whenever full 
closure of burn wounds cannot be achieved, tem-
poral coverage with alloplastic dermal substitutes 
is necessary until sufficient STSG is available for 
definitive wound closure.

 Perioperative Optimization

Several interventions are available to counter 
burn-induced pathophysiological changes with 
the goal of optimizing patient recovery. Elderly 
patients experience a substantial proinflamma-
tory, hypermetabolic, and hypercatabolic 
response to thermal injury [5]. High energy 
demand is met with increased protein turnover 
and degradation, which in turn necessitates a 
compensatory protein intake of up to 1.5–2 g/(kg/
day) [18, 19] and supplementation of micronutri-
ents [9, 20]. Hypercatabolism can be further 
ameliorated through the adjunctive use of ana-
bolic agents. Insulin, when infused continuously 
for intensive euglycemic control, can promote 

muscle anabolism [21], reduce resting energy 
expenditure, restore insulin sensitivity [22], and 
reduce mortality and complications due to infec-
tion [23]. The orally available testosterone ana-
logue oxandrolone aids in the restoration of lost 
lean body mass and can improve wound healing 
in malnourished adults, independent of age [24, 
25]. Hypermetabolism in acute burn patients can 
be countered by β-adrenergic blockade with pro-
pranolol. When dosed to lower heart rate by 
15–20%, propranolol can effectively optimize 
cardiac work and energy expenditure, increase 
muscle-protein balance, and reduce the degree of 
fatty infiltration of the liver [18, 25, 26]. As the 
aging cardiovascular system is less responsive to 
β-receptor stimulation and more prone to adverse 
cardiac outcomes due to preexisting comorbidi-
ties such as coronary artery disease, clinicians 
should stratify elderly patients according to their 
individual risk to identify those in need of addi-
tional evaluation [27]. Accordingly cautious use 
of β-blockers may be necessary to avoid intraop-
erative complications. Pain is often undertreated 
in elderly burn patients and can further increase 
catecholamine-induced stress; lead to post- 
traumatic stress disorder, depression, and delir-
ium; and delay rehabilitative activity [28, 29]. At 
the same time, reduced clearance rates of certain 
therapeutic agents may necessitate individual 
dosing approaches to ensure that symptoms are 
alleviated while drug concentrations are main-
tained in a safe range. Combination therapies 
including various analgesic agents, patient- 
controlled analgesia, adjunct psychotherapy, and 
appropriate sedation when necessary can allevi-
ate stress, reduce morbidity, and improve out-
comes of burn injury [30].

 Rehabilitation

Rehabilitation enables elderly burn patients to 
regain their physical activity level and psycho-
logical abilities after an often devastating injury. 
Specialized physical and occupational therapy 
has to begin as early as possible after the injury as 
any loss of function, strength, or independence is 
difficult to recover in this population. Therefore, 
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aggressive rehabilitation management is indi-
cated and should include sufficient wound heal-
ing, scar prevention, splinting, casting, pressure 
therapy, pharmacological therapy, exercise, and 
psychological support [31].

 Conclusion

Despite therapeutic improvements and overall 
reduction in morbidity and mortality, the grow-
ing geriatric burn population and their patho-
physiological risk profile pose a major 
challenge to the burn surgeon. While physio-
logical age, comorbidities, and pre-injury 
functional status should influence surgical 
decision making, age alone should not deter-
mine whether an elderly patient should be 
aggressively treated surgically. Nonetheless, 
therapeutic goals can shift from purely expand-
ing life span to maintaining the greatest possi-
ble amount of independence and quality of life 
or merely ameliorating suffering, as directed 
by the patient and their family.
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 Introduction

A 75-year-old woman presents to her local emer-
gency department with 2 days of abdominal pain, 
is found to have appendicitis, and undergoes 
appendectomy. Nearing discharge on postopera-
tive day 2, she develops volume overload from a 
congestive heart failure exacerbation, and then 
acute renal failure induced by her diuresis. She 
then develops atrial fibrillation with rapid 
response after her rate control failed to be 
resumed postoperatively. On hospital day 6 she is 
recommended for subacute rehab placement due 
to deconditioning. While awaiting placement she 
aspirates and is transferred to intensive care with 
pneumonitis. She proceeds to develop delirium, 
and respiratory failure. After 2 weeks she finally 
leaves the acute hospital to spend an additional 
30 days in skilled nursing. Perhaps we should tell 
her that she is lucky for avoiding a postoperative 
heart attack, urinary tract infection, intra- 
abdominal abscess, malnutrition, and pressure 
ulcers. Modifications in her care could have 
decreased risk for each of her complications. 
Addressing each complication individually 
becomes analogous to putting out a series of fires 
while ignoring a group of dedicated arsonists. 

The most effective way to care for a geriatric 
patient is to create a system of care addressing 
the complex physiology and decreased reserve of 
this population.

 Aging Populations in Acute Care 
Surgery

The most fundamental and in some ways most 
difficult part of discussing acute care surgery in 
the elderly is to define who is old. Medicare starts 
at 65; Social Security benefits start at 62, and 
AARP eligibility at age 50. Most social science 
literature, census data, and retirement benefits 
start at age 65. The World Health Organization 
struggles with these definitions across popula-
tions. If the average life expectancy is lower, 
should the definition of elderly also be lower? If 
so, then how do we compare elderly across popu-
lations? The American College of Surgeons 
(ACS) defines optimal preoperative assessment 
of the geriatric surgical patient, but does not 
specify an age at which the assessment should be 
implemented. The chronologic age is a nonspe-
cific indicator of an individual’s physiologic age; 
however, in most developed countries 65 is used 
as a cutoff in data collection and population 
description.

Regardless of the cutoff selected, the popula-
tion of older Americans is increasing and not 
expected to peak until 2030. Heavily contributing 
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to this expansion, the baby-boomer generation 
started reaching age 65 in 2011. To view this 
expansion overtime, in 1970 only 9.8% of the 
population was age 65 and older. In 2010 it had 
increased to 13%. The total number of individu-
als over age 65 will continue to increase to the 
anticipated peak of 20% by 2030. This popula-
tion trend is reflected in trauma and emergency 
surgery patient populations. At our center annual 
trauma admissions over age 60 doubled from 
2001 to 2010 (700–1400, or an increase from 12 
to 21%). As the population ages, healthcare needs 
increase. Model-based predictions of future 
healthcare needs project that by the year 2025 
there will be an 8–12% increase in outpatient and 
ER visits, a 19% increase in inpatient days, and a 
17% increase in demand for general surgeons [1].

Equally important to note is the increased 
resource utilization observed by this population. 
In 2002 the average annual healthcare cost for an 
older adult was $11,000 compared to $3000 for a 
younger adult. Fifty-two percent of Medicare 
costs are incurred in the last 60 days of life. 
Despite increased utilization compared to 
younger adults, there is evidence that individual 
utilization is decreasing. Expenditures in the last 
6 months of life for Medicare beneficiaries 
decreased from $15,300 (1999) to $13,400 
(2013) and end-of-life hospitalization decreased 
from 131 per 100 deaths to 103 over the same 
time period [2]. In addition to the challenges of a 
geriatric population, acute care surgery has been 
associated with increased resource utilization and 
cost compared to elective populations [3].

Emergency general surgery makes up 7–25% 
of all hospital admissions [4, 5]. As many as 
30–44% of acute care surgery admissions went on 
to require surgery [4, 6]. In a 2014 retrospective 
review Deiner compared younger adults (<65) to 
older adults (≥65), evaluating surgical character-
istics and 48-h outcomes [7]. A third of all sur-
geries were in the older population. The majority 
of older patient surgeries occurred at commu-
nity hospitals. Mortality at 48 h increased with 
age over 70, and doubled for patients over age 
90. Complications such as hemodynamic insta-
bility, respiratory complication, and resuscita-
tion increased with increasing age. Perioperative 

 mortality after emergency general surgery is 
15–20% but increases as high as 50% for individ-
uals aged 80 and above [8]. The increased mor-
tality by age is demonstrated well by examining 
a single disease such as appendicitis where the 
risk of death is increased sevenfold for patients 
over age 70 [9]. Complications after laparotomy 
in elderly are associated with threefold increase 
in mortality [8]. A significant number of elderly 
patients can undergo emergent surgery, but it is 
the complications which are not well tolerated. 
If they occur decisions to intervene early must be 
essential. The discussion becomes more compli-
cated when one must balance survival vs. long-
term functional status.

 Goals of Care: Healthcare Team 
Versus the Patient

Clinicians and patients often have different 
goals of care. Health performance measures 
describe mortality and length of stay, while 
patients want estimates of return to home and 
independence. Research in patient-centered 
outcomes is lacking. Our perceptions of lim-
ited functional recovery may be inaccurate. 
Seventy-nine percent of older adults return to 
preadmission residential status by 6 months 
after nonelective abdominal surgery [10]. 
However, functional deficit and recovery after 
emergency general surgery are not described. In 
elective surgical populations some function and 
independence are lost with a delay in recovery 
compared to younger adults. Presumably the 
acuity of illness requiring emergency surgery 
and inability to perform preoperative optimiza-
tion only exacerbate and prolong the functional 
impact of emergency surgery.

Additional research on quality of life, activi-
ties of daily living, and return to activity is des-
perately needed in this field. A patient-centered 
outcome framework for acutely ill elderly identi-
fied several surgery-related areas for research 
including monitoring postoperative patient- 
centered outcomes, identifying perioperative 
strategies to optimize care, and utility of frailty 
assessment in preoperative evaluation [10].
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Recognizing that our field has not yet 
described the impact on quality of life, goals of 
interventions must account for quality of life. 
While age is not a contraindication to surgery, 
the risk of prolonged dependency at the end of 
life may be significant. Preservation of func-
tion may take precedence over extension of 
life. Patients and caregivers should be included 
in decisions and given realistic expectations of 
anticipated outcomes.

 Prediction of Outcome

While common sense tells us that older, sicker 
patients have worse outcomes than young healthy 
counterparts, it is difficult to predict the outcome 
for a single individual. The concept of frailty is 
gaining utility in surgical populations as a tool to 
predict outcome and to individualize preoperative 
counseling. ACS defines frailty as “a syndrome 
of decreased physiologic reserve and resistance 
to stressors, which leaves patient more vulner-
able to poor health outcomes” [11]. Frailty is 
clinically distinct from disability or comorbidity. 
A frail patient is one who lacks reserve to com-
pensate for physiologic challenge. Measures of 
frailty include cognitive function, nutritional sta-
tus, walking speed, grip strength, and recent falls 
among others and can be tested in an elective set-
ting but can be difficult to measure during acute 
illness. Multiple frailty scales and measures have 
been developed with varying utility in the acute 
care emergency surgery population. All need 
additional validation in elderly, emergency sur-
gery populations. Ozban and colleges performed 
a retrospective review of 112 emergency general 
surgery patients and compared expected mortal-
ity with that predicted by several major models. 
In this analysis APACHE II scores had the best 
correlation with predicted mortality [12]. The 
Charlson Age-Co-morbidity Index (CACI) has 
been shown to correlate with mortality and ICU 
admission after emergency surgery, but has not 
yet been evaluated in older patients [13]. Both of 
these remain difficult to apply to emergency pop-
ulations due to the high number of variables and 
difficulty with bedside application. A modified 

frailty index (Emergency General Surgery Frailty 
Index or EGSFI) was recently published utiliz-
ing only 15 measures and accurately predicting 
risk for complication in an initial small popula-
tion [14]. Significant work remains to be done to 
establish and validate the best tool for measur-
ing frailty and predicting outcome in the geriatric 
emergency surgery population.

 System Design and Optimization 
of Care

Elderly, acute care surgery patients challenge 
both community hospitals and referral centers. 
Experience with trauma care in the elderly sug-
gests that there may be benefit in treatment on an 
acute care surgery service. In injury there is 
established benefit for treatment of elderly at des-
ignated trauma centers. Similarly, there is estab-
lished benefit in length of stay and complication 
rates for patients managed with certified acute 
care surgery programs [15]. The combination of 
improved care for emergency surgery diagnoses 
and complexity of elderly patients suggests that 
transfer to a certified acute care surgery program 
should be considered when available, and when 
transfer will not cause a delay in care.

The specialized needs of this population 
extend beyond the surgical team. Specialized 
anesthesia, pharmacy, rehabilitation services, and 
nursing can all benefit the elderly patient. To best 
meet the needs of an elderly acute care surgery 
population, the healthcare system must become 
involved in the patient care. From presentation to 
after rehabilitation, additional resources and 
alternative management strategies will improve 
patient care.

 System Goals and Design

In establishing expertise in the care of this patient 
it is vital to design a system meeting current 
patient care guidelines. The ACS and American 
Geriatric Society (AGS) have complied and 
published detailed Best Practice Guidelines 
for Perioperative Management of the Geriatric 
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Patient [16]. Implementation requires multidisci-
plinary participation including anesthesia, phar-
macy, nursing, and infrastructure support.

Despite increased perioperative risk in this 
population, and many unanswered research ques-
tions, the ACS best practice guidelines can assist 
in developing institutional and individual prac-
tice patterns, including preoperative manage-
ment, intraoperative management, postoperative 
management, and care transitions [12]. These are 
in addition to previously published ACS guide-
lines for elective preoperative optimization of the 
geriatric patient [17]. Because of the emergent 
nature of acute care surgery, the preoperative 
optimization recommendations are not addressed 
in this discussion. Implementation of a compre-
hensive geriatric care program as outlined in 
these guidelines cannot effectively be done on an 
individual basis, but by institutional and cultural 
changes in the care of hospitalized elderly.

Implementation of a dedicated geriatric care 
model will facilitate cultural improvement in 
geriatric care. Four examples of geriatric care 
models are discussed in the ACS/AGS Best 
Practice Guidelines and are reviewed here. A 
Geriatric Consultation Service model utilizes a 
geriatrician, nurse specialist, or interdisciplinary 
team to perform a comprehensive geriatric 
assessment and evaluate specific complications 
and situations. Benefits of this system are diffi-
cult to measure, but include diagnosis and treat-
ment of medical conditions, and educated review 
of medications and risk. An Acute Care for Elders 
(ACE) model utilizes dedicated hospital wards 
combined with daily multidisciplinary rounds, 
and nursing expertise. An ACE unit has carpeted 
floors, universal handrails, uncluttered hallways, 
family visiting space, and raised toilet seats and 
door handles. On admission, staff and patients 
focus on return to home with early discharge 
planning and needs assessment. Medication 
reviews and risk assessment for complications 
are protocoled and implemented routinely. ACE 
models are associated with lower cost, shorter 
length of stay, and decreased functional decline. 
Hospital Elder Life Program (HELP) focuses on 
cognitive and sensory functioning. An orienta-
tion board is provided with caregiver names, 

 schedules, and orienting information. Therapeutic 
activities are incorporated into caregiver interac-
tions including discussion of current events and 
word games. Sleep deprivation is minimized. 
Early and frequent mobilization is utilized. HELP 
models also focus on visual and hearing aids and 
early recognition of dehydration and inadequate 
nutrition. HELP care models do not require a 
dedicated unit and have limited physical changes 
compared to the standard hospital room and are 
associated with reduction in sedative medication, 
reduction in delirium, and prevention of cogni-
tive and functional decline. Nurses Improving 
Care for Healthsystem Elderly (NICHE) utilizes 
nursing-based interventions often in combination 
with an ACE model unit. Staff nurses have spe-
cialized training and autonomy to initiate geriat-
ric protocols. NICHE models improve compliance 
with protocols and improve clinical outcomes.

The immediate preoperative care of an elderly 
patient can be improved by ensuring that appro-
priate advance directive and goals of care issues 
are discussed. A healthcare proxy should be 
established. Consider shortening fluid fast to 
decrease dehydration and electrolyte imbalances. 
Carefully review medications to ensure that nec-
essary medications are continued perioperatively 
and appropriate medications have been held. 
Preexisting DNR directives should undergo 
reconsideration and discussion. It is not appropri-
ate to routinely set aside the patient preference, 
or to uphold the order without discussion of spe-
cific perioperative risks and benefits of resuscita-
tion. Take care to use appropriate perioperative 
antibiotic dosing. Recognize elderly who are at 
increased risk of venous thromboembolism and 
make sure that they receive appropriate prophy-
laxis. Even routine preoperative medication for 
anxiety/analgesia should be reconsidered in the 
elderly acute care surgery patient. The routine 
use of benzodiazepines may contribute to postop-
erative delirium.

Intraoperative management includes consider-
ation of regional anesthesia to avoid postoperative 
complications. Perioperative analgesia should 
include multi-modal, or opioid-sparing tech-
niques (Table 29.1). Postoperative nausea should 
be risk stratified and avoided with  prophylactic 
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interventions and risk mitigation. System norms 
should include strategies to avoid pressure ulcers 
and nerve damage from positioning. Perioperative 
fluid management can be tenuous and may require 
hemodynamic monitoring and continuation of 
cardiac medications. Pulmonary complications 
can be reduced with epidural, avoidance on inter-
mediate and long-acting neuromuscular blocking 
agents, and utilization of laparoscopic approaches 
when feasible.

The postoperative management includes 
prevention and treatment strategies regarding 
delirium, pulmonary complications, falls, mal-
nutrition, urinary tract infection (UTI), pres-
sure ulcers, and functional decline. Effective 
management of these complications is best 
done by provider education and institutional 
protocols incorporating best practice.

Postoperative delirium occurs in 9–44% of 
patients. Routine delirium screening with a vali-
dated tool such as the confusion assessment 
method (CAM) may result in misdiagnosis and 
overtreatment; however it is appropriate in high- 
risk populations. When delirium is identified, 
evaluate for uncontrolled pain, hypoxia, pneumo-
nia, infection, electrolyte disturbance, urinary 
retention, fecal impaction, medications, and 
hypoglycemia. After addressing such underlying 
causes, utilize established multidisciplinary non-
pharmacologic interventions such as elimination 
of restraints, restore vision and hearing aids, and 
frequent reorientation. Pharmacologic therapy is 
second line, and the preferred agent is low-dose 
Haldol, followed by atypical antipsychotics such 

as risperidone and olanzapine. Benzodiazepines 
should not be used.

Prevention of pulmonary complications is 
accomplished by minimizing aspiration risk, 
and maximizing mobilization and pulmonary 
toilet. Establishing nursing-based norms for 
activity such as out of bed at mealtimes, and 
clearly labeled distance markers in hallways can 
help create a culture encouraging postoperative 
activity.

Early mobilization must be balanced with fall 
prevention. Universal fall screening should be 
performed. Restoration of vision and hearing 
aids, and assistive walking devices, are instru-
mental. Scheduled toileting and minimization of 
tethers can decrease fall incidence and are easily 
incorporated into unit protocols.

While most surgeons recognize the impor-
tance of adequate nutrition, a significant barrier 
for elderly is often overlooked. Dentures should 
be available and in use during PO meals. Absence 
of dentures makes many regular diet menu items 
inedible. Oral nutritional supplementation should 
be added liberally to geriatric patients, especially 
in those who are undernourished, frail, demented, 
and/or following orthopedic procedures. Oral 
supplementation with high protein can reduce 
pressure ulcers.

UTI prevention is vital and should follow 
catheter-associated UTI strategies implemented 
at the institution. Maintain clinical concern for 
urinary retention and evaluate. Indwelling cathe-
ters should not be used as a treatment for inconti-
nence or frequent urination.

Table 29.1 Strategies for management of analgesia and nausea in the perioperative period

Common analgesics  
and anxiolytics to avoid

Preferred analgesic 
techniques Nausea treatment to avoid

Preferred nausea treatment 
and avoidance

Barbiturates Perioperative 
acetaminophen

Transdermal scopolamine 5-HT3 receptor 
antagonists (ondansetron)

Benzodiazepines Scheduled 
acetaminophen

Metoclopramide (unless 
gastroparesis)

Avoid volatile anesthetics

Nonbenzodiazepine hypnotics Regional techniques Promethazine Avoid nitrous oxide

Pentazocine Prochlorperazine Incorporation of regional 
anesthesia

Meperidine

Skeletal muscle relaxants

Non-Cox NSAIDS
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Functional decline is experienced by a third of 
elderly patients undergoing acute medical hospi-
talization and often persists to 12 months follow-
ing discharge. Surgery adds additional risk for 
functional decline. Prevention of and recovery 
from this complication require a multimodal, 
multidisciplinary, system-wide approach span-
ning transitions in care. Interventions require a 
dedicated geriatric care model, structural modifi-
cation (handrails, large clocks, uncluttered hall-
ways), frequent staff education, daily targeted 
rounds, and bridging rehabilitation and therapy 
strategies after discharge throughout recovery.

The majority of pressure ulcers develop during 
acute hospitalizations and within 2 weeks of admis-
sion. Two-thirds of pressure ulcers are in patients 
over age 70. Institutional adaptation of a validated 
risk-scoring system with graded intervention is 
more effective than clinical judgement alone. A 
nurse-led wound team is often instrumental in 
monitoring and implementing cultural changes.

Care Transitions refers to establishment of 
continuity as a patient moves though healthcare 
settings and home. Often caregiver and patient 
education are inadequate. As many as 20% of 
Medicare recipients will have a 30-day hospital 
readmission. An effective transitional care coordi-
nator meets the patient before discharge, follows 
up with phone calls and discussion, and reengages 
the patient during clinic follow-up. The coordina-
tor also works to ensure a smooth transition from 
rehab to home in patients. Many elderly postop-
erative patients would benefit from a transitional 
care program but special attention should be paid 
for open wounds, new ostomies, prolonged hospi-
talization, and those with poor social support.

Even with knowledge of care goals, implemen-
tation can be problematic. A single- institution 
review of elderly patients undergoing elective 
abdominal operations found only a 46% compli-
ance with NSQIP guidelines including subscores 
of 0% for delirium screening, 13% for documen-
tation of oral intake, and 35% pressure ulcer risk 
assessment [18]. Clearly, significant change must 
be implemented at a system level with monitor-
ing, maintenance, and education to improve care, 
decrease complications, and maximize postopera-
tive quality of life in this at risk population.

 Facilitating Research in System 
Design

Additional research can have direct impact on 
outcomes and quality of life for elderly after 
emergency surgery. System design and imple-
mentation should incorporate a prospective 
database including relevant variables. If start-
ing or expanding an existing system, review the 
National Institute of Health Toolbox. The NIH 
has developed and validated a set of measures 
for ages 3–85 evaluating cognitive, emotional, 
motor, and sensory function and can be useful 
for describing function. The lack of data on 
functional outcome also makes this a field that 
would benefit from patient-centered outcome 
research.

 Conclusion: Critical Components 
to Provide Geriatric Emergency 
General Surgery Care

Optimal care of geriatric patients must include 
a systematic approach to improving care. 
Preoperative evaluation must include compre-
hensive evaluation including frailty assess-
ment, medical optimization, and consideration 
of goals of treatment. Goals of treatment 
should not be excluded to treatment limi-
tations, but should include expectations of 
functional status with treatment options. Care 
throughout the perioperative period must 
include consideration of issues unique to the 
geriatric patient. Attention should include 
prevention of delirium, appropriate medica-
tion selection, and dosing. Treatment should 
include a multidisciplinary team with surgery, 
medicine or geriatrics, anesthesia, pharmacy, 
nursing, and rehabilitation services with col-
laboration with patients, family, and caregiv-
ers. Patient care areas should facilitate early 
mobilization and provide reorientation cues. 
Future research focus should include patient-
centered and functional outcomes. Systematic 
and multidisciplinary changes can improve 
care and outcomes for elderly emergency gen-
eral surgery patients.
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Clostridium difficile Infection: 
Considerations in the Geriatric 
Population
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 Introduction

Clostridium difficile infection (CDI) in the 
elderly is an increasingly significant problem in 
industrialized countries [1]. Diarrhea in elderly 
patients causes significant morbidity, ranging 
from incontinence and isolation to dehydration, 
hospitalization, and death [2]. The complicated 
interplay of host and environmental risk factors 
creates a setting in which elderly patients are par-
ticularly susceptible to CDI [3–7].

 Risk Factors

Host factors that increase susceptibility to CDI 
include age greater than 65 and age-related fac-
tors such as decline in immune function, renal 
dysfunction, multiple comorbidities, and altera-
tion in intestinal microbiota [3, 6]. Environmental 
age-related factors include increased exposure to 
antibiotics and increased exposure to healthcare 
facilities [8, 9]. Acid-suppression medications, 
including histamine-2 blockers and proton pump 

inhibitors, have been implicated in the develop-
ment of CDI. It has been proposed that normal 
gastric pH provides defense against C. difficile 
spores [5]. Older patients are also at greater risk 
for recurrent CDI [4, 10].

 Microbiology

C. difficile is a spore-forming anaerobic gram- 
positive rod that is spread via the fecal-oral route. 
Patients are infected with either the vegetative 
form of the bacillus or with spores from their 
environment. The spores provide an effective res-
ervoir in the healthcare setting for reinfection and 
transmission [3, 11, 12]. The virulence of C. dif-
ficile is toxin mediated, with toxin A and B as the 
causative agents for infection. They lead to colo-
nocyte disruption and death via activation of Rho 
GTPases [12, 13]. Strains of C. difficile that are 
non-toxin producing do not cause diarrheal ill-
ness [8, 14–16].

 Epidemiology

The incidence of CDI has increased over the 
past two decades especially among the elderly, 
with emergence of a more virulent strain during 
an epidemic in Quebec from 2002 to 2004 [17, 
18]. The North American PFGE type 1 and PCR 
ribotype 027 (NAP1/027) strain of the Quebec 
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epidemic had a high case-fatality rate and its 
hypervirulence was suggested to be from 
increased toxin production [19, 20]. While the 
spectrum of disease caused by this strain is 
broad, from asymptomatic to fulminant compli-
cated CDI, it continues to be associated with a 
higher overall mortality [14, 15].

 Long-Term Care Facilities

With the ageing of the baby-boomer generation, 
increasing numbers of patients are requiring 
extended care and long-term care facilities [18, 
21]. Long-term acute care hospitals have emerged 
as a common choice for patients requiring skilled 
care for patients who have multiple comorbidities 
and an acute illness that has a reasonable chance 
of recovery. A study of a long-term care facility 
showed that C. difficile infection is endemic in 
the long-term care facility population, with an 
infection rate of 0.97 cases per 1000 resident- 
days. The incidence of CDI was highest in the 
patients in the subacute ward, where the sickest 
patients had been recently discharged from an 
acute hospitalization. Patients in the nursing 
home unit had the lowest incidence of CDI, sug-
gesting that the source of CDI was from inpatient 
hospitalization rather than among the long-term 
nursing home residents [7, 22].

 Prevention

Prevention of healthcare-acquired CDI in the 
elderly population starts with antibiotic steward-
ship. A study examining the effect of restricting 
the use of ceftriaxone and ciprofloxacin showed a 
significant decrease in the incidence of CDI [23]. 
Strict hand washing with soap and water by 
healthcare providers is also essential, as well as 
enforcing hand washing with visitors and fami-
lies. Contact precautions, including private rooms 
or cohorts, gowns, and gloves, should be worn by 
providers from the time that CDI is suspected 
until 48 h after the patient again has formed 
stools. For cleaning the patient’s environment, 
sodium hypochlorite solution is effective at 

 killing C. difficile spores. Ultraviolet-C emitter 
lamps can enhance spore killing after traditional 
cleaning, particularly in difficult-to-clean areas 
[11, 24–28].

 Diagnosis

CDI most commonly presents with watery diar-
rhea, abdominal cramping, leukocytosis, and 
fever; however severe complicated CDI can also 
present with ileus. Stool studies should be sent on 
patients with diarrhea who have had recent antibi-
otic use or hospitalization. The gold standard test 
is culture of toxigenic C. difficile on anaerobic 
culture medium for 24–48 h and then cell cytotox-
icity assay looking for toxins A and B. These tests 
are relatively time consuming and difficult to per-
form, however. Current recommendations are to 
perform nucleic acid amplification tests (NAAT) 
or glutamate dehydrogenase screening tests for C. 
difficile organisms and then enzyme immunoas-
say (EIA) for toxin A/B [8, 27, 29].

 Medical Therapy

Discontinuation of offending antibiotics is the 
first step in treatment of CDI. While any antibi-
otic has the potential to disrupt the patient’s nor-
mal intestinal flora, the medications most 
commonly associated with CDI are cephalospo-
rins, clindamycin, and fluoroquinolones [5, 9, 16, 
19, 20, 30, 31].

 Mild-to-Moderate Disease

Mild-to-moderate disease is associated with diar-
rhea and abdominal cramping, but without sig-
nificant systemic symptoms. Oral metronidazole 
500 mg three times per day for 10–14 days is the 
first line agent for the first episode of mild- 
moderate CDI. Early trials examining PO vanco-
mycin versus metronidazole revealed no 
difference in outcomes for mild disease. 
Metronidazole is absorbed completely, and the 
6–15% concentration in stool is attributed to 
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secretion. The mean concentration of 
 metronidazole in liquid stool is 9.3 mcg/g and 
decreases to 1.2 mcg/g in solid stool and is unde-
tectable in asymptomatic patients. Therefore 
there is little rationale to continue therapy beyond 
10–14 days if no diarrhea is present. In patients 
that do not respond to metronidazole, oral vanco-
mycin may be used instead. Oral vancomycin is 
not routinely recommended by the CDC for mild 
disease to prevent the selection of vancomycin-
resistant enterococcus [5, 6, 8, 29, 32].

 Severe Disease

Severe CDI is characterized by abdominal pain, 
diarrhea, fever >38.5 C, hypoalbuminemia 
<2.5 mg/dL, serum creatinine >1.5× baseline, or 
WBC >15 × 109 cells/mm3. Oral vancomycin 
125 mg four times per day for 10–14 days is rec-
ommended for severe CDAD [33]. Vancomycin 
is poorly absorbed and fecal concentrations of 
the drug can reach very high levels, up to 
3300 mcg/g in patients receiving 2 g per day [16, 
34]. Given that the MIC of vancomycin is usually 
1.0–2.0 and never more than 16, resistance is a 
low concern (Cohen). Because it is poorly 
absorbed, there are few systemic effects and it is 
well tolerated [5, 6, 8, 29, 32].

 Severe Complicated Disease

Severe complicated CDI includes patients with 
hypotension, ileus, need for ICU admission, 
WBC >35 × 109 cells/mm3 or less than 
2 × 109 cells/mm3, or presence of end-organ dys-
function. In cases of complicated CDI where 
ileus may prevent oral agents from reaching the 
colon, the recommended therapy is oral vanco-
mycin 500 mg four times daily plus addition of 
intravenous metronidazole 500 mg three times 
daily, and vancomycin enemas. Kim et al. showed 
that 33 of 47 patients (70%) with severe compli-
cated CDI responded to intracolonic vancomycin 
flushes with complete response and no need for 
surgery [35]. Multivariate analysis suggested that 
advanced age and hypoalbuminemia were risk 

factors for medical treatment failure and that 
these patients should be considered for early sur-
gical intervention [5, 6, 8, 16, 29, 32].

 Recurrent Disease

Recurrence occurs in up to 25% of patients suc-
cessfully treated for CDI, and this risk increases 
to 50% in some series for patients aged greater 
than 65 [10]. Pepin et al. showed that there is no 
difference in rate of recurrence whether metroni-
dazole or vancomycin was used for the initial 
episode of CDI. Recurrent disease may be treated 
with the same agent as for the initial episode, and 
selection of an agent should be based on the 
severity of the recurrence. Metronidazole should 
not be used for the second recurrence because of 
risk for neurotoxicity (Cohen) [5, 6, 8, 29, 36].

Fidaxomicin is a relatively narrow-spectrum 
macrolide that is bactericidal against C. difficile. 
It can be substituted for oral vancomycin in 
recurrent CDI, especially in older adults who 
are at high risk for future recurrences (advanced 
age, ongoing need for antibiotics) [37]. Like 
oral vancomycin, it is poorly absorbed in the 
oral form and achieves high fecal concentration. 
However, its narrow spectrum may allow for 
less suppression of normal intestinal flora com-
pared to other agents [38]. Louie et al. showed 
that fidaxomicin had equivalent efficacy to oral 
vancomycin for CDI with a lower risk of recur-
rence [6, 8, 29, 39, 40].

 Fecal Microbiota Transplantation

Fecal microbiota transplantation (FMT) is 
another promising therapy for recurrent CDI. CDI 
results from suppression of the patients normal 
gut flora with overgrowth of the C. difficile bacte-
ria [41]. The principle behind FMT is to infuse 
normal gut flora from a healthy donor and the 
normal gut microbiome will prevent recurrence 
of CDI. Overall resolution of symptoms occurs in 
about 90% of patients based on meta-analysis of 
several case series and one randomized con-
trolled trial. Methods of delivery include delivery 
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of slurry via nasogastric or nasointestinal tube, 
delivery by colonoscope, enema, and encapsu-
lated and frozen forms. Colonoscopic delivery 
may lead to the highest rate of resolution [6, 29, 
37, 42–48]. Use of FMT on the large scale is cur-
rently limited by perceived concerns for safety 
and acceptability by patients. However, qualita-
tive analyses indicate that up to 94% of patients 
would be amenable to FMT if proposed by their 
physicians [49].

 Surgical Intervention

Surgical mortality for CDI ranges from 19 to 
80%. However, early surgical intervention is 
associated with decreased mortality [50]. Seder 
et al. showed a decrease in mortality when sur-
gery was performed prior to need for vasopres-
sors [51]. Development of complicated disease, 
including perforation and peritonitis, was simi-
larly associated with higher mortality. While the 
exact timing of surgery to gain this benefit 
remains difficult to elucidate, several studies sug-
gest decrease in mortality within 3–5 days from 
diagnosis or if the patient clinically worsens. 
Awaiting hemodynamic instability as a trigger to 
operate is associated with an increase in mortal-
ity, and clinicians should avoid allowing patients 
to progress to shock and multiorgan system fail-
ure prior to surgical intervention. Early surgical 
consultation is advisable for patients with severe 
CDI [50, 52–56].

Total abdominal colectomy (TAC) remains the 
recommended procedure for severe/complicated 
CDI requiring surgery. Lipsett et al. showed that 
partial colectomy for CDI carried a mortality of 
100%, while TAC only had mortality of 14% 
[57]. Again, peritonitis was associated with 
higher mortality [52–56].

A promising study by Neal et al. described an 
innovative procedure designed to preserve colon. 
An ileostomy is created and anterograde colonic 
washing with vancomycin flushes is performed. 
They showed a decrease in mortality compared 

to historical controls (from 50 to 19% surgical 
mortality). While this procedure has the clear 
theoretical benefit of preserving colon with low 
mortality, several questions remain, including 
reproducibility in other institutions and inci-
dence of recurrent CDI after ileostomy reversal 
[50, 58].

 Conclusion

CDI is a significant cause of morbidity and 
mortality in the elderly population, particu-
larly in patients with frequent exposure to the 
healthcare industry. Judicious use of antibiot-
ics and strict hygiene in hospitals and long-
term care facilities are mandatory for 
prevention of CDI. Maintaining a high index 
of suspicion in elderly patients with diarrhea 
allows for early treatment if CDI is confirmed, 
and early surgery can be lifesaving in severe, 
refractory CDI.
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Acute Diverticulitis

Manuel Lorenzo and Vanessa Shifflette

 Epidemiology and Pathogenesis

A colonic diverticulum is an acquired condition 
that results from the herniation of mucosa through 
defects in the muscle layer, causing sac-like pro-
trusions. Diverticulosis and diverticular disease 
are terms used to describe the presence of diver-
ticula without associated inflammation. When 
inflammation accompanies the diverticulum, the 
term “diverticulitis” is used and indicates a 
microscopic versus macroscopic perforation [1].

Diverticulosis is an extremely common condi-
tion in Western countries, with prevalence 
increasing with age. Diverticular disease is esti-
mated to be present in greater than 65% of 
patients over the age of 65 [2]. The most common 
site for diverticulosis is the left colon in the 
Western nations while in Asian nations divertic-
ula occur primarily in the right colon [3, 4]. 
Diverticular disease is complicated by infection 
in about 10–25% of patients [5].

The formation of diverticula is a multifacto-
rial process that may include diets low in fiber, 
changes in colonic motility and pressure, and 
structural changes within the colonic wall. The 

latter factors are associated with the aging 
 process [6]. The colonic wall develops areas of 
weakness located at points of penetration by the 
vasa recta. The diverticula may occur in response 
to increased intraluminal pressure at these areas 
of weakness.

Diverticulitis is the presence of inflamma-
tion or infection surrounding a diverticulum. 
The usual presentation for patients is left-sided 
abdominal pain, low-grade fever, and possible 
leukocytosis. As 99% of diverticula involve 
the sigmoid colon [7], left lower quadrant pain 
is the most common presentation. Geriatric 
patients are known to have redundant sig-
moid colons and may therefore present with 
right lower quadrant abdominal pain. Other 
symptoms seen in these patients include fail-
ure to thrive, anorexia, abdominal distention, 
dehydration, and altered mental status. Most 
patients are classified as either uncomplicated 
or complicated diverticulitis. Uncomplicated 
diverticulitis is a result of simple inflamma-
tion around the diverticulum and limited to 
the colonic wall or adjacent tissues. Patients 
presenting with uncomplicated diverticulitis 
may not warrant hospital admission. However, 
features of complicated diverticulitis include 
abscess formation, diverticular perforation, fis-
tula formation, or abdominal obstruction, and 
will warrant hospital admission. Severe cases 
may present with hemodynamic instability, 
sepsis, and peritonitis.
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Computed tomography (CT) imaging is 
a necessary part of the algorithm in diag-
nosing and classifying patients as having 
uncomplicated versus complicated diverticu-
litis (Fig. 31.1). Classifying these patients 
helps guide the management and treatment, 
thereby influencing overall outcomes. In 1978, 
Hinchey popularized a classification created 
to further categorize complicated diverticulitis 
(Table 31.1) [8]. The risk for death associated 
with the Hinchey classification was found to be 
5% for stage 1 and 2, 13% for stage 3, and 43% 
for stage 4 [9].

 Management and Treatment

The main goal in the management of acute 
diverticular disease in the geriatric patient is the 
return of the patient to the same level of  premorbid 

Acute Diverticulitis

CT Scan*

Non-Perforated No signs for perforation
No improvement

(48-72 hrs) Perforated

**Surgical
Intervention

Bowel Rest
IV Fluids

Antibiotics

Hinchey 1 & 2 Hinchey 3 Hinchey 4

Improvement

Improvement

No improvement No improvement

Improvement

Home Abscess > 3cmAbscess < 2cm

IV Antibiotics

Hartmann’s
Damage
Control

Drainage + IV Abx
(perc vs lap)

Repeat CT scan* Home

**Surgical Intervention

Laparoscopic
Washout
+/- drain

Hartmann’s

Resection
w/ primary

anastomosis
+/- stoma

Fig. 31.1 Acute diverticulitis treatment algorithm

Table 31.1 Classification for complicated diverticulitis

Hinchey classification (1978)

Stage 1 Pericolic or intramesenteric abscess

Stage 2 Walled-off pelvic abscess

Stage 3 Generalized purulent peritonitis

Stage 4 Generalized feculent peritonitis
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 physical and mental function. Geriatric patients 
are at a higher risk of developing complica-
tions and mortality as compared to a younger 
cohort presenting the same type and level 
of disease [10]. The surgeon has to not only 
promptly manage the primary surgical dis-
ease of the patient, but also aggressively opti-
mize their chronic  medical conditions. It has 
been shown that early intervention to address 
medical and surgical problems of the geriat-
ric patient results in a decrease in morbidity 
and mortality among this population [11, 12]. 
Elderly patients should be admitted to an area, 
ideally under the care of nurses with experi-
ence in geriatrics, that can provide continuous 
cardiopulmonary monitoring, aggressive pul-
monary care, prompt identification of clinical 
deterioration, and ability to perform immediate 
medical interventions.

In general, most geriatric patients with diver-
ticulitis will respond to conservative (nonopera-
tive) treatment, with only 10% of the patients 
requiring surgical intervention during the same 
hospitalization. A high index of suspicion is 
required by the healthcare professional, as clini-
cal symptoms in many geriatric patients do not 
adequately reflect the gravity of their condition 
upon initial evaluation. These patients could gen-
erate an inadequate response to physiological 
stress (normal WBC count, minimal abdominal 
pain, no tachycardia, etc.) due to poor physiolog-
ical reserve, medications, and/or immunologic 
compromise. Geriatric patients with uncompli-
cated diverticulitis should be promptly triaged 
and started on medical management consisting of 
intravenous broad-spectrum antibiotics, fluid 
resuscitation, and bowel rest (clear liquid diet or 
nothing per mouth) (Fig. 31.2). Clinical findings 
suggestive of improvement include resolution of 
abdominal pain, leukocytosis, ileus, and fever. 
The group of geriatric patients that respond to 
medical management are discharged home with a 
regimen of oral antibiotics with aerobic and 
anaerobic coverage for 10–14 days and instruc-
tions to follow a low-residue diet with a generous 
intake of oral fluids. Otherwise, hemodynami-
cally stable geriatric patients without generalized 
peritonitis and no significant clinical deteriora-
tion, but without signs of improvement after 

48–72 h of initiation of medical treatment, war-
rant a repeat CT scan (Fig. 31.3). Complications 
of diverticulitis include abscess formation (16%), 
perforation (10%), obstruction (5%), and fistula 
formation (2%) [13, 14].

 Complicated Diverticulitis

Geriatric patients that present with an intra- 
abdominal or retroperitoneal abscess or those 
who develop an abscess during hospitalization 
are candidates for percutaneous drainage as an 
adjunct to their medical management (Fig. 31.4). 
These patients are classified as Hinchey stage 1 
and 2 (Table 31.1). Abscesses less than 2 cm in 
size will usually respond to conservative man-
agement without other intervention. In general, at 
our institution, CT-guided percutaneous drainage 

Inflammation

Fig. 31.2 Uncomplicated diverticulitis

Fig. 31.3 Diverticulitis with no improvement

31 Acute Diverticulitis



302

is readily employed in abscesses greater than 
3 cm in size (Fig. 31.5). Durmishi et al. showed 
that drainage of Hinchey 2 diverticulitis guided 
by computed tomography was successful in two- 
thirds of the cases, and 35% of the patients even-
tually underwent a safe elective sigmoid resection 
with primary anastomosis [15]. Brandt et al. 
reported a drainage failure rate of 15–30% with a 
recurrence rate of 40–50% with combined treat-
ment of antibiotics with percutaneous drainage 
[16]. The high recurrence rate in these patients is 
thought to reflect the more severe degree of 
involvement at the time of presentation in those 
patients with abscess. For geriatric patients with 
abscesses inappropriate for percutaneous drain-
age (location precludes percutaneous access or 
multiloculated abscesses), laparoscopic drain 
placement has proven to be an acceptable option. 

In our institution, geriatric patients with an inac-
cessible abscess are taken to the operating room 
for laparoscopic drainage of the abscess or 
abscesses, irrigation of the infected area, and 
placement of a drain. Follow-up drain manage-
ment includes surveillance of the amount and 
characteristics of its output. Diminishing output 
with resolution of symptoms and return of bowel 
function would be indications for removal of the 
drain. Persistent purulent or feculent output 
should warrant further radiological imaging to 
evaluate for fistula formation.

Laparoscopic peritoneal lavage with drain 
placement should also be considered for Hinchey 
stage 3 geriatric patients with localized peritoni-
tis and hemodynamic stability [17].

This approach can be considered a “bridge” 
surgical step to avoid a Hartmann’s procedure 
and perform an elective laparoscopic or open sig-
moidectomy [18]. Toorenvliet et al. showed that 
patients with Hinchey stage 3 purulent peritonitis 
and sepsis were successfully controlled in 95.7% 
of patients with an overall mortality of 1.7% and 
a morbidity of 10.4% and only four (1.7%) 
patients received a colostomy [19].

A key consideration on this type of manage-
ment is the assiduous evaluation for a colonic 
perforation. Vennix et al. concluded that lavage 
is feasible in the majority of patients, but that 
patient selection and rigorous assessment for 
occult perforations are imperative [20, 21]. The 
SCANDIV Randomized Clinical Trial com-
pared study patients with perforation treated with 
lavage only vs. resection, showing no difference 
in mortality between the two groups (13.9% 
vs. 11.5%, respectively). At 12 months post- 
presentation, four patients had died after lavage 
and six patients had died after sigmoidectomy 
(p = 0·43). The lavage-only group however had a 
higher incidence of complications such as forma-
tion of intra-abdominal abscess and development 
of secondary peritonitis [22].

Patients that present with Hinchey stage 4 and 
patients of all Hinchey stages who fail to show clin-
ical response to treatment will need surgical inter-
vention. Indications for early surgical  intervention 
are generalized peritonitis, uncontained pneumo-
peritoneum, uncontrolled sepsis, and hemodynamic 

Fig. 31.4 Complicated diverticulitis with pelvic abscess 
(arrow)

Fig. 31.5 Percutaneous drainage of pelvic abscess
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instability (Figs. 31.6, and 31.7). Hartmann’s pro-
cedure should be strongly considered for Hinchey 
stage 4 geriatric patients, as they are unlikely to tol-
erate the secondary insult of an anastomotic leak. 
Damage control procedures with spillage restraint 
while minimizing operative time are the best 
options for geriatric patients with severe abdomi-
nal sepsis. Resection of the perforated colonic seg-
ment, extensive irrigation, and application of an 
abdominal negative pressure wound therapy sys-
tem are safe interventions given the improved out-
comes in patients with abdominal sepsis [23, 24]. 
In our institution, geriatric patients who undergo 
this technique with a second abdominal irriga-
tion and stoma creation have shown significantly 
better outcomes. While closure of the abdominal 
fascia is most commonly complicated by wound 
infection (24%), this problem is negligible with 

the use of a negative-pressure device on the open 
wound. Fukuda et al. found that the most common 
causes of death in the elderly patients suffering 
from diverticulitis were sepsis related to peritonitis 
(5.3%) and postoperative pneumonia (4.3%) [25]. 
Several studies have compared resection with pri-
mary anastomosis with or without a defunctioning 
stoma and nonrestorative resection with no differ-
ence in mortality found between the two groups. 
Retrospective studies by Salem et al. and Shilling 
et al. showed primary anastomosis with a defunc-
tioning stoma to be the procedure of choice among 
select high-risk patients [26, 27]. However, these 
studies did not show age- stratified data among the 
analyzed populations. As a basic rule, the most fun-
damental principle in the management of geriatric 
patients with diverticulitis is to perform the safest 
management and/or procedure with the lowest risk 
for morbidity and mortality.

 Fistula Formation

The incidence of fistula formation with diverticu-
lar disease varies widely in the literature. 
Comparato et al. demonstrated that 10% of the 
patients with peridiverticular abscesses progressed 
to form fistulas between the colon and surrounding 
structures [14]. Woods et al. found that up to 20% 
of the patients surgically treated for diverticular 
disease formed fistulas. The type of fistulas formed 
were colovesical (65%), colovaginal (25%), colo-
enteric (6.5%), and colouterine (3%) [28].

Symptoms suggestive of colovesical fistula 
include pneumaturia, dysuria, or fecaluria. Physical 
exam is usually benign, and a urinalysis is typically 
nonspecific with bacteria. A CT scan or barium 
enema may be helpful with diagnosis (Fig. 31.8). 
Imaging may show a thickened bladder wall with 
adjacent colonic thickening concerning for the 
colovesical fistula. Air within the bladder, with-
out history of prior instrumentation, would further 
suggest the abnormal  communication. Endoscopy 
and cystoscopy are other adjuncts, which may aid 
with the diagnosis. Once the fistula anatomy has 
been delineated, treatment remains operative resec-
tion of the affected colon with simple repair of the 
involved organ [5].

Fig. 31.6 Free perforation with pneumoperitoneum 
(arrow)

Fig. 31.7 Feculent peritonitis with pneumoperitoneum
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 Obstruction

Colonic obstruction can be seen acutely with 
inflammatory diverticulitis, or more commonly as 
a late complication secondary to fibrosis and stric-
ture formation as a result from previous attacks. 
These patients can be found presenting to the emer-
gency room with nausea, vomiting, and abdominal 
distention. Most of these patients will respond to 
medical management that will allow elective resec-
tion later. Patients with no response may require 
operative management such as a Hartmann’s pro-
cedure or primary resection with anastomosis and 
protective stoma [29]. There is literature describing 
the successful use of self- expanding metallic stents 
in relieving colonic obstruction due to diverticular 
disease [30, 31]. These stents may be used as a 
bridge to surgery [30] to allow optimization of the 
patient’s condition for a definitive colonic resec-
tion, but may come with a higher incidence of 
complications [31]. The use of colonic stents dur-
ing the acute phase of the disease is controversial 
due to the risk of perforation or exacerbation of the 
disease. Given the lack of evidence, colonic stents 
for the acute phase of diverticular disease cannot 
yet be recommended.

 Hemorrhage

Diverticular disease is also known to cause 
massive lower gastrointestinal bleeding. This 
is usually associated with diverticulosis and 

not diverticulitis, as a result of erosion into the 
 perforating vasa recta vessels. The majority 
of bleeding associated with diverticulosis will 
spontaneously stop in about 80% of patients [5]. 
Surgical resection is reserved for patients with 
persistent or recurrent diverticular hemorrhage.
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Cholecystitis

Syed Nabeel Zafar and Edward E Cornwell III

 Introduction

Gallstone disease represents one of the most 
common causes of abdominal pain and should 
always be considered in the differential diagno-
sis. Acute cholecystitis specifically may account 
for up to 15% of diagnoses among elderly patients 
presenting with acute abdominal pain [1]. In this 
chapter, we discuss the acute presentation, diag-
nostic workup, and management of both acute 
calculous cholecystitis (ACC) and acute acalcu-
lous cholecystitis (AAC).

 Acute Calculous Cholecystitis

The most common cause of cholecystitis is cho-
lelithiasis. Approximately 10–20% [2] of 
Americans have gallstones; however only 1–2% 
of them per year develop symptoms or complica-
tions [3, 4]. These complications include biliary 
colic, cholecystitis (acute or chronic), choledo-
cholithiasis, cholangitis, gallstone pancreatitis, 
and gallstone ileus. Typically symptoms are 
intermittent with spontaneous resolution before 

major complications occur; therefore surgery 
for asymptomatic cholelithiasis is generally 
unnecessary.

 Pathophysiology

The inciting event leading to acute cholecystitis is 
obstruction at the neck of the gallbladder. Most 
commonly a gallstone lodges at the Hartmann’s 
pouch leading to increased intraluminal pressure, 
venous congestion, and mucosal ischemia. This 
releases an inflammatory reaction with infiltration 
of neutrophils. Eventually, the ischemia and subse-
quent vasculitis may lead to mucosal ulcerations, 
gangrene, and necrosis of the gallbladder wall. In 
up to 50% of cases there may also be secondary 
bacterial infection with accumulation of empyema 
which can eventually perforate and cause systemic 
sepsis or intra-abdominal abscesses. The most 
common organisms responsible for this secondary 
infection include gram- negative bacilli—Esche-
richia coli, Klebsiella species, Enterobacter spe-
cies, and anaerobes including Bacteroides and 
Clostridia species.

The pathophysiology in patients presenting 
with biliary colic or symptomatic gallstone dis-
ease that falls short of ACC is similar. The 
obstruction is however relieved in minutes to 
hours and subsequent distention and increased 
intraluminal pressure do not occur.
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 Clinical Presentation

Patients generally present with right upper quad-
rant or epigastric pain which is typically constant 
and often increases in severity over the course of 
several hours to even days. They often have a his-
tory of similar shorter episodes in the past (bili-
ary colic). The pain is frequently brought on by 
eating, particularly fatty meals. Patients often 
display signs of systemic inflammation such as 
tachycardia, fever, and leukocytosis. On physical 
exam right upper quadrant or epigastric tender-
ness may be present. A Murphy’s sign may also 
be elicited—this is the abrupt cessation of deep 
inspiration with the examiner’s hand firmly pal-
pating the area of the gallbladder fossa. A thor-
ough history and physical examination must also 
include investigation regarding the signs and 
symptoms of biliary obstruction such as icterus 
and clay-colored stools.

Laboratory investigations include a complete 
blood cell count and serum chemistries including 
liver panels. Usually, there will be leukocytosis 
with a left shift. The bilirubin, alkaline phospha-
tase, transaminases, and amylase may be slightly 
elevated. However, a high or rising level of total 
bilirubin or serum alkaline phosphatase should 
be concerning for choledocholithiasis while a 
very high level of amylase and lipase would be 
suspicious for gallstone pancreatitis.

 Radiological Investigation

While ultrasound confirmation of cholelithiasis 
and assessment of common duct size provide 
the final clue to the precise diagnosis, there 
should be a strong clinical suspicion by the 
time this study is obtained. Specifically, a thor-
ough history and physical exam, an assessment 
of the WBC, alkaline phosphate, bilirubin, and 
amylase should give a strong clinical impres-
sion of the patient’s place in the spectrum of 
disease from asymptomatic cholelithiasis to 
symptomatic gallstone disease (acute cholecys-
titis, choledocholithiasis, gallstone pancreatitis, 
and cholangitis).

Ultrasound examination of the right upper 
quadrant is very sensitive and specific for the 
diagnosis of acute cholecystitis and is often the 
only radiological test that needs to be ordered. 
Radiological findings favoring the diagnosis of 
ACC include demonstration of gallstones or 
sludge, gallbladder wall thickening (≥4 mm), 
gallbladder distension, or pericholecystic fluid. 
Ultrasonographic measurement of the common 
bile duct (CBD) is also very informative to the 
diagnosis of choledocholithiasis. In elderly 
patients the CBD is often normally dilated 
(>7 mm); however, a size in mm greater than one-
tenth of the patient’s age should raise concerns.

Cholescintigraphy also known as hepatobili-
ary iminodiacetic acid (HIDA) scanning is a 
nuclear imaging procedure used to evaluate the 
uptake and excretion of radioactive tracers from 
the gallbladder. It has a sensitivity of 97% and 
specificity of 94% for the diagnosis of acute cho-
lecystitis [5]. However, its accuracy is severely 
diminished with prolonged fasting, resulting in 
many false positives. If the gallbladder is not 
visualized within 1 h of injection and the radioac-
tive tracer is visualized in the duodenum, the 
HIDA scan is considered positive and signifies 
obstruction at the cystic duct and a diagnosis of 
cholecystitis can be made. Cholescintigraphy is 
time consuming and costly and is never the first 
test in the diagnostic workup of gallbladder dis-
ease. In fact it is unnecessary in most instances of 
ACC as the clinical picture and ultrasound imag-
ing is diagnostic in the great majority of cases. 
The HIDA scan has a role when there is diagnos-
tic ambiguity.

 Management

Often patients presenting with cholecystitis have 
had poor to nil intake for several hours. 
Management begins with intravenous fluid resus-
citation, correction of electrolytes, keeping the 
patient NPO, analgesia, and IV antibiotics. Even 
though infection is not the primary inciting event, 
bacterial overgrowth and secondary infection can 
occur in up to 50% of patients. It is difficult to 
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determine clinically which patient has or will 
develop secondary infection and therefore it is 
prudent to initiate broad-spectrum antibiotics in all 
patients with a diagnosis of acute cholecystitis.

The definitive treatment is early laparoscopic 
cholecystectomy. Elderly patients, immunocompro-
mised patients, and diabetic patients may present in 
a delayed manner and are more likely to suffer from 
complications and therefore urgent laparoscopic 
cholecystectomy is recommended. (See chapter on 
perioperative management.) Laparoscopic cholecys-
tectomy within the first 24–48 h of presentation 
yields lower complications, hospital length of stay, 
and healthcare cost [6].

 Other Clinical Conditions

A few disease entities are worth special mention. 
Cholelithiasis may become complicated by one 
of several disease conditions which require spe-
cific management strategies; these are briefly 
mentioned here. Choledocholithiasis occurs 
when a gallstone is lodged in the common bile 
duct. Besides the usual presentation described 
above the patient will often have an elevated bili-
rubin and alkaline phosphatase level, and a 
dilated common bile duct upon ultrasound. Often 
an endoscopic retrograde cholangiogram con-
firms the diagnosis and facilitates papillotomy 
and retrieval of the lodged CBD stone, prior to a 
laparoscopic cholecystectomy. Other techniques 
of CBD exploration exist; however they are 
beyond the scope of this chapter. The biliary tree 
can also become secondarily infected after an 
obstructing gallstone and ascending cholangitis 
can occur. This is manifested by Charcot’s triad 
of jaundice, right upper quadrant pain, and fever/
chills or Reynolds pentad with the addition of 
hypotension and altered mental status. Ascending 
cholangitis is a surgical emergency and the bili-
ary tree must be decompressed by endoscopic or 
percutaneous transhepatic cholangiography and 
drainage. Patients will require laparoscopic cho-
lecystectomy once stabilized. Gallstone pancre-
atitis is another related disease entity in which a 
small gallstone passing into the distal common 

bile duct triggers activation of pancreatic auto-
lytic enzymes resulting in acute pancreatitis. The 
pancreatitis is managed appropriately and the 
patient should receive a laparoscopic cholecys-
tectomy prior to discharge.

Gallstone ileus is a disease process more com-
monly seen in elderly patients. A large impacting 
gallstone at the Hartmann’s pouch causing chole-
cystitis goes untreated and eventually erodes in 
through the wall of the gallbladder and adjacent 
duodenum causing a cholecystoduodenal fistula. 
This gallstone may get lodged in the distal small 
bowel resulting in small bowel obstruction. The 
patient typically presents with signs and symp-
toms of small bowel obstruction. Upon plain-film 
abdominal radiograph the classic findings known 
as Rigler’s triad including pneumobilia, sign of 
small bowel obstruction, and presence of radiolu-
cent gallstones may be present [7]. This mechani-
cal small bowel obstruction must be treated 
emergently with intravenous fluid resuscitation, 
nasogastric decompression, and surgery once the 
patient is adequately resuscitated. The operation 
typically involves an enterotomy just over the 
stone to facilitate its removal. It is critical to 
examine the remainder of the small bowel for 
other gallstones which may be present in up to 
16% of cases. These patients are usually elderly 
and frail, and attempts at cholecystectomy are 
avoided. The cholecystoduodenal fistula has fre-
quently spontaneously closed by the time patients 
undergo surgery.

 Acute Acalculous Cholecystitis

Acute inflammation of the gallbladder in the 
absence of gallstones accounts for up to 5% of all 
patients with acute cholecystitis [8]. AAC 
includes risk factors that are often present in criti-
cal illness and therefore complicates the clinical 
outcome of patients who are already physiologi-
cally compromised. Effective prophylaxis against 
AAC has not been established. It is imperative for 
surgical intensivists to maintain a high index of 
suspicion of this infrequently occurring disease 
to make an early diagnosis.
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 Pathophysiology

The development of acute gallbladder wall inflam-
mation in the absence of gallstones involves three 
major pathophysiologic mechanisms: (a) gall-
bladder ischemia, (b) biliary stasis, and (c) 
Hageman factor XII activation. Unfortunately, the 
clinical conditions that correspond to these mech-
anisms are found in our sickest surgical patients. 
Visceral hypoperfusion seen with cardiovascular 
instability, hypovolemia, or pressor therapy pro-
motes decreased cystic arterial flow, gallbladder 
mucosal ischemia, and a low resistance to bacte-
rial proliferation. Biliary stasis with bacterial pro-
liferation is the end result of several clinical 
parameters seen in the critical illness. Prolonged 
ventilatory support with positive end-expiratory 
pressure (PEEP) has been shown to produce 
decreased portal blood flow and relative biliary 
stasis in animals [9]. Patients on parenteral nutri-
tion or receiving nil per os demonstrate a lack of 
enterally mediated factors, via cholecystokinin, 
that promote gallbladder contraction. Hageman 
factor XII-dependent pathways, which can be 
triggered by multiple transfusion, endotoxemia, 
and injury, have been shown to be associated with 
gallbladder wall inflammation [10].

Secondary bacterial infection and gangrenous 
changes are seen in 40–100% of patients with 
AAC [8]. This is explained by the aforemen-
tioned factors of end-organ hypoperfusion and 
biliary stasis in a setting of critical illness. 
Difficulty in history taking and an unreliable 
physical examination, which is a common prob-
lem in these patients, may contribute to delays in 
diagnosis and an unappreciated progression of 
disease.

 Prevention

A 5-year study of critically ill patients develop-
ing AAC was published in 1989 from a state-
wide trauma center. The 14 patients with AAC 
represented about 0.5% of all patients with at 
least a 7-day ICU stay [11]. Despite increased 
awareness over the ensuing decades, AAC 
remains an uncommon disease that affects less 

than 1% of critically ill patients. It is not at all 
unexpected that most surgeons may go many 
years without treating this disease.

While there are no large prospective clinical 
trials to scientifically evaluate the prophylactic 
efficiency of measures proposed to prevent AAC, 
emphasis on early enteral feeding, lower levels of 
PEEP, and a more restrictive policy on blood 
transfusions have all taken place since the 1989 
publication.

 Diagnosis

It is more practical to prevent the fatal conse-
quences of AAC than to prevent its occurrence. 
Herein lies the critical importance of early diagno-
sis and intervention. The use of early ultrasound 
and computed tomography (CT) in patients with 
sepsis of undetermined cause has been documented 
to help decrease the rates of gangrene and perfora-
tion in patients with AAC [12]. Radiographic diag-
nostic criteria include the following [11].

 1. Gallbladder wall thickness of ≥4 mm
 2. Pericholecystic fluid or subserosal edema in 

the absence of ascites
 3. Intramural gas
 4. Sloughed mucosal membrane

Although HIDA scanning is nonspecific and 
less helpful in this population of patients who are 
frequently parenterally fed, a decrease in the rate 
of false positives by the intravenous administra-
tion of morphine sulfate during cholescintigra-
phy is possible [13].

Improvements in the management of critically 
ill and injured patients increases the number of 
candidates at risk for the development of 
AAC. Adherence to the fundamentals of critical 
care (i.e., maintenance of adequate volume and 
oxygen delivery and early initiation of enteral 
feedings) may have counteracted the tendency 
for this entity to increase. Early CT scanning or 
ultrasound examination in the critically ill 
patients with sepsis of undetermined cause will 
facilitate early diagnosis and improved outcome 
in those occasional patients who do have AAC.
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 Management

The treatment for AAC is with emergency chole-
cystectomy. The incidence of gangrene and/or per-
foration approaches 50% [8]. Tube cholecystostomy, 
generally reserved as a procedure of last resort 
when cholecystectomy is intolerable or technically 
impossible, has received mention as a therapeutic 
procedure but is probably more appropriate for 
obstructive calculus disease. Percutaneous chole-
cystostomy has also been mentioned, but this 
approach has the limitations of the greater likeli-
hood of leaving foci of gangrene in place and the 
lack of surgical exploration to absolutely confirm 
the diagnosis. Cholecystostomy tube decompres-
sion when used in patients too sick to tolerate gen-
eral anesthesia must be followed by a definitive 
procedure, i.e., laparoscopic cholecystectomy, once 
the patient is more stable.
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Gastrointestinal Bleeding 
in the Elderly Patient

Russell J. Nauta

As with management of gastrointestinal bleeding 
in younger adults, successful therapy of gastroin-
testinal hemorrhage in the elderly depends on 
source identification and source control through 
directed intervention. Frailty, defined as age- 
associated declines in physiologic reserve and 
function across multiorgan systems, may influ-
ence the impact of the bleed and limit the options 
for treatment [1]. Not only dose, but also duration 
of exposure to self-administered toxins may have 
a cumulative effect, as with the long-term effect 
of cigarette smoking on duodenal ulcers and the 
effect of chronic alcohol use on the development 
of bleeding esophageal varices.

Elderly patients have often been subjected to 
more pharmacologic intervention than their 
youthful counterparts, and complete evaluation 
requires not only an identification and assess-
ment of drugs contributory or causal to the bleed, 
but also a judgment as to which can be safely 
stopped while the source of GI hemorrhage is 
sought, identified, and controlled.

Aspirin, coumadin, and heparin no longer 
stand alone as the sole drugs affecting coagula-
tion. Antiplatelet agent and nonsteroidal anti- 
inflammatory drug (NSAID) use is widespread. 

As more patients are treated with thrombin inhibi-
tors and other novel oral anticoagulants (NOACs), 
the clinician must be familiar with which drugs 
can be safely stopped, which are readily reversed, 
and which have no identified antidote [2].

Many cancers and many cardiovascular disor-
ders have peak incidences in the sixth through 
ninth decades and the drugs used to treat them 
may contribute to the tendency to bleed [3]. 
Additionally, surgical intervention for aortic dis-
ease may be associated with well-described acute 
and delayed hemorrhagic complications.

Lastly, urgency and choice of diagnostic 
modalities and treatment are intuitively inferred 
by the observation that crucial organ systems 
perform less efficiently over time and that indi-
vidual organ performance, in general, is less 
robust in old age than in youth. As an example, 
glomerular filtration rate at age 90 is half that 
found at age 20 [4].

 Initial Approach to the Patient

The approach to the geriatric patient must be 
individualized. As complete a history must be 
taken as the bleeding rate will allow. It should be 
determined whether the bleeding is rapid or slow, 
chronic or acute, and whether it has fostered 
hemodynamic compromise. As with blood loss 
incurred through trauma, initial resuscitation 
with isotonic fluid should be informed by trends 
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in vital signs and should verify the presence of an 
adequate airway, adequate ventilation, adequate 
cerebral perfusion, and adequate urine output. 
Beta-blockers and calcium channel blockers may 
produce artificially low heart rates for the volume 
loss incurred, and the presence of a pacemaker 
may produce discordance between the rate of 
electrical discharges and actual hemodynami-
cally significant systoles. Habitual use of alcohol, 
tobacco, antiplatelet agents, NSAIDs, heparin, 
coumadin, or NOACs should be identified.

Discontinuing an anticoagulant should occur 
with the advice and consent of the prescriber. 
Antiplatelet agents require 5 days without drug 
administration to fall to a subtherapeutic level. 
Combinations of fresh frozen plasma and vitamin 
K, or prothrombin complex concentrates, in 
increasing order of potency, can reverse heparin 
and warfarin, depending on clinical urgency. Of 
the NOACs, only one (dabigatran) has a Federal 
Drug Administration-approval antidote (idaruci-
zumab) [2, 5].

Blood should be typed and crossed at the same 
time as a broad metabolic and hematologic screen 
is obtained, and blood resuscitation should supple-
ment crystalloid resuscitation when more than 
30% of the blood volume has been lost to hemor-
rhage. Initial vascular access should be obtained 
with short, large caliber intravenous catheters; 
placement of a central venous catheter and bladder 
catheterization may guide the resuscitation once 
volume repletion has been initiated. An impres-
sion should be formed as to whether the bleeding 
is an upper GI bleed (i.e., with a presumed source 
anywhere from the lips to the ligament of Treitz) 
or a lower GI bleed (originating somewhere 
between the ligament of Treitz and the anus). As in 
younger populations, upper gastrointestinal bleed-
ing is more common, accounting for two- thirds of 
all gastrointestinal hemorrhage.

Nasogastric suction should be established 
early in the evaluation of upper gastrointestinal 
bleeds. Passage of a nasogastric tube in lower 
gastrointestinal bleeds has been said to be of low 
discriminatory yield, on the grounds that a com-
petent pylorus may not yield a red aspirate even 
from a briskly bleeding duodenal source. 
However, a bilious effluent from a tube placed in 

the stomach remains a valuable tool to exclude 
bleeding from the stomach and duodenum; it is 
unlikely that green bile without blood would be 
recovered if either of those two organs were 
actively bleeding at the time of nasogastric intu-
bation. Upper gastrointestinal bleeding produces 
tarry stools or coffee ground stools because of the 
effect of oxidation on hemoglobin, but the cathar-
tic effect of a rapid upper GI bleed may produce 
bright red blood per rectum from a proximal 
source because of rapid transit. Thus, as with any 
diagnostic test, nasogastric suction is useful if 
one knows the limitations of the test and can 
interpret it appropriately.

Careful abdominal examination may disclose 
important peritoneal findings, the presence of 
organomegaly or a palpable tumor. Scars from 
previous gastrointestinal or vascular operations 
may contribute to a robust differential diagnosis, 
and Cope’s dictum that it is more useful to place 
a gloved digit in the lower end of the GI tract than 
a thermometer in the upper end usually applies 
[6]. Thus, the digital rectal examination and anal-
ysis of the stool for blood should not be omitted.

As noted above, nonsteroidal anti- inflammatory 
drugs are taken for rheumatologic illness and anti-
platelet agents are taken for cardiac prophylaxis, 
cardiac therapy (for example, to maintain stent 
patency), neurologic treatment, or prophylaxis of 
TIAs. They may be contributory to the bleed, and 
their use is therefore essential to uncover in the 
history taking.

 Upper GI Hemorrhage

Hematemesis or melena suggests an upper gas-
trointestinal source. If a bleeding episode is 
thought to be from the upper gastrointestinal 
tract, all efforts should be directed toward the 
early performance of an emergent upper endos-
copy and the preparation of the patient for this 
procedure. Such preparation begins with airway 
control and establishment of adequate vascu-
lar access and volume replacement. Medical 
 management of prolonged clotting times, 
to include reversal of anticoagulants where 
 appropriate, should begin.
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The three leading causes of upper gastrointes-
tinal bleeding are gastric and duodenal ulcer dis-
ease, varices, and arterial venous malformations. 
Mallory Weiss tears (from protracted vomiting), 
erosions (from NSAID use or ingested alcohol), 
tumors, and solitary protruding vessels such as 
the Dieulafoy abnormality, are less common. The 
mainstay of endoscopic control of peptic ulcer 
bleeding or arteriovenous malformation is injec-
tion of sclerosing agents in the submucosa adja-
cent to the offending vessel. An actively bleeding 
vessel, a vessel visible at endoscopy, or an ulcer 
with clot at its base makes subsequent bleeding 
more likely. Even if surgery is not immediately 
mandated in such patients by visible resumption 
of bleeding, identification of a high-risk source at 
the earliest possible opportunity is extraordi-
narily helpful should re-bleeding occur. Gastric 
ulcers are typically wedged or biopsied to exclude 
cancer, whereas duodenal ulcers are oversewn 
with three sutures placed in the bed of the ulcer 
where the bifurcating gastroduodenal ulcer is 
exposed. Mallory Weiss tears refractory to endo-
scopic management are oversewn through a gas-
trostomy, and Dieulafoy lesions are oversewn if 
endoscopic management fails.

Since nearly all sources of upper gastrointesti-
nal bleeding by definition have eroded mucosa, it 
could be compellingly argued that all patients 
would profit by the administration of proton 
pump inhibitors, with the possible exception of 
variceal bleeds and Dieulafoy lesions. Proton 
pump inhibitors are more effective reducers of 
intraluminal acid than their historic H2 antago-
nist antecedents [7]. Also, an increasing appreci-
ation has developed that all upper gastrointestinal 
hemorrhage is not, as was previously believed, 
simply a mismatch between the host’s ability to 
produce acid and his or her ability to defend him-
self or herself against it. Gastric erosions, or so- 
called stress gastritis, more commonly seen two 
or three decades ago, illustrated the value of nor-
malizing gastric pH in all seriously ill patients, 
but likely have as co-derivative origin a vasocon-
striction at the mesenteric level. Whether present-
ing as stress ulcers in the ICU, Curling’s ulcers in 
the burn unit, or Cushing’s ulcers in the neurosur-
gical ICU, the unifying mechanism of illness 

appears to be shunting of blood away from the 
mucosa and resultant ischemia of the proximal 
gastrointestinal tract. Moreover, the bleeding of 
stress gastritis is diffuse, to be distinguished from 
the more focal bleeding seen in peptic ulcer dis-
ease. Many true ulcers of the gastric or duodenal 
mucosa are now attributed to H. pylori, an infec-
tious organism, and are successfully treated with 
bismuth-based quadruple pharmacologic antimi-
crobial therapy rather than therapies exclusively 
directed at acid overproduction [8]. While the 
oversecretion of gastrin still plays a role in hyper-
secretion syndromes such as those occasioned by 
rare Zollinger–Ellison syndrome, acid probably 
plays less of a role in upper gastrointestinal hem-
orrhage than originally postulated.

Acutely, the treatment for bleeding ulceration 
is endoscopic intervention with injection or clips, 
intravenous proton pump inhibition, and appro-
priate volume resuscitation. Though some surgi-
cal textbooks still advocate early surgical 
intervention for visible vessels, visible bleeding, 
or ulcer with an adherent clot, most endoscopists 
would try a second round of endoscopy before 
embolization or surgical intervention.

 Esophageal Varices

Esophageal varices represent an acute manifesta-
tion of an increase in portal venous pressure usu-
ally occasioned or abetted by the ingestion of 
alcohol. Derangement and scarring within the 
sinusoid cause venous pressure to rise in the por-
tal vein and its valveless venous tributaries as the 
liver scars and obstructs blood flow through the 
sinusoids. Veins draining the foregut and midgut 
in particular dilate and collateralize with low- 
pressure systemic veins, producing varices. 
When traumatized by food ingestion, alcohol 
ingestion, or forceful vomiting, bleeding from 
these collateralized varices may result. The 
bleeding may be torrential because venous pres-
sure in the torn varix is no longer relieved into the 
systemic veins, but into the atmosphere.

Bleeding gastroesophageal varices are pre-
dominantly treated endoscopically, with scleros-
ing or banding being utilized as the endoscopist 
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prefers. Should endoscopy fail or the offending 
varix not be visualized, urgent transjugular intra-
hepatic portosystemic shunt (TIPS), a radiologic 
decompression of the portal vein into the sys-
temic circulation, may be required. This inter-
vention is effective only for esophageal varices, 
and only when the systemic and portal vessels are 
not obstructed with clot on preoperative imaging.

Surgical portosystemic shunts, where anasto-
moses are created between the main tributaries of 
the portal and systemic circulation, produce fewer 
interventions for subsequent bleeding than endo-
scopic sclerotherapy, but have fallen out of favor 
because they do not extend life when compared to 
repetitive endoscopic approaches. Gastric varices 
are more often caused by thrombosis of the 
splenic vein following episodes of pancreatitis; 
they produce dilated blood vessels because of 
obstruction of flow to the portal system through 
the occluded splenic vein. While they may tran-
siently respond to endoscopic sclerotherapy or 
banding, splenectomy is the treatment of choice.

 Lower Gastrointestinal Bleeding

Significant lower gastrointestinal bleeding is usu-
ally manifest by bright red blood per rectum, as 
hemoglobin from blood lost more proximally is 
oxidized and the stool darkens. As with bleed-
ing in the upper tracts, adequate management 
of lower gastrointestinal hemorrhage requires 
visualization of the source with a fiber-optic 
instrument.

Some colonoscopists are highly skilled (and 
highly motivated) to perform the lavage neces-
sary to reliably see the entire colon at presenta-
tion. Not infrequently, however, colonic bleeding 
is intermittent, and the patient is better served by 
resuscitation, normalization of hemodynamic 
parameters, bowel preparation, and colonoscopy 
on an urgent, rather than emergent, basis [9].

Anoscopy usually precedes colonoscopy and 
is successful in excluding bleeding from the last 
several centimeters of the GI tract. If no such 
active source is found, the observation that brisk 
bleeding is coming from the rectum has identi-
fied only the orifice of egress; efforts to identify 
the anatomic source should continue.

Lower gastrointestinal hemorrhage may occur 
from polyps (benign or malignant), diverticular 
hemorrhage, or arteriovenous malformations. 
Again, the colonoscope is exceptionally useful for 
diagnosis and therapy. Diverticula are preferen-
tially concentrated in the sigmoid in non- Asians 
and Asians alike; however, arteriovenous malfor-
mations and diverticular bleeding from a right 
colon source are more common in Asian popula-
tions. Arteriovenous malformations in all ethnic 
groups are more commonly seen in the right colon.

If chronic bleeding originates from small or 
pedunculated polyps, it may be controlled by 
snare polypectomy. Larger, more sessile polyps, 
or overt cancers can be identified and marked for 
surgical removal with segmental resection. 
Bleeding from arteriovenous malformations can 
usually be controlled urgently with the electro-
cautery. Wherever possible, the entire colon 
should be seen before surgical management of an 
acute lower GI bleed is undertaken, unless the 
rate of bleeding dictates emergent segmental 
resection as treatment of a visualized bleeding 
lesion. In these instances, visualization of the 
entire colon may be postponed until the patient is 
more hemodynamically stable, but a mental note 
should be made to evaluate the entire colon at 
some point in the convalescence.

On occasion, the surgeon may encounter a 
referring physician strongly advocating for surgi-
cal intervention before a source of bleeding has 
been specifically identified. Within reason, the 
surgeon must resist performing such a procedure; 
in this situation, laparotomy produces an elegant 
view of the outside of the colon, while gastroin-
testinal bleeding continues unlocalized from the 
inside of the colon. The goal of source identifica-
tion and source control must be reiterated and 
strongly defended. Four alternatives to colonos-
copy may be useful in this circumstance. One 
involves the technetium labeling of an aliquot of 
red blood cells withdrawn from the patient, which 
are labeled with the radionuclide, and then rein-
fused [10, 11]. The abdomen is then imaged and 
clinically important blood loss is visualized as 
intraluminal appearance of the radionclide-
tagged red cells as hemorrhage into the visceral 
lumen occurs. A second approach involves selec-
tive cannulation of the superior mesenteric artery 
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and inferior mesenteric artery separately, in 
hopes of injecting an iodinated dye and identify-
ing a “blush” as that dye leaves the bleeding ves-
sel. As can be reasonably inferred, bleeding must 
be reasonably brisk to allow such a blush to be 
recognized at arteriography—typically in the 
range of 0.4 to 1.0 cm3 per min. The technetium 
scan is slightly more sensitive, identifying bleeds 
in the range of 0.1 cm3 per min, but such sensitiv-
ity comes at the expense of anatomic detail, as a 
mesenteric vessel is not selectively cannulated or 
recognizable by the nuclear camera.

A combined and sequential third approach 
first uses the less specific nuclear medicine study 
as a “yes/no” determination as to whether the 
patient is bleeding, with the radiologist standing 
by to perform a selective angiogram if the nuclear 
medicine shows technetium-labeled red cells 
leaving the intravascular space. Although confer-
ring a risk of colonic infarction if too large a ves-
sel is occluded in elderly patients, embolization 
of an angiographically identified bleed with 
metal coils or clot may stop a bleed completely. 
Great care needs to be taken not to infarct the 
injected segment of bowel and to limit the quan-
tity of iodinated dye used, as the dye is nephro-
toxic. Success in stopping hemorrhage with this 
technique still requires the subsequent investiga-
tion of the morphology of the bleed and charac-
terization of the bleeding site as tumor, AVM, or 
diverticulosis.

Some centers utilize a fourth approach involv-
ing a carefully timed injection of dye during a CT 
scan to attempt anatomic localization. A second 
procedure for hemorrhage control is necessary if 
such an extravasation is demonstrated, but impres-
sive sensitivity (85%) and specificity (92%) have 
been reported with CT angiography [12].

Barium is not used in the acute localization of 
gastrointestinal hemorrhage, as it obscures vas-
cular imaging, thereby making subsequent diag-
nostic or therapeutic angiography difficult.

 Slow Gastrointestinal Bleeding

Slow gastrointestinal bleeding is detected by 
stool guaiac or, more recently, by detection of 
DNA shed into the stool by neoplasms. Patients 

with hypoperfusion of the intestine due to severe 
atherosclerotic cardiovascular disease may also 
present with trace blood in the stool; the etiology 
in this instance is mucosal sloughing. Typically, 
of the three mesenteric vessels (celiac, SMA, and 
inferior mesenteric), two must be compromised 
to produce either detectable blood loss or isch-
emic gastrointestinal pain.

Slow bleeds may be identified by “push” 
endoscopy, where the abdomen is opened and the 
intestine is fed over a long scope introduced 
orally; telangiectasias or other arteriovenous 
malformations are often identified through this 
technique. Capsule endoscopy, where the patient 
ingests a camera which tumbles intraluminally 
from mouth to anus as it records, has become a 
useful diagnostic adjunct to endoscopic studies in 
hard-to-access areas of the small intestine.

 Remote and Immediate History 
of Vascular Disease

Vascular reconstruction, particularly abdominal 
aortic reconstruction, may compromise blood 
flow to the colon acutely. In this instance, the wall 
of the graft occludes the orifice of the inferior 
mesenteric artery and collaterals from the middle 
colic or sigmoidal arteries prove insufficient to 
sustain colonic mural perfusion. Successful iden-
tification and therapy for this ischemic bleeding, 
are suggested by a septic or febrile presentation 
shortly after graft placement. Fiber-optic sig-
moidoscopy shows the mucosa to be friable and 
easily enticed to bleed. Occasionally, in particu-
larly in patients with severe ischemic colitis, a 
similar presentation may occur without aortic 
prior reconstruction.

In another graft-related catastrophe, the proxi-
mal end of an aortic vascular graft may erode into 
the lumen of the fourth portion of the duodenum 
many years after placement, producing upper gas-
trointestinal hemorrhage. This lethal presentation 
of aortic graft-related gastrointestinal bleeding is 
often heralded by a “sentinel” or herald bleed as the 
aortic graft placed decades earlier erodes the fourth 
portion of the duodenum. The initial bleed is fol-
lowed by exsanguination. The diagnosis is only 
made when graft erosion is suspected in a bleeding 
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patient with a remote history of aortic reconstruc-
tion. Graft removal, duodenal repair, and extra-
anatomic bypass are the operations of choice.

 Conclusions

The therapeutic approach should be methodi-
cal and logical, but not slow. Elderly patients 
with a gastrointestinal bleed require an initial 
resuscitation and a directed workup based on 
likely diagnoses for the patient’s clinical con-
text and his or her comorbid illnesses. The 
resuscitating surgeon must insist that his or her 
radiologic and gastroenterologic colleagues 
offer their expertise on a timely basis. Seldom 
is it required to blindly remove a segment of the 
gastrointestinal tract without having previously 
identified that it has a high likelihood of being 
the bleeding source; in particular, the historical 
practice of removing the entire colon blindly for 
gastrointestinal bleeding is to be discouraged 
except in extraordinarily rare circumstances.

Resection or control of the bleeding side is 
the therapeutic goal. In large bowel resection, 
reestablishment of intestinal continuity is depen-
dent on the degree of soilage and the patient’s 
comorbid illness. It is particularly true of the 
elderly that even though drugs taken for rheuma-
tologic, neurologic, or cardiovascular illnesses 
may aid and abet bleeding, when patients with 
or without major coagulopathies bleed, they 
bleed from an anatomic source. The deliberate 
and knowledgeable clinician should be able to 
identify that source in the overwhelming major-
ity of patients and deliver a satisfactory result.
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and Ricardo Ferrada

 Introduction

Intestinal obstruction is an interruption of the 
normal enteric flow in either small or large bowel. 
An obstruction before the ileocecal valve is con-
sidered a proximal bowel obstruction and after 
the valve is called a distal bowel obstruction. 
Both can have a mechanical or functional etiol-
ogy. The management may differ depending on 
the cause of the bowel obstruction.

In the geriatric population, the presentation of 
bowel obstruction may be late. Comorbidities are 
frequently seen and as a result morbidity and 
mortality can be higher.

 Types of Intestinal Obstruction 
by Location

• Small-bowel obstruction (proximal)
• Large-bowel obstruction (distal)
• Partial obstruction with gas flowing past the 

point of obstruction
• Volvulus and closed-loop obstruction

 Physiology of the Intestinal Tract

• Intestinal secretions

The GI tract produces 8–10 L of secretions 
daily. The contents contain water, electrolytes, 
glucose, and urea and the concentration is mostly 
isotonic. The amount of fluid excreted in a 24-h 
time frame in every level of the GI tract varies:

Saliva 1000 mL

Gastric secretions 2500 mL

Pancreatic secretions  800 mL

Biliary tract 1000 mL

Intestine 4000 mL

The small intestine plays a major role in diges-
tion and absorption of carbohydrates, proteins, 
minerals, vitamins, and fats.

An adult normally consumes approximately 
300 g of carbohydrates per day. Majority of 
dietary starch is long-chain polysaccharides 
which are broken down into simple saccharides 
such as amylose, maltotriose, and maltose by 
salivary and pancreatic amylases. When simple 
saccharides are passed into the duodenum and 
jejunum the remainder of the digestion occurs 
with the brush border enzymes. The brush border 
enzymes contain lactase, maltase, and trehalase 
which break down disaccharides into monosac-
charides. Monosaccharides are absorbed via 
sodium transport channels via active transport. 
The main membrane transport channels are 
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sodium-glucose transporter 1 (SGLT-1), glucose 
transporter 5 (GLUT-5), and glucose transporter 
2 (GLUT-2). Fructose is absorbed by facilitated 
diffusion via the GLUT-5 carrier.

Protein digestion is initiated in the stomach 
where the gastric secretions denature protein. 
Once denatured protein enters the duodenum 
inactive trypsinogen is activated to trypsin by 
brush border enzymes which activates other pro-
teolytic enzymes. The proteolytic enzymes tryp-
sin, chymotrypsin, and elastase act on peptide 
bonds and remove a single amino acid from the 
carboxyl end of the peptide. This splits complex 
peptides into dipeptides and tripeptides, which are 
absorbed from the intestinal lumen by a sodium-
mediated active transport mechanism and digested 
further by enzymes in the brush border. 80–90% 
of protein digestion occurs in the jejunum.

Fat digestion occurs in the small intestine. An 
adult consumes about 60–100 g of fats per day. 
The process of emulsification occurs when the fat 
molecules are broken down to smaller sizes by 
water-soluble enzymes and lecithin and bile salts 
in bile. Fat digestion is furthered by forming 
micelles which are small spherical globules com-
posed of 20–40 molecules of bile salts with a ste-
rol nucleus that is highly fat soluble and a 
hydrophilic outer polar group. The monoglycer-
ides and free fatty acids are formed by lipolysis 
and is absorbed through the brush border by sim-
ple diffusion due to its lipophilic nature.

Feces contains less than 200 cm3 of fluids, 
which indicates that approximately 96% of fluid 
content is absorbed from food. The absorption in 
the large intestine and feces formation includes 
the succus coming from the small bowel. Each 
day approximately 1.5 L of chyme passes through 
the ileocecal valve into the colon. Most of the 
water and electrolytes are absorbed. Absorption 
occurs mainly in the proximal half of the colon, 
with a maximum of 6–8 L every day. The distal 
colon acts as storage area.

• Intestinal gas

Usually gas is scarce in stomach and colon. 
Small bowel has no gas. The total amount of gas 
in the GI is around 100 cm3, but can be higher in 

older people due to lack of normal tone. The 
amount of gas expelled daily by the rectum is 
200–2000 cm3, and on average 600 cm3.

Main source of intestinal gas is swallowed air. 
Other sources are CO2 secondary to fermentation 
of hydrochloric acid by duodenal bicarbonate, 
and colonic methanol. These gases mixed with 
oxygen have the potential to be volatile when 
using electrocautery during colonoscopy.

Gastrointestinal function enteric nervous 
system.

The GI nervous system is composed of two 
plexus: Auerbach’s plexus which is located 
between the outer muscle layers, and the Meissner’s 
plexus which is located in the inner submucosa. 
The Auerbach’s or myenteric outer plexus controls 
the GI movements, and the inner Meissner’s plexus 
controls the secretions and blood flow.

A number of neurotransmitters are released by 
the nerve endings. The commonly known are 
effects of norepinephrine and acetylcholine. 
These are excitatory neurotransmitters. The 
receptors undergo change which allows ions 
across the cell membrane.

 Etiology

There are three main types of intestinal obstruc-
tions: mechanical obstruction, pseudo- obstruction, 
and adynamic ileus.

• Mechanical obstruction

The most common cause of bowel obstruc-
tion. The causes of mechanical obstruction are:

 – Extrinsic causes such as hernias, adhesions, 
volvulus, and extrinsic compression by tumor

 – Intrinsic causes such as polyps, intestinal atre-
sia, intussusception, intramural hematomas, 
cancer, inflammation, or edema

 – Intraluminal causes such as foreign bodies 
(gallstones, fecal impaction, bezoars)

According to the level of the intestinal tract, 
the different causes of obstruction can be as 
follows:
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Stomach. The most common are cancer, pep-
tic ulcer disease, and bezoars (Fig. 34.1). Cancer 
and peptic ulcers can produce obstruction in the 
pyloric area, and as a consequence gastric empty-
ing is impaired. Initially the obstruction improves 
by nasogastric tube. However, chronic fibrosis or 
mass effect produced by an ulcer warrants surgi-
cal intervention. Symptoms from bezoars are 
insidious: they appear and disappear with no 
explanation. Gastric cancer requires resection 
with oncologic principles of resection. The color 
of the emesis can give a clue of obstruction proxi-
mal to pylorus if absent of bile.

Duodenum. The most common causes are 
duodenal wall hematoma due to trauma. Wilkie 
syndrome or SMA syndrome is an obstruction 
produced by the superior mesenteric artery on the 
third part of duodenum compressing the duode-
num against the aorta. This is infrequently found. 
The patient presents with weight loss and nausea 
vomiting.

Small bowel. Commonly, intestinal obstruc-
tions are located in the small bowel and majority 
are due to adhesions. Other causes of small- 
bowel obstruction include hernias, volvulus, gall-
stone ileus, and intussusception. Therefore it is 
imperative that all patients with abdominal pain 
receive a complete examination including the 
groin and a rectal exam.

Colon. The most frequent cause of colon obstruc-
tion is carcinoma, located in sigmoid or rectum. 
Volvulus, diverticulitis, fecal impaction, abdominal 
carcinomatosis, regional enteritis, foreign bodies, 

and endometriosis are frequent. Constipation is an 
emergency in the elderly patient since fecal impac-
tion can cause ischemia by pressure and perforation 
of the large intestine.

 Pseudo-Obstruction

Pseudo-obstruction of the large bowel, also 
known as Ogilvie’s syndrome, is the lack of 
movement of colonic contents and succus for-
ward. It is caused by the inhibition of the neuro-
muscular system. The most frequent causes are 
infections, both systemic and intra-abdominal; 
electrolyte disorders; and abdominal surgery. 
Small bowel recovers itself in 24 h, stomach in 
48 h, and colon in 3–5 days. In the elderly popu-
lation, pseudo-obstruction can present fre-
quently due to infection and illness. The 
reduction of peristaltic waves results in impaired 
propulsive effect and accumulation of intestine 
fluids and gas. However the loss of electrolytes 
and fluids is less than that seen in mechanical 
obstruction.

Abdominal X-rays or computed tomography 
of the abdomen and pelvis will demonstrate 
dilated colon with no point of change in caliber. 
The treatment is supportive initially. These 
patients may require NG tube decompression if 
they also have small-bowel dilation from incom-
petent ileocecal valve. Patients will require rectal 
tube decompression for decompression of the 
colon. Underlying electrolyte abnormalities and 
infection may need to be reversed. Neostigmine 
injection has been shown to temporarily relieve 
the pseudo-obstruction. Neostigmine should be 
administered under cardiac monitoring and 
should be monitored for any bradyarrhythmias. If 
this condition is refractory to supportive manage-
ment and patient re-presents with the same sce-
nario, the benefits of a subtotal colectomy with 
end ileostomy should be considered. In elderly 
population with multiple comorbidities, the deci-
sion for a subtotal colectomy may be difficult. 
However, the incidences of multiple hospital 
admissions and chronic electrolyte abnormalities 
may aid in the decision to perform a subtotal 
colectomy.

Fig. 34.1 Bowel obstruction caused by cocaine bags
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 Adynamic Ileus

Similar to Ogilvie’s syndrome, an ileus is defined 
as the slowing or absence of propulsion of enteric 
contents. It is most commonly seen in elderly 
patients after major abdominal or cardiac sur-
gery. Electrolyte imbalances, intra-abdominal 
infection, and pancreatitis are also other com-
monly seen states contributing to adynamic ileus. 
Anticholinergic medications, Haldol, and narcot-
ics are also known to cause adynamic ileus. 
Patients will present similarly to bowel obstruc-
tion with symptoms of nausea, vomiting, and 
abdominal distention with no passage of gas or 
stool. Abdominal X-rays will demonstrate dilated 
small bowel throughout; air fluid levels may also 
be apparent. Treatment of an ileus is supportive 
with nasogastric tube decompression, IV fluids, 
and correction of underlying cause. Medications 
to increase motility have not shown to decrease 
length or resolution of ileus.

 Incidence

Among the patients with intestinal obstruction 
75–80%, the obstruction is located in the small 
bowel and the rest in the large bowel. As previ-
ously mentioned the more frequent cause of 
small-bowel obstruction (SBO) is adhesions, fol-
lowed by hernias [1].

The most common cause of colon obstruction 
is malignancy with the majority located in sig-
moid and rectum. Malignant tumors of the anal 
canal account for 10% of these patients. Both 
types are found in older patients. The most com-
mon nonmalignant cause of bowel obstruction is 
volvulus [2].

 Pathophysiology

Most common cause of adhesions is previous 
surgery; however intra-abdominal infectious pro-
cesses can produce adhesions as well. Surgical 
trauma, inflammation blood, or pus starts the pro-
cess by fibrin deposits which are later colonized 
by fibroblasts. Finally a strong cord appears and 

serves as an obstruction, or in the worst case a 
twist with ischemia of the bowel.

Hernias are the second most common cause of 
bowel obstruction. The more dangerous hernia is 
a femoral hernia. However, the more frequently 
found is umbilical hernias. An indirect inguinal 
hernia becomes obstructed more easily than 
direct, because of a potential smaller ring. A 
direct inguinal hernia is usually due to a debili-
tated and weak abdominal wall. Ventral hernias 
can produce obstruction as well, particularly if 
the defect is smaller [3–5].

Gallstone ileus is a rare cause of obstruction. 
Most common presentation is in the elderly pop-
ulation in the distal ileum. It is produced by a 
gallstone which passes through a cholecystoduo-
denal fistula. The gallstone is lodged in the distal 
ileocecal valve causing a mechanical obstruction. 
Therefore “gallstone ileus” is a misnomer for this 
disease process [6].

Intussusception is commonly seen in the pedi-
atric population. Enlargement of the Peyer’s 
patches due to a viral cause will cause an intus-
susception of the ileum into the ascending colon. 
Most commonly it is palpated as a mass in the 
right upper quadrant. In the pediatric population 
air-contrast enema will reduce the intussuscep-
tion majority of the time. On the contrary, in the 
adult population the most common cause of 
intussusception is small-bowel polyps which 
may be the lead point. Transient peristalsis can be 
seen as “intussusception” on CT of abdomen, 
with no proximal obstruction or symptoms. 
However, true intussusception will present as a 
mechanical obstruction. These patients should 
undergo surgical intervention and resection of 
bowel. The bowel should be examined for pathol-
ogy for any malignancy [7].

Volvulus is a state where the bowel can be 
twisted in the mesenteric axis. In the pediatric 
population it is commonly seen in patients with 
Ladd bands causing midgut volvulus and can 
present with bilious emesis. In the elderly popu-
lation, right colon and sigmoid volvulus are com-
mon. The ascending colon, cecum, and terminal 
ileum may twist and cause volvulus. The fixed 
points are the ileocecal valve and the ascending 
colon may be mobile. The cecum alone can be 
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involved in volvulus and this is named cecal bas-
cule. A radiographic diagnosis can be made by 
plain X ray and by computed tomography. A sig-
moid volvulus may present as acute abdominal 
pain, obstipation, and abdominal distention 
(Fig. 34.2). On plain film the appearance of bent 
inner tube can present. On CT there may be a 
swirl in the mesentery. If the patient has no signs 
of peritonitis and perforation, the patient may 
undergo decompression with rigid proctoscope 
or flexible sigmoidoscopy with rectal tube place-
ment. Decompression for 24–48 h may be neces-
sary with interval sigmoid resection with primary 
anastomosis. If the patient presents with concerns 
of peritonitis and nonviable bowel, emergent 
operative intervention with sigmoid resection and 
colostomy may be required [8, 9]. Other causes 
such as Meckel’s diverticulum causing small- 
bowel volvulus and bowel ischemia can present 
(Fig. 34.3).

Bowel irregularity in the elderly population is 
prevalent due to multiple ailments, comorbidi-
ties, immobility, and infection. Geriatric patients 
may experience severe constipation for these rea-
sons. The etiology must be attempted to be 
reversed or symptomatic management with an 
aggressive bowel regimen must be pursued. In 
the event, patients present with severe obstipa-
tion, and plans for evacuation of stool with 
mechanical and chemical bowel regimen must be 
considered. Geriatric patients with severe obsti-
pation may also present with rectal thickening 
and stercoral ulcers. Perforation of stercoral 
ulcers may present with feculent peritonitis lead-
ing to sepsis requiring laparotomy and resection.

 Management

Vomiting in the geriatric population carries 
increased morbidity due to impairment of reflexes 
which increases the possibility of broncho- 
aspiration. Hypovolemia due to the sequestration 
of the intestine can be masked, because a number 
of older patients suffer from hypertension. On the 
other hand older patients are also less compliant 
and are not able to communicate well regarding 
pain, and a complicated obstruction can occur 
with minimal or absent signs.

Initial management should include a thorough 
history and physical exam of the patient, includ-
ing a rectal exam. Laboratory studies should be 

Fig. 34.2 Sigmoid volvulus causing obstruction with 
proximal sigmoid dilation

Fig. 34.3 Volvulus caused by Meckel’s diverticulum
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pursued for leukocytosis, lactic academia, and 
any electrolyte abnormalities. Radiographic stud-
ies can be initiated with abdominal X-rays fol-
lowed by oral contrasted abdominal and pelvic 
CT scans. NG tube decompression and fluid 
resuscitation to euvolemia should be ensued. 
Resuscitation in the elderly population with mul-
tiple comorbidities should be judicious. If the 
patient presents with signs of peritonitis, sepsis 
and bowel nonviability emergent laparotomy 
should be considered.

Peritonitis on a patient with bowel obstruction 
is due to perforation or bowel necrosis and should 
be avoided at all cost. Small-bowel obstruction 
when partial can be observed in the absence of 
leukocytosis or tachycardia. A water-soluble 
study through the nasogastric tube can be diag-
nostic of a complete obstruction and in some 
cases therapeutic when the obstruction is partial 
or the patient has a dynamic ileus.

Colonic obstruction is always a surgical emer-
gency. In the case of partial colonic obstruction 
the use of endoscopic stents has been of value to 
temporize surgery in colorectal carcinoma. This 
allows for neoadjuvant therapy before surgery 
and possibly better outcomes. However, the use 
of stents in benign disease has yet to be 
validated.
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Acute Appendicitis

Tiffany N. Anderson, Frederick Moore, 
and Janeen Jordan

 Introduction

Appendicitis is one of the most commonly treated 
diseases in the world. Reginald Fitz provided the 
first description in 1886 when he incidentally 
noted that in the pre-appendectomy era one-third 
of postmortem patients had evidence of prior 
appendiceal inflammation, thus identifying it as a 
cause for right lower quadrant pain [1]. Over the 
years many others have worked to further define 
its characteristics. McBurney famously stated, 
“The seat of greatest pain, determined by the 
pressure of one finger, has been very exactly 
between an inch and a half and 2 inches from the 
anterior spinous process of the ilium on the 
straight line drawn from that process to the umbi-
licus” [2]. In recent decades the understanding of 
appendicitis and its natural course has been chal-
lenged with evidence pointing to two different 
disease processes, one self-resolving and the 
other more complicated, necessitating surgery.

 Anatomy and Physiology

The appendix is an anti-mesenteric luminal 
appendage of the cecum extending from the 
coalescence of the tenia coli. On average, it is 9 cm 
in length and lies just over the right side of the 
pelvic brim. This location may be altered in preg-
nancy or those with visceral malrotation. Within 
the lamina propria are lymphoid aggregates, simi-
lar to Peyer’s patches, containing B and T cells [3]. 
Although the appendix is no longer thought to be 
simply a vestigial organ, its overall role remains 
unclear. Some epidemiology studies suggest that 
the removal of the appendix, whether incidental, 
due to infection, inflammation, or malignancy, 
may be protective for developing ulcerative colitis, 
yet with a slight increased risk of Crohn’s and 
severe Clostridium difficile [4].

 Epidemiology

Acute appendicitis has been shown to affect 
90–100/100,000 inhabitants in developed coun-
tries with an overall lifetime risk of 7–8% [4]. 
There appears to be a slight male predominance, 
more common in higher socioeconomic groups 
and less prevalent in non-white groups. There 
also appears to be geographic differences with 
higher incidence reported in South Korea (16%) 
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compared to the USA and Africa (9% and 1.8%, 
respectively) [4]. Although this is a commonly 
treated pediatric disease, the peak incidence is 
found within the second and third decades of life, 
with the geriatric population making up about 
5–10% of these cases [5].

 Etiology and Pathogenesis

Despite its overall frequency the pathogenesis of 
acute appendicitis remains unclear. It has been 
associated with direct luminal obstruction, infec-
tious etiology, summer months, and possibly 
genetic factors with a threefold increase in fami-
lies with a positive history of appendicitis. In 
addition there appears to be reduced occurrences 
during pregnancy and in non-whites. For some 
patients with negative appendectomy, pain may 
be attributed to neurogenic factors related to 
excess proliferation of nerve fibers and neuropep-
tides (Table 35.1) [5–7].

Traditionally, acute appendicitis has been 
thought to have a linear progression from simple 
inflammation to frank perforation. However, 
there is growing evidence that simple and com-
plex appendicitis are distinctly different disease 
processes with different fates. An inflamed 
appendix without gangrene or necrosis that does 
not proceed to perforation (reversible) can pres-
ent as phlegmatous or advanced inflammation. A 
separate, more complex process involves a severe 
inflammatory response that will rapidly proceed 
to gangrene, perforation, or both [4, 6, 7].

 Clinical Characteristics

As with other visceral organs, there are no 
somatic fibers innervating the appendix making 
localization of early inflammation challenging. 
Pain is often described as starting in the perium-
bilical region and migrating to the right lower 
quadrant (RLQ) as a result of focal irritation of 
the peritoneum which does contain somatic pain 
innervations. Other associated symptoms in addi-
tion to pain are anorexia, nausea and/or vomiting, 
fevers, and leukocytosis. Other accessory physi-
cal exam findings include Dunphy’s sign, 
Rovsing’s sign, obturator sign, or iliopsoas sign 
(Table 35.2) [3]. For the elderly population, RLQ 
pain has been the most consistent finding; how-
ever due to socioeconomic factors, dementia, 
etc., these patients may have a delay in diagnosis. 
Often, infection in the elderly is associated with 
delirium or confusion preventing the patient from 
effectively communicating their symptoms. 
Therefore, the infectious process may be 
advanced at the time of diagnosis [5, 8, 9].

In an effort to improve clinical predictability the 
Alvarado score was developed in 1986. Its utility 
continues to be evaluated, and there is evidence for 
its ability to rule out appendicitis [10]. A more 
recently developed predictive scoring system, the 
appendicitis inflammation response (AIR) score, is 
suggested to have improved sensitivity and speci-
ficity than the Alvarado system (Table 35.3) [4, 11].

Table 35.1 Potential etiologies

• Fecolith • Ethnicity

• Lymphoid hyperplasia •  Positive family 
history

• Impacted stool • Neurogenic

• Malignancy • Environmental

•  Infection (E. coli, Bacteroides, 
Fusobacterium, Chlamydia, 
Campylobacter)

•  Less common 
in pregnancy

Table 35.2 Physical exam findings

Sign Description Significance

Dunphy’s Pain with 
coughing or 
movement

Diffuse peritonitis

Iliopsoas Pain with 
extension of the 
right hip

Posterior 
displacement of 
appendix to the 
cecum

Obturator Pain with 
internal rotation 
of the right hip

Inferior displacement 
of the appendix into 
the pelvis

Rovsing’s RLQ pain with 
LLQ palpation

Focal inflammation 
of the RLQ
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 Diagnosis/Diagnostic Tests

With the advent of more advance imaging modal-
ities, the rate of detection and accuracy of diag-
nosis have greatly increased.

Transabdominal ultrasound has become less 
frequently used due to its dependence on amena-
ble body habitus and operator experience. In the 
optimum setting in adults there is 86% sensitivity 
and 81% specificity for diagnosing appendicitis 
assuming that the appendix is visualized [4, 6].

Computed tomography is the imaging modal-
ity of choice for evaluating the appendix. There is 
an approximately 93% sensitivity when detecting 
inflammatory changes in the appendix. For older 
populations at increased risk of malignancy, CT 
may be particularly useful for discovering occult 
malignancy possibly contributing to the clinical 
presentation [4].

Magnetic resonance imaging offers a lower 
radiation risk for patients with better accuracy 
than US. This can be particularly useful in preg-
nant patients where risk of radiation exposure can 
lead to teratogenesis of the fetus [4, 12]. The use 
of ultrasound in this patient population is also 
complicated by the displacement of the appendix 
due to the gravid uterus. The sensitivity and 
 specificity of MRI have been found to be equiva-
lent to CT, but may incur an increased cost [12].

For women, the differential diagnosis of right 
lower quadrant pain expands significantly and 
may confuse the diagnosis of appendicitis. It is 
often necessary to evaluate for a gynecological 
pathology concurrently. Transvaginal US may be 
useful for evaluating the adnexa for painful cystic 
disease or pelvic inflammatory disease, which 
may cause pathologic and radiographic changes 
in the vicinity of the appendix [4].

As useful as imagery may be, neither CT nor 
MRI can reliably predict whether the inflammation 
of the appendix (early) will develop into a complex 
or perforated disease process or remain simple or 
phlegmatous. Laboratory findings that suggest a 
low probability of appendicitis include creatinine-
reactive protein (CRP) <60, white blood cell count 
(WBC) <12, and age <60. The presence of an 
appendicolith noted by imaging may influence the 
decision for removal due to the increased propen-
sity for luminal obstruction [4–6].

Table 35.3 Comparison of Alvarado and AIR score

Alvarado AIR

Symptoms

Nausea and vomiting 1

Vomiting 1

Anorexia 1

Migration of pain to 
the RLQa

1

Signs 1

Rebound tenderness

    Light 1

    Medium 2

    Strong 3

RLQ tenderness 2 1

Temperature >37.5  °C 1

Temperature >38.5  °C 1

Laboratory test

Leukocytosis shift 1

Polymorphonuclear 
leukocytes

    70–84% 1

    ≥85% 2

White blood cell count

    >10.0 × 109/L 2

    10.0–14.9 × 109/L 1

    ≥15.0 × 109/L 2

CRPb concentration

10–49 g/L 1

≥50 g/L 2

Total score 10 12

Low probability Intermediate 
probability

High 
probability

    Alvarado score 1–4 Alvarado score 
5–6

Alvarado 
score 7–10

    AIR score 0–4 AIR score 5–8 AIR score 
9–12

aRLQ Right lower quadrant
bCRP C-reactive protein

35 Acute Appendicitis
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 Treatment

Traditionally, surgical removal is the cornerstone 
of treatment of appendicitis. The open approach 
remains the standard procedure. However with 
the advent and increasing utilization of laparos-
copy, this method for many institutions is the pro-
cedure of choice. This approach is particularly 
useful in children and the obese population; how-
ever some studies have suggested a slightly 
higher risk of fetal loss compared to the open 
procedure in the pregnant population. Other tech-
niques described including the single-incision 
approach and natural orifice (transvaginal and 
transgastric) have yet to demonstrate significant 
improvement over laparoscopic or open approach 
[3, 4, 13, 14].

Accurate data regarding spontaneous resolu-
tion of appendicitis is unclear, although it is esti-
mated that 1 in 13 patients will resolve without 
antibiotics or resection [15, 16].

There has been growing interest in nonopera-
tive management for uncomplicated appendicitis. 
In a recent study evaluating the treatment of acute 
appendicitis with antibiotics for patients deemed 
poor surgical candidates showed a 5.9% had 
treatment failure, 4.4% recurrence rate, and 3% 
complication rate [17]. This data suggests that 
appendicitis may resolve in 85% of patients with-
out requiring surgical resection with an accept-
ably low recurrence and complication rate. 
Additional studies have likewise been conducted 
randomizing patients to resection vs. medical 
management and have found similar results [4, 6, 
7, 14, 16]. The duration of intravenous antibiot-
ics, overall course of antibiotics, and specific 
antibiotic regimen have yet to be defined. 
However, our institution is currently investigat-
ing the regimen of a 3-day course of IV gram 
negative and anaerobic coverage and PO antibiot-
ics for a total therapy duration of 7 days. An addi-
tional noted benefit of this modality of treatment 
has been a reduction in hospital cost averaging 
$1800 less than surgical intervention, at the 
expense of slightly increased hospital length of 
stay [14].

Perforation with abscess occurs in 3–8% of 
patients on presentation. Percutaneous drainage is 

the preferred initial treatment. Immediate surgery 
is associated with a threefold increased risk of 
morbidity, by way of injury to adjacent organs [4]. 
Following drainage of the abscess, the recurrence 
rate of appendicitis is 4–7%. Interval appendec-
tomy approximately 6 weeks following treatment 
has been utilized. However, the absolute necessity 
for interval appendectomy has also been chal-
lenged given this low rate of recurrent inflamma-
tion [4]. Additionally, recurrence with subsequent 
perforation is also significantly low. Some data 
suggest that interval appendectomy is not an 
absolute requirement and may be determined by 
the presence of recurrent symptoms [17].

 Prognosis

Overall prognosis with treatment of acute appen-
dicitis is excellent. Even with perforated appendi-
citis with sepsis, the expected mortality is 
0.09–0.24% in developed health systems. This 
increases roughly to 1–4% in low- and 
 middle- income countries. In 1–2% of patients pre-
senting with appendicitis, malignancy has been 
found within the appendix including neuroendo-
crine (carcinoid), adenocarcinoma, and mucinous 
cystadenoma [4]. Appropriate follow-up may 
entail colonoscopy and/or repeat imaging.

 Conclusion

Appendicitis is one of the most common 
pathologies of the abdomen. Surgery contin-
ues to be the mainstay of treatment. However 
there is growing enthusiasm for nonoperative 
management. The likelihood of presenting 
with a subsequent episode of perforated 
appendicitis following initial nonsurgical 
management may be sufficiently low to ques-
tion the perceived risks associated with non-
operative management of uncomplicated 
appendicitis. There is apparent financial 
incentive for nonoperative management. In 
the context of the elderly it is important to rec-
ognize that this patient population often pres-
ent atypically related to socioeconomic factors 
(i.e., transportation and communication diffi-
culties) or age-related physiologic changes 

T.N. Anderson et al.



329

such as dementia or delirium. A high index of 
suspicion and early utilization of computed 
tomography have been found to be most effec-
tive at reducing morbidity and mortality. And 
for the particularly medically complex patient, 
poorly suited for surgery, antibiotics should be 
considered when treating acute appendicitis.
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Critical Care: Pulmonary

Nicole L. Werner and Lena M. Napolitano

 Pulmonary Function in the Geriatric 
Patient

Geriatric patients have age-related decreased pul-
monary function that predisposes them to a 
higher risk of pulmonary complications post- 
injury and after emergent surgery [1]. These 
changes include decreased pulmonary compli-
ance, “senile emphysema,” mucociliary dysfunc-
tion, sarcopenia-induced reduction in intercostal 
and diaphragmatic function, and increased pul-
monary vascular resistance. Specific changes that 
make weaning from mechanical ventilation diffi-
cult in the geriatric patient include decreased dif-
fusion capacity, increased dead space ventilation, 
reduced respiratory drive (significant reduced 
response to hypoxemia and hypercapnia), and a 
higher prevalence of central sleep apnea among 
elderly patients.

 Pulmonary Issues in Geriatric 
Trauma and Acute Care Surgery

Pulmonary complications [atelectasis, pneu-
monia, pulmonary edema, COPD exacerbation, 
acute respiratory failure, acute respiratory dis-
tress syndrome (ARDS)] in the post-injury and 
postoperative period are a significant cause of 
morbidity and mortality. Risk factors for post-
operative pulmonary complications include (1) 
patient-related and (2) procedure-related risk 
factors (Table 36.1). Among patient-related risk 
factors, advanced age is the leading risk factor. 
Smoking and sleep apnea are also significant 
predictors of postoperative pulmonary compli-
cations [2, 3]. The major procedure-related risk 
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Table 36.1 Patient-related risk factors for pulmonary 
complications

Pulmonary Nonpulmonary

Smoking Age

Chronic obstructive 
pulmonary disease

General health status

Asthma Obesity

Interstitial lung disease Obstructive sleep apnea

Upper respiratory infection Pulmonary 
hypertension

Heart failure

Nutritional status

Dependent functional 
status

Neurologic impairment
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factors (emergent surgery, major  abdominal/
vascular or thoracic surgery) confer higher risk 
for pulmonary complications than that of 
patient- related risk factors. Emergency surgery 
was associated with a greater than  twofold 
increased risk of pulmonary complications.

A number of risk indices can be used to provide 
a numerical estimate of risk of pulmonary com-
plications, including the Arozullah Respiratory 
Failure Index [4] (Table 36.2), the ARISCAT 
(Canet) Risk Index [5] (Table 36.3), and the Gupta 
Calculator for Postoperative Respiratory Failure 
[6] or Postoperative Pneumonia [7]. All of these 
risk indices include advanced age as a significant 
risk factor for pulmonary complications.

 Prevention of Pulmonary 
Complications

Given the increased morbidity and mortality 
associated with pulmonary complications, all 
efforts to prevent these complications should be 

Table 36.2 Arozullah Respiratory Failure Index

Preoperative predictor Point value

Type of surgery

Abdominal aortic aneurysm 27

Thoracic 21

Neurosurgery, upper  
abdominal, peripheral  
vascular

14

Neck 11

Emergency surgery 11

Albumin <3.0 g/dL 9

BUN >30 mg/dL 8

Partially or fully dependent  
functional status

7

History of chronic  
obstructive pulmonary  
disease

6

Age (years)

>70 6

60–69 4

Performance of the Arozullah Respiratory  
Failure Index

Class Point total Percent 
respiratory failure

1 ≤10 0.5

2 11–19 1.8

3 20–27 4.2

4 28–40 10.1

5 >40 26.6

Adapted from Arozullah AM, Daley J, Henderson WG, 
et al. Multifactorial risk index for predicting postoperative 
respiratory failure in men after major noncardiac surgery. 
Ann Surg 2000;232(2):250

Table 36.3 The ARISCAT risk index includes seven 
independent risk factors of any severity that predict post-
operative pulmonary complication rates

Factor
Adjusted odds 
ratio (95% CI) Risk score

Age (years)

≤50 1 –

51–80 1.4 (0.6–3.3) 3

>80 5.1 (1.9–13.3) 16

Preoperative oxygen saturation (%)

≥96 1 –

91–95 2.2 (1.2–4.2) 8

≤90 10.7 
(4.1–28.1)

24

Respiratory 
infection in the last 
month

5.5 (2.6–11.5) 17

Preoperative 
anemia 
(hemoglobin 
≤10 g/dL)

3.0 (1.4–6.5) 11

Surgical incision

Upper abdominal 4.4 (2.3–8.5) 15

Intrathoracic 11.4 
(1.9–26.0)

24

Duration of surgery (h)

≤2 1

2–3 4.9 (2.4–10.1) 16

>3 9.7 (2.4–19.9) 23

Emergency surgery 2.2 (1.0–4.5) 8

Performance of the ARISCAT pulmonary risk index

Risk class Number of 
points in risk 
score

Postoperative 
pulmonary 
complication 
rate (%)

Low <26 1.6

Intermediate 26–44 13.3

High ≥45 42.1

Each factor is assigned a weighted score and patients are 
stratified as low, intermediate, and high risk for develop-
ing pulmonary complications
Adapted from Canet J, Gallart L, Gomar C, et al. Prediction 
of postoperative pulmonary complications in a population- 
based surgical cohort. Anesthesiology 2010;113:1338
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implemented. A systematic review of strategies 
to reduce postoperative pulmonary complica-
tions after noncardiothoracic surgery identified 
that few interventions have been shown to defini-
tively reduce postoperative pulmonary complica-
tions (Table 36.4) [8, 9]. Postoperative strategies 
to prevent pneumonia focus on increasing lung 
volume, pulmonary toilet, pain control, and 
preventing aspiration. Lung expansion inter-
ventions via incentive spirometry (although 
widely used) have not shown definitive benefit 
in reducing postoperative pulmonary complica-
tions [10]. The use of nasal continuous positive 
airway pressure (nCPAP) may be of benefit [11]. 
For CPAP, the danger of gastric distention in 
patients with abdominal surgery is one prohibi-
tive factor to take into consideration. Selective, 

rather than routine, use of nasogastric tubes is 
recommended to reduce postoperative pulmo-
nary complications [12].

 Pneumonia

Postoperative pneumonia incidence varies depen-
dent on risk factors, ranging from an incidence of 
1.5% to as high as 15.3% in high-risk groups 
[13, 14]. Postoperative pneumonia was significantly 
more common in patients undergoing emergent vs. 
elective surgery (11.1% vs. 2.9%) [15]. In 2005, the 
ATS/IDSA provided guidelines to further catego-
rize pneumonia into hospital-acquired pneumonia 
(HAP), ventilator-associated pneumonia (VAP), and 
healthcare-associated pneumonia (HCAP) [16].

Table 36.4 Strength of the evidence for specific interventions to reduce the risk for postoperative pulmonary 
complications

Risk reduction strategy Strength of evidencea Type of complication studied

Postoperative lung expansion modalities A Atelectasis, pneumonia, bronchitis, 
severe hypoxemia

Selective postoperative nasogastric 
decompression

B Atelectasis, pneumonia, aspiration

Short-acting neuromuscular blockade B Atelectasis, pneumonia

Laparoscopic (vs. open) operation C Spirometry, atelectasis, pneumonia, 
overall respiratory complications

Smoking cessation I Postoperative ventilator support

Intraoperative neuraxial blockade I Pneumonia, postoperative hypoxia, 
respiratory failure

Postoperative epidural analgesia I Atelectasis, pneumonia, respiratory 
failure

Immunonutrition I Overall infectious complications, 
pneumonia, respiratory failure

Routine total parenteral or enteral 
nutritionb

D Atelectasis, pneumonia, empyema, 
respiratory failure

Right-heart catheterization D Pneumonia

From Lawrence VA, Cornell JE, Smetana GW. Strategies to reduce postoperative pulmonary complications after non-
cardiothoracic surgery: Systematic review for the American College of Physicians. Ann Intern Med 2006;144:596–608
aDefinitions for categories of strength of evidence, modified from the U.S. Preventive Services Task Force categories 
(II). A = good evidence that the strategy reduces postoperative pulmonary complications and benefit outweighs harm; 
B = at least fair evidence that the strategy reduces postoperative pulmonary complications and benefit outweighs harm; 
C = at least fair evidence that the strategy may reduce postoperative pulmonary complications, but the balance between 
benefit and harm is too close to justify a general recommendation; D = at least fair evidence that the strategy does not 
reduce postoperative pulmonary complications or harm outweighs benefit; I = evidence of effectiveness of the strategy 
to reduce postoperative pulmonary complications is conflicting, of poor quality, lacking, or insufficient or the balance 
between benefit and harm cannot be determined
bEvidence remains uncertain (strength of evidence I) on total parenteral or enteral nutrition for severely malnourished 
patients or when a protracted time of inadequate nutritional intake is anticipated
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 Pathophysiology

Under normal circumstances, the lower respi-
ratory tract is sterile. Both HAP and VAP are 
generally associated with introduction of bac-
teria to the sterile lower respiratory tract. This 
can be exacerbated by impaired host defenses. 
The introduction of bacteria to the lower air-
ways occurs by two important mechanisms: 
bacterial colonization of the aero-digestive 
tract and aspiration of contaminated secretions 
into the lower airway (Fig. 36.1). A variety of 
factors promote these mechanisms including 
presence of invasive devices, medications 
altering gastric emptying and pH, contami-
nated water, medications, and respiratory ther-
apy equipment.

 Diagnosis and Definitions

Pneumonia is an acute infection of the pulmo-
nary parenchyma. It is important to distinguish 
between community- and hospital-acquired 
pneumonia, since the causative pathogens are dif-
ferent. In the post-injury and postoperative 
period, hospital-acquired pneumonia (HAP) is 
defined as pneumonia occurring >48 h after hos-
pital admission. Ventilator-associated pneumonia 
(VAP) is a type of HAP that develops more than 
48 h after endotracheal intubation. Healthcare- 
associated pneumonia (HCAP) is pneumonia that 
occurs in a patient with healthcare contact 
(Table 36.5) [3].

The diagnosis of pneumonia is difficult 
because the clinical findings are nonspecific, 

Fig. 36.1 Pathogenesis of ventilator-associated penumo-
nia (VAP). Adapted from American Thoracic Society. 
Guidelines for the management of adults with hospital- 

acquired, ventilator-associated, and healthcare-associated 
pneumonia. Am J Respir Crit Care Med 2005; 171 (4): 
388–416
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including new or progressive infiltrate on chest 
radiograph and clinical characteristics (fever, 
purulent sputum, leukocytosis and hypoxia) [3]. 
When findings at autopsy are used as a reference, 
the combination of radiographic infiltrate plus 
two out of three clinical features (fever >38 °C, 
leukocytosis/leukopenia, purulent secretions) 
resulted in 69% sensitivity and 75% specificity 
for pneumonia [17].

The diagnosis of VAP is suspected when 
a patient on mechanical ventilation develops 
new pulmonary infiltrate with fever, leukocy-
tosis, and purulent secretions. Further signs of 
increased ventilator support or oxygen require-
ments also raise this suspicion. However, the 
differential diagnosis for these findings can be 
broad (atelectasis, ARDS, chemical pneumo-
nitis, contusion, pulmonary embolism, drug 
reaction, infiltrative tumor) [18]. Frequently 
radiographic and clinical abnormalities 
occur in patients without a true diagnosis of 
VAP. Only 43% of patients with radiographic 
evidence were found to have VAP by postmor-
tem examination [19].

Currently, the CDC defines VAP using a com-
bination of radiological, clinical, and laboratory 
criteria, in patients who are ventilated for greater 
than 48 h. Pneumonia is characterized into three 
types including clinically defined (PNEU-1); 

common bacterial, fungal, or atypical pneumonia 
(PNEU-2); and pneumonia in immunocompro-
mised patients (PNEU-3) [20].

It has been documented that VAP rates in 
trauma patients are markedly different dependent 
on the specific definition used, since CDC and 
NHSN definitions are different than VAP criteria 
for the National Trauma Data Bank (NTDB) 
[21]. It has been identified that trauma factors 
play a critical role in VAP etiology, as rib frac-
tures, pulmonary contusion, and failed prehospi-
tal intubation were significant predictors of VAP 
in a multivariate model [22].

Diagnostic testing is helpful when VAP is sus-
pected because radiologic and clinical findings 
are nonspecific. Thus it is recommended that all 
patients with possible VAP undergo lower respi-
ratory tract sampling with microscopic evalua-
tion and culture. This can be done using 
bronchoscopic sampling of the lower respiratory 
tract (bronchoalveolar lavage, BAL) or without 
the use of a bronchoscope (mini-BAL) with simi-
lar safety and diagnostic accuracy [23]. In 
patients with left lower lobe infiltrates and possi-
ble VAP, bronchoscopic BAL is preferred in 
order to obtain a sample from the left lung, since 
mini-BAL sampling catheters most commonly 
advance into the right lower lobe bronchus. 
Bronchoscopic sampling is not associated with 
improved mortality, or reduced duration of venti-
lation, ICU, or hospital length of stay. However, 
it does influence antibiotic selection and de- 
escalation of antibiotics [24]. Given the severity 
of VAP and the frequency of serious conditions 
that can mimic VAP, additional tests that provide 
further evidence for VAP are clearly warranted 
[25]. At present, no sensitive and specific bio-
marker is currently available to confirm a diagno-
sis of VAP [26–32].

 Ventilator-Associated Event (VAE) 
Surveillance Definitions
In 2011, the CDC convened a working group to 
address the limitations of the NHSN PNEU defini-
tions and propose a new approach to surveillance 
for VAEs. The VAE surveillance definition algo-
rithm (Fig. 36.2) was implemented by NHSN in 
1/2013 and is based on objective, streamlined, and 
potentially automatable criteria that identify a broad 

Table 36.5 Risk factors for multidrug-resistant patho-
gens causing HAP, HCAP, and VAP

• Antimicrobial therapy in preceding 90 d

• Current hospitalization of 5d or more

•  High frequency of antibiotic resistance in the 
community or in the specific hospital unit

• Presence of risk factors for HCAP

    –  Hospitalization for 2d or more in the preceding 
90d

    –  Residence in a nursing home or extended- care 
facility

    – Home infusion therapy (including antibiotics)

    – Chronic dialysis within 30d

    – Home wound care

    –  Family member with multidrug-resistant 
pathogen

• Immunosuppressive disease and/or therapy

Adapted from American Thoracic Society. Guidelines for 
the management of adults with hospital-acquired, 
ventilator- associated, and healthcare-associated pneumo-
nia. Am J Respir Crit Care Med 2005; 171 (4): 388–416
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range of conditions and complications which occur 
in mechanically ventilated adult patients. The VAE 
definition algorithm is for use in surveillance, and is 
not a clinical definition and is not intended for use in 
the clinical management of patients [33].

 Treatment

When VAP is suspected based on clinical and 
radiographic findings, it is important first to 
obtain lower respiratory tract samples for cul-
tures. Early empiric antimicrobial therapy for 
VAP is then initiated. Following this, in the next 
48 h, an assessment of clinical response and cul-
tures should be performed. If there is clinical 
improvement and culture results are negative, 
consider stopping antibiotics. If culture results 
are positive, consider de-escalating or narrowing 
the antibiotics. If there is no clinical response, 
consider searching for other causes.

The initiation of early, appropriate empiric 
broad-spectrum antibiotics to treat HAP, VAP, or 
HCAP significantly improves patient survival 
[3, 34, 35]. The three leading VAP pathogens are 
S. aureus (24.4% of all isolates, 54.4% as MRSA), 
Pseudomonas aeruginosa, and Acinetobacter 
baumannii. Inadequate antibiotic therapy is a 
strong predictor of death in VAP patients, irre-
spective of underlying disease state and severity 
of illness [36–40]. The choice of empiric antibi-
otics should be based on local antibiograms (par-
ticularly in surgical ICUs) [3] and on patient risk 
factors for MDR bacteria (Table 36.5).

 Duration of Antibiotics 
for Pneumonia

A landmark multicenter RCT compared 8 vs. 
15 days of antibiotic treatment in 401 patients in 51 
ICUs [41]. No difference in 30-day mortality was 

Fig. 36.2 Ventilator-associated event (VAE) CDC Definition Algorithm Summary-2016. Adapted from http://www.
cdc.gov/nhsn/PDFs/pscManual/10-VAE_FINAL.pdf
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identified (18.8% vs. 17.2%) and no differences in 
ventilator-free days, organ failure-free days, length 
of ICU stay, and 60-day mortality were identified. 
However there was a higher recurrence of infection 
rate for nonfermenting gram-negative bacilli, 
including Pseudomonas aeruginosa, and more 
MDR pathogens appeared in the 15-day treatment 
group (42% vs. 62%, p = 0.038). Based on the 
results of this study, optimal duration of therapy for 
VAP should be 8 days, except in those isolates that 
are  nonfermenting gram-negative bacilli, including 
Pseudomonas aeruginosa and acinetobacter spe-
cies where longer duration of antimicrobial therapy 
is recommended.

 HAP/VAP Prevention

Aggressive HAP prevention efforts in surgical 
patients are successful in reducing postoperative 
pneumonia [42]. Reports from the U.S. National 
Healthcare Safety Network (NHSN) have docu-
mented a recent decline in VAP rates related to 
the implementation of prevention strategies. 
However, the highest rates of VAP remain in 
surgical ICUs, particularly in burn and trauma 
ICUs [43]. HAP/VAP preventive strategies are 
therefore very important to implement in all post- 
injury and postsurgical patients, and should par-
ticularly be used in geriatric patients.

The development of VAP is related to (1) bac-
terial colonization of the aero-digestive tract or 
(2) aspiration of contaminated secretions into the 
lower airway. The strategies to prevent infection 
are therefore aimed at (1) reducing bacterial colo-
nization and (2) decreasing aspiration incidence. 
Decreasing aspiration incidence can be achieved 
through improved positioning, increased HOB 
elevation, and use of specialty endotracheal tubes 
that aspirate subglottic secretions. Bacterial colo-
nization can be reduced by minimizing the days 
on mechanical ventilation through weaning pro-
tocols, use of chlorhexidine in the posterior phar-
ynx, and silver-coated endotracheal tubes. 
Clinical guidelines for VAP prevention review all 
evidence-based strategies for VAP prevention 
[44]. Ventilator bundles are used as an effective 
method to reduce VAP rates in the intensive care 
unit (Table 36.6) [45, 46].

Table 36.6 Measures to include in VAP prevention 
bundle

Process measures Structural measures

1.   Head of bed 
elevation: use of a 
semirecumbent 
position (≥30°)

1.  Use a closed endotracheal 
tube suctioning system

2.  SATs and SBTs: 
make a daily 
assessment of 
readiness to wean 
with the use of the 
SAT and SBT

2.  Change close suctioning 
catheters only as needed

3.  Oral care: at least 6 
times per day

3.  Change ventilator circuits 
only if damaged or soiled

4.  Oral care with 
chlorhexidine: 2 
times per day

4.  Change heat and moisture 
exchanger every 5–7 days 
and as clinically indicated

5.  Subglottic 
suctioning: use 
subglottic suctioning 
in patients expected 
to be MV for >72 h

5.  Provide easy access to 
noninvasive ventilation 
equipment and institute 
protocols to promote use

6.  Periodically remove the 
condensate from circuits, 
keeping the circuit closed 
during the removal, 
taking precautions not to 
allow condensate to drain 
toward patient

7.  Use an early mobility 
protocol

8. Perform hand hygiene

9. Avoid supine position

10.  Use standard 
precautions while 
suctioning respiratory 
tract secretions

11.  Use orotracheal 
intubation instead of 
nasotracheal

12.  Avoid use of 
prophylactic systemic 
antimicrobials

13.  Avoid nonessential 
tracheal suctioning

14.  Avoid gastric 
overdistention

MV mechanical ventilation, SAT spontaneous awakening 
trial, SBT spontaneous breathing trial
From Speck K, Rawat N, Weiner NC, Tujuba HG, Farley 
D, Berenholtz S. A systematic approach for developing a 
ventilator-associated pneumonia prevention bundle. Am J 
Infect Control. 2016 Jun 1;44(6):652–6
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 Noninvasive Ventilation
The foremost strategy for VAP prevention is to 
avoid intubation or reduce time of duration of 
mechanical ventilation. Noninvasive ventilation 
should therefore be considered where evidence 
exists to support its use, in COPD and pulmonary 
edema exacerbations, for acute respiratory failure 
following upper abdominal surgery, and as a 
weaning strategy for intubated adults with respi-
ratory failure [47–51].

 Spontaneous Awakening 
and Breathing Trials (SAT/SBT)
Prolonged mechanical ventilation is a risk factor 
for VAP (1–3% increased VAP risk with each day 
of mechanical ventilation) [52]. The use of a 
weaning protocol, a sedation protocol, or both 
has been shown to reduce the duration of mechan-
ical ventilation [53] and is associated with lower 
ventilator-associated events (VAE) [54]. Routine 
use of SAT and SBT is now standard in all venti-
lated patients.

 Semirecumbent Position
The semirecumbent (≥30°) position in mechani-
cally ventilated patients has been associated with 
a reduced incidence of VAP [55]. Supine position 
and mechanical ventilation >7 days were inde-
pendent VAP risk factors. Other studies have not 
confirmed this finding, but compliance with the 
target semirecumbent position was not reached in 
these studies [56–58].

 Specialized Endotracheal Tubes

CASS Tubes
A number of randomized trials have shown a 
decreased rate of VAP in patients with CASS 
(continuous aspiration of subglottic secretions) 
tubes. A meta-analysis of ten RCTs with 2213 
patients showed significantly reduced incidence 
of VAP (RR 0.56, 95% CI 0.45–0.69, 
p < 0.00001) and early-onset VAP (RR = 0.23, 
95% CI: 0.13–0.43, p < 0.00001), shortened 
ventilation duration by 1.55 days (95% CI: 
−2.40 to −0.71 days, p = 0.0003), and pro-
longed time to VAP by 3.90 days (95% CI: 
2.56–5.24 days). No significant differences 

were observed regarding incidence of late-onset 
VAP, overall mortality, or length of intensive 
care unit or hospital stay [59].

Silver-Coated Tube
Silver-coated endotracheal tubes aim to prevent 
biofilm formation, delay airway colonization, 
and reduce bacterial burden due to bactericidal 
activity. The NASCENT RCT (2003 patients) 
reported that use of the silver-coated endotra-
cheal tube was associated with a significant 
VAP (defined as BAL >104 CFU/mL) reduction 
(4.8% vs. 7.5%; 36% relative risk reduction) 
and was associated with a significant delay in 
time to VAP [60]. Other trials have confirmed 
this benefit [61].

 Chlorhexidine Gluconate
One strategy to reduce bacterial colonization is 
to use oral chlorhexidine gluconate (0.12%). 
One trial in cardiac surgical patients docu-
mented a significant decrease in the incidence of 
nosocomial pneumonia and mortality [62]. A 
meta- analysis of similar trials concluded that 
oral chlorhexidine in mechanically ventilated 
ICU patients was associated with a 40% reduc-
tion in VAP [63].

 Selective Decontamination (SDD/SOD)
Selective decontamination of the digestive tract 
(SDD) and oropharynx (SOD) is a strategy aimed 
at preventing airway colonization. Several stud-
ies have shown modest benefit in pneumonia rate 
and mortality [64–66]. However, this has not 
been used widely in the United States due to sig-
nificant concern regarding potential emergence 
of MDR bacteria [67].

 Tracheostomy
A number of large RCTs have found no differ-
ence in mortality, VAP, or other outcome mea-
sures comparing early (4–8 days) vs. late 
(10–15 days) tracheostomy [68, 69]. Thus, early 
tracheostomy should not be performed for VAP 
prevention or survival benefit, but may be consid-
ered for other reasons, such as patient comfort 
and airway protection, as in patients with severe 
traumatic brain injury.
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 Acute Respiratory Failure

Acute respiratory failure can be due to loss of air-
way protection, failure to oxygenate (hypoxemic 
respiratory failure, type I), or failure to ventilate 
(hypercapnia respiratory failure, type 2) 
(Fig. 36.3). Initial assessment of the airway is 
first priority. Several risk factors common in geri-
atric patients contribute to loss of airway includ-
ing neurological impairment, absent cough/gag 
reflex, aspiration events, or laryngeal edema. For 
these reasons, close attention must be paid to 
elderly patients, those with head trauma, and 
patients that have had airway procedures. A sin-
gle event of aspiration in this setting can be disas-
trous and often is fatal.

Hypoxic respiratory failure (type 1) is defined 
by a PaO2 < 60 mmHg. Hypocapnia can often 
accompany hypoxia because of increased venti-
latory drive. Hypoxic respiratory failure is more 
common, with the underlying problem at the pul-
monary capillary-alveolar interface (either fluid 
filling or collapse of alveolar units) resulting in 
diffusion defects or ventilation perfusion mis-
match. Diffusion defects can be caused by fluid 
accumulation in the extracellular space leading to 
pulmonary edema which leads to impaired oxy-
genation. There are two spectrums in ventilation/
perfusion mismatch: (1) dead-space ventilation 
(alveoli get ventilation but no perfusion, i.e., pul-
monary embolism) and (2) shunt (alveoli get per-
fusion, but no ventilation). Hypoxic respiratory 
failure can also be caused by inability to extract 
oxygen at a cellular level (carbon monoxide or 
cyanide poisoning and sepsis).

Hypercapneic respiratory failure (type 2) is 
defined by a PaCO2 > 50 mmHg. Hypoxemia can 
be common in these patients, because elevated 
alveolar CO2 can displace alveolar O2. 
Determination of the causative etiology of type 2 
respiratory failure requires a careful systematic 
assessment from the brain to the lung. A central 
loss of ventilation can be due to sedation, nar-
cotic overdose, stroke, or medication. Spinal cord 
procedures or traumatic injuries can result in loss 
of diaphragm or accessory chest wall muscle use. 
Thoracic trauma (rib fractures, flail chest, pneu-
mothorax, hemothorax, pleural effusions) can 

impair ventilation. The airway should be evalu-
ated for distal obstruction (right main-stem intu-
bation, foreign object, mucous plug). Issues with 
gas exchange or V/Q mismatch at the alveolar 
level can also cause hyperventilation (atelectasis, 
pneumonia, contusion, ARDS).

Faced with a patient in acute hypoxemic respi-
ratory failure, a brief period of noninvasive venti-
lation [70] or high-flow oxygen via nasal cannula 
should be considered if there is a promptly 
reversible cause of the acute respiratory failure. 
A recent study documented that treatment with 
high-flow oxygen via nasal cannula was associ-
ated with reduced 90-day mortality but no differ-
ence in intubation rates (38% for high-flow nasal) 
compared with standard face mask oxygen (47%) 
or noninvasive positive-pressure ventilation 
(50%) [71]. Many patients with severe acute 
respiratory failure (hypoxemic or hypercapneic) 
require early intubation and initiation of mechan-
ical ventilation. All patients with signs and symp-
toms of acute respiratory failure must be 
monitored and treated in an intensive care unit.

One-year mortality of critically ill patients 
treated with prolonged mechanical ventilation 
(>14 days) was 62% and only 50% were success-
fully liberated from mechanical ventilation [72]. 
Additional studies document that elderly patients 
treated with mechanical ventilation did not have 
worse outcomes than younger patients, suggest-
ing that mechanical ventilation should not be 
restricted in elderly patients with respiratory fail-
ure on the basis of chronologic age [73, 74].

 Mode of Mechanical Ventilation

There is currently no evidence to support one 
mode (volume vs. pressure, Table 36.7) of 
mechanical ventilation for patients with acute 
respiratory failure [75]. All efforts to reduce 
ventilator- induced lung injury should be imple-
mented in all ventilator modes used. Early tran-
sition to spontaneous ventilation (pressure 
support, proportional assist, adaptive support) 
should be encouraged to avoid diaphragm and 
intercostal muscle weakness and prevent venti-
lator dyssynchrony, especially in geriatric 
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Causes of Respiratory Failure
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Fig. 36.3 Causes of acute respiratory failure
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patients. Automated weaning is associated with 
reduced duration of ventilation and ICU length 
of stay [76, 77].

 Acute Respiratory Distress 
Syndrome (ARDS)

The Berlin ARDS definition (mild, moderate, 
severe ARDS based on severity of hypoxemia 
defined by PaO2/FiO2 ratio) was established in 2012 
(Fig. 36.4) to address the limitations of the previous 
American-European Consensus Conference defini-
tion of 1994 [78]. Using the Berlin Definition, 
stages of mild, moderate, and severe ARDS were 
associated with increased mortality (27%, 32%, and 
45%, respectively) and increased median duration 
of mechanical ventilation in survivors (5 days; IQR 
2–11; 7 days; IQR 4–14; and 9 days; IQR 5–17).

The recent Large Observational Study to 
Understand the Global Impact of Severe Acute 
Respiratory Failure (LUNG SAFE) examined 
patients undergoing invasive or noninvasive ven-
tilation in 459 ICUs. ARDS represented 10.4% 
of ICU admission and 23.4% of patients requir-
ing mechanical ventilation. Hospital mortality 
was 34.9% for mild ARDS patients, 40.3% for 
moderate ARDS patients, and 46.1% for those 
with severe ARDS, confirming overall high mor-
tality rates for ARDS [79].

A number of evidence-based ARDS treatment 
strategies should be considered [low tidal volume 
(6 mL/kg predicted body weight) ventilation, opti-
mal PEEP dependent on lung recruitability, neuro-
muscular blockade, early (≤48 h after ARDS 
onset) and prolonged (repletion of 16-h session) 
prone position, recruitment maneuvers, inhaled 
nitric oxide, monitoring transpulmonary pressures 
to identify adequate PEEP, high- frequency oscilla-
tory ventilation, and extracorporeal membrane 
oxygenation, ECMO) in addition to standard infec-
tion management if pneumonia is present and con-
servative fluid management. Higher risk and higher 
cost therapies should be matched with increased 
severity of ARDS (Fig. 36.4) [80]. Targeting oxy-
genation of 88–92% and tolerating a moderate 
level of hypercapnia are safe in ARDS treatment 
[81, 82]. For patients with severe ARDS and severe 
 hypoxemia, transfer to an ARDS referral center 
with ECMO capability is recommended.

 Summary

Pulmonary issues in geriatric trauma and acute 
care surgery patients are common, particularly 
pneumonia and acute respiratory failure, which 
are significant causes of morbidity and mortality. 
National rates of VAP remain highest in surgical, 
trauma, and burn ICUs. Prevention of VAP can 

Table 36.7 Ventilator settings and changes in modes of mechanical ventilation (volume vs. pressure)

Volume (assist control) Pressure (pressure control)

Minute ventilation VT × RR VT delivered by set pressure × RR

Flow Constant Variable with changes in compliance and 
resistance

Inspiratory time Constant Constant

Decreased compliance Volume constant, PIP increases Pressure constant, VT decreases

Increased resistance Volume constant, PIP increases Pressure constant, VT decreases

Favorable characteristics  
of ventilator mode

Known tidal volume, minute ventilation Control of plateau pressures, 
decelerating inspiratory flow pattern

Weakness of ventilator mode Uncontrolled peak airway pressure may 
increase the risk for VILI

No guarantee of tidal volume

Control of pH and pCO2 Adjust minute ventilation by either VT 
or RR

Adjust minute ventilation by either 
inspiratory pressure or RR

Control of PaO2 Adjust FiO2 and PEEP Adjust FiO2 and PEEP or increase mean 
airway pressure by changing inspiratory 
time and I:E ratio
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be optimized by reducing the risk of aspiration 
and bacterial colonization of the airway through 
evidence-based preventive strategies (chlorhexi-
dine, semirecumbent position, specialized endo-
tracheal tubes, spontaneous awakening and 
breathing trials, and ventilator weaning proto-
cols). New CDC surveillance definitions for 
ventilator- associated events are used to track pul-
monary complications in the ICU. The new 
Berlin definition of ARDS has confirmed the 
high rates of mortality associated with ARDS, 
and allows us to match treatment strategies to 
hypoxemia-related severity of ARDS.
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Cardiac/Hemodynamic Monitoring

Jay Menaker and Thomas M. Scalea

 Introduction

Patients over the age of 65 [1–4] represent one of 
the fastest growing sections of the US census. 
This increase in the number of elderly is multi-
factorial, but is due in large part to longer life 
expectancy due to advances in health care as well 
as the aging baby boomers. In 2012, there were 
43.1 million people aged 65 and older, 12 times 
the number in 1900 [5, 6]. It is estimated that by 
the year 2050, the population of elderly will be 
approximately 84 million people and account for 
almost 21% of the US population [5, 6]. 
Additionally, it is predicted that by the year 2030, 
those over the age of 85, the oldest-old, will num-
ber more than 9 million and by year 2050 almost 
20 million [5, 7].

 Physiologic Changes

As people age their physiologic reserve decreases. 
This loss of physiologic decline varies from 
organ to organ and individual to individual [8]. 
Under normal conditions, most elderly people 

can overcome this decrease in reserve and meet 
their physiologic needs. However, when stress 
occurs, including acute trauma or illness, the 
demand is overwhelming and the elderly are 
unable to compensate and achieve the physio-
logic demand to ensure adequate perfusion.

Age is a major risk factor for the development 
of cardiovascular disease (CVD). Over 40% of 
deaths in patients older than 65 years have been 
attributed to CVD [9]. Myocardial changes as 
one ages affect anatomical, physiologic, and 
electro-physiologic activity of the heart [10]. 
Older patients can often have decreased myocar-
dial contractility and ventricular compliance for a 
given preload [11]. Additionally, changes in the 
make-up of the myocardium result in conduction 
abnormalities. These alterations in the conduc-
tion system increase the likelihood of arrhyth-
mias, including sick sinus syndrome, bundle 
branch blocks, and atrial arrhythmias and subse-
quent syncope in the elderly [12–14].

As people age, their systolic blood pressure 
increases. This is due to a decrease in compliance 
of the outflow tract, resulting from an increased 
afterload. During times of acute illness or injury, 
this results in decreases in ejection fraction and 
cardiac output [11, 15–17]. Unfortunately, the 
elderly’s maximum heart rate can decrease by as 
much as 30%, making it impossible to compen-
sate for the decreased cardiac function [18]. 
Furthermore, aged myocardium does not respond 
as well to increased levels of endogenous and 
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exogenous catecholamine [19]. This requires the 
elderly patient to be volume resuscitated to main-
tain adequate stroke volume and cardiac output 
[11, 20]. However, clinicians must be very care-
ful with aggressive volume resuscitation in the 
elderly patient and balance the need for adequate 
cardiac output with the potential for pulmonary 
edema.

 Atrial Fibrillation

Atrial fibrillation (AF) is the most common 
arrhythmia and increases in incidence as one ages 
[21–25]. Although its reported incident varies, 
the true rate is unknown due to a lack of continu-
ous monitoring outside an intensive care unit 
[25]. AF has been shown to be associated with 
significantly longer intensive care unit (ICU) and 
hospital length of stay (LOS). Additionally, it is 
associated with the need for vaso-active and ino-
tropic support, higher daily fluid requirements, 
and rate of severe infections [23–25].

When considering treatment options for the 
elderly patient in AF, clinicians need to focus on 
two things. One is the symptomatic treatment of 
AF; the second is the underlying cause. Treatable 
causes including thyroid dysfunction, electrolyte 
abnormalities, or acute cardiac ischemia need to 
be investigated and corrected if possible. Therapy 
goals should focus on rate control, rhythm con-
trol, and the prevention of thromboembolism 
[25]. Patients with compromised hemodynamics 
warrant immediate cardioversion. For those who 
remain hemodynamically stable and without 
symptoms, medical therapy should be initiated.

The benefits of rate control versus rhythm 
control have been debated. Two large studies 
demonstrated no benefit from rhythm control 
over rate control [26, 27]. Thus many clinicians 
focus their pharmacological interventions on 
controlling the ventricular rate using atrioven-
tricular nodal blockers [25]. Treatment options 
include amiodarone, which for many has 
become the initial drug of choice for atrial fibril-
lation. It is a class III antiarrhythmic agent 
that depresses atrioventricular conduction and 

controls the  ventricular rate. Many clinicians like 
amiodarone because it is safe to use in patients 
with reduced ejection fraction. Side effects 
include bradycardia, thyroid dysfunction acutely, 
and the development of pulmonary fibrosis with 
long-term use. Additionally, amiodarone has 
many drug-drug interactions, specifically warfa-
rin. Intravenous (IV) amiodarone has been asso-
ciated with acute elevation in liver enzymes; 
however levels normalize with its discontinua-
tion [28]. Dronedarone, similar to amiodarone, 
has been studied for rate and rhythm control in 
AF. It reduces morbidity and mortality in patients 
with high-risk AF; however it is contraindicated 
in patients with acute severe heart failure [29].

β-blockers and calcium channel blockers 
(CCB) are other pharmacological options. 
β-blockers may be more suitable for postopera-
tive hyper-adrenergic states, while CCB, specifi-
cally diltiazem, may be more ideal in patients 
with severe pulmonary disease. Side effects of 
both include hypotension and bradycardia. 
Typically CCB are avoided in patients with 
underlying heart failure. Digoxin, despite being 
one of the oldest antiarrhythmic agents for AF, is 
still used by many clinicians. It works by slowing 
down conduction at the atrioventricular node by 
parasympathetic activation. Many consider it the 
ideal choice for patients with evidence of heart 
failure. Digoxin can be synergistic with 
β-blockers or CCB; however, it is less effective in 
postoperative patients with high sympathetic 
tone [25]. Similar to amiodarone, digoxin has 
many drug-drug interactions which often limit its 
use in critically ill patients. Additionally, as 
digoxin is renally metabolized, levels must be 
closely monitored and adjusted.

Some patients do not respond to any of medi-
cations discussed above and remain in AF. Those 
in AF for more than 48 h have an increased risk 
of atrial thrombus formation and anticoagulation 
therapy should be considered [25]. The CHADS2 
score and now the newer CHA2DS2—Vasc score 
have been used to stratify who should be antico-
agulated based on risk factors [30]. However, the 
risks of systemic anticoagulation in the elderly 
who are prone to falls, as well as have the 

J. Menaker and T.M. Scalea



351

 potential for many drug-drug interactions, need 
to be taken into account. The HAS-BLED score 
has been used to calculate the 1-year bleeding 
risk in patients with AF [31]. It has shown to be a 
better predictor of bleeding than other scores 
[32–34]. The HAS-BLED score should not be 
used to exclude patients from anticoagulation 
therapy, but rather as a tool to correct any modifi-
able risk factors [34]. Additionally because it 
uses readily available clinical data it is easier to 
use than other scores [34].

 Myocardial Ischemia/Infarction

Cardiac complications occur from 12 to 16.7% in 
the elderly [35–37]. They are one of the highest 
causes of mortality in the elderly surgical patient. 
Myocardial infarction (MI) has been shown to be 
the leading cause of postoperative death in 
patients over the age of 80 [38]. The prevalence 
of postoperative MI in patients over 65 years of 
age ranges from 0.1 to 4% and usually occurs 
within 72 h following surgery [39–41].

β-blockers have historically been considered a 
standard treatment to help prevent perioperative 
cardiac events in the elderly. They help minimize 
flow across plaques decreasing the incidence of 
rupture. This plaque rupture can cause as many as 
50% of perioperative MI [42]. β-blockers mini-
mize ventricular dysrhythmias, improve myocar-
dial oxygen balance, and decrease sympathetic 
tone. A number of publications supported the use 
of β-blockade to prevent postoperative complica-
tions [43–47]. Based on these studies the use of 
perioperative blockade was quickly adopted due 
to the potential benefit with few adverse side 
effects [43, 48]. Subsequent studies, however, 
have demonstrated no differences in cardiac com-
plications or mortality with the use of β-blockers 
[49, 50]. Furthermore, in some literature, it has 
been shown that the use of β-blockers actually 
increases surgical mortality [43, 51, 52]. In 2008 
the POISE study group evaluated the use periop-
erative β-blockade and concluded that although 
the treatment group has significantly lower rates 
of MI, there was a significantly higher death rate 

and stroke rate in patients receiving β-blockers 
[53]. As a result, there is little consensus on the 
use of perioperative β-blockers. Some believe 
patients having one or two risk factors (high-risk 
surgery, known ischemic heart disease, history of 
congestive heart failure or cerebrovascular dis-
ease, baseline creatinine >2 mg/dL) would bene-
fit, while others believe patients with more than 
three risk factors are more appropriate [42, 52, 
54]. The 2014 ACC/AHA guidelines state that 
those taking β-blockers at the time of surgery 
should continue therapy [43]. Additionally, they 
suggest starting a β-blocker in high-risk patients 
[43]. Despite these guidelines, it is clear that 
larger randomized trials are needed.

 Hemodynamic Monitoring

Elderly patients are often unable to increase their 
native cardiac output in times of stress. Instead, 
they increase their systemic vascular resistance 
which produces a normal blood pressure [55]. 
Unfortunately, despite a normal blood pressure, 
elderly patients a have severely depressed and 
compromised cardiac function, causing poor sys-
temic perfusion. In 1990, Scalea et al. published 
a landmark study of geriatric trauma patients 
demonstrating that as many as 50% geriatric 
trauma patients who appeared clinically stable 
with “normal” blood pressure had unrecognized 
cardiogenic shock and a poor outcome [56]. In 
this study, a pulmonary artery catheter was used 
to guide and optimize resuscitation with volume, 
inotropes, and afterload reduction. The authors 
demonstrated a survival increase from 7 to 53%. 
The study concluded that clinicians could 
improve outcome by identifying occult shock 
early in the geriatric population with the use of 
invasive monitoring.

For years clinicians have struggled with iden-
tifying the ideal method to measure a critically ill 
patient’s volume status [57]. Physical exam has 
not been shown to be helpful in accurately deter-
mining intravascular volume. Additionally, tradi-
tional measurements of preload including CVP 
and PCWP have been unreliable in predicting 
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cardiac preload and the need for volume to opti-
mize cardiac function [58]. Changes produced by 
passive leg raises (PLR) have been shown to 
 predict the need for fluid administration in 
mechanically ventilated patients [59]. The pul-
monary artery catheter (PAC), first described and 
used in 1970 by Swan and Ganz, had tradition-
ally been considered the gold standard of hemo-
dynamic monitoring [60]. Unfortunately the 
literature supporting its use in critically ill 
patients is highly variable. Some studies have 
demonstrated no effect on patient outcome [61, 
62], others have showed decreased mortality [56, 
63, 64], and still others have shown an increase in 
mortality as well as utilization of resources [65, 
66]. Some suggested that the studies demonstrat-
ing a negative outcome were due to misinterpre-
tation of PAC data and subsequent clinical 
decision making rather than the use of PAC itself 
[67–69]. Despite the ongoing arguments of the 
value and utility of the PAC, newer and less inva-
sive hemodynamics monitoring methods have 
been developed.

 Continuous Central Venous Oximetry

Continuous central venous oximetry (ScvO2) 
has been used as an alternative to the PAC 
(SvO2). It allows clinicians to continuously 
monitor venous oxygenation in the superior vena 
cava. ScvO2 is generally higher than SvO2 in the 
critically ill; however the correlation between 
the two is variable [70–72]. ScvO2 can help 
identify global tissue hypoxia, which allows ear-
lier intervention in the clinical course and affect 
outcome [73, 74].

 Pulse Contour Analysis

Other alternatives to the PAC include pulse con-
tour analysis. The idea is based on the Windkessel 
model where stroke volume can be continuously 
estimated using arterial waveform [75]. Using 
the area under the curve of the systolic arterial 
pressure waveform, stroke volume can then be 

calculated [76]. Unfortunately pulse contour 
technology has a number of limitations including 
its accuracy in patients with irregular heart 
rhythms, evidence of right heart failure, and low 
tidal volume mechanical ventilation [77].

Examples of pulse contour technology include 
the FloTrac™ (Edwards Lifesciences, Irvine, 
CA). It provides continuous cardiac output, 
stroke volumes, and stroke volume variation 
using only an arterial catheter. Cardiac output is 
calculated using arterial wave form analysis and 
the principle that the pulse pressure and stroke 
volume are proportional [59]. Some studies dem-
onstrated clinically acceptable agreements 
between the PAC and FloTrac™ [78, 79], while 
others have not [57, 80, 81].

Another pulse contour analysis devise is the 
PiCCO™ (Pulsion Medical Systems; Munich, 
Germany). It requires both an arterial line, placed 
either in the femoral or in the axillary artery, and 
a central venous catheter. In addition to measur-
ing cardiac output, stroke volumes, and stroke 
volume variation, it has the ability to calculate 
intra-thoracic blood volume (ITBV), global end 
diastolic volume (GEDV), and extravascular lung 
water (EVLW). These volumes measure cardiac 
preload better than central venous pressure 
(CVP) and pulmonary capillary wedge pressure 
(PCWP) [82, 83]. Additionally, they are not 
affected by mechanical ventilation. The PiCCO™ 
system requires calibration on a regular basis, 
depending on the hemodynamics of the patient. 
As with other hemodynamic monitoring modali-
ties, the literature of their effectiveness is variable 
[84, 85].

Stroke volume variation (SVV) is a simple 
and accurate measurement of fluid responsive-
ness [86]. A low SVV represents a patient who 
does not require ongoing resuscitation while a 
high SVV implies a volume responsive patient. 
The exact threshold for SVV remains unknown 
[87]. Values between 9.5 and 10.5% have been 
suggested as cut-offs to predict fluid responsive-
ness [88, 89]. Both the FlorTrac™ and the 
PiCCO™ have been shown to equally predict 
fluid responsiveness; however the FloTrac™ had 
a lower threshold [87].
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 Noninvasive Methods

A number of noninvasive techniques have been 
used to measure hemodynamic parameters. These 
techniques include partial gas rebreathing (NICO 
system), thoracic bioimpedance, impedance 
plethysmography, and portable Doppler devices. 
Currently these techniques are not widely avail-
able and have not been validated versus other 
more invasive techniques [90].

 Echocardiography

The role of bedside echocardiography has 
become a mainstay in the management of the 
critically ill patient. Fluid status and inferior vena 
cava diameter and collapsibility can rapidly be 
attained at the bedside providing reliable moni-
toring of intravascular volume in the mechani-
cally ventilated patient [91]. Although it cannot 
provide continuous monitoring, it can easily be 
repeated to quickly evaluate the response to an 
intervention [92].

The first focused echocardiography ultra-
sound protocol for noncardiologists was the 
“Focused Assessment with Transthoracic 
Echocardiography” (FATE) [93]. It allowed 
 clinicians to measure hemodynamics and opti-
mize care. Since then a number of similar 
 protocols have been created. The “Bedside 
Echocardiographic Assessment in Trauma” (BEAT) 
was described in 2008 and compared function 
and volume status with a PAC in critically 
ill patients [94]. In 2011, Ferrada et al. first 
described the “Focused Rapid Echocardiographic 
Examination” (FREE) [95]. It was designed to be 
performed by both surgeons and intensivists. It is 
a “transthoracic examination, incorporating 
hemodynamic information from the echocardio-
gram with the patient’s clinical  scenario to gener-
ate broad treatment recommendations about 
fluid, inotropic agents and vasopressors” [95]. 
The FREE demonstrated similar results when 
compared to a PAC: however, there was less 
agreement with the FloTrac™ especially in 
patients with low (<40%) ejection fractions [96].

 Conclusion

The elderly population continues to increase. 
As people age, their physiologic reserve 
decreases, and when stressed, they are often 
unable to effectively compensate and meet the 
physiologic demand to ensure adequate perfu-
sion. Underlying cardiac dysfunction becomes 
more pronounced, and complications includ-
ing cardiac dysrhythmia, myocardial isch-
emia, and infarction occur. Early aggressive 
hemodynamic monitoring has been shown to 
improve survival in the elderly patient popula-
tion; however, the optimal method by which to 
do this has yet to be definitively determined.
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Nutrition Assessment and Therapy

Kimberly Joseph

 Introduction

Elderly patients are at particularly high risk for 
malnutrition. The French National Authority for 
Health (HAS) in its 2007 guidelines for nutrition 
support in the elderly estimated that protein- 
energy malnutrition occurs in 4–10% of persons 
over 70 who live at home, 15–38% of those in 
institutional care, and 30–70% of those who are 
hospitalized [1]. Similar estimates have been 
made for the elderly population in America [2, 3]. 
Elderly patients may present with pre-existing 
functional limitations, including the capacity for 
volitional feeding. The elderly patient is also 
known to have reduced appetite, longer periods 
of illness/duration of hospital stay, higher infec-
tion rates, and delayed wound healing [4]. The 
addition of a traumatic injury and/or critical ill-
ness and subsequent catabolic stress in such 
patients only exacerbates what may be an already 
precarious situation. Literature specific to nutri-
tion assessment and therapy in elderly trauma 
victims is limited; however, malnourished elderly 
patients with hip fractures have been noted to 
have increased morbidity [5]. A retrospective 

analysis that compared trauma and nontrauma 
patients as well as older vs. younger trauma 
patients [6] documented lower prescribed nutri-
tion support and greater caloric deficits.

In 2016, the American Society for Parenteral 
and Enteral Nutrition (ASPEN) and the Society 
of Critical Care Medicine (SCCM) published 
updated guidelines for the assessment and provi-
sion of nutrition support therapy in adult criti-
cally ill patients [7]. The guidelines included 
updated and expanded recommendations for a 
variety of patient populations, including for 
trauma patient subsets such as general trauma, 
traumatic brain injury, burns, and patients with 
“open abdomens.” The guidelines did not include 
grouped recommendations for geriatric popula-
tions specifically. Although aspects of the guide-
line recommendations can certainly be 
extrapolated for use in geriatric trauma patients, 
more work is needed to better define protocols 
for this population.

 Physiologic and Metabolic Changes 
in the Elderly

Basal Metabolic Rate may decrease as much as 
16% in elderly persons, accompanied by a redis-
tribution of body content with higher fat and 
decreased lean body mass [8, 9]. Data from Weijs 
and colleagues [10] suggests that low skeletal 
muscle area is a risk factor for mortality in 
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mechanically ventilated patients. Certain disease 
states, such as congestive heart failure, may incur 
on an elderly person persistent catabolic stress, 
impairing optimal nutritional status. Renal, pul-
monary, and cardiac functions decline in elderly 
persons [11–15], all of which may influence met-
abolic, fluid, electrolyte, and nutritional status. 
Further complicating the picture is the likelihood 
of baseline dehydration, considered to be the 
most common fluid problem in older people [16–
18]. The gastrointestinal tract is also affected: 
aging can result in the loss of cells in the myen-
teric plexus, decreased gastric emptying, 
increased gastrointestinal reflux, dysphagia, con-
stipation, and inappropriately prolonged satiety 
[19–21]. Chronic gastritis and prolonged use of 
proton pump inhibitors may result in small bowel 
bacterial overgrowth and reduced absorption of 
micronutrients [22]. In animal studies, data sug-
gests that aging may result in reduced gastric 
lipase and bile acid secretion along with decreased 
lipid solubility, and can result in decreased lipid 
absorption; the data in humans is less clear [23, 
24]. Subclinical hypothyroidism is also seen in 
the elderly, although the indications for treatment 
remain controversial [25].

The risk for vitamin and nutrient deficiencies 
increases with aging. There has been much inter-
est recently in vitamin D deficiency in many pop-
ulation subsets; in the elderly this deficiency is 
multifactorial and can be due to decreased appe-
tite, the inability to masticate certain foods, and 
limited direct sunlight exposure. It is associated 
with muscle weakness, particularly in the proxi-
mal muscle groups, and has been associated with 
increased fall risk [26]. To prevent deficiency, 
vitamin D 600 IU daily should be added to the 
diet of elderly persons along with efforts to pro-
vide adequate exposure to sunlight. Vitamin B12 
is another common deficiency seen in the elderly. 

Signs of B12 deficiency include anemia, neuropa-
thy, and dementia [27]. The recommended daily 
allowance of B12 is 2.4 micrograms; elderly per-
sons should try to obtain their B12 from either 
supplements or fortified foods. Vitamin K defi-
ciency is less common, but may be associated 
with osteoporosis, osteoarthritis, and atheroscle-
rosis [28]. Vitamin K supplementation is not rec-
ommended in patients receiving warfarin therapy, 
as it will counteract the anticoagulant effect of the 
drug. However, consideration should be given to 
its administration in the acutely ill trauma patient 
with evidence of coagulopathy. Supplementation 
with vitamin C, vitamin A, and zinc should be 
considered if would healing is of concern.

 Estimating Energy Requirements

Indirect calorimetry is still considered the “gold 
standard” for estimating resting energy expendi-
ture and caloric needs in ICU patients. This 
methodology is relatively expensive and not 
widely available; its use in trauma patients may 
be problematic as well if the patient has a chest 
tube or any other source of air leak. The ASPEN/
SCCM guidelines recommend the use of Indirect 
Calorimetry when available; in its absence, the 
guidelines recommend the use of a weight-based 
equation (25–30 kcal/kg/day). Other predictive 
equations and protein markers are not believed to 
be as effective at estimating energy requirements 
[7, 29]. In addition to caloric needs, practitioners 
should consider evaluation for and replacement 
of vitamin and micronutrient deficiencies. Caloric 
and protein requirements must also be adjusted in 
the presence of obesity and potentially for the 
mechanism and severity of injury in a trauma or 
burn patient. Table 38.1 summarizes nutritional 
requirements that should be considered.
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 Nutrition Risk Assessment: 
Screening Tools

In 2012, ASPEN and the Academy of Nutrition 
and Dietetics released a consensus statement on 
characteristics recommended for use in the iden-
tification of malnutrition [30], expanding the 
concept to factor in sequelae of inflammation. 
Nutrition risk assessment should include consid-
eration of disease states that result in chronic 
inflammation (e.g., obesity, rheumatoid arthritis) 
as well as those that lead to significant acute 
inflammation (e.g., trauma, burns, closed head 
injury, sepsis). In elderly patients, consideration 
should also be given to the existence of 
comorbidities.

A variety of screening tools exist to assess 
nutritional status, some of which are validated in 
elderly populations. None of these are trauma- 
specific; however, some have been validated in 

critically ill patient populations. Examples of 
widely used screening tools include:

Mini Nutritional Assessment (MNA): initially 
an 18-item questionnaire [31] that was condensed 
into a shorter version (MNA-SF) that includes 
assessment of appetite, intake, weight loss, his-
tory of psychological stress or acute disease, and 
BMI (or calf circumference if BMI not avail-
able). This tool was specifically developed to 
assess elderly patients.

Nutrition Risk Screening (NRS 2002): consists 
of a two-part assessment process, the first part 
assessing BMI, weight loss/decreased intake, or 
the presence of severe illness. Any positive find-
ing in the initial screen is followed by an assess-
ment of the degree of malnutrition; a mildly 
malnourished patient might be one with a hip 
fracture not requiring ICU care or who has mildly 
decreased food intake. A moderate score would 
be obtained in a patient with severe pneumonia or 

Table 38.1 Calorie, protein, and nutrient requirements

Variable
Baseline ICU 
patient

Trauma ICU patient 
with wound Burn patient

Obese trauma ICU patient with 
wound

Energy 
requirements, 
calories

IC or 25–30 kcal/
kg/day

IC or 25–30 kcal/kg/
day

IC or Toronto 
equation

BMI 30–50: 11–14 kcal/kg/
day, ABW

BMI ≥50: 22–25 kcal/kg/day, 
IBW

Protein 1.2–2.0 g/kg/day 1.5–2.0 g/kg/day 1.5–2.0 g/kg/day BMI 30–40: 2 g/kg/day

BMI ≥50: up to 2.5 g/kg/day

IVF 25–30 mL/kg/day Variable: increased 
with open abdomen, 
acute resuscitation

Based on TBSA Variable: increased with open 
abdomen, acute resuscitation

Vitamin D 600 IU/day 600 IU/day 600 IU/day 600 IU/day

Vitamin B12 2.4 mcg/day 2.4 mcg/day 2.4 mcg/day 2.4 mcg/day

Vitamin C 200–400 mg/day 500 mg/day 500 mg/day 500 mg/day

Vitamin A 2300–3000 IU/day 2300–3000 IU/day 2300–3000 IU/day 2300–3000 IU/day

Zinc 2.5–5 mg/day 2.5–5 mg/day 2.5–5 mg/day 2.5–5 mg/day

IC indirect calorimetry, ABW actual body weight, IBW ideal body weight, IVF intravenous fluid, IU international units, 
mcg micrograms, mg milligrams

38 Nutrition Assessment and Therapy



360

who has had major abdominal surgery. A patient 
with rapid weight loss, significant decrease in 
recent food intake, or requiring ICU care would 
be classified as severely malnourished [32].

Malnutrition Universal Screening Tool (MUST): 
takes into account BMI, weight loss, and acute dis-
ease effect (patient is acutely ill and is unlikely to 
have volitional nutritional intake for >5 days) and 
has been used to predict hospital length of stay and 
mortality in acutely ill elderly patients [33].

Geriatric Nutrition Risk Index (GNRI): risk 
assessment formula incorporating ideal body 
weight (IBW), weight loss, and albumin [34], 
used as a proxy for chronic illness severity.

Nutrition Risk in Critically Ill (NUTRIC) score 
[35]: developed specifically for ICU patients, it 
factors in age, Acute Physiologic and Chronic 
Health Evaluation (APACHE II) and Sequential 
Organ Failure Assessment (SOFA) scores, comor-
bidities, days from hospital to ICU admission, and 
Interleukin-6 (IL-6) levels; a modification exists 
which leaves out the IL-6 measurement.

Table 38.2 compares the attributes of the 
above screening tools.

The current ASPEN/SCCM guidelines sug-
gest the use of a validated screening tool such 
as the NRS-2002 or NUTRIC score to evaluate 
any patient admitted to the ICU in whom voli-
tional intake is anticipated to be insufficient 
[7]. Tripathy and Mishra studied 111 elderly 
ICU patients and compared the utility of the 

MUST vs. the GNRI [36]; they determined that 
either scoring system was valid for use in 
that population, although the MUST appeared 
easier to use.

Another assessment concept that is gaining in 
popularity is the measurement of muscle mass by 
computed tomography (CT) scan [37]. A study of 
elderly ICU patients who had admission abdomi-
nal CT scans [38] demonstrated correlation 
between muscle mass at the L3 level and ventilator- 
free days and mortality. The advantage of such a 
technique is that it could be repeated to evaluate 
progress of nutritional therapy; however, it also 
requires repeated patient radiographic exposure.

 Nutrition Therapy Monitoring

Multiple validated tools exist to assess nutrition 
risk as noted above. The techniques to monitor 
adequacy of delivery of nutrition therapy, other 
than indirect calorimetry, are more controversial. 
Literature regarding monitoring of adequate 
delivery of nutrition support has tended to focus 
on whether or not the delivered therapy met the 
original prescription. However, this presumes 
that the original estimates of overall caloric and 
protein requirements are correct and adequate. 
McClave et al. noted that volume-based enteral 
feeding protocols resulted in a higher percentage 
of delivery of goal calories [39]. However, no 

Table 38.2 Comparison of nutrition risk assessment tools

Factors→ Weight loss
Food 
intake BMI

Illness acuity, 
severity Age

Validated in 
elderly

Validated in 
critical illness

Can use without 
history information

Tool↓ – – – – – – – –

MNA √ √ √ √ √ √
MUST √ √ √ √ √
GNRI √ √ √ √ √ √
NRS2002 √ √ √ √ √ √
NUTRIC √ √ √ √

MNA Mini Nutritional Assessment, MUST Malnutrition Universal Screening tool, GNRI Geriatric Nutrition Risk Index, 
NRS 2002 Nutrition Risk Score 2002, NUTRIC Nutrition Risk in Critically Ill, BMI Body Mass Index
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data was collected on morbidity, length of stay, 
etc. Improved nutrient delivery has also been 
reported with the PEP uP protocol by Heyland 
[40]. CT scanning, used to evaluate sarcopenia 
on admission, may be useful as a monitoring tool 
for adequacy of therapy; issues regarding recur-
rent radiation exposure and confounders such as 
degree of mobility will need to be considered as 
protocols are developed.

 Timing and Route of Nutrition 
Therapy

Several studies were published in the 1980s and 
1990s making the case for early enteral nutrition 
in trauma patients. The patients studied tended to 
be younger patients who sustained penetrating 
trauma. Results suggested that enteral nutrition 
was preferable to parenteral nutrition and that 
early enteral nutrition resulted in decreased septic 
morbidity [41–43]. Provision of nutrients directly 
into the small intestine has been demonstrated to 
maintain mucosal integrity and to support the 
cells that make up the gut-associated lymphoid 
tissue (GALT), decreasing overall gut permeabil-
ity [44, 45]. The current ASPEN/SCCM guide-
lines recommend the initiation of enteral nutrition 
within 24–48 h in high-risk critically ill and 
trauma patients as long as the patient is hemody-
namically stable [7]. The guidelines further rec-
ommend that high-risk patients (e.g., a high NRS 
2002 or NUTRIC score) in the ICU should have 
enteral feedings increased to the prescribed goal as 
soon as feasible. Until recently, the literature 
seemed weighted towards delaying initiation of 
parenteral nutrition for 5–7 days in ICU patients 
[46]; however, data from recent trials suggests that 
provision of parenteral nutrition within 24–36 h of 
ICU admission may not result in adverse conse-
quences [47, 48], and perhaps should be consid-
ered in high-risk patients if enteral nutrition is not 
expected to be possible/tolerated.

 Nutrition Therapy Components

Like their younger counterparts, geriatric trauma 
and critically ill patients require adequate macro-
nutrient and micronutrient provision. Based on a 
variety of studies, the ASPEN/SCCM guidelines 
place particular emphasis on provision of ade-
quate protein [7]. For medical ICU patients, 
doses in the range of 1.2–2.0 g/kg/day are recom-
mended, with higher doses suggested for trauma 
and burn patients [7]. More controversial is the 
provision of what is often termed “immunonutri-
tion” or “immune-modulating” nutrition. Early 
studies done in trauma patients suggested that 
enteral nutrition modulated with antioxidants, 
nucleotides, and glutamine resulted in improved 
outcomes [49]. The more recent REDOXS trial 
called into question the safety of glutamine in 
patients admitted to the ICU with organ failure 
[50]; however, the majority of the study patients 
were medical patients, and the study used doses 
of glutamine that had not been routinely employed 
in trauma patients. The implications for trauma 
patients, particularly those with penetrating 
trauma and bowel injuries, remain unclear. A ran-
domized trial in burn patients demonstrated 
reduction in gram-negative bacteremia in severely 
burned patients receiving enteral glutamine [51]. 
The ASPEN/SCCM guidelines recommend 
that immune-modulating formulas, with an 
emphasis on arginine and fish oils, be considered 
in traumatic brain injury patients, perioperative 
surgical ICU patients, and severely injured 
trauma patients [7].

 Special Considerations

Sepsis: The definitions for sepsis are being 
updated currently, but it is not anticipated that 
recommendations regarding nutrition therapy 
will change. The ASPEN/SCCM guidelines rec-
ommend that enteral nutrition be initiated as soon 
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as possible after the patient is hemodynamically 
stable. Parenteral nutrition should be avoided in 
the acute septic phase regardless of nutrition risk, 
as should immune-modulating formulas [7].

Obesity: The ASPEN/SCCM guidelines rec-
ommend that “hypocaloric” nutrition therapy be 
considered in critically ill/injured obese patients, 
with preservation of protein administration. In 
the absence of indirect calorimetry, 11–14 kcal/
kg/d based on actual body weight is recom-
mended for patients with BMI 30–50; for patients 
with BMI > 50, the recommendation is for 
22–25 kcal/kg/day based on ideal body weight. 
2 g/kg ideal body weight/day of protein should be 
provided to patients with BMI 30–40 and as 
much as 2.5 g/kg/day ideal body weight for 
patients with BMI ≥50 [7].

Early Mobility and Nutrition Therapy: early 
mobilization protocols in the ICU are thought to 
decrease delirium and prevent ICU-acquired 
weakness, among other complications [52]. 
Protocols are being developed to pair intensive 
nutrition and physical therapy to evaluate possible 
synergies. For the “Chronically Critically Ill” 
(expected to stay in the ICU for more than 
21 days), the ASPEN/SCCM guidelines recom-
mend aggressive enteral nutrition therapy in com-
bination with a resistance exercise program [7].

Burn patients: there is controversy regarding 
how to assess energy requirements in burn patients 
when indirect calorimetry is not available. The 
ASPEN/SCCM guidelines recommend the stan-
dard weight-based equation; however, the European 
Society for Parenteral and Enteral Nutrition recom-
mends that use of the Toronto equation be consid-
ered in adult severely burned patients [53].

End of Life Considerations: specific thera-
pies are secondary to determining the wishes 
of the patient and the family involved. 
Artificial Nutrition and Hydration (ANH) are 
not obligatory in futile cases; effective com-
munication, including provision of accurate 
information and mindful listening, are crucial 
in order to avoid confusion and discomfort.

 Summary

Geriatric trauma patients present both an assess-
ment and management challenge to the practi-
tioner. Assessment tools that take age into 
account are not trauma-specific, and much of 
the literature regarding provision of therapy in 
critically ill patients is not directed specifically 
at the elderly. It is important to be cognizant of 
characteristics that are more likely to be seen in 
elderly patients—declining organ function, 
baseline nutrient and fluid abnormalities, and, 
perhaps most relevant to nutrition therapy, loss 
of lean body mass. Patients who are assessed to 
be high risk should have early enteral nutrition 
if possible; consideration may be given to start-
ing parenteral nutrition earlier if it is anticipated 
the patient will not be able to tolerate enteral 
nutrition. Frequent re-evaluation of the patient’s 
status is necessary to ensure that adequate nutri-
ent delivery is maintained. By culling pertinent 
recommendations from the existing literature, it 
should be possible to tailor an appropriate nutri-
tion therapy plan for the elderly trauma patient 
(Fig. 38.1).
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Elderly Trauma
Patient 

Calculate Energy and Protein
Requirements; Assess for
Vitamin/Nutrient Deficiencies, lean
body mass (if using CT)    

Calculate
Nutrition

Risk  

Obese patient:
calculate based

on BMI

Burn Patient:
consider Toronto

Equation

High
Risk 

Low
Risk 

Start Enteral Nutrition
within 24-48h

Consider supplemental
Parenteral Nutrition

Re-assess weekly for adequacy of nutrient
delivery, wound healing, skin integrity,

lean body mass (if using CT); early
mobilization regimen   

May not
need

specialized
nutrition 

Anticipate will not tolerate
goal enteral nutrition  

Inadequate Enteral
Nutrition 

Advance to
goal Enteral

Nutrition 

Legend: CT = computed tomography

Fig. 38.1 An approach to nutrition therapy in elderly trauma patient. Legend: CT computed tomography
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Acute Kidney Injury (AKI)

Ajai Malhotra

 Introduction

Kidneys perform a multitude of essential func-
tions within the human body. Of these the most 
important are (1) maintaining pH through regula-
tion of acid/base levels and (2) excreting end 
products of metabolism. These functions are 
especially important for healing following trauma 
and/or surgery. The essential functions of the kid-
ney take place in two distinct yet connected 
microscopic entities within the renal paren-
chyma—glomerulus and the tubules. The process 
of removing the end products of metabolism starts 
with the glomerular capillaries filtering the blood 
and passing the filtrate onto the renal tubules. One 
of the measures of renal function is the glomeru-
lar filtration rate (GFR)—volume of fluid passing 
from the glomerulus onto the renal tubules per 
minute. Within the renal tubules two processes 
control what is excreted in the urine: (1) selective 
reabsorption by which almost 99% of the filtrate 
volume is reabsorbed back into the circulation 
and (2) active secretion from the blood into the 
tubules of substances that are to be excreted, cre-
atinine being one of them. Through glomerular 
filtration and tubular active secretion, nearly all 

the creatinine in the renal artery blood is removed 
with hardly any present in the renal veins. Thus 
creatinine clearance rate (CCR) defined as the 
volume of blood cleared of creatinine per minute 
closely approximates the GFR and is commonly 
used as a measure of GFR, which is more difficult 
to directly measure. Normal values of CCR are 
given in Table 39.1. There are gender differences 
in CCR, being lower in females likely due to their 
lower average muscle mass, which is the principal 
source of creatinine.

There are major morphologic changes that 
occur in the kidney with increasing age 
(Table 39.2). These morphologic changes directly 
affect renal function. The renal blood flow 
declines to half by age 80 from its peak at age 20 
with a progressive decline in GFR. This decline 
in GFR is manifested by decrease in CCR that is 
maximum at age 20 and, on average, declines by 
about 6.5 mL/min per decade post age 20 [1]. 
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Table 39.1 Normal values for renal function measure-
ments by age and gender

Parameter Value

Serum creatinine Adult males: 0.6–1.2 mg/dL

Adult females: 0.5–1.1 mg/dL

Teen: 0.5–1.0 mg/dL

Child: 0.3–0.7 mg/dL

Creatinine Clearance 
Rate (CCR)

Adult male (<40 years): 
107–139 mL/min

Adult female (<40 years): 
87–107 mL/min
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The overall impact of these changes is loss of 
renal concentrating and diluting ability, decreased 
ability to conserve sodium, lower levels of renin 
and aldosterone with decreased prostaglandin 
production and an enhanced vasoconstrictive 
response leading to increased susceptibility to 
ischemia and nephrotoxic medications [2]. One 
of the important reasons of poorer tolerance to 
injury and surgery among elderly is the decline in 
renal function and reserve.

Acute renal failure is the term that was utilized 
in the past to describe injury to the kidney 
 resulting in the kidney unable to perform its 
essential functions. Usually renal failure is asso-
ciated with oliguria (urine output <20 mL/h—oli-
guric renal failure), though it can be observed 
with more normal or even excessive urine output 
(non-oliguric renal failure). Multiple studies 
demonstrated that the development of acute renal 
failure was associated with a 50% increase in the 
relative risk of inhospital mortality. More recently 
it has been realized that even smaller insults to 
the kidneys that do not result in overt acute renal 
failure can adversely affect outcomes [3, 4]. 
Hence the concept and term acute renal failure 
has been replaced by RIFLE criteria, which 
encompasses a spectrum of renal dysfunction 
from “risk” of damage to overt “end stage” renal 
failure with AKI in the middle of that spectrum. 
RIFLE includes both urinary output criteria and 
metabolic criteria (Serum creatinine or GFR) 
(Table 39.3) [5]. At the “risk” category, the sensi-
tivity for injury is high though the specificity 
relatively poor. Hence patients diagnosed at risk 
may have suffered renal injury, but if not meeting 

the risk criteria, the probability of renal injury is 
very low. These criteria have been shown to cor-
relate with outcomes [6, 7].

While the outcome of any patient who devel-
ops AKI is worse, multiple studies and meta- 
analysis have demonstrated that the incidence of 
AKI is higher and the degree to which AKI 
adversely impacts outcomes is more pronounced 
in the elderly [8, 9].

 Causes of AKI

Causes of AKI are multitude and are classified 
into prerenal, renal, and post-renal (Table 39.4). 
Prerenal denotes a reduction in renal perfusion 
either total perfusion in terms of volume and/or 
reduction in perfusion pressure. This leads to the 
kidney being unable to perform its function even 
though there is no inherent renal pathology. Renal 
causes are those where the kidney does not per-
form its function due to inherent renal disease 
either acute or chronic. Post-renal includes any 
disease or condition causing an obstruction to the 
free flow of urine from the renal collecting system 
down to the external urethral meatus. Large 
majority (>75%) of patients with AKI encoun-
tered in the surgical intensive care unit (ICU) are 
either hypovolemia causing prerenal AKI, or 
acute tubular necrosis (ATN) causing renal AKI.

Table 39.2 Morphologic changes in the kidney with age

Morphologic change Quantification

Loss of renal mass 20–25% loss by 
age 80

Loss of functioning glomeruli and 
glomerulosclerosis

30–50% loss by 
age 70

Decreased tubular number and size 
and increased fibrosis

Thickened basement membranes of 
capillaries and tubules

Increased arteriosclerosis and 
decreased afferent arteriolar lumen

Table 39.3 RIFLE criteria for renal dysfunction

Category Serum Cr/GFR criteria
Urine output 
criteria

Risk Cr increase ×1.5 
above baseline

<0.5 mL/kg/h for 
6 h

GFR decline by 
>25%

Injury Cr increase ×2 above 
baseline

<0.3 mL/kg/h for 
24 h

GFR decline by 
>50%

Failure Cr increase ×3 above 
baseline

<0.3 mL/kg/h for 
24 h or anuria

GFR decline by 75%

Loss Persistent AKI for >4 weeks

End stage AKI for >3 months

Sensitivity for AKI is highest for “risk” category and 
specificity highest for “end stage” category
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 Prerenal AKI

In surgical patients with prerenal AKI, the cause 
is most often related to reduction in effective cir-
culating volume either due to blood loss or redis-
tribution. The later occurs in ill patients from 
systemic inflammation and loss of intravascular 
volume into the interstitial space. It can also 
occur in patients with heart failure where, while 
there is overall fluid retention, the intravascular 

volume is depleted. Auto-regulatory mechanisms 
present within the kidneys allow them to function 
despite reduced perfusion, but these mechanisms 
too are less effective with age, can be  overwhelmed 
by extreme reduction in perfusion, and can be 
interfered with. These auto-regulatory pathways 
are dependent upon chemical signaling involving 
prostaglandins and renin–angiotensin II pathway. 
Thus use of nonsteroidal anti- inflammatory med-
ications affecting the production of prostaglan-
dins and ACE inhibitors interfering with the renin 
pathway adversely affect auto-regulation and can 
cause severe AKI in an at-risk patient [10, 11].

Reduced renal perfusion directly leads to 
a reduction in GFR. Less filtrate reaching the 
tubules results in increased reabsorption of 
urea causing an increase in blood urea nitrogen 
(BUN). Since creatinine is principally secreted 
into the tubular lumen and is less dependent 
upon glomerular filtration, creatinine rise is lim-
ited in prerenal AKI. This leads to a higher BUN/
creatinine ratio (>20) in prerenal AKI. Although 
this elevated ratio is a strong pointer to prerenal 
AKI, by itself it is not diagnostic since it could 
be elevated in hyper-catabolic states as well. The 
sine qua non of prerenal AKI is the intense con-
servation of Na and water by the kidneys. This 
is demonstrated by oliguria, highly concentrated 
urine (urine osmolality >500 mOsm/kg) with 
very low Na concentration (usually <10 mEq/L) 
and low fractional excretion of Na (FENa < 1%—
see below).

 Renal AKI

Renal AKI results from reduced renal function as 
a result of renal parenchymal disease. These 
states may be classified as vascular, glomerular, 
and tubulointerstitial. Vascular causes include 
bilateral occlusions of the major renal vessels 
(renal artery and/or vein) or widespread micro-
scopic thrombosis of intrarenal vasculature 
occurring in a variety of syndromes (thrombotic 
thrombocytopenic purpura, hemolytic uremic 
syndrome, etc.). Glomerular dysfunction is seen 
in the multiple types of acute glomerulonephritis 
that lead to renal dysfunction. Glomerular and 

Table 39.4 Cases of various forms of AKI—prerenal, 
renal and post-renal

Prerenal Hypovolemia from blood/fluid losses

  Hemorrhage

  Gastro-intestinal: Vomiting, diarrhea, 
GI fistula, etc.

  Urinary: Diuretics, salt wasting states, 
adrenal insufficiency, etc.

  Cutaneous: Burns, excessive sweating, 
etc.

  Third spacing: Sepsis, pancreatitis, 
postoperative, etc.

Reduced “effective” circulating volume

  Hypoalbuminemia

  Cirrhosis

  Cardiac failure

Failure of “auto-regulation”

  Use of NSAIDS or ACE inhibitors

Renal Vascular

  Large vessel: occlusion of bilateral 
renal artery/vein

  Small vessel: intrarenal micro- 
angiopathic occlusions

    Thrombotic-thrombocytopenic 
purpura, hemolytic uremic 
syndrome, etc.

Glomerular dysfunction: 
glomerulonephritis

Acute tubular necrosis (ATN)

  All prerenal causes when prolonged

  Nephrotoxic agents

Acute interstitial nephritis (AIN)

  Allergic reactions to medications

  Certain infections: Brucellosis, 
Epstein–Barr virus, etc.

Post-renal Genitourinary malignancy: prostate, 
urinary bladder

Urinary stone disease

Acute papillary necrosis, e.g., due to 
NSAID use
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vascular causes of renal AKI are quite rare in the 
surgical ICU and beyond the scope of this text. 
The large majority of renal AKI observed in this 
setting are caused by tubulointerstitial disease—
acute tubular necrosis (ATN) and acute intersti-
tial nephritis (AIN).

ATN is by far the most common form of renal 
AKI. Pathologically ATN is associated with (1) 
necrosis and sloughing of the epithelial cells lining 
the lumen of the tubules causing obstruction; (2) 
back leak of the filtrate into the circulation through 
the disrupted tubular epithelium; and (3) reduced 
glomerular blood flow likely due to afferent arte-
rial vasoconstriction. These three together result in 
severe renal dysfunction associated with signifi-
cant rise in the serum BUN and creatinine with a 
BUN/Cr ratio of <20. Additionally, the sloughed 
off epithelial cells from the tubular lumen make 
their way down the urinary passage and can appear 
on urinalysis as cellular casts. Since renal function 
is directly affected, the urine is usually not concen-
trated and has osmolality that is similar to plasma. 
For the same reason, the kidneys fail to conserve 
Na and hence FENa is elevated to >3%. As noted 
above, reduction in renal perfusion leads to prere-
nal AKI that is often rapidly reversible by improv-
ing renal perfusion. When the reduced perfusion 
is severe it leads to ATN where recovery is slower 
since the epithelial lining of the tubules has to be 
regenerated [12]. A rare but very severe form of 
AKI is caused by bilateral acute cortical necrosis 
(ACN). Unlike ATN, where the tubules are primar-
ily affected and glomeruli spared, in ACN both the 
tubules and glomeruli are affected by the necrotic 
process. The inciting event is usually very severe 
shock from any cause though majority of cases are 
seen in association with obstetric emergencies—
placental abruption, amniotic fluid embolism, tox-
emia of pregnancy, etc. Pathologically there are 
fibrin thrombi within the capillary beds of the kid-
ney with necrosis. Severe oliguria is the norm with 
CAN and unlike ATN recovery is uncommon.

AIN can be caused by multiple disorders and 
is characterized by acute inflammation of the 
renal interstitium and tubules. The nature of the 
interstitial infiltrate is dependent upon the pri-

mary condition. Since AIN is often seen as an 
allergic reaction to medications, it is associated 
with eosinophilic infiltrate within the renal paren-
chyma and cutaneous manifestations. It can also 
be caused by some rare infections such as brucel-
losis and Epstein–Barr viral infection.

 Post-renal AKI

Post-renal AKI is also known as “obstructive 
uropathy.” It is caused by complete obstruction to 
urinary outflow. For a patient to develop post- 
renal AKI, the obstruction needs to be complete 
or near complete and affect both kidneys. Long- 
standing partial obstruction can lead to inability 
of the kidneys to concentrate urine and an 
acquired form of nephrogenic diabetes insipidus 
[13]. The common causes of complete bilateral 
obstruction leading to post-renal form of AKI 
include genitourinary malignancy, enlarged pros-
tate, and urinary stone disease. A sometime 
missed cause is papillary necrosis caused by 
NSAID use where the renal papilla undergo 
necrosis, slough off and causes obstruction. Such 
patients can present with painless hematuria. A 
complete or near complete cessation of urinary 
flow should prompt consideration of post-renal 
AKI, since with prerenal and renal causes, the 
decrease in urinary output is rarely complete. 
While renal and prerenal AKI is diagnosed in the 
appropriate settings by laboratory tests of blood 
and urine, post-renal AKI requires imaging to 
arrive at the correct diagnosis.

 Approach to AKI in the Surgical ICU 
(Fig. 39.1)

 Prevention

Even relatively mild degrees of renal dysfunction 
are associated with worse outcomes; hence, pre-
venting AKI from occurring in the first place 
must be an important goal of all critical care in 
the ICU. Since in most instances AKI is, or at 
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Or

Minimize risk of AKI

a. Maintain euvolemia

b. Minimize use of diuretic

c. Discontinue NSAIDS and ACE inhibitors

d. Avoid/minimize nephrotoxic medications – adjust dose for reduced GFR/CCR 

e. Monitor urine output and serum creatinine – detect injury early by RIFLE criteria 

Any patient meeting any of RIFLE criteria

Hyperkalemic cardiac
arrhythmia by EKG 

1. Encourage recovery

a. Euvolemia

b. Avoid toxicity

2. RRT: IHD or CRRT

3. Treat etiology

4. biopsy at 3 months

1. Encourage recovery

a. Euvolemia

b. Avoid toxicity

2. Treat etiology

1. Relive obstruction

2. Treat etiology

Yes

Yes

No

1. Immediate cardiac protection

a. 10% Ca Gluconate 10 ml IV

2. Encourage cellular K uptake

a. 10U insulin in 50 ml D50 IV

b. Alkalinization by NaHCO3

Any other indication
for emergent dialysis

(AEIOU) 
Emergent Hemo - dialysis

1. Prevent further injury and encourage recovery

a. Discontinue diuretics

b. Ensure euvolemia

c. Discontinue/adjust nephrotoxic medications

2. Diagnostic evaluation

a. Complete history/physical 

b. Complete blood chemistry

c. Urinary FENa

d. Sonogram if any possibility of post - renal AKI

Pre - renal Post - renalRenal

Fig. 39.1 Stepwise algorithm for any ICU patient at risk of AKI

39 Acute Kidney Injury (AKI)



372

least starts as, prerenal from loss of effective cir-
culating volume, keeping a patient euvolemic is 
extremely important. In the past in the surgical 
ICUs, in an attempt to prevent the development 
of AKI, patients were often given too much vol-
ume especially in the form of crystalloids. This 
was directly related to development of multiple 
complications related to too much volume, 
namely ARDS, abdominal compartment syn-
drome, etc. The current understanding is that 
while hypoperfusion due to hypovolemia should 
be avoided to prevent organ dysfunction such as 
AKI, hypervolemia is to be avoided as well and 
the goal should be euvolemia. Instead of relying 
completely on provider judgment in assessing the 
intravascular volume status of a patient, more 
objective criteria—stroke volume/systolic pres-
sure variation; intensivist performed point of care 
Echocardiogram and passive leg raise tests, 
etc.—should be utilized. Secondly when using 
nephrotoxic medications a careful risk/benefit 
analysis should be performed to ensure that the 
benefit of the medication clearly outweighs the 
risk of nephrotoxicity. If such nephrotoxic medi-
cations are utilized, the dose should be carefully 
adjusted for the individual patient to account for 
age or other factors related to poorer clearance.

While general principles of prevention out-
lined above apply to almost all patients admitted 
to the ICU, they are especially important in 
patients that have conditions placing them at 
greater risk of developing AKI. Surgical patients 
at particular risk of developing AKI are (1) 
patients suffering hemorrhagic shock due to 
trauma or any other surgical condition, e.g., rup-
tured aneurysm and severe necrotizing pancreati-
tis; (2) postoperative patients following major 
abdominal, vascular, or open heart surgery; (3) 
traumatized patients with massive crush injury 
releasing myoglobin and causing pigment 
induced nephropathy (see below); (4) major burn 
patients; (5) patients with preexisting renal dis-
ease; (6) patients suffering from systemic sepsis; 
and (7) geriatric patients. There have been 
attempts to quantify risk in specific populations 
but these remain imprecise and of moderate sen-
sitivity at best [14]. There have also been attempts 
at developing interventions that could prevent the 

development of AKI in these at-risk patients. 
These include use of low dose Dopamine, diuret-
ics, renal protective agents such as Mannitol, and 
alkalinizing agents such as sodium bicarbonate. 
To date no such strategy has proven effective in 
preventing AKI [15, 16]. The best strategy for 
prevention as mentioned above is maintenance of 
euvolemia, and strict attention to the use of neph-
rotoxic agents.

 Diagnostic Approach to AKI 
in the ICU

Despite all preventative measures, some critically 
ill patients will develop AKI. All patients at risk 
should be carefully monitored with hourly urine 
output and at least once daily checking of BUN and 
serum creatinine. If there is an abrupt decrease in 
urinary output, the catheter should be checked for 
blockage. If no blockage is found patients meeting 
“at risk” RIFLE criteria should have another care-
ful evaluation of (1) intravascular volume; (2) mean 
arterial pressures; (3) use of diuretics and nephro-
toxic agents. In addition, patients should be evalu-
ated by checking FENa to differentiate prerenal 
from renal AKI and microscopic urine analysis to 
detect presence and type of casts. The presence and 
type of casts seen on microscopic examination can 
help determine the cause of the AKI. A 24-hour 
urine collection is necessary to accurately deter-
mine FENa by the following formula:

FENa = [Urinary Na × Plasma Creatinine/Plasma  
Na × Urinary Creatinine] × 100.

In a patient in prerenal AKI, all diuretics 
should be suspended and intravascular volume 
replenished to euvolemic levels. After adequate 
volume resuscitation, pressors should be utilized 
to increase the renal perfusion pressure. In most 
cases of prerenal AKI, these measures should suf-
fice in reversing the process. In specific patients 
where post-renal AKI is suspected, a sonogram 
should be performed to evaluate any dilatation of 
the urinary passage suggesting obstruction. If 
such an obstruction is found, it will need to be 
relieved to reverse the AKI. In patients where the 
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prerenal AKI does not reverse, obstruction has 
been ruled out, or renal AKI is diagnosed, the 
treatment of AKI should be as outlined below.

 AKI Therapy

Treatment for AKI should be done in the follow-
ing stepwise fashion (Fig. 39.1):

 1. Evaluation for immediate threats to life: The 
most immediate threat to life from AKI is 
from acute increase in serum K. Patients 
should have a serum K measured immediately 
and frequently. Patients with AKI due to pig-
ment nephropathy are especially prone to 
hyperkalemia. Patients demonstrating hyper-
kalemia should have an immediate EKG per-
formed to check for cardiac effects of 
hyperkalemia. If such effects are detected, 
immediate therapy consists of calcium gluco-
nate that is cardioprotective from hyperkale-
mia. Along with cardioprotection, measures 
to reduce serum K by driving the K from the 
extracellular compartment intracellularly 
should be undertaken—alkalization with 
sodium bicarbonate, and infusion of dextrose 
with insulin. While these immediate measures 
are carried out, preparations should be made 
for urgent dialysis (see renal replacement 
therapy below).

 2. Evaluation for other indications for urgent 
dialysis: Even in the absence of immediate 
threat to life from hyperkalemia, patients may 
have other indications for urgent dialysis (see 
below). If any of these exist, preparations 
should be made for urgent dialysis.

 3. In the absence of immediate threat to life, and 
any indication for urgent dialysis, supportive 
expectant therapy is appropriate:
 (a) Intravascular volume: Maintaining euvolemia
 (b) Drugs: Avoiding nephrotoxic drugs as 

much as possible and modifying the dose 
of all renally excreted drugs

 (c) Diet: In the past protein restriction to 
<40 g daily was the norm. However in 
this day and age of easy availability of 
renal replacement therapy restricting pro-

teins and placing patients at risk of pro-
tein calorie malnutrition is not considered 
appropriate. Patients should be provided 
with adequate calories and proteins as per 
their needs preferably via the enteral 
route.

 (d) Fluids: As with diet, in the past patients 
were strictly restricted to 1–1.5 L of fluid 
per day. This created problems with 
essential therapeutic drugs and also led to 
severe thirst. Now with relative ease of 
renal replacement therapy, fluid restric-
tion is not necessary and patients should 
get adequate fluids to maintain euvolemia, 
get appropriate medications, and be sup-
plied with adequate calories and proteins.

 Common Syndromes Associated 
with AKI

 Pigment Induced Nephropathy

Increased plasma levels of oxygen transporting 
pigments—myoglobin and hemoglobin—can 
lead to AKI. Myoglobinemia, seen with injuries 
involving muscle crush and sometimes after 
heavy use of street drugs [17, 18], is the more 
common form since its low molecular weight of 
~17,000 Daltons allows it to be filtered by the 
glomerulus and form proteinaceous casts within 
the tubular lumen. The pigment is directly toxic 
to the tubular cells via free oxygen radicals. 
Serum levels of creatine kinase are elevated to 
>5000 U/L though often run much higher. Free 
hemoglobin is a less common cause of AKI since 
the molecule is much larger and is usually not 
filtered through the glomerulus. Additionally, 
free hemoglobin binds to haptoglobin forming a 
large complex that cannot be filtered. Only when 
there is massive hemolysis that exhausts the sup-
ply of haptaglobin does free hemoglobin appear 
in the circulation and cause hemoglobinuric 
AKI. The pathophysiology is the same for both 
the pigments.

Therapy for pigment nephropathy follows 
the same general principles outlined. The 
major difference is the addition of forced 
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diuresis with volume expansion and use of 
furosemide. Mannitol can also be used though 
judiciously since it can acutely increase the 
circulating volume and if diuresis does not 
occur, lead to volume overload [19]. Both pig-
ments tend to be more soluble in alkaline urine, 
hence using sodium bicarbonate to alkalinize 
the urine to pH > 6.5 is also recommended, 
especially to prevent the development of AKI 
in at-risk patients.

 Contrast Induced Nephropathy (CIN)

Intravenous radiocontrast agents can lead to AKI 
that has been termed CIN. With rapid expansion 
of diagnostic and therapeutic radiologic interven-
tions coupled with an aging population with sig-
nificant comorbidities, the incidence of CIN is 
rising. Risk factors for CIN are presented in 
Table 39.5. The actual incidence even in prospec-
tive studies varies from a low of <5% to a high of 
50%. This is likely due to different study popula-
tions and differing definitions of CIN. The most 
commonly accepted definition is an absolute 
increase in serum creatinine of 0.5 mg/dL or 
increase of 25% above baseline. The increase 
commonly occurs 48–72 h post contrast exposure 
[20]. The proposed mechanism CIN likely 
involves vasoconstriction within the renal paren-
chyma leading to AKI with prerenal type of pre-
sentation though there is some evidence of direct 
toxicity mediated by free radicals [21]. A number 
of interventions have been studied to reduce the 
incidence of CIN. Interventions that have shown 
benefit at least in some, though not all, studies 
are: volume expansion, alkalanization, use of 

N-acetylcystein, limiting volume of contrast 
agent, using lower osmolarity agents, and discon-
tinuing other nephrotoxic medications [22–27]. 
Hemodialysis either before or after radiocontrast 
administration to dialyze out the agent has not 
been shown to be beneficial [28].

 HepatoRenal Syndrome (HRS)

HRS is a unique form of AKI that is seen in 
patients with advanced hepatic disease. The onset 
can vary from fairly acute to quite insidious. 
The typical clinical presentation is very similar 
to prerenal forms of AKI likely due to severe 
intrarenal vasoconstriction rather than inherent 
renal parenchymal disease. This is supported 
by the observation that HRS rapidly resolves if 
the hepatic disease is reversed or a functioning 
liver is transplanted. The pathophysiology likely 
involves vasodilatation in the splanchnic circula-
tion caused by portal hypertension. This vasodi-
latation results in pooling of the blood volume 
within the splanchnic circulation especially in the 
large dilated mesenteric veins. This in turn leads 
to poor venous return to the heart and reduced 
perfusion to the rest of the body including the 
kidney. The kidneys respond to this relative hypo 
perfusion by afferent arteriolar vasoconstriction 
that leads to reduced GFR. Patients with HRS 
are prone to developing hepatic encephalopa-
thy. Electrolyte disturbances—hypokalemia and 
hyponatremia—and acid-base disorders are more 
often seen in HRS as compared to other causes 
of AKI. While the principles of care are similar 
in this form of AKI, fluid balance becomes much 
more challenging since for the AKI a relatively 
full intravascular compartment and avoidance 
of diuretics is preferred, while to prevent ascites 
and peripheral edema from hepatic insufficiency, 
a mild degree of hypovolemia with diuretic 
use is preferred. Drainage of ascites especially 
if  causing abdominal compartment syndrome 
(see below), either externally or internally via a 
peritoneovenous shunts may offer partial relief. 
 Portal-systemic shunts too may ameliorate the 
AKI, but AKI in and of itself is not an indication 
to perform such shunts [29–32].

Table 39.5 Risk factors for contrast induced nephropa-
thy (CIN)

Age > 60 years

Hypovolemia

Use of diuretics

Preexisting renal insufficiency

Diabetic nephropathy

Congestive heart failure

Hepatic failure

Large volume of contrast (>2 mL/kg)
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 Abdominal Compartment Syndrome 
(ACS) Associated AKI

Over the past two decades ACS has been accepted 
as a distinct nosologic entity where an increase in 
intra-abdominal pressure leads to organ system 
dysfunction [33]. Kidneys, along with the lungs, 
are the most sensitive organs to elevated intra- 
abdominal pressures. Initially renal function is 
affected by the elevated intra-abdominal pressure 
compressing the renal veins. In later stages as the 
ACS progresses and cardiac output falls due to 
diminished venous return, this further contributes 
to AKI. Initially the presentation is that of oligu-
ric with a prerenal picture, but if the ACS prog-
ress, ATN sets in. The only effective therapy is 
rapid relief of the intra-abdominal hypertension 
usually by surgical decompression [34].

 Prognosis and Outcome

The majority (~80%) of the patients that develop 
AKI and survive will have return of renal func-
tion and be dialysis free [35]. While that maybe 
so, the prognosis for renal function is dependent 
upon the severity of the initial insult that caused 
the AKI. Patients with brief vascular insults will 
likely recover near baseline function within 72 h, 
while those with more severe and prolonged 
insults requiring dialysis for the AKI will likely 
have some long term effect where the serum cre-
atinine remains 1–2 mg/dL above the pre-insult 
baseline value [36, 37]. During the recovery 
phase it is extremely important to avoid a second 
insult in the form of hypovolemia and nephro-
toxic medications, etc. Recovery from AKI is 
heralded by increasing urine output and lack of 
rise or decrease in serum creatinine despite not 
getting dialysis. Differing functions of the kidney 
may recover at different time intervals. Urine 
output may increase first followed by reduction 
in serum creatinine and finally the ability to 
regenerate bicarbonate and maintain body 
pH. During the recovery phase electrolyte imbal-
ances are common, hence careful monitoring is 
essential to avoid life-threatening abnormalities 
from developing.

It has long been known that the development 
of AKI is associated with a higher mortality. The 
reasons for this remain a bit unclear and maybe 
related to the adverse impact of AKI on the 
immune function [38]. Reported mortality rates 
range from 25 to 64% [39, 40]. The variation 
likely represents differing study populations. 
Overall mortality rates are lower for non-oliguric 
forms of AKI and AKI due to CIN, while very 
high rates are reported for HRS. The exact contri-
bution of AKI as an independent risk factor for 
mortality among critically ill patients is debated. 
In a prospective study by Hoa et al. on post- 
cardiac surgery patients, 145 of 843 (17%) devel-
oped AKI and AKI was found to be an 
independent risk factor for mortality with a haz-
ard ratio of 7.8. The overall numbers in terms of 
outcome for patients developing AKI in the ICU 
have not changed significantly for the past five 
decades [41].

As mentioned in the early part of the chapter, 
multiple studies and meta-analysis have demon-
strated that the overall outcomes in general and 
the return of renal function after AKI in particu-
lar are adversely affected by age [8, 9].

 Renal Replacement Therapy (RRT)

In critically ill patients with rapidly deteriorat-
ing renal function coupled with a hyper-cata-
bolic state from the primary illness, unless renal 
replacement therapy is provided, the patient will 
likely die. In broad terms RRT can be provided 
in two forms—hemodialysis (HD) and peri-
toneal dialysis (PD). In both types of dialysis 
the principle of solute and fluid removal is the 
same. In both blood and dialysate fluid are sepa-
rated by a semipermeable membrane. Solutes 
and fluid moves across this membrane following 
 concentration and osmotic gradients. The two 
main processes are convection, where hydrostatic 
pressure serves as the driving force and diffusion 
where concentration gradients and osmotic pres-
sure serve as the driving forces. By manipulating 
flow rates of blood and dialysate, and the com-
position of the dialysate, it is possible to control 
what gets removed—fluid or solute—and, in the 
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case of solute, what types of solute—high molec-
ular weight or low/medium molecular weight. In 
the case of HD the semipermeable membrane is 
in a cartridge called the hemofilter or hemodia-
lyzer, while in case of PD, the peritoneal surface 
serves as the semipermeable membrane. For the 
most part, in the ICU setting PD is not used, and 
the focus of RRT in this chapter will be HD.

There are two forms of HD—intermittent 
(IHD) and continuous (CRRT). IHD is the main 
form of RRT utilized for the large majority of 
patients with end stage renal disease and is also 
utilized in the ICU for more stable patients. 
CRRT is less taxing to the hemodynamics of the 
patient and hence is often utilized for critically 
ill more unstable patients that need fluid and or 
solute removal due to AKI. RRT is associated 
with a host of complications. The complete dis-
cussion of all the complications and their man-
agement is beyond the scope of this chapter and 
discussed elsewhere in the text. The common 
complications are—thrombosis of the access or 
dialysis circuit, infection, hypotension, and elec-
trolyte imbalances. The decision to initiate RRT 
should be taken with a careful evaluation of risks 
and benefits, and if initiated, meticulous atten-
tion to detail is paramount to minimize 
complications.

 Indications

Indications for dialysis maybe divided into 
emergent and non-emergent. Emergent indica-
tions are those where without dialysis the patient 
may die probably within a very short period of 
time. These can be summarized by the mne-
monic AEIOU: A—acidosis; E—electrolytes 
principally hyperkalemia; I—ingestions or 
overdose of medications/drugs; O—overload of 
fluid causing heart failure; U—uremia leading 
to encephalitis/pericarditis. The principal non-
emergent indication for dialysis is ESRD where 
the renal function has deteriorated to the point 
that without dialysis, the patient cannot survive 
long term. In between these two extremes is the 
use of dialysis for AKI where there is an expec-
tation of return of renal function sufficient for 

the patient to live without dialysis. Despite AKI 
being a very common disorder encountered in 
the ICU, surprisingly there is little consensus on 
the indications for dialysis. Some units start 
dialysis quite early with the expectation that by 
doing so, the ultimate outcome is improved. 
Other units tend to delay dialysis till the uremia 
leads to encephalopathy or an emergent indica-
tion emerges. The results of studies to determine 
the ideal indication and timing of initiating dial-
ysis for AKI are mixed. Combining the results 
of multiple studies by meta-analysis is ham-
pered by differing studies using differing defini-
tions of early and late dialysis, and also that the 
older studies were performed with IHD, while 
the more recent ones have been done with CRRT 
[42, 43]. In an attempt to provide some objec-
tive guidance, the AKI Network has published 
guidelines [44]. The guidelines emphasize: (1) 
the indications maybe taken as absolute and 
relative. Absolute indications are such that by 
itself each absolute indication would merit dial-
ysis. On the other hand, relative indications are 
such that while by itself the individual indica-
tion may not merit dialysis, however when taken 
with the entire clinical scenario, the patient mer-
its dialysis. The latter occurs most often in the 
face of MSOF. The indications are summarized 
in Table 39.6; (2) fluid overload in critically ill 
patients is associated with worse outcomes, 
hence in critically ill patients with fluid over-
load early CRRT may help with fluid manage-
ment and possibly improve outcomes [45]; and 
(3) in line with #2, there is a tendency towards 
initiating dialysis early in patients with oliguric 
AKI as opposed to non-oliguric AKI. The above 
discussion notwithstanding, all agree that dialy-
sis should be administered to treat severe uremia 
even in the absence of any of the emergent indi-
cations. Severe uremia is usually defined as 
BUN of >100 mg/dL. Lastly the panel did not 
critically evaluate some emerging evidence of 
the early use of CRRT in patients with sepsis 
where the investigators claim that by dialyzing 
early and vigorously, inflammatory cytokines 
are removed and outcomes improved. The 
hypothesis while intriguing remains unproven 
[46, 47].
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 Access

In patients with ESRD, dialysis is often antici-
pated and planned for by creation of an arterio-
venous fistula or graft even before the patient 
actually needs dialysis. In patients with AKI 
encountered in the ICU, dialysis is usually per-
formed via large (12-15Fr) dual lumen cathe-
ters inserted percutaneously into a large vein or 
directly into the right atrium. These catheters 
are of two types—cuffed, tunneled and un-
cuffed, non-tunneled. Un-cuffed non-tunneled 
catheters are placed in the unit just as central 
venous lines. The commonly used ones are 
made of polyurethane and usually placed 
acutely for urgent dialysis in the internal jugu-
lar or femoral veins. Insertion into the subcla-
vian vein is avoided to prevent stricture of vein 
that may hamper future placement of fistula or 
graft in the ipsilateral upper extremity. When 
placed with appropriate antiseptic precautions, 
they are safe to use for 2–3 weeks duration. If it 
is anticipated that dialysis maybe required for a 
longer duration, a cuffed tunneled catheter is 
preferred. These are made of silicone usually 
inserted with fluoroscopic guidance and have a 
cuff that sits in a subcutaneous tunnel. The tun-
nel and cuff tend to prevent catheter infection 
and hence these can be used for longer periods 
of time.

 Dose

As is the case with exact indications and timing, 
there is also no consensus regarding the ideal dose 
or intensity of dialysis. While a number of smaller 
and usually retrospective studies suggest that higher 
intensity dialysis is associated with improved out-
comes [48–50], larger prospective studies failed to 
demonstrate that [51, 52]. Guidelines as to how 
much dialysis should be administered to patients 
with AKI are published by the Acute Renal 
Failure Trial Network (ATN Trial) [52]. Most 
centers tend to keep the BUN at about 70 mg/
dL. Besides solute reduction, the other compo-
nent of dialysis is intravascular volume manage-
ment. In patients that are septic and in the state of 
systemic inflammation, the capillaries remain 
hyper-permeable and any removal of fluid from 
the intravascular compartment leads to hemody-
namic instability even though the total body water 
is increased. On the other hand, in patients that are 
recovering and the state of inflammation is sub-
siding, the capillaries regain their selective per-
meability and removing fluid from the 
intravascular compartment does not lead to hemo-
dynamic compromise, rather there is resorption of 
the “third” space fluid from the interstitial com-
partment. Objective measures of intravascular 
volume should be utilized in determining how 
much volume should be removed.

Table 39.6 Indications for renal replacement therapy in patients with acute kidney injury as per Acute Renal Failure 
Trial Network

Indication Parameter Absolute/Relative

Metabolic abnormality BUN >76 mg/dL Relative

BUN >100 mg/dL Absolute

Hyperkalemia >6 mEq/L Relative

Hyperkalemia >6 mEq/L with EKG changes Absolute

Dysnatremia Relative

Acidosis pH > 7.15 Relative

pH < 7.15 Absolute

Lactic acidosis related to Metformin use Absolute

Anuria/oliguria Urine output <0.5 mL/kg/h × 6 h Relative

Urine output <0.5 mL/kg/h × 12 h Relative

Urine output <0.3 mL/kg/h × 24 h Relative

Anuria × 12 hours Relative

Fluid overload Diuretic sensitive Relative

Diuretic resistant Absolute
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 Modality

As in other issues related to AKI, there is ongo-
ing debate as which modality—IHD or CRRT—
is superior. It is generally accepted that CRRT is 
better tolerated specially by critically ill patients 
that may have some degree of hemodynamic 
compromise. The results of studies are mixed in 
terms of overall mortality and return of renal 
function [53–57]. The modalities can be difficult 
to directly compare since it is difficult to dialyze 
the same amount of solute and volume with IHD 
when it is performed a few hours usually on 
alternate days, as with CRRT that can be per-
formed round the clock. In the largest random-
ized prospective study to date, the outcomes 
were similar for the two forms of dialysis [58]. 
One surprising result of that study, unlike many 
others, was that even critically ill patients could 
tolerate IHD if the dialysate had a very high con-
centration of Na. In the US most ICUs will opt 
for CRRT in critically ill patients especially 
those with unstable or tenuous hemodynamic 
status, and utilize IHD for the stable patients. In 
UK and Australia, CRRT is the modality of 
choice for AKI in the ICU.

 Summary

The large majority of patients admitted to the sur-
gical ICU are at risk of AKI as defined by the 
RIFLE. Due to a host of anatomic and physio-
logic changes within the kidney that occur with 
age, the risk of AKI is significantly higher. The 
occurrence of even mild AKI adversely affects 
overall outcomes with the elderly often having 
the worst outcomes of all. Meticulous attention to 
fluid management and minimizing the use of 
nephrotoxic medications can help reduce the 
incidence. All at-risk patients that do develop 
AKI should have a reexamination of intravascu-
lar volume and discontinuation or adjustment of 
dosage of nephrotoxic medications. RRT therapy 
is often required for managing patients that do 
develop AKI.
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Infections in the Geriatric Person 
Following Trauma

Wayne Campbell† and Alexander Chen

 Introduction

Compared to younger adults, geriatric trauma 
patients have higher mortality rates, longer length 
of hospital stay, and higher rates of infectious 
complications [1, 2]. The population of elderly 
persons continues to increase with improvements 
in public health and nutrition. In 2010, 8% of the 
world population, or an estimated 524 million 
people, were above the age of 65. This number is 
expected to increase to 1.5 billion people by 2050, 
which will be 16% of the projected world popula-
tion [3]. As such, we will need to be prepared for 
an increasing number of elderly trauma patients.

The older patient who suffers an injury is more 
susceptible to infection for reasons including 
immune senescence as well as comorbidities such 
as diabetes, obesity, peripheral arterial disease, 
vascular disease, and pulmonary disease [4–6]. 
The presence of infection leads to increased length 
of stay (LOS), intensive care length of stay (ICU 

LOS), and mortality. Furthermore, other comor-
bidities, including obesity, renal dysfunction, and 
liver disease, can complicate antibiotic dosing [7].

 Alterations in the Immune System 
with Aging

Immunosenescence, the term given to the gradual 
decline in immune function with advancing age, 
is characterized by an attenuated ability to 
respond to infection. During normal aging, there 
are numerous changes to the immune system. 
Neutrophils chemotaxis and phagocytosis are 
reduced. Phagocytosis by monocytes is also 
impaired, as is the respiratory burst required to 
generate microbicidal reactive oxygen species. 
TNF-α production is decreased, along with IL-6, 
while other cytokines such as IL-8 are increased. 
There is impaired maturation and proliferation of 
natural killer (NK) cells, as well as decreased 
expression of cytotoxicity activating receptors, 
diminished responsiveness to cytokines, and 
decreased cytotoxicity via impairment of perfo-
rin release. Response to immunizations is also 
diminished as we age [8, 9].

Some authors have attributed excess infection 
and mortality in older human and animal models 
to a chronic inflammatory state of aging (inflam-
maging) [1]. Inflammaging includes chronic 
elevations in cytokines including C-reactive pro-
tein and IL-6, and although these alterations are 
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considered important, their exact role remains 
unclear [10]. CMV seropositivity, which 
increases with age, is hypothesized to drive 
chronic T-cell proliferation, leading to shortened 
telomeres and the above changes in T-cell 
 populations, which then results in proliferative 
exhaustion and inability to respond to infection 
and immunization [11].

Following trauma, there is a complex immune 
response involving both pro- and anti- 
inflammatory cytokines which is still not well 
understood. The initial insult triggers the systemic 
inflammatory response syndrome (SIRS), causing 
the release of proinflammatory mediators includ-
ing IL-6 and IL8, as well as platelet activating fac-
tors. Within hours, the body moves to an 
immunosuppressive phase with increased IL-10 
and interferon gamma, while production of proin-
flammatory cytokines decreases [8]. Unchecked, 
these alterations are thought to have deleterious 
effects for the host. Unfortunately, the attempts to 
modulate these host responses have yet to yield 
improvement in clinical outcomes in humans [12].

This biphasic response of the immune system 
to trauma is also effected by increasing age. After 
trauma, the usual inflammatory response is atten-
uated in older patients, then fails to return to base-
line for weeks afterward, suggesting the prolonged 
occurrence of long-term inflammation and 
immune suppression [1]. Numerous studies have 
shown multiple alterations to neutrophil function, 
including decreased phagocytosis and CD16 
expression [13] as well as decreased production 
of  reactive oxygen compounds [14]. Much of the 
impairment in neutrophil function can be linked 
to alterations in gene transcription that lead to an 
incomplete immune response in the older subject, 
with simultaneous difficulty resolving the initial 
inflammatory response [2, 15].

 Presentation and Diagnosis 
of Infection

The diagnosis of infection requires a high index 
of suspicion in the elderly. Fever can be dimin-
ished or absent, and tachycardia is less common, 
and confusion may be the only sign of illness 

[16]. Leukocytosis is generally a reliable sign of 
significant infection even in the elderly [17], 
although the systemic inflammation caused by 
injury may make evaluation more difficult. 
Unsuccessful attempts have been made to diag-
nose infection by the use of specific inflamma-
tory markers such as C-reactive protein (CRP). 
In contrast, procalcitonin (PCT) is emerging as a 
specific test for bacterial infections, allowing 
avoidance of antibiotics in low-risk subjects. 
When studied in cohorts of elderly trauma 
patients, CRP tends to rise slowly over several 
days following major injury, and remain elevated 
even at 1 week, while PCT rises within a few 
hours of injury, peaks within 1–2 days, then 
returns to normal over the next few days due to 
its half-life of approximately 1 day [18]. The 
magnitude of the initial peak is correlated with 
Injury Severity Score (ISS), increased blood 
loss, abdominal trauma, and mortality, indicating 
that the level within the first 1–2 days is more 
useful as a prognostic indicator rather than a 
diagnostic test for infection; serial measurements 
are likely necessary to gain the full benefit of 
testing [19, 20].

All older patients should be screened on admis-
sion for pneumonia and urinary tract infection [21]. 
Elderly patients often present with existing infec-
tions on arrival to the trauma service; in one series, 
up to 18% of the elderly had a community-acquired 
infection, which was nearly twice as frequent as the 
non-elderly. In addition, more than half of those 
with existing infections would later acquire noso-
comial infections, with resulting increase in ICU 
stay, total length of stay, and mortality [22–24].

 Nosocomial Infections

Among trauma patients, hospital-acquired infec-
tions are associated with greater than double the 
cost and length of stay, with substantial increases 
in mortality [25]. Hospital-acquired infections 
can affect up to 40% of elderly trauma patients. 
Pneumonia and urinary tract infections combine 
to form the majority of nosocomial-acquired infec-
tions in this age group, with lower rates of blood-
stream, skin and wound, and CNS infections than 

W. Campbell



383

younger patients [22, 24, 26]. This is likely due to 
the fact that most patients are admitted due to 
falls or motor vehicle collisions with non-pene-
trating trauma. Comorbidities including COPD 
and urinary incontinence play a significant risk 
factor.

Prevention of nosocomial infection in the 
trauma patient is an area for ongoing exploration. 
Routine use of antibiotics for prophylaxis against 
VAP and meningitis is not supported by the litera-
ture. Antibiotic courses for penetrating wounds 
should be limited to no more than 48 hours due to 
risk of selection for resistant organisms [27]. The 
use of daily chlorhexidine baths has shown prom-
ise for the reduction of HAI in the general ICU set-
ting [28]. Use of bundles may improve care and 
reduce infectious complications as well as mortal-
ity, although care needs to be taken to make sure 
the bundle is properly implemented and enforced 
[29]. The Institute for Healthcare Improvement has 
published a number of guides for the use of care 
bundles to prevent many infections, including VAP, 
CLABSI, and CA-UTI (http://www.ihi.org/Topics/
Bundles/Pages/default.aspx). It should be noted 
that the bundles are an evolving process and differ 
among geographic regions. There is recent interest 
in the use of probiotics in the critically ill, but data 
is preliminary and safety is unclear [30–32].

Ventilator associated pneumonia (VAP) is a major 
cause of prolonged hospital stay. The estimated prev-
alence of VAP varies from 8 to 17.8% due to differ-
ing diagnostic criteria [33–36]. Risk factors for 
pneumonia in the aged include comorbidities such as 
swallowing disorders, congestive heart failure, renal 
disease, immunosuppressive therapy, alcohol abuse, 
malnourishment, and diaphragmatic weakness [37]. 
In patients with closed head injury and subdural 
hematomas, prolonged mechanical ventilation is not 
surprisingly associated with increased complications, 
including pneumonia [38, 39]. The presence of four 
or more rib fractures also portends worse outcome; a 
multidisciplinary approach may reduce the risk of 
pneumonia as well as mortality and LOS [40]. 
Guidelines for the management of VAP from the 
Infectious Disease Society of America are currently 
being revised and will be available in late 2016 at 
http://www.idsociety.org/Organ_System/#HospitalA
cquiredVentilatorAssociatedPneumoniaHAPVAP.

CDC criteria for diagnosis of ventilator-associated 
pneumonia in adults

At least one of the following:

• Fever (>38.0 °C or >100.4 °F)

•  Leukopenia (≤4000 WBC/mm3) or leukocytosis 
(>12,000 WBC/mm3)

•  For adults >70 years old, altered mental status with 
no other recognized cause

AND at least two of the following:

•  New onset of purulent sputum or change in 
character of sputum, or increased respiratory 
secretions, or increased suctioning requirements

•  New onset or worsening cough, or dyspnea, or 
tachypnea

• Rales or bronchial breath sounds

•  Worsening gas exchange (e.g., O2 desaturations 
(e.g., P PaO2/FiO2 < 240), increased oxygen 
requirements, or increased ventilator demand)

The “Ventilator Associated Pneumonia 
Prevention Bundle” includes five components, 
including elevation of the head of the bed to a min-
imum of 30°, daily sedative interruption with 
assessment of readiness for extubation, prophy-
laxis against peptic ulcers and deep venous throm-
bosis, and daily use of chlorhexidine as an oral 
rinse [41, 42]. Again, the method appears to be 
effective in small studies. However, when each 
intervention is assessed separately, the benefit is 
unclear. Individual methods which have been 
shown to have benefit are numerous, but of varied 
quality of evidence; the strongest evidence exists 
for minimizing or avoiding sedation, daily seda-
tion interruption, daily assessment of readiness for 
extubation, and avoidance of unnecessary ventila-
tor circuit changes (Klompas et al. 2014). Selective 
oral decontamination alone has shown decreases in 
the rate of VAP, but not in mortality [43]. Likewise, 
patient positioning may reduce risk of pneumonia 
but the effect on mortality is unclear [43, 44].

Selective digestive decontamination (SDD) and 
selective oral decontamination (SOD) are strategies 
to reduce VAP by using nonabsorbable antimicrobi-
als and antifungals, often with systemic antibiotics. 
SOD and SDD have been shown to be effective at 
reducing VAP and also reducing mortality, but 
remain controversial due to the risk of selection of 
resistant organisms and Clostridium difficile-associ-
ated diarrhea [45]. A recent systematic review of 
oral decontamination alone or digestive decontami-
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nation alone did find a mortality benefit for either 
strategy, although there is great heterogeneity 
among studies [46]. In addition, many of the studies 
have been performed in areas of low prevalence of 
antibiotic resistance. Studies performed in other 
areas have yielded conflicting results regarding risk 
of future harm from antibiotic resistance [47].

Several authors have reported an increased 
risk of pneumonia in trauma patients associated 
with increasing amounts of red cell transfusion 
[35, 48, 49]. These data are difficult to interpret 
due to lack of randomization, but a review of con-
trolled trials for transfusion in the setting of hip 
fracture repair did find a troubling trend toward 
pneumonia and wound infection in the “liberal” 
threshold arm [50]. Therefore, in less severe 
trauma such as uncomplicated hip fracture, a goal 
hemoglobin of 7–8 g/dL may be desirable as long 
as the patient is otherwise stable.

Urinary tract infections account for up to 40% 
of nosocomial infection in trauma patients and 
affect over 4% of elderly trauma patients; the vast 
majority are due to indwelling catheters. Trauma 
patients are particularly prone to UTI because the 
patient in a state of physiologic stress may enter a 
catabolic state with urinary spillage of glucose, 
amino acids, and catecholamines, which can all 
enhance bacterial growth. Age, female gender, and 
higher injury severity score are all predictive for 
UTI. Patients with UTI were significantly more 
likely to be older, female, and have higher injury 
severity score. Mortality also increased with age 
[51, 52]. The use of a care bundle to prevent 
CA-UTI has also been shown to be effective in 
observational studies. Key features are the avoid-
ance of unnecessary urinary catheters, attention to 
aseptic technique during insertion, proper mainte-
nance of the urinary drainage system, and daily 
assessment of necessity of catheters ([41, 42, 53]).

 The older patient may is at increased risk of 
MRSA colonization due to a higher level of prior 
contact with the healthcare system; female 
 gender and diabetes are also risk factors [54]. 
Trauma patients colonized with MRSA have 

been found to have significantly higher risk of 
MRSA infection and mortality [55]. 
Decolonization of patients has been effective in 
certain non-trauma settings, and the topic is cur-
rently being investigated in trauma patients.

C. difficile infection (CDI) is another area of 
concern, particularly since the emergence of 
hypervirulent strains in North America and 
Europe. Up to 10% of elderly patients may be 
colonized at the time of hospital admission, with 
risk of increased colonization during 
 hospitalization [56]. Mortality of affected trauma 
patients is nearly double that of unaffected patients 
[25]. Prevention of infection is primarily via hand 
hygiene with soap and water and appropriate iso-
lation of the patient, as well as antibiotic steward-
ship. Decolonization and prophylactic antibiotics 
have not been shown to be effective [57].

The use of care bundles to prevent CLABSI has 
been shown to be effective in multiple studies [41, 
42, 58–60]. Key measures include strict adherence 
to hand hygiene, full barrier precautions during 
line insertion, and skin antisepsis, with avoidance 
of the femoral vein and prompt removal of unnec-
essary catheters. Antiseptic (chlorhexidine) 
impregnated foam rings placed against the skin at 
the insertion site have found broad acceptance.

Diabetes mellitus is an important risk factor for 
infections and mortality in trauma; studies have 
shown that hyperglycemia is correlated with 
increased mortality, as well as LOS and ICU 
LOS. As of 2012, more than one-quarter of US 
adults over the age of 65 were estimated to have 
diabetes, with most new diagnoses occurring in 
those over age 45 [61]. Similar trends are expected 
worldwide due to aging population and changes in 
lifestyle and diet [62]. However, tight control has 
not been shown to improve patient outcomes, and 
recommendations remain to keep blood sugars 
between 140 and 180 mg/dL [63]. Computerized 
algorithms to maintain euglycemia via insulin infu-
sions are early in development and show promise 
in reducing infection but have yet to show improve-
ment in mortality in the setting of trauma [64].
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Adapted from FACS 2016 definitions

Criteria for Catheter-associated Urinary Tract Infection (CAUTI): 

A UTI where an indwelling urinary catheter was in place for >2 calendar days on the date of event, with 
day of device placement being Day 1,

AND

An indwelling urinary catheter was in place on the date of event or the day before. If an indwelling 
urinary catheter was in place for >2 calendar days and then removed, the date of event for the UTI must 
be the day of discontinuation or the next day for the UTI to be catheter-associated. 

CAUTI Criteria 1a: 
Patient must meet 1, 2, and 3 below:  

1. Patient has an indwelling urinary catheter  in place for the entire day on the date of 
event and such catheter had been in place for >2 calendar days, on that date (day of
device placement = Day 1) 

2. Patient has at least one of the following signs or symptoms: 
Fever >38.°C 
Suprapubic tenderness with no other recognized cause 
Costovertebral angle pain or tenderness with no other recognized 
cause 

3. Patient has a urine culture with no more than two species of organisms, at least one of 
which is a bacteria >105 CFU/ml 

OR 

CAUTI Criteria 1b
Patient must meet 1, 2, and 3 below:  

1. Patient had an indwelling urinary catheter in place for >2 calendar days which was 
removed on the day of, or day before the date of event. 

2. Patient has at least one of the following signs or symptoms
Fever >38.°C
suprapubic tenderness with no other recognized cause 
costovertebral angle pain or tenderness with no other recognized cause 
urinary urgency with no other recognized cause
dysuria with no other recognized cause

3. Patient has a urine culture with no more than two species of organisms, at least one of 
which is a bacteria >105 CFU/ml

Source: Trauma Quality Improvement Program (http://mtqip.org/sites/default/files/downloads/
MICHIGAN%20TQIP%20VARIABLE%20AN%20DEFINITIONS%203.1.pdf)

 Antibiotic Dosing in the Elderly 
Trauma Patient

The clinician should expect challenges to antimi-
crobial dosing in the severely ill trauma patient. 
The effects of sepsis and fluid shifts lead to an 

increase in the volume of distribution of hydro-
philic antibiotics, including beta-lactams, amino-
glycosides, and glycopeptides. In addition, 
hypoalbuminemia, which is found in over 50% of 
elderly trauma patients, can also necessitate 
increased doses for highly protein bound antibi-

40 Infections in the Geriatric Person Following Trauma

http://mtqip.org/sites/default/files/downloads/MICHIGAN TQIP VARIABLE AN DEFINITIONS 3.1.pdf
http://mtqip.org/sites/default/files/downloads/MICHIGAN TQIP VARIABLE AN DEFINITIONS 3.1.pdf


386

otics including ceftriaxone, ertapenem, and dap-
tomycin [65, 66]. The elderly patient is also 
likely to have a lower lean body weight, so vol-
ume of distribution of lipophilic antibiotics will 
be relatively higher. Augmented renal clearance, 
defined as creatinine clearance exceeding 
130 mL/min and generally seen in younger 
patients, can speed the elimination of many med-
ications [7]. Many older patients have reduced 
renal function, and serum creatinine is a poor 
substitute for GFR due to low body mass and 
nutrition. MDRD, CKD-EPI, and Cockroft-Gault 
equations are all reasonable estimates in stable 
elderly patients, but direct measurement of renal 
function may be necessary in the most ill patients 
[67, 68].

Since the effects of fluid shifts and sepsis are 
more pronounced in the most severely ill, these 
patients are likely to receive underdosing of 
antibiotics. Notably, cefazolin, a commonly 
used antibiotic for perioperative prophylaxis, is 

likely underdosed in trauma patients, who may 
need doses of up to 2 g every 6 h [69]. 
Vancomycin likewise requires increased dosing 
or continuous infusion to maintain adequate 
trough levels [70, 71]. Guidance from an experi-
enced pharmacist is recommended. Care should 
also be taken to minimize polypharmacy and to 
monitor QTc prolongation, particularly in 
patients who require macrolides, fluoroquino-
lones, and azoles [72, 73].

Tissue penetration of antibiotics can be com-
promised by vascular injury and sepsis. Plasma 
levels may also not reflect alveolar drug penetra-
tion; lipophilic compounds such as fluoroquino-
lones and linezolid are best used in this 
compartment [7]. Specific recommendations for 
the selection of antimicrobials can be obtained 
from an antibiotic guide such as the Sanford 
Guide (http://www.sanfordguide.com/) or the 
Johns Hopkins ABX Guide (http://www.hopkin-
sguides.com/hopkins).
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VENTILATOR-ASSOCIATED PNEUMONIA
A pneumonia where the patient is on mechanical ventilation >2 calendar days on the date of the event, with day of 
ventilator placement being Day 1

AND

The ventilator was in place on the date of the vent or the day before.  If the patient is admitted or transferred into a 
facility on a ventilator, the day of admission is considered Day 1

VAP Algorithm for Bacterial or Filamentous Fungal Pathogens: 

RADIOLOGY SIGNS/SYMPTOMS LABORATORY
Two or more serial radiographs with at 
least one of the following

New or progressive and
persistent infiltrate
Consolidation
Cavitation

NOTE: In patients without
underlying pulmonary or cardiac 
disease (e.g., respiratory 
distress syndrome, 
bronchopulmonary dysplasia, 
pulmonary edema, or chronic 
obstructive pulmonary disease), 
one definitive chest radiograph 
is acceptable.

At least one of the following: 

Fever (>38°C)
Leukopenia (<4000 WBC/mm3 or 
leukocytosis (≥ 12,000 WBC/mm3

For adults ≥ 70 years old, altered 
mental status with no other 
recognized cause

AND at least 2 of the following:

New onset of purulent sputum, or 
change in character of sputum, or 
increased respiratory secretions, 
or increased suctioning 
requirements
New onset or worsening cough, or 
dyspnea, or tachypnea
Rales or bronchial breath sounds
Worsening gas exchange (e.g., 
O2 desaturations (e.g., 
PaO2/FiO2≤240), increased 
oxygen requirements, or 
increased ventilator demand)

At least one of the following: 

Positive growth in blood culture not 
related to another source of 
infection
Positive growth in culture of pleural 
fluid
Positive quantitative culture from 
minimally-contaminated LRT 
specimen (e.g, BAL or protected 
specimen brushing)
≥ 5% BAL-obtained cells contain 
intracellular bacteria on direct 
microscopic exam (e.g., Gram’s 
stain)
Positive quantitative culture of lung 
tissue
Histopathologic exam shows at 
least one of the following 
evidences of pneumonia

Abscess formation or foci of 
consolidation with intense PMN 
accumulation in bronchioles and 
alveoli
Evidence of lung parenchyma 
invasion by fungal hyphae or 
pseudohyphae

VAP Algorithm for Viral, Legionella, and other Bacterial Pneumonias:
RADIOLOGY SIGNS/SYMPTOMS LABORATORY
Two or more serial radiographs with at 
least one of the following

New or progressive and
persistent infiltrate
Consolidation
Cavitation

NOTE: In patients without
underlying pulmonary or cardiac 
disease (e.g., respiratory 
distress syndrome, 
bronchopulmonary dysplasia, 
pulmonary edema, or chronic 
obstructive pulmonary disease), 
one definitive chest radiograph 
is acceptable.

At least one of the following: 

Fever (>38°C)
Leukopenia (<4000 WBC/mm3 or 
leukocytosis (≥12,000 WBC/mm3

For adults ≥70 years old, altered 
mental status with no other 
recognized cause

AND at least 2 of the following:

New onset of purulent sputum, or 
change in character of sputum, or 
increased respiratory secretions, 
or increased suctioning 
requirements
New onset or worsening cough, or 
dyspnea, or tachypnea
Rales or bronchial breath sounds
Worsening gas exchange (e.g., 
O2 desaturations (e.g., 
PaO2/FiO2≤240), increased 
oxygen requirements, or 
increased ventilator demand)

At least one of the following: 

Positive culture of virus, Legionella 
or Chlamydia from respiratory 
secretions
Positive non-culture diagnostic 
laboratory test of respiratory 
secretions of tissue for virus, 
Bordetella, Chlamydia, 
Mycoplasma, Legionella (e.g., 
EIA<FAMA<shell vial assay, PCR, 
micro-IF)
Fourfold rise in paired sera (IgG)
for pathogen (e.g., influenza virus, 
Chlamydia)
Fourfold rise in L. pneumophila 
serogroup antibody titer to ≥1:128
in paired acute and convalescent 
sera by indirect IFA
Detection of L. pneumophila 
serogroup 1 antigens in urine by 
RIA or EIA

Adapted from FACS definitions 2016.  Abbreviations: EIA: enzyme immunoassay. FAMA: fluorescence-activated microsphere 
assay. PCR: polymerase chain reaction.  Micro-IF: micro immunofluorescence assay
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Perioperative Management 
of the Geriatric Patient

Bellal Joseph and Peter Rhee

 The Impact of Aging Physiology 
in Critical Care

It is obvious and well known that the geriatric 
population is growing in number and complexity 
in modern surgical practice. Advances in surgical 
and anesthetic techniques, combined with sophis-
ticated perioperative monitoring are some of the 
reasons for the complexity. Therefore, a more 
comprehensive and multidisciplinary approach is 
necessary to adequately address the significant 
differences in physiology and outcomes presented 
by this challenging group. The optimal goal of 
surgical critical care for geriatric patients is not 
only to reduce mortality rates, but for them to 
maintain and preserve a good quality of life and 
increase their ability to return to their pre- injury 
level of function and independence. Ideally, fol-
lowing discharge, patients should be able to live 
independently, healthfully, and be reintegrated 
into their previous social life. The mortality of 
intensive care patients increases gradually with 
age and reaches around 20% in patients between 
60 and 75 years of age. Obviously the mortality 

rate of older patients is much greater than for the 
younger cohorts [1].

Likewise, the burden of comorbid disease and 
dependency rises with age and predicts the need 
for hospitalization. Not surprisingly, the demand 
for critical care services and admissions to inten-
sive care units is projected to dramatically increase 
through the next decade [2, 3]. Presently, in the 
US, patients aged ≥65 years occupy approxi-
mately 55% of all ICU bed-days and an estimated 
14% of those patients aged ≥85 years die in the 
ICU [3]. This irrefutable reality means that the 
growing population of elderly intensive care 
patients with multiple medical problems and 
functional impairment can only be best served by 
surgeons with a good working knowledge of the 
changes associated with aging, including the 
physiological transformations that directly impact 
the efficacy of surgery and anesthesia. With the 
aging population there is a definite need for more 
geriatric services to aid the surgeons but this is 
currently a limited resource and surgeons need to 
be able to become our own geriatric service.

 Clinical Presentation of Elderly 
Patients

Primary evaluation of the elderly patient with a 
suspected surgical emergency is challenging. 
Presentation of the elderly patient is often 
 atypical, delayed, and vague. Preexisting mental 
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illness or neurologic deficits (e.g., dementia, 
delirium, prior stroke, and diabetic neuropathy) 
commonly contribute to atypical or delayed pre-
sentation by the patient. These widespread fac-
tors also make it difficult for primary care 
providers to detect issues [4]. Moreover, the his-
tory of present illness may be difficult to obtain 
as it is often complex, deficient, and imprecise. 
Similarly, the results of a physical examination 
may be misleadingly benign and, therefore, leave 
the well-intended care provider unaware of a 
serious underlying condition. Among patients 
hospitalized for intensive care, the following con-
ditions contribute to delays and difficulties in 
consummate surgical evaluation and treatment: 
altered mental status, absence of peritoneal signs, 
analgesics, antibiotics, and mechanical ventila-
tion. Consequently, such factors further contrib-
ute to increased rates of morbidity and mortality 
among the elderly with surgical conditions [5, 6].

 Outcomes for Surgical Care 
in Geriatric

The quality of healthcare services has become 
increasingly important over the past couple of 
decades, and it is clear that a better understanding 
of the outcomes following traumatic injury or 
acute care surgery involving the elderly can be an 
excellent tool for advancing evidence-based 
healthcare as well as for guiding patients in mak-
ing informed decisions.

Multiple factors help determine outcomes in 
geriatric trauma, including, for instance, general 
clinical condition, demographics, and the sever-
ity of the injury. The general clinical condition of 
the patient has a critical role in predicting out-
comes of geriatric trauma. It is a cumulative 
effect of age, comorbidities, decline in physio-
logic reserve, cognition, and functional ability. In 
contrast to younger adults who suffer the same 
severity of injury, for example, geriatric patients 
are more likely to have higher mortality or to 
develop more long-term complications due to the 
fact that aging is associated with certain physio-
logic changes and multiple comorbidities that 

impede healing and recovery. Researchers have 
extensively studied the following outcomes in 
geriatric patients: inhospital mortality (IHM), 
post-hospitalization mortality (PMH), inhospital 
complications, functional status, and ICU and 
hospital length of stay. Multiple studies have 
shown a significant association between mortal-
ity, inhospital complications, and increasing age. 
Post-injury functional status of the elderly patient 
is a sensitive indicator of the patient’s health and 
quality of life after traumatic injury and acute 
care surgery. Elderly patients admitted to the hos-
pital for an acute illness or a traumatic injury are 
more prone than younger patients to develop 
functional disability and to be discharged to 
skilled nursing facilities for long-term care. 
Notably, more than 90% of geriatric trauma 
patients require skilled nursing care facilities at 
least for 1 year after the injury [7]. Complications 
resulting from a functional decline after such an 
injury include loss of independence, falls, incon-
tinence, depression, malnutrition, and the lack of 
socialization.

Fortunately, an early evaluation via a team 
assessment of the general clinical condition, 
injury severity, and functional and cognitive 
impairments of the elderly patient can enable 
rapid and appropriate management by utilizing 
geriatric principles to minimize the risk of 
adverse outcomes.

 Challenges in Pre- and Postoperative 
Care for the Elderly

In recent years, there has been a growing interest 
in the impact of surgery on the elderly. As life 
spans increase and more elderly patients undergo 
surgery, it is crucial that healthcare systems and 
providers gain enough knowledge to understand 
how elderly patients are different and how to 
modify their care to improve their outcomes. Pre 
and postoperative care is critical in the elderly 
because they have higher rates of morbidity and 
mortality. Of course, these characteristics can 
seriously undercut the benefits of surgery for this 
population.
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 Preoperative Care

The aim of the preoperative assessment is to iden-
tify perioperative risks and factors that increase 
patient risk for postoperative complications or 
death. Surgical disease itself and the type of surgical 
procedure could be a part of those factors. However, 
the two most important factors in the determination 
of postoperative morbidity and mortality relate to 
the general health and physiological reserve of the 
patient. Diminished physiologic reserves have a 
direct impact on the patient’s ability to have an opti-
mal response to the additional stress of surgery and 
possible postoperative complications. A preopera-
tive assessment includes a complete history with a 
full medication list, a physical examination, and 
laboratory examinations. Additionally, an assess-
ment of surgical risks should be included in a preop-
erative evaluation of an elective surgery. Regarding 
informed consent, the patient and consenting family 
member(s) or legal guardian(s) should be told about 
the procedure and any potential complications or 
disabilities. It is also worth highlighting that the 
prevalence of undernutrition and malnutrition in 
older patients is considerable. From 9 to 15% of 
persons over the age of 65 years are found to be 
malnourished in outpatient clinics, 12 to 50% in 
acute inpatient hospitals, and 25 to 60% or more in 
chronic institutional setting. The laboratory assess-
ment of malnutrition generally includes a complete 
blood cell count, albumin and transferrin levels. An 
albumin level of less than 3.2 g/dl in a frail elderly 
person is a risk factor for increased mortality. A 
body mass index of less than 20 kg/m2 also suggests 
a high risk. A complete and careful physical exami-
nation is necessary. It is important to note hydration, 
nutritional status, the neck (lymph nodes, thyroid 
masses, carotid pulsations, and bruits), blood pres-
sure, and an abdominal examination for lesions 
such as hernia, aortic aneurysm, and masses. A rec-
tal examination is also a necessity, as is a pelvic 
examination in women. Any evidence of peripheral 
vascular disease should be identified. While age as 
an isolated factor has a minimal effect on postopera-
tive morbidity or mortality, current data shows that 
comorbid status has the greatest effect on the surgi-
cal outcome.

 Postoperative Care

 Infection

Postoperative infections are an important cause 
of morbidity and mortality in elderly patients. 
Although the mechanism of how the aging pro-
cess decreases the immunologic response is still 
not clear, the relevant literature demonstrates that 
elderly patients have diminished immune func-
tion that makes them more liable to infection [8]. 
The most common sites of postoperative infec-
tion are the urinary tract, the lungs, and the surgi-
cal site [8].

Surgical site infection (SSI) is a major postop-
erative complication, and it is the most common 
nosocomial infection in surgical patients, 
accounting for 38% of nosocomial infections in 
such patients [9]. A SSI is an infection related to 
an operative procedure that occurs at or near the 
surgical incision within 30 days of the procedure 
or within 1 year if prosthetic material is implanted 
during surgery. It has a considerable impact on 
morbidity, and it can create a substantial eco-
nomic burden for both patients and the healthcare 
system [10]. Most significantly, elderly patients 
with a SSI have a three times higher mortality 
rate than that elderly patients without infections 
[10, 11]. It is associated with the operative proce-
dure/technique as well as patient-specific factors. 
Advanced age is a host-derived risk factor for SSI 
[12]. This infection is caused by organisms intro-
duced into the surgical wound at the time of the 
operative procedure [10]. Most of these organ-
isms originate from the patient’s own flora; how-
ever, exogenous sources of bacteria can also lead 
to infection. Fortunately, the application of pre-
ventive practices can prevent a SSI. These include 
appropriate antibiotic selection and administra-
tion, intraoperative maintenance of normother-
mia, not shaving the surgical site until just prior 
to incising the skin, and ensuring perioperative 
euglycemia [12, 13]. Close monitoring of surgi-
cal wounds postoperatively is necessary to ensure 
the early detection and treatment of wound infec-
tions. Treatment of SSI involves opening the inci-
sion and allowing adequate drainage. The results 
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of culture and sensitivity tests should guide the 
use of antibiotics [10]. The fear of not detecting 
SSI early is necrotizing fasciitis, which can be 
very rapid and deadly.

A urinary tract infection (UTI) is typically due to 
prolonged bladder catheterization. Approximately 
25% of hospitalized patients undergo urinary blad-
der catheterization. Of these, 10–27% develop UTIs 
[14]. Around 80% of patients with nosocomial 
UTIs undergo urinary bladder catheterization. 
There is a greater need for urinary bladder catheter-
ization in elderly patients, especially due to the need 
for careful monitoring of urine output, medication 
side effects, preexisting incontinence, prostatism, 
and decreased mobility. Elderly patients usually 
present with the classic symptoms of dysuria, fever, 
and frequency. These are also common in younger 
people, but the elderly may have more vague pre-
sentations, such as an acute confusional state, 
decreased mobility, or newly developed urinary 
incontinence. It is noteworthy that UTI examination 
findings can reflect many possible causes. 
Consequently, it is necessary to examine the patient 
completely for other possible diagnoses, send a 
urine sample to confirm the diagnosis, and to per-
form an antibiotic sensitivity test.

Postoperative confusion may be the first and 
only sign of a UTI. One of the most efficacious 
preventive strategies for elderly patients is to 
minimize the use of urinary catheters as well as 
the early removal of the catheters [8]. Other strat-
egies used to minimize bacterial colonization and 
subsequent infection include disinfecting the skin 
regularly and using disinfectants in the collecting 
system. Although every effort should be made to 
discontinue the catheter as soon as possible, the 
worse scenario is acute kidney injury as the urine 
output was not known.

ICU patients are at risk of dying not only from 
their primary disease, but also from secondary 
processes such as nosocomial infections. 
Nosocomial pneumonia (NP) is the second most 
common nosocomial infection. It is the leading 
cause of postoperative mortality in elderly 
patients [15]. NP occurs primarily in patients 
undergoing general surgery. Ventilator-associated 
pneumonia (VAP) is pneumonia that occurs more 
than 48 h after patients have been intubated and 

received mechanical ventilation. Diagnosing 
VAP requires a high clinical suspicion combined 
with a bedside examination, a radiographic 
examination, and a microbiologic analysis of 
respiratory secretions. Although NP has the same 
presentation and management for all age groups, 
certain risk factors including age and depleted 
physiological reserve make the elderly more vul-
nerable to NP. Additionally, nasogastric tubes, 
tracheal intubation, dementia, aspiration, recent 
chest or abdominal surgery, and immobility can 
increase the risk for developing NP [15]. 
Underlying comorbid conditions, malnutrition, 
and impaired immune function also increase the 
mortality associated with postoperative pneumo-
nia in the elderly [8].

 Neuropsychiatric Disorders

Neuropsychiatric problems are common among 
older patients. Delirium, dementia, and depression 
are pernicious conditions that have to be taken into 
account. 15% of all patients admitted for repair of 
hip fractures, for instance, have dementia. An 
acute illness or hospitalization can also exacerbate 
depression among older patients. An abrupt 
change in cognition and consciousness is the 
major manifestation of delirium, defined as a tem-
porary, altered mental status. New onset visual 
hallucinations in the elderly patients are more sug-
gestive of delirium than of a new psychiatric disor-
der. Two types of delirium usually present in the 
postoperative phase: emergence delirium (ED) 
and postoperative delirium (POD). ED is a benign 
cognitive disorientation that can occur during the 
transition from anesthesia to wakefulness that 
resolves within minutes or hours, while POD is an 
acute organic brain syndrome that usually devel-
ops within the first few postoperative days [16, 
17]. POD is an acute disorder, but it has been asso-
ciated with a wide range of negative long-term 
outcomes for the elderly, even though patients may 
initially recover completely. Approximately 15% 
of all elderly patients experience POD after elec-
tive procedures, with a higher incidence (30–70%) 
among elderly who have undergone emergency 
operations [18]. Postoperative delirium (POD) can 
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prolong the length of stay in the hospital as well 
as the postoperative dependence of elderly peo-
ple. It is also associated with reduced function and 
independence, increased short- and long-term 
mortality, and prolonged cognitive impairment in 
survivors [19]. The definitive mechanism that 
underlies delirium is not clearly known; many 
hypotheses, however, concur that delirium is the 
final clinical consequence of complicated neu-
rotransmitter abnormalities. Researchers have 
identified several factors, including infection, 
inflammation, metabolite disturbances, substance 
withdrawal, medications, discomfort, environ-
mental disturbances (including sleep disruption), 
and severe pain due to inadequate analgesia. 
There are several criteria to diagnose delirium: 
disturbed consciousness, cognitive changes, rapid 
onset and fluctuating course, presence of a causal 
medical condition, or a change of substance usage 
[19, 20].

 Cardiac Complications

 Myocardial Ischemia and Infarction

Cardiac complications such as myocardial infarc-
tion and heart failure are common causes of post-
operative morbidity and mortality that occur in 
1–5% of patients undergoing noncardiac surgery 
[21, 22]. At least 10% of all perioperative deaths 
result from myocardial complications. The most 
common postoperative cardiac complications in 
elderly patients are myocardial ischemia and 
myocardial infarction. The elderly are also more 
liable to suffer from post-myocardial infarction 
heart failure [23]. The mortality associated with 
perioperative myocardial infarction is approxi-
mately 30% for older patients [19]. Comorbid 
conditions such as hypertension, diabetes melli-
tus, and a history of cardiac or renal failure are 
risk factors for a higher incidence of periopera-
tive myocardial infarction (5.1%), cardiac death 
(5.7%), or ischemia (12–17.7%) in elderly 
patients [23].

The majority of perioperative myocardial 
infarctions occur within the first 3 days after sur-
gery, and frequently on the first postoperative day 

[24]. Although chest pain is the most common 
presenting symptom of myocardial ischemia in 
young patients, elderly patients may present with 
minimal chest pain, which may be misleading. 
Myocardial ischemic events are silent in over 
80% of elderly patients [25]. Incisional pain, 
residual anesthetic effects, postoperative analge-
sia, and the lack of typical angina pain in elderly 
patients during the postoperative period often 
leads to doctors to miss a diagnosis of a cardiac 
ischemic attack. Among the elderly, atypical pre-
sentations, such as tachycardia hypotension, dys-
pnea, respiratory failure, syncope, confusion, 
nausea, and excessive hyperglycemia in diabet-
ics, are more common characteristics of myocar-
dial ischemia.

 Dysrhythmias

Postoperative arrhythmias are common and rep-
resent a major source of morbidity after both car-
diac and noncardiac surgical procedures [26]. 
Postoperative atrial arrhythmias occur in 6.1% of 
elderly patients undergoing noncardiac surgery 
[27]. Postoperative electrolyte disturbances and 
increased sympathetic nervous system activity 
may lead to cardiac dysrhythmias, although myo-
cardial ischemia or congestive heart failure 
should be taken in account [28].

The only proven preoperative risk factor for 
developing an atrial arrhythmias following surgery 
is an age of 60 years or older [28]. Patients aged 
more than 60 years and undergoing elective tho-
racic surgery are independently associated with a 
higher risk for developing atrial fibrillation [27]. 
Cardiac arrhythmias may also be stimulated by pul-
monary disease, such as pneumonia or pulmonary 
embolism, volume overload, hyperthyroidism, or 
sympathomimetic drugs. Atrial arrhythmia-onset 
peaks 2–3 days following surgery. Perioperative 
atrial arrhythmias are usually well tolerated by 
younger patients. However, it can be associated 
with hemodynamic instability in elderly patients. 
The complications of atrial fibrillation include 
stroke and congestive heart failure. Atrial fibrilla-
tion is also associated with higher inpatient mortal-
ity when accompanied by myocardial infarction 
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(25 vs. 16%) [29]. Management of atrial fibrillation 
consists of heart rhythm and rate control as well as 
prophylaxis against of thromboembolism.

 Pulmonary Complications

Postoperative pulmonary complications are 
common, especially in elderly patients with 
comorbidities. Nearly 5% of all patients under-
going noncardiac surgery experience significant 
pulmonary complications. These are a common 
cause of postoperative morbidity and mortality. 
They account for up to 40% of all postoperative 
complications and 20% of potentially prevent-
able deaths [30]. The most common pulmonary 
complications are lung collapse, hypoxemia, 
hypoventilation, acute respiratory distress syn-
drome, and pneumonia. Development of these 
complications can extend the ICU unit stay and 
increase mortality. Compared to younger 
patients, patients 70 years of age and older have 
a higher risk of respiratory complications, 
including bacterial pneumonia, non-cardiogenic 
pulmonary edema, and respiratory failure requir-
ing intubation [31]. Age-related alterations in 
pulmonary function combined with postopera-
tive pulmonary pathophysiologic changes place 
the elderly patient at greater risk for complica-
tions. Clinical predictors of adverse pulmonary 
outcomes include site of surgery (chest, abdo-
men), duration and type of anesthesia, chronic 
obstructive pulmonary disease (COPD), asthma, 
preoperative hyper-secretion of mucus, chest 
deformation, and perioperative nasogastric tube 
placement [32].

 Aspiration

Aspiration is the inhalation of oropharyngeal or 
gastric contents into the larynx and lower respira-
tory tract. Normal deglutition is a smooth, coor-
dinated process that involves a complex series of 
voluntary and involuntary neuromuscular con-
tractions. Age-related changes affect each phase 
of the swallowing process, increasing the risk of 
aspiration in the elderly [33]. The presence of 

other risk factors in the elderly that make them 
particularly vulnerable to oropharyngeal aspira-
tion include dysphagia, poor oral hygiene, altered 
level of consciousness, and gastroesophageal 
reflux disease [33]. Dysphagia and recurrent 
pneumonia in elderly patients are alarming fac-
tors for physicians. Patients found to be aspirat-
ing should undergo swallow therapy, modification 
of dietary consistency, training in specific swal-
lowing techniques, and upright positioning while 
feeding. Surgery is rarely indicated.

 Pain Management

Effective pain management is more complex in 
the elderly than it is for younger patients. 
Nonetheless, it is essential for a smooth recovery 
and early rehabilitation. This complexity is due 
to certain factors that include impaired cognition, 
medical comorbidities, drug interactions, and 
problems with appropriate dosing. Age-related 
suboptimal renal function often limits the ability 
to adopt a standardized protocol for pain man-
agement after surgery. Obviously, pain may have 
a substantial impact on recovery and may also 
exacerbate underlying pulmonary or cardiac 
comorbidities. Fear of pain results in less postop-
erative mobility, thereby increasing the risk of 
thromboembolism, urinary retention, fecal 
impaction, and atelectasis [34]. The treatment 
plan should anticipate the need for pain control. 
Also, it should be individualized and assessed/
modified frequently based on the patient’s 
response. Medical and non-pharmacologic 
approaches should also be used. These include 
physical agents and cognitive behavioral 
approaches [35]. Opioids are the ideal agents for 
treating acute postoperative pain because they 
have no ceiling to the analgesic effect. However, 
ways to diminish the need for opioids are being 
explored due to the possible adverse effects on 
respiratory, gastrointestinal, and cognitive func-
tion in older patients. Managing pain is very dif-
ficult in the elderly as it can easily alter mental 
status and this derangement can be confused with 
delirium. The geriatric mantra is “start low, go 
slow, but go” when dealing with titrating pain 
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medication. Combination of benzodiazepines 
and opiates are a dangerous combination. Elderly 
patients with injuries from fractures and the 
desire to treat the pain must be weighed against 
iatrogenic complications. The use of regional and 
local anesthesia is highly recommended when 
applicable. One approach is to decrease the anal-
gesic requirements with minimally invasive sur-
gery. Because minimally invasive procedures 
result in shorter hospitalization, earlier ambula-
tion, decreased postoperative pain, and more 
rapid return to routine activities, laparoscopic 
surgery would appear to be the ideal surgical 
choice for elderly patients [36].

 Geriatrics and GCS

A low Glasgow coma scores (GCS) in patients 
>65 years upon arrival to the hospital is an accurate 
predictor of poor functional outcomes and high mor-
tality rates. The mortality rate in patients >60 years 
with an admission GCS < 8 is 87%. It is 100% in 
patients with ≥80 years with a GCS of <11 [37].

A low energy mechanism of trauma can lead 
to serious injury and complications in geriatric 
trauma patients, especially in patients with trau-
matic brain injury (TBI), due to the effect of anti-
coagulant drugs commonly prescribed to older 
patients [38].

Elderly patients with a brain injury sustained 
higher mortality and poorer functional outcomes 
due to physiological changes that occur during 
the aging process. As the brain decreases in size 
with age, the clinical symptoms of brain tissue 
compression may present late [39]. Therefore, 
close observation of elderly patients with a GCS 
score is necessary for 24 h after the injury to 
avoid devastating complications of TBI [39, 40].

 Geriatrics and Injury Scores

In younger populations, the accuracy of the injury 
severity score (ISS) has been validated. Among 
the elderly, however, there is a lack of consis-
tency in the ISS application [41]. Patients 
>60 years of age with an average ISS of 19.7 

have an 18% mortality rate [41]. The mortality 
rate in geriatric patients is twice that in younger 
patients with the same ISS [41]. Current studies 
have demonstrated that a combination of the ISS 
with the APACHE II scores is a more accurate 
predictor of mortality in the elderly than using 
the ISS or the APACHE II alone [42].

 Ethical and End-of-Life Decisions

As people approach the end of their lives, they 
and their families face tasks and decisions ranging 
from the simple to the extremely complex. They 
may be practical, psychosocial, spiritual, legal, 
existential, or medical in nature. The central com-
ponent of the physician–patient relationship is the 
patient’s best interest. The patient has the right to 
determine the level of care or type of therapy. The 
goal of end-of-life care is to provide comfort 
throughout the dying process. Experts suggest 
that open patient–doctor communication and 
decisions about care should occur early in the ill-
ness. This helps to prepare the individual for the 
progression and treatment of the illness. It also 
guides patients and their families toward realistic 
expectations about the entire process. Advance 
directives may aid decision-making by physicians 
and family members when an elderly patient can-
not participate in the decision-making process. 
Advance directives are only activated when the 
treating physician has determined that the patient 
is incapacitated. Unfortunately, many patients 
presenting with acute surgical processes have no 
advance directive. In the absence of such a docu-
ment, healthcare providers may give more aggres-
sive care than the patient desired. For the elderly 
patient who presents with a life- threatening acute 
surgical process, therefore, the physician should 
use clearly understandable terms to explain to the 
patient or surrogate the diagnoses, management 
options, and expected outcomes. Management of 
unrealistic expectations is often difficult to man-
age with the family members who do not want the 
guilt of ending a loved one’s life. Ideally, this will 
allow for a more scrupulous determination of the 
level of aggressiveness of treatment/intervention 
desired by the patient or surrogate. Without this 
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thorough effort, the patient or his/her surrogate 
may complain about the patient suffering as a 
result of either a deficiency or an excess of care.

 Frailty

The physiological changes associated with aging 
are unique in each individual. Patients with same 
chronological age may have different physiologi-
cal age. Frailty is defined as a syndrome of 
decreased physiological reserve and a diminished 
resistance to stressors resulting in increased vul-
nerability to poor health outcomes. Studies have 
demonstrated that frailty index is superior to age 
in predicting the outcomes in geriatric trauma 
patients and the use of age alone for clinical deci-
sion may be misleading [43, 44]. However, the 
impact of frailty on outcomes in trauma patients 
decreases at the extremes of age. There are 
numerous functional tests, questionnaires, and 
indexes for measuring frailty and there is no con-
sensus on which is best to use across all clinical 
settings. According to recent studies, a frailty 
measuring instrument should include nutritional 
status, physical activity, mobility, strength, 
energy (physical domain), cognition, mood (psy-
chological domain), and social relations (social 
domain) as essential factors [45].

Several models exist for the calculation of the 
frailty index. The most comprehensive frailty 
questionnaire is the Rockwood frailty model 
based on 70 variables that assess the cognitive, 
physiological, physical, and social well-being of 
the individual. This index has been validated in 
patients undergoing elective surgery. The frailty 
index is so much more than just a predictor of 
outcome. It can be used to manage and advise as 
well as to predict the need for resources. In gen-
eral, this is a more expanded form of learning 
how old a patient is physiologically compared to 
their mere chronological age. The physiology is 
exceedingly varied for a given age. A person 
70 years of age may have little to no reserves with 
abundant comorbidities whereas someone in 
the 90s may be fully independently functional. 
Thus using a standardized set of questions, the 
frailty score and index is much more meaningful 

than just the chronological age. More recently, a 
modified 50-variable Rockwood frailty index has 
been shown to reliably predict morbidity in 
patients undergoing emergency general surgery 
[46]. Interestingly, using the 15 strongest predic-
tors out of the 50 variables, a similar predictabil-
ity can be achieved. The use of this 15-variable 
Emergency General Surgery (EGS) specific 
frailty index allows for a more rapid yet accurate 
assessment of the frailty status of patients under-
going emergency general surgery. For each ques-
tion in the frailty index, a patient receives a score 
varying from 0 to 1. The sum of final score is then 
divided by 15 to calculate the frailty index of the 
patient. Patients with a frailty index of >0.325 are 
considered frail and are at a high risk for morbid-
ity following emergency general surgery.

Another important healthcare quality matrix is 
failure to rescue, which is defined as death from a 
major complication. It indicates how well a hos-
pital performs once a patient develops a compli-
cation. Existing literature suggests that reducing 
failure to rescue events might be the most impor-
tant target for quality improvement in the geriat-
ric population. A recent study by Joseph et al. has 
shown that presence of frailty in elderly trauma 
patients increases the odds of failure to rescue by 
threefold as compared to the non-frail patients 
[47]. Frailty index can be utilized as a tool to 
identify patients at increased risk of failure to res-
cue. Appropriate resource allocation to prevent 
complications and early initiation of aggressive 
management can significantly impact the failure 
to rescue rate and improve the quality of care pro-
vided to these patients.

 Conclusion

Care of the elderly surgical patient is an impor-
tant part of perioperative medicine. In this 
respect, awareness of specific pathophysiolog-
ical and pharmacological aspects of this group 
of patients is required in order to preserve 
quality assurance. A combination of surgical, 
geriatric, and anesthesia risk factors seems to 
be responsible for a prolonged hospital stay 
and an increased morbidity and  mortality. 
Recent developments focus on early recovery 
by multidisciplinary team for  perioperative 
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care, which includes minimal invasive surgery, 
postoperative anesthesiology rounds, and pro-
active geriatric consultation. Surgeons, anes-
thetists, and geriatricians should be aware of 
the responsibility and challenges for the devel-
opment and successful implementation of such 
programs in perioperative practice.
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Post-acute Considerations 
in Disposition

Laura Harmon, Leah Kohri, and Rosemary Kozar

 Triaging Disposition

Older injured adults are at risk for poor outcomes 
[1]. Understanding the unique complexities spe-
cific to the geriatric trauma population is para-
mount. Injury severity score (ISS), age, and 
admitting Glasgow Coma Scale (GCS) are known 
predictive factors for mortality but older age is 
also predictive of complications and discharge to 
skilled nursing facilities [1, 2]. The importance of 
discharge destination after the index hospitaliza-
tion is being increasingly recognized as a determi-
nant of long-term survival in the injured elderly 
[3]. For a variety of reasons, the injured elderly 

are less likely to meet the criteria for discharge to 
home or inpatient rehabilitation. Rather, many are 
being discharged to skilled nursing facilities, one 
of the most important independent predictors of 
poor long-term outcomes [4]. In a retrospective 
analysis of 38,707 patients, Richmond et al. found 
that the presence of preexisting comorbid medical 
conditions increased the odds of experiencing 
complications during the acute hospitalization 
period. Increasing age, number and types of inju-
ries, injuries due to falls, and lower functional 
level all predicted discharge to a skilled nursing 
facility [5]. In another study from the Queensland 
Trauma Registry, predictors of discharge to a 
nursing home for older trauma patients included 
older age, greater injury severity scores (ISS), 
longer hospital stay, and injury caused by a fall 
[1]. Beaulieu et al. identified early independent 
variables predictive of non- home discharges from 
a review of 2800 geriatric trauma patients. As 
expected, patients with lower burden of injury 
were more likely to be discharged home. 
Independent predictors of disposition to nursing 
home were female sex, age, intensive care stay, 
and hospital length of stay. Comorbidities most 
associated with non-home disposition were neu-
rologic disorders, coagulopathy, and diabetes 
mellitus [6]. Delirium occurs in approximately 
50% of patients while in the intensive care unit 
and more frequently in geriatric patients [7]. 
Implementation of bundled care protocols 
and early occupational and physical therapy 
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involvement have all proven effective measures at 
decreasing delirium [8, 9].

Of 1352 geriatric admissions after ground 
level falls, Ayoung-Chee et al. found 51% of 
elderly patients were discharged to a skilled 
nursing facility, 39% to home, and only 5% to 
inpatient rehabilitation facilities [9]. The overall 
one year mortality for those surviving to dis-
charge was 24%. Patients discharged to a skilled 
nursing facility, however, had a threefold greater 
risk of mortality by one year compared with 
patients discharged to home, with 48% dead by 
two years. The majority of deaths occurred while 
patients were residents of the skilled nursing 
facility [9].

These data strongly suggest that efforts to 
minimize discharge to skilled nursing facilities 
are important to long-term outcomes. Potentially 
modifiable factors during the acute hospitaliza-
tion include early mobilization, adequate nutri-
tion, avoidance of delirium, prevention of falls, 
and early discharge planning [10]. In a system-
atic review and meta-analysis of nine trials 
involving 1736 patients, Fox et al. compared 
usual care to early discharge planning [11]. These 
investigators found that early discharge planning 
was associated with fewer hospital readmissions 
and lower readmission lengths of hospital stay. 
Though there were no differences in index length 
of hospital stay, mortality, or satisfaction with 
discharge planning, several of the trials indicated 
that early discharge planning was associated with 
greater overall quality of life.

 Multidisciplinary Team Approach

Disposition of the geriatric trauma patient is com-
plex and is best handled with a multidisciplinary 
team approach. Prior to discharge, geriatric 
patients often need to be evaluated by physical 
therapists, occupational therapists, speech pathol-
ogists, social services, nursing teams, and physi-
cians. Though optimal for discharge planning, 
multiple teams and multiple disciplines can con-
tribute to delays in discharge. There can be up to a 
30% increase in length of hospitalization attribut-
able to delays in communication between disci-

plines [12]. Early identification and treatment of 
underlying comorbidities and involvement of 
appropriate subspecialist is also necessary. At the 
R. Adams Cowley Shock Trauma Center, we have 
implemented daily multidisciplinary discharge 
rounds that are attended by nursing, respiratory 
care, physical therapy, social services and trauma 
and orthopedic physicians to discuss the disposi-
tion of the patient and attempt to reduce delays in 
discharge.

 Preventing Readmissions

Unplanned rehospitalization in geriatric trauma 
patients is commonplace with a 25% occurrence 
within one year [13]. Older patients with severe 
head injury and those discharged to nursing facil-
ity have the highest risk of readmissions. This 
may reflect severity of injury, specifically in 
patients requiring higher level of care post hospi-
talization. Most common causes for readmission 
include Atrial fibrillation, anemia, and conges-
tive heart failure [13]. During the index hospital-
ization, the team should clarify home medications, 
comorbidities, baseline functional and cognitive 
impairments, and degree of frailty to facilitate 
discharge planning and prevent readmissions. 
Geriatric consultation during the index hospital-
ization may assist with these but can also provide 
advanced care planning, management of medica-
tion changes, improvement in pain management, 
and reduction in discharges to long-term care 
[14–16]. Geriatric nursing, using an acute care 
elderly unit model, has also been reported to 
improve care by providing comprehensive dis-
charge planning and management [17]. Accurate 
discharge instructions and early follow-up with 
not only the trauma physicians but also the 
patient’s primary care physician or gerontologist 
can prevent readmissions.

Perhaps most important is being able to help 
the patient and families set realistic expectations. 
Soberg et al. studied the long-term multidimen-
sional functional consequences of patients with 
multiple severe injuries two years after trauma. 
Soberg found a considerable gap in the functional 
status of post-traumatic patients when compared 
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to the general population [18]. Helping the 
patient and family to understand the transition of 
care is paramount to the patient’s long-term suc-
cess [19]. Families should be encouraged to take 
an active role participating in inpatient care and 
focus should be centered on rehabilitation as an 
active process with goals to regaining indepen-
dence [19, 20].

Keys to Successful Disposition

• Identification of predictors of disposition 
location.

• Early discharge planning.
• Multidisciplinary team approach.
• Good communication team members.
• Early follow-up to prevent readmission.
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 Introduction

In the context of a rapidly growing population of 
older adults, nursing care of geriatric trauma 
patients calls for the integration of knowledge and 
skills, as well as interdisciplinary approaches to 
optimize patient management in acute care settings. 
Older adults are hospitalized for injury in far greater 
numbers than younger adults despite lower injury 
severity [1]. In 2014, over 1.3 million adults were 
admitted to US hospitals with a primary injury diag-
nosis and 55% were age 65 or older [2]. Sixty-seven 
percent of adults age 18–64 were discharged to a 
home setting while only 17% of adults age 65 and 
older were discharged home [2]. These differences 
underscore the evolving complexity and needs of 
older adults and compel the importance of stellar 
nursing care during and after hospitalization.

The care of older adults entails a fundamental 
understanding of physiologic changes associated with 
aging, management of chronic conditions, polyphar-
macy, and models of frailty. Nurses equipped with this 
knowledge can provide proactive assessment of geri-
atric syndromes, including depression, delirium, 
dementia, pain, pressure ulcers, sarcopenia, and 
frailty. Among the geriatric trauma population, gen-
eral assessment involves attention to both injury-spe-
cific and geriatric-specific considerations. Consistent 

with the directives presented in the Dr. Mangram’s 
chapter, the following sections present approaches to 
general evaluation, risk management, and goals of 
care from a nursing perspective. Traumatic injury in 
older adults is a public health crisis and nurses are 
uniquely positioned to impact the continuum of care 
at the point of entry and beyond.

 Person-Centered Care

Holistic care is a foundational concept within theo-
retical models of nursing. Biomedical models of 
care are shifting to person-centered care approaches 
that recognize the role of nursing within interdisci-
plinary teams to address the complex needs of older 
adults [3]. Kogan et al. [3] identified five essential 
elements of person- centered care (Table 43.1). This 
person-centered care model supports an emerging 
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Table 43.1 Elements of person-centered care

Essential elements of person-centered care

  •  Care is coordinated across the health system, 
medical and supportive services

  • Focus and targeted to defined populations

  • Team-based and multidisciplinary

  •  Connections between medical care and supportive 
services

  •  Emphasis on the patient and family experience as 
a critical outcome

Kogan, AC, Wilber, K, Mosqueda, L (2016). Person- 
centered care for older adults with Chronic conditions and 
functional impairment: A systematic literature review. 
JAGS, 64:e1-e7
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priority to focus on “geriatric trauma” as defined 
patient population and to coordinate care across 
trauma systems, interdisciplinary teams and transi-
tional settings [4]. Within this framework, nurses 
are central to assessing and understanding the needs 
of patients with chronic conditions and functional 
impairments.

Geriatric trauma patients are admitted to hospi-
tals with an array of chronic conditions. The Centers 
for Medicare and Medicaid Services (CMS) 
reported the prevalence of 19 chronic conditions 
within the US for 2014 (Fig. 43.1). The top ten 
chronic conditions include: hypertension (55%), 
hyperlipidemia (44.7%), ischemic heart disease 
(27%), arthritis (29.4%), diabetes (26.7%), chronic 
kidney disease (16.6%), depression (16.2%), heart 
failure (13.7%), chronic obstructive pulmonary dis-
ease (COPD) (11%), and Alzheimer’s disease/
dementia (10%) [5]. Eighty-seven percent of older 
adults have at least one chronic condition. Van 
Walraven et al. [6] developed a weighting algorithm 
based on the association of comorbidity and death 
to produce a comorbidity index. Among injured 
older adults admitted to US hospitals, over 44% of 
patients have a comorbidity index >3.0 with the 
highest percentage in level III/IV trauma centers 
(46.8%) and non-trauma centers (45.2%) [7] as 
compared to level I (40.2%) and level II (43.9%) 
trauma centers [7].

Nursing care of patients with injuries and 
chronic conditions requires early and accurate 
assessment. Nurses should be knowledgeable of 
specific chronic conditions and associated medi-
cal management. Chronic conditions and acute 
hospitalization for injury cannot be separated 
since conditions are intertwined and entail indi-
vidualized assessment of needs, standardized 
approaches to care, and continuous process 
improvement efforts [8, 9]. Geriatric education 
is a first step that all trauma centers should 
employ to ensure that trauma nurses demonstrate 
competencies required to provide optimal care. 
Education initiatives should include: physiologic 
changes associated with age, effects of aging of 
safety of older adults, functional decline and 
cognitive impairment, frailty trajectories and 
end-of-life.

Continuity of care and care coordination are 
other essential nursing considerations. Yakusheva 
et al. [10] reported an association between 
 discontinuity of nursing care and decline in clini-
cal condition scores. Continuity enables greater 
familiarity with patient and family needs and 
increases patient satisfaction. Care coordination 
ensures that patient needs and preferences are 
met in terms of health services and the exchange 
of information across providers, functions and 
settings [11].
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Polypharmacy is defined as the use of drugs 
in numbers exceeding medical necessity [12]. 
Nurses play a central role in reducing poly-
pharmacy and associated risks. Patient care 
approaches should include accurate documen-
tation of medication lists, patient/family edu-
cation regarding the purpose and effect of 
medications, adverse effects, proper adminis-
tration and use of a single pharmacy if possi-
ble. Counseling regarding avoidance of shared 
medications and disposal of expired medica-
tions are other issues often overlooked.

As adults age and develop functional 
impairments, they often underestimate the risk 
of falling, as well as the sequelae after a fall. 
Increased risk occurs as older adults experi-
ence muscle weakness, balance problems, 
orthostatic hypotension, decreased reflexes, 
sensory impairment, vision impairments, con-
fusion, and effects of medication. Nurses on 
interdisciplinary teams should seek opportuni-
ties to educate patients and families regarding 
risk, including discussions about physical 
activity, strength and balance training and 
reducing risk within the home through envi-
ronmental modifications. Hospitalization fol-
lowing injury provides an opportunity to 
discuss these issues with patients and family 
caregivers.

 General Evaluation and Risk 
Assessment

The nurse’s role with geriatric trauma patients 
on the trauma team requires complex decision- 
making skills in tandem with an understanding 
of physiologic systems impacted by injury. 
Nurses build on basic skills acquired through 
initial training (i.e., Trauma Nurse Core Course 
[TNCC]) and gain experience over time in 
rapid assessment and triage. As with the 
physician- based Advanced Trauma Life 
Support (ATLS), nurses also follow ABCDE 
language (i.e., Airway, Breathing, Circulation, 
Disability and Exposure) to conduct initial 
evaluation of the geriatric trauma patient. In 

agreement with Mangram et al. in the earlier 
section, the condition of “F” or “frailty” should 
be the next step in geriatric risk assessment.

 Frailty

Frailty is syndrome of vulnerability that places 
patients at risk for poor outcomes following even a 
minor injury, highlighting the importance of early 
assessment. Physical frailty is defined as “a medi-
cal syndrome with multiple causes and contribu-
tors that is characterized by diminished strength, 
endurance, and reduced physiologic function that 
increases an individual’s vulnerability for develop-
ing increased dependency and/or death (p. 393)” 
[13]. Consistent with physical frailty, Fried et al. 
[14] described the frailty phenotype as consisting 
of five characteristics: exhaustion, weakness, 
slowness, low physical activity, and weight loss. 
Rockwood et al. [15] described the broader con-
cept of frailty that incorporates additional psycho-
logical and social factors that contribute to frailty. 
Enumeration of 20 to 70 factors allows for creation 
of a frailty index and risk stratification based on 
risk values. The distinction between the broader 
concept of frailty and physical frailty should be 
understood since frailty screening methods are 
based on one or both definitions. For example, the 
five-item FRAIL questionnaire [16] is based pri-
marily on the Fried phenotype, while the Trauma 
Specific Frailty Index (TSFI) [17] is based on the 
Rockwood Frailty Index. Both approaches are sta-
tistically sensitive in identifying frailty, while the 
Rockwood model is better able to discriminate 
levels of frailty at the lower to middle end of the 
frailty continuum [18, 19]. Aging is associated 
with trajectories of frailty, and the occurrence of 
injury within these trajectories is an external 
stressor from which many older adults are unable 
to recover fully, and many experience functional 
decline and death (Fig. 43.2) [20].

Recent studies, specific to the geriatric trauma 
population demonstrate the vulnerability of frail 
injured older adults in striking ways for multiple 
patient outcomes. As already noted, frailty pre-
dicts discharge disposition to facilities other than 
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home, as well as development of complications 
or adverse events [17, 21–23]. Maxwell et al. 
[24–26] advanced this work in a prospective lon-
gitudinal cohort study at a level I trauma center. 
One hundred and eighty-eight older adults, aged 
65 and older, were screened for pre-injury cogni-
tive impairment and physical frailty and were fol-
lowed for one-year, post-injury. Several important 
findings were reported from these studies. First, 
the prevalence of physical frailty among the geri-
atric trauma population (>50%) [24] is much 
higher than among community dwelling elders 
(~13%) [27]. Second, cognitive impairment 
among injured older adults is high (49.5%) and 
contributes to functional decline post-injury [26]. 
Thirdly, significant difficulties were identified in 
screening actual older patients after admission to 
the hospital secondary to cognitive impairment, 
delirium, sedation, and pain; however, studies 
have established the feasibility of screening via 
proxy respondents [24, 28], and have determined 
that proxy reports of older adults’ pre-injury 

functional status are in an acceptable range of 
agreement with those of patients [25]. Finally, 
Maxwell et al. conducted multivariable logistic 
and linear regression models and determined pre- 
injury physical frailty to be the predominant pre-
dictor of 6-month and 1-year functional decline 
and mortality [26]. These studies emphasize the 
importance of frailty screening upon admission 
to acute care following injury.

A number of brief screening instruments for 
frailty and functional status are available for cli-
nicians. Table 43.2 provides a list of commonly 
used screening instruments. Another option spe-
cific to trauma is the Trauma Specific Frailty 
Index (TSFI) which consists of 15 variables that 
can be identified upon admission to the hospital 
to derive a numerical index ranging from 0 to 
1.0 [17]. Joseph et al. [17] identified a range 
between 0.12 and 0.38 among geriatric trauma 
patients and established an optimal cutoff of 
0.27 (sensitivity 85%, specificity 75%) for iden-
tification of frailty.
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 Goals of Care

 Guidelines for Best Practice

Beyond the initial evaluation and risk assessment 
of geriatric trauma patients, nurses provide care 
throughout the hospital stay and prepare patients 
for transitions to other health care settings. Space 
precludes the ability to fully explore clinical 
practice guidelines in every area of geriatric care. 
Table 43.3 provides a list of quality elements for 
nursing care of the geriatric patient. Nurses are 
encouraged to explore areas identified in the list. 
Other online resources are available for individ-
ual study and development of geriatric trauma 
education programs.

The Hartford Institute for Geriatric Nursing 
provides a clinical website with online resources 
for nurses in clinical settings identified as 
“ConsultGeri” (https://consultgeri.org/our-team). 
This resource includes a curriculum guide for 
advanced certification in gerontology and infor-
mation (textual, videos) on competencies to 
improve care of older adults. E-learning resources 
include webinars and an extensive list of other 
geriatric care organizations that offer important 
content on the care of older adults. Of particular 
interest is the “Try This,” an inclusive set of 
assessment tools on topics relevant to the care of 
older adults. Each topic includes short video clips 
of demonstrations about particular assessment 
skills. These resources are free, downloadable, 

and ideal for customizing an education curricu-
lum for trauma nurses.

Another important resource is Nurses Improving 
Care for Healthsystem Elders (NICHE) (http://
www.nicheprogram.org/). NICHE focuses on pro-
tocols that are under the control of nursing practice 
or areas where  nursing interventions have a sub-
stantive and positive impact on patient care. 
Guiding principles are based on: geriatric care at 
the bedside, patient/family-centered environments, 
healthy and productive practice environments, and 
multidimensional quality metrics.

Derived from leading experts in geriatric nurs-
ing, the following sections highlight overarching 
goals of care during hospitalization [35, 36], 
including maintaining physical and cognitive 
functioning, maximizing independence at dis-
charge, assisting transitions of care to prevent 

Table 43.2 Screening instruments for risk identification

Screening instruments for identification of risk among 
older adults

  • Vulnerable Elders Survey (VES-13) [29]

  • Barthel Index [30]

  • Life Space Assessment [31]

  • Katz Activities of Daily Living [32]

  • Frailty Index [15]

  • Gerontopole Frailty Screening Tool [33]

  • FRAIL Questionnaire [16]

  •  Cardiovascular Health Study Frailty Screening 
Scale [14]

  • Identification of Seniors at Risk (ISAR) [34]

  • Trauma Specific Frailty Index (TSFI) [17]

Table 43.3 Elements for evidence-based nursing prac-
tice for geriatric patients

Elements for evidence-based nursing practice for 
geriatric patients [35]

  • Assessment and maintenance of functional status

  • Assessment and maintenance of cognitive status

  • Screening for depression

  • Screening for dementia

  • Prevention, recognition and treatment of delirium

  • Communication with family caregivers

  • Preventing falls in acute care

  • Pain management

  • Preventing iatrogenic complications

  • Reducing adverse drug events

  • Addressing urinary incontinence

  • Addressing mealtime difficulties

  • Maintaining nutrition

  • Oral care

  • Preventing pressure ulcers and skin tears

  • Age-related changes in health

  • Excessive sleepiness or insomnia

  • Elder abuse

  • Addressing sensory impairments (vision, hearing

  •  Physical restraints and side rails: ethical, legal, 
and practical issues

  • Health care decision-making

  • Critical Care of older adults

  • Advance directives and End-of-Life

43 Nursing Considerations in General Evaluation, Risk Management, and Goals of Care

https://consultgeri.org/our-team
http://www.nicheprogram.org/
http://www.nicheprogram.org/


416

unplanned readmissions, and early geriatric pal-
liative care.

 Maintaining Physical and Cognitive 
Function

Creditor [37] described hazards of hospitaliza-
tion in the elderly over 20 years ago, and dis-
cussed physiologic factors associated with 
prolonged bedrest. These factors contribute to a 
cascade that leads to decline and dependency. 
Recent systematic reviews [38, 39] outline inter-
ventions to prevent functional and cognitive 
decline during hospitalization with an emphasis 
on multidisciplinary teams and multicomponent 
interventions. Nurses are in a unique position to 
advocate for aggressive attention to specific 
measures.

Functional decline is a primary complication 
following injury in older adults [26]. Early mobi-
lization should be instituted upon admission with 
the goal of maximizing patients’ physical abili-
ties. Ambulation and/or structured exercises 
should occur three times a day (or more) as the 
patient is able to tolerate. Routine daily activities 
can be facilitated through transfers from bed to 
chair for meals, reading, and interactions with 
visitors. Care should be individualized to deter-
mine the most effective measure for enhancing 
functional status.

Delirium, or acute confusion, is a common 
problem for hospitalized older adults. 
Predisposing factors include: dementia, severe 
illness/injury, sensory impairment, surgery, 
ICU, psychoactive medications, and sleep depri-
vation [40]. Prevention strategies include fre-
quent patient re-orientation to time, person, and 
place. Reorientation is assisted through white 
boards with names of care team members and 
daily schedules. Orienting communication by 
health care personnel, family and other visitors 
facilitates re-orientation and provides cognitive 
stimulation. Vision and hearing impairments 
contribute to the development of delirium  during 
hospitalization. Personal glasses and hearing 
aids should be readily available to patients and 
other measures should be provided as needed, 

including magnifying lenses, materials for writ-
ten communications, and use of fluorescent tape 
on floors and doorways. Portable amplifying 
devices are particularly helpful for patients with 
hearing impairments. Adequate sleep during 
hospitalization can be facilitated through 
reduced noise and less care interruptions, use of 
sleep aids (music, soft background sounds [e.g., 
rain]), and appropriate medications (e.g., mela-
tonin). Daily nursing assessment of cognitive 
function is important for detecting subtle 
changes that can escalate and lead to complica-
tions, including urinary incontinence, pressure 
ulcers, falls, aspiration, and increased hospital 
length of stay.

 Maximizing Independence 
at Discharge

Geriatric trauma highlights the relative influence 
of injury with aging. Hospitalized patients are 
often categorized according to their baseline 
frailty status (robust, prefrail, frail), yet all three 
categories are at risk for functional decline dur-
ing hospitalization and beyond. Maximizing 
independence at discharge involves discussions 
with patients and family caregivers about the 
influence of frailty on patient outcomes and the 
importance of physical activity in mitigating 
decline. Prognostic indices are useful for clinical 
decision-making and promotion of interventions 
[41] (i.e., physical therapy, physical activity). 
However, no studies have assessed the influence 
of prognostic indicators on outcomes of geriatric 
trauma patients.

Decisions regarding inpatient rehabilitation, 
skilled nursing facility rehabilitation, and home 
health care should be individualized and based on 
comprehensive geriatric assessment, as well as 
assessment of physical capabilities. A recent sys-
tematic review found that older adults’ accep-
tance and willingness to engage in exercise or 
physical activity was dependent on the perceived 
value of the activity, as well as the ability to find 
enjoyment in the activity [42]. Recommended 
guidelines for physical activity in older adults 
(age 65 and older) include at least 150 minutes of 
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moderate activity or 75 minutes of vigorous 
activity per week, and muscle-strengthening 
activities on at least 2 days a week [43]. The dis-
charge process is an opportunity to provide infor-
mation on the importance of physical activity and 
fall prevention. The National Council on Aging 
(NCOA) (https://www.ncoa.org/) is an excellent 
resource offering fall prevention strategies, self- 
management resources, and information on pro-
grams available to seniors in communities 
throughout the US

 Assisting Transitions of Care 
and Preventing Unplanned 
Readmissions

Transitions from acute care are recognized as a 
risk point for breakdowns in care coordination 
and continuity of care. Geriatric trauma patients 
and their families often find themselves at cross-
roads following hospitalization for injury. Injury 
is often a tipping point that identifies needs for a 
higher level of care from independent living, a 
change in driving status, psychosocial adaptation 
and acceptance of end points associated with 
aging. A heightened awareness by trauma nurses 
of these potential needs can facilitate appropria-
tion of resources to assist transitions to other 
facilities (including home), as well as measures 
to help prevent unplanned readmissions.

A systematic review [44] of interventions to 
improve patient safety in transitional care identi-
fied three types of interventions employed pri-
marily upon discharge from acute care: (1) 
profession-oriented interventions (patient educa-
tion, physical therapy), (2) patient- or family- 
focused interventions (patient awareness, 
discharge support), and (3) organizational/cul-
ture interventions (transfer nurse, discharge pro-
tocols, medication reconciliation, standardized 
discharge forms). Studies [44–46] demonstrate 
the importance of key individuals (e.g., advanced 
practice nurse, case manager, social worker) 
who are knowledgeable of potential risks and 
who address diverse needs of patients and family 
caregivers in a systematic way before and after 
discharge.

Watkins et al. [45] reported a decrease in 
hospital readmissions and correlated cost sav-
ings through utilization of a navigator transi-
tional care model that focused on social 
support and health education after discharge. 
Support included attention to services such as 
transportation (to appointments), housekeep-
ing, and meal preparation, and education-rein-
forced medical management and measures to 
ensure safety in the home [45]. Naylor et al. 
[46] compared the effects of three interven-
tions (standard care, resource nurse care, tran-
sitional care model) on rehospitalization and 
found that the transitional care model (TCM) 
demonstrated lower mean rehospitalization 
rates per patient. The TCM was administered 
by an advanced practice nurse, extended 
from the index hospitalization and 60 days 
beyond, and included home visits, a physician 
follow-up visit, telephone outreach, and 
7 days–a–week phone support. These mea-
sures underscore the importance of focused 
attention on the discharge process.

Driving safety is a particularly important tran-
sition topic for geriatric trauma patients. Up to 
25% [7, 24] of older adult injuries involve motor 
vehicle events and often highlight the need to 
address driving retirement. Betz et al. [47] con-
ducted a metasynthesis to identify older adults’ 
preferences for communication about driving 
with health care providers. Nurses and other pro-
viders are encouraged to be mindful of the fol-
lowing related themes.

• Driving discussions are emotionally charged 
and necessitate sensitivity and time to process.

• Discussions should be placed within the con-
text of the event (illness, injury) to emphasize 
importance of safety.

• Providers are trusted resources to initiate sen-
sitive conversations.

• Communication must occur over a period of 
time rather than suddenly.

• Older adults desire autonomy and agency in 
the decision to stop driving.

Models of care for transitions primarily focus 
on the medical and physical needs of patients. 
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However, among older adults, health changes 
that entail loss of independence call for interven-
tions that address psychosocial needs as well. 
Nurses play a vital role at this juncture of care. 
Sullivan et al. [48] conducted a metasynthesis of 
qualitative studies and identified themes associ-
ated with older adults’ transition experiences:

• Transitions to long-term care represent a pain-
ful loss that requires time for mourning;

• Patients seek stability through gaining auton-
omy to sustain a new sense of self; and

• Acceptance occurs when a unique inner bal-
ance is reached.

Being mindful of the time needed to process 
loss, and sensitivity to individual patients’ needs are 
key components of nursing care. Interdisciplinary 
teams must also be sensitive to the psychological 
adjustments and adaptations that occur during tran-
sitions and offer support and opportunities for open 
dialogue and communication. Gilbert et al. [49] dis-
cussed the necessity for older adults to recognize the 
need for increased levels of care to facilitate trans-
fers and/or relocations. The influence of family, 
friends and providers plays a key role in guiding 
patients through the process.

 Geriatric Palliative Care 
and Advance Care Planning

Palliative care after injury may be an appropriate 
option for geriatric trauma patients with 
advanced frailty. Integrating palliative care for 
frail patients acknowledges the life-limiting 
nature of frailty and aims to improve quality of 
life through: (1) relief of physical and emotional 
suffering, (2) facilitation of patient-family-pro-
vider communication, and (3) coordination of 
care across settings.

The role of palliative care for geriatric trauma 
patients deserves special attention related to 
goals of care. Physical frailty is the primary clini-
cal marker of biologic aging [50, 51] and the 
leading prognostic indicator for palliative care 
[52, 53]. The prevalence of frailty among this 
patient population calls for interventions to help 

patients and families understand changes associ-
ated with aging that lead to end-of-life. Admission 
to acute care following injury provides a window 
of opportunity in which patients and their fami-
lies are often open to discussions about the impli-
cations of frailty, including the delivery of early 
geriatric palliative care (GPC). Early initiation 
and staging of GPC dialogue enhances receptiv-
ity to sensitive discussions. Discussion compo-
nents of greatest importance to patients and 
family caregivers include prognosis [54, 55] and 
exploration of values and needs [54, 56]. A grow-
ing body of evidence supports the need for earlier 
models of palliative care aimed at meeting the 
needs of frail elders and addressing the inevita-
bility or longitudinal nature of decline and death 
[57–59].

Advance care planning (ACP) is the process 
in which patients and families prepare for medi-
cal decision making. Uncertainty about end-of-
life, difficulty acknowledging frailty, and 
reluctance to think about death in real terms are 
common narratives of frail elders [60, 61]. A 
recent systematic review of frail older adults 
with no over- riding diagnoses revealed that 
61–91% of older adults want to engage in end-
of-life discussions sooner than later, while fam-
ily members are more reluctant to accept that 
their relatives are near the end of life [62]. 
Experts suggest that ACP is not a one-time event, 
but rather is a process that occurs over time. 
Shared decision-making (SDM) is a process in 
which health care decisions are made jointly by 
the patient, health professional(s), and family 
members or significant others. SDM is optimal 
under conditions of uncertainty and when deci-
sions are preference sensitive [60, 63]. 
Hospitalization for injury provides an opportu-
nity to begin these crucial conversations.

 Summary

The preceding sections offer guiding principles, 
based on empirical evidence, from which nurses 
and other health care providers can approach the 
care of geriatric trauma patients. While the initial 
assessment of trauma is similar for the young and 
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old, the emphasis on frailty assessment within the 
general evaluation for older adults is paramount. 
Regarding goals of care, vigilance to maximizing 
function, cognition and independence is crucial, 
and the significance of early geriatric palliative 
care within the context of care transitions warrants 
increased attention and future research. As trauma 
nurses have the opportunity to employ these 
approaches, they will impact the field of geriatric 
trauma care in greater capacity for years to come.
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 Introduction

Trauma is currently the fifth leading cause of death 
for the older adult and patients >65 years of age 
which accounts for nearly 25% of all trauma [1]. 
Age-related physiologic changes, comorbidities, 
polypharmacy, and lower physiologic reserve con-
tribute to the complexity of care for the older adult. 
Worse outcomes in geriatric trauma patients occur 
with lower injury severity scores than their younger 
counterparts [2]. These patients are often under-tri-
aged due to masked signs and symptoms of clinical 
decline. However, timely exams and appropriate 
interventions can lead to successful resuscitations 
and allow older adults to return to their prior baseline 
[3]. Thus, a prepared and investigative trauma team 
is necessary to recognize subtle changes and antici-
pate injuries unique to the elderly trauma patient.

The emergency nurse is one of the first hospital 
members to interact with the older adult patient and 
is linked to their care from admission to transfer or 
discharge. Acting as the voice for the patient and 
their family, the nurse provides insight to the medi-
cal team through goal-directed questioning and 
family-centered care. Within the trauma team the 
nurse optimizes critical communication and assists 
in the continuity of care with other providers such 

as laboratory and radiology staff, surgery person-
nel, acute and critical care nursing, and the receiv-
ing hospital staff [4]. An understanding of geriatric 
traumatic injuries, physiology, and comorbidities 
guides the nurse’s interventions and understanding 
of the clinical provider’s care. As an educated and 
dynamic team member, the nurse is able to assist in 
the successful resuscitation while respecting 
patient and family wishes. This chapter, using rec-
ommendations from the Emergency Nurses 
Association and American College of Surgeons, 
will discuss these geriatric considerations for the 
emergency nurse in both the primary and second-
ary survey incorporating common mechanisms of 
injury seen in the geriatric trauma patient.

 Age-Related Changes

An understanding of the age-related changes in 
the older adult is crucial for the emergency nurse 
to accurately assess and anticipate traumatic inju-
ries and complications. Physiologic alterations 
are present in each major system and comorbidi-
ties are present in >80% of older adults, predis-
posing this population to higher morbidity and 
mortality rates [5]. The impact of these changes 
in trauma is discussed throughout, and further 
chapters will address specific injury and system 
characteristics in more depth. However, a general 
overview of the common variations associated 
with aging is displayed in Fig. 44.1.
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 Mechanism of Injury

The geriatric patient is at risk for similar traumatic 
injuries seen across the lifespan, but less severe blunt 
force results in significant injuries as the osteopo-
rotic changes in bone density reduce the body’s abil-
ity to absorb energy [2]. The older adult is also at risk 
for burns and penetrating trauma. Yet the three most 
common mechanisms of injury are [6]:

• Falls
• Motor vehicle accidents (MVA)
• Pedestrian-related collisions

Epidemiology, risk factors, and common inju-
ries are considered in Table 44.1. Additionally, 
all injured older adults should be screened for 
elder abuse or suicide-related origins [7].

Endocrine:

Impaired thyroid function
Decreased insulin sensitivity

Metabolic:

Reduced basal metabolic rate
Decreased thermoregulation

Neurologic System:

Baseline deficits
Dementia
Stroke

Reduced pain receptors, nerve cells
Decreased cerebral blood flow and
metabolism

Reduced visual acuity
Reduced sympathetic response
Decreased sensitivity to soundCardiovascular System:

Underlying disease 
processes such as coronary 
artery disease, heart failure 
and dysrhythmia’s
Decrease in cardiac muscle 
mass
Underlying hypertension
Sclerosis, fibrous deposits,
calcification of arteries

Orthostatic hypotension

Pulmonary System:

Decreased cough reflex
Decreased forced vital capacity
Alveolar stiffening
Underlying emphysema, chronic
obstructive pulmonary disease

Increased susceptibility to infection

Renal:

Reduced renal blood flow
Decrased glomerular
filtration

Decreased renal clearance of 
drugs and metabolites

Gastrointestinal System:

Decreased:
Gastrointestinal
absorption
Gastric emptying
Hepatic blood flow/drug 
clearance
Motility

Neck:

Osteoporosis
Kyphosis
Cervical stenosis

Musculoskeletal System:

Osteoporosis (F > M)
Decreased:

Muscle mass
Speed of muscle contraction
Joint flexibility
Control of movements

Bone demineralization

Fig. 44.1 Normal physiologic changes in the older adult
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 Geriatric Considerations 
of Emergency Room Care

As the emergency nurse, priorities of patient care 
are similar across the lifespan but special consid-
erations in the primary and secondary survey are 
crucial for early recognition of geriatric trauma 
complications. Whether in a rural hospital or 
urban Level I Trauma Center, the nurse’s role 
will focus on safety, efficiency, and closed-loop 
communication [3]. Traditional nursing roles of 
documentation of the primary and secondary 
assessment, recording and reporting vital signs, 

establishing peripheral intravenous (IV) access, 
oxygenation, and cataloging personal effects are 
key. Additionally, the emergency nurse has a vital 
role in providing patient and family support, and 
establishing the patient’s care directive goals. 
Perhaps the most central role relative to this 
chapter’s discussion is the ability of the 
 emergency nurse to anticipate priorities of care, 
and to understand the physiologic differences in 
the elderly that may not be readily apparent to all 
team members. To facilitate this comprehensive 
role, both provider and nursing interventions are 
intertwined in the sections below.

Table 44.1 Geriatric trauma mechanisms of injury, risk factors, and associated injury

Mechanism of 
injury (MOI) Epidemiology Risk factors [8] Common injuries [8]

Falls •  Leading cause of geriatric 
trauma-related mortality 
[18]

•  One in three adults 
≥65 years of age fall 
annually [5]

•  Falls account for 25% of 
geriatric hospital admissions 
and 40% of nursing home 
admissions [1]

•  Less than 40% of patients 
return to independent 
living after a fall, and over 
25% of patient’s die within 
1 year of injury [1]

•  Leading cause of 
traumatic brain injury in 
the geriatric population [2]

•  Medication, cardiac, or 
volume induced orthostatic 
hypotension

•  Decreased reaction time
• Poor balance and strength
•  Environmental factors 

such as wet surfaces, 
obstructed or cluttered 
pathways, rugs, poor 
footwear

• Lacerations or ecchymosis
• Traumatic brain injuries
• Subdural hematoma
•  Fractures, specifically pelvic 

fractures resulting in high 
rates of hemorrhage, 
transfusion and critical care 
admission.

•  Secondary complications 
from prolonged time down 
can lead to rhabdomyolysis. 
This may cause acute renal 
failure, hyperkalemia, fat 
embolisms, coagulopathies, 
or multi-system organ 
failure

Motor vehicle 
accidents
(MVA)

•  Second most common 
MOI in geriatric trauma 
[1]

•  Most frequently occurs 
when driver is making left 
turns [9]

•  Decreased peripheral and 
night vision, cataracts, 
poor hearing, and delayed 
reflexes

•  Osteoporosis and bone 
demineralization increases 
risk of fractures upon 
impact

•  Blunt chest trauma seen in 
25% of older adults 
involved in MVC

•  Sternal, rib, clavicle, and 
pelvic fractures are 
common.

Pedestrian-related 
accidents

•  Third most common MOI 
in geriatric trauma [1]

•  Older adults are victims of 
pedestrian- related 
collisions second only to 
pediatric patients [2]

•  Represent the largest 
percentage of fatalities [2]

•  Kyphosis, decreased 
reaction time, slower pace, 
decreased visual and 
auditory acuity

•  Similar blunt injury pattern 
as seen in MVA’s

44 Geriatric Trauma: Emergency Nursing Considerations
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 Preparation and Triage

It is important to remain aware that the injury 
pattern and body’s response to trauma is differ-
ent in the elderly patient; their mechanism of 
injury and vital signs are not indicative of sever-
ity of injury [1]. For this reason the American 
College of Surgeons recommend triaging older 
adults to trauma  centers for lower physiologic 
indicators than their younger counterpart [6]. 
Prior to the patient’s arrival, the trauma team’s 
roles and responsibilities should be assigned 
and the nurse should prepare resuscitation 
equipment by emergency department policy. As 
communication is critical for successful triage, 
models such as SBAR—situation, background, 
assessment, recommendation—are recom-
mended [3].

 Primary Survey

The initial survey begins the minute the patient 
crosses the emergency room threshold. Assess the 
patient from across the room; observe for obvious 
signs of hemorrhage, level of consciousness, and 
movement [3]. Attach patient to heart rate and 
pulse oximetry monitors, take blood pressure 
reading, and apply oxygen to maintain saturations 
of 94–98% [8]. It is critical to communicate read-
ings and individual assessment throughout triage 
to the provider or team leader. Provide emotional 
support for the patient and consider normal geriat-
ric physiologic changes, comorbidities, and 
mechanism of injury. Depending on the size of 
your team, the steps below may occur simultane-
ously with primary consideration for the greatest 
threat [9]. In general, the priority of airway and 
breathing is first, followed by hemorrhage control 
and circulatory resuscitation.

 Airway and Alertness
Geriatric Considerations
Physiologic: Decreased cough and gag, thin 
mucous membranes, and reduced salivation place 
patients at increased risk for aspiration [8]. 
Kyphosis, cervical stenosis, and spinal misalign-
ment may cause difficulty with airway patency [9].

Comorbidities: History of previous stroke 
with residual deficits such as dysphagia may 
impair swallowing and clearing of airway [8]. 
Patients may wear dentures, which often must be 
removed and saved.

Trauma: Assume for cervical trauma. Any 
report of bruising or facial laceration should 
increase suspicion for facial fractures [8]. 
Nasotracheal suction and nasal airway adjuncts 
are not commonly used in the elderly due to 
the concern for cribriform plate and nasal 
fractures [3].

Interventions
• Inspect airway carefully and consider partial 

and full denture dislodgement, if removed 
label and keep with patients clothing.

• Use the pneumonic AVPU to guide your 
adjunct airway needs [9]:
 – Alertness: Is the patient alert?
 – Verbal: Is the patient responding to verbal 

stimuli?
 – Pain: Does the patient respond only to pain?
 – Unresponsive: Is the patient unresponsive?

*If the patient is not fully alert and requires ver-
bal or painful stimuli an airway adjunct is neces-
sary. If the patient is unresponsive immediately 
check for a pulse and communicate the findings 
to the physician or team leader.
• To open the airway, use the jaw thrust maneu-

ver and maintain cervical spine stability.
• If dentures are present, consider leaving den-

tures in place to assist with bag-mask ventila-
tion [3].

• Carefully insert airway adjuncts and suction 
catheters and assess for signs of traumatic 
insertion such as bleeding or edema [6].

• Anticipate the need for early intubation by 
ensuring adequate IV access, suction, pulse 
oximetry, bag-valve-mask ventilation, and 
easy access to the head of the bed.

 Breathing
Geriatric Considerations:
Physiologic: Normal aging changes include 
alterations in gas exchange and decreased func-
tional capacity, elastic recoil, and lung compli-
ance [10].
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Comorbidities: Obstructive disease such as 
chronic obstructive pulmonary disease (COPD) 
cause stiff parenchyma tissue, thereby increasing 
pulmonary vascular and airway resistance [11].

Trauma: Blunt chest trauma and rib fractures 
commonly lead to pneumothoraces, which paired 
with poor accessory muscle compliance results in 
early hypoxia [11].

Interventions
• Apply oxygen to patient, maintain oxygen-

ation saturations at 94–98%
• Respiratory rates >24 breaths per minute are 

associated with looming respiratory decline [8]
• Perform your own pulmonary exam in con-

junction with the provider; document and 
assess for peri-oral cyanosis; note patient’s 
breathing quality, use of accessory muscles, 
and tracheal alignment

• Ensure adequate pain control and positioning 
to facilitate maximum ventilation, anticipating 
the patient may not be a candidate for pharma-
ceutical adjuncts

 Circulation and Control of Hemorrhage
The common presence of comorbidities and the 
use of intentional anticoagulation place the geri-
atric trauma patient at an elevated risk for hemor-
rhage and hypovolemic shock. Coupled with this 
is the normal loss of physiologic reserve in the 
elderly, as they poorly tolerate sudden changes in 
their baseline perfusion pressures and tissue oxy-
genation [8]. Normal warning signs such as 
tachycardia and hypotension are often delayed, 
absent, or occur too late in the course of care to 
allow adequate time for restoration of circulation 
[12]. Subtle changes in vital sign trends and men-
tation can guide the provider’s care, thus the 
nurse must continue frequent reassessments 
throughout the primary and secondary survey and 
communicate findings and changes in exam [3].

Geriatric Considerations:
Physiologic: Normal aging changes decrease 
baroreceptor response to the release of adrenaline 
and norepinephrine. Additionally, reduced car-
diac reserve limits protective responses to even 
minor changes in volume status [12].

Comorbidities: Heart disease is present in 30% 
of older adults and the symptom of underlying hyper-
tension is present in 50% of elderly patients [1]. 
Many of these patients take anti- hypertensive and 
rate control medications, altering outcomes and nor-
mal compensatory responses to shock. Additionally, 
patients with ischemic heart disease or heart failure 
are at increased risk of rapid decompensation due to 
excessive fluid and/or blood loss [8].

Trauma: The healthcare team must consider 
that preceding the trauma myocardial ischemia or 
infarction may have occurred; the nurse should 
communicate any new patient complaints of 
chest discomfort [8]. Remain aware that pelvic 
fractures require frequent reassessments for 
occult bleeding that may be missed on imaging 
[1]. Finally, heart rate > 90 beats per minute and 
systolic blood pressure ≤110 mmHg are associ-
ated with increased mortality [13].

Interventions:
• Ensure access—at least two 18 gauge periph-

eral intravenous catheters (fragile skin and 
torturous veins may limit peripheral access, 
notify provider if central or intraosseous 
access is necessary).

• Obtain blood pressure and document vital 
sign trends remembering a normal blood pres-
sure or heart rate may be present but will not 
always represent patient stability.

• If able, access past medical chart for baseline 
blood pressure readings as an outpatient.

• Assist in early lab collection anticipating the 
need for complete blood count and coagula-
tion studies.

• Ask patient, family, or caregivers about blood 
pressure medications, anticoagulants, anti-
platelet agents, and over the counter medica-
tions and herbs, communicating results to the 
provider [14].

• Assist the provider by ensuring assessment is 
made for the presence of a pacemaker, recog-
nizing its presence denotes underlying cardiac 
dysrhythmia and/or disease [1].

• If necessary, assist in controlling bleeding by 
using direct pressure, elevation, pelvic bind-
ers, tourniquets, and appropriate blood pres-
sure management [9].

44 Geriatric Trauma: Emergency Nursing Considerations



428

• Anticipate early administration of packed red 
blood cells to improve oxygenation and pos-
sible administration of vitamin K, fresh frozen 
plasma, or coagulation factors to reverse pro-
longed bleeding time [4].

• If fluids are administered assess patient’s pul-
monary and cardiac status following small 
boluses, such as 500 ml, before administering 
additional fluids. Also, check with provider 
about rate of infusions for patients with heart 
failure [10].

• Maintain a high suspicion for bleeding through-
out exam.

 Disability or the Neurologic 
Examination
Altered neurologic status resulting from either 
acute or chronic injuries or disease processes can 
obscure standard neurological screening tools. For 
example, the Glasgow Coma scale if often unreli-
able, therefore it is crucial to ensure a detailed neu-
rological exam is performed and documented [14]. 
The nurse can assist in obtaining baseline cognitive 
function from family or caregivers and must inde-
pendently perform their own exam for reassess-
ment and hand-off reporting. Physiologic changes 
such as cerebral atrophy place the older adult at 
greater risk for subdural hematomas secondary to 
stretching of the parasagittal veins [14]. This, 
paired with decreased cerebral mass, allows addi-
tional room for accumulation of blood prior to 
signs of increased intracranial pressure. Thus, 
when head injury is suspected the emergency nurse 
should prepare for rapid and early transportation 
for head computed topography (CT) [15]. Pupillary 
exams should be performed, however note that 
cataracts, macular degeneration, and delayed 
response can impact physical assessment findings 
normally indicative of uncal herniation. Continue 
frequent reassessments and consider other neuro-
logic altering causes such as hypoglycemia, 
hypoxia, hypothermia, or hyperthermia [15].

 Exposure and Environmental 
Temperature Control
The patient will need to be exposed for a full 
assessment, on a cold stretcher, but the  emergency 

nurse should intervene to ensure warming or 
cooling measures are in place. Consideration of 
the location and timing of injury is important for 
any traumatic patient, especially older adults, as 
they are more susceptible to environmental expo-
sure. Reduced subcutaneous tissue, a decreased 
ability to sweat, decreased temperature regula-
tion, and possible underlying vascular or endo-
crine disease places these patients at risk for 
hypothermia and hyperthermia [4]. Hypothermia 
is more commonly seen, and interventions to pre-
vent possible premature ventricular contractions, 
ventricular tachycardia, or coagulopathies 
include infusing warm fluid, and the use of warm-
ing blankets [3]. Rectal temperature may be nec-
essary to initially assess core temperature, 
properly lubricate and gently insert as the rectal 
lining thins in older adults.

 Resuscitation Adjuncts

While the “ABC’s” of the primary survey are 
being addressed the nurse is also confirming the 
resuscitation adjuncts below are performed or 
delegated.

Full Set of Vital Signs: Obtain a complete set of 
vital signs upon admission and monitor the patient 
throughout the survey. Comorbidities may impact 
baseline pulse pressure and respirations; trends in 
vital signs and frequent assessment of hemostasis 
can guide clinical intervention. Maintain oxygen 
saturation at 94–98%, noting that over-oxygenation 
is associated with increased rates of morbidity and 
mortality [13].

Family Presence: The family is an invaluable 
resource for the geriatric patient. The loud, cha-
otic environment of the emergency room and 
common decreases in patient neurosensory func-
tion can exacerbate the older adult’s confusion, 
fear, and neurologic exam. A familiar face or 
voice to calm and orient the elderly can improve 
care and provide a clearer picture of the patient’s 
baseline cognitive and functional status. 
Additionally, the family can communicate the 
older adult’s wishes and provide advanced direc-
tives to guide healthcare goals.

J. Jurkovich



429

Laboratory Studies: As described above, it is 
critical to obtain a complete coagulation panel to 
assess bleeding time. Critical injuries may require 
consideration of blood lactate and base deficit val-
ues to assess for metabolic acidosis [16]. Cardiac 
enzymes can assess for myocardial events, and a 
urine analysis for possible urinary tract infections.

Monitoring: The patient should be attached 
to a cardiac monitor, pulse oximetry, and blood 
pressure cuff with recommendations to cycle 
every 5 min during the primary and secondary 
survey, and every fifteen minutes for the follow-
ing first hour, then hourly [8, 9]. Also, a 12-lead 
electrocardiogram is often performed to assess 
for myocardial ischemia or injury.

Pain: Older adults may not be able to accurately 
describe pain and are often under- medicated [17]. 
Assess the patient’s behavior and use non-verbal 
cues such as muscle tension or clenched brow to 
assess discomfort. Do not rely on vital signs such as 
hypertension and tachycardia for assessment of pain. 
Make sure medications administered are weight 
based and “start low, and go slow” [4]. Monitor for 
respiratory depression and changes in level of 
consciousness.

Reevaluation: When the primary assessment 
is complete it is critical for the team to reassess the 
patient’s response to interventions. Anticipate dis-
cussion and patient transfer to a trauma center if 
not already performed. During this time the emer-
gency nurse should prepare for patient transport 
for imaging, surgery, or to final disposition [9].

 Secondary Survey

Goal: The goal of the secondary survey is to 
identify less severe injuries, prevent further 
injury, and obtain a more detailed event and 
patient history [14]. Central to this survey is the 
detailed head-to-toe examination.

 Patient History

Assist the provider in obtaining the history 
from the patient, designated liaison, or family. 

The  clinician will need further information about 
the initial event report, patient’s allergies, medi-
cations, previous medical and surgical history, 
and last meal [14].

Medications often impacting geriatric care 
include [8]:

• Antihypertensives
• Anticoagulants
• Antiplatelet agents—Aspirin/Plavix
• Diabetes medications
• Analgesics
• Nitroglycerin

Comorbidities associated with increased mor-
tality in trauma [2]:

• Cirrhosis
• Coagulopathies
• Ischemic heart disease
• COPD
• Diabetes mellitus
• Malignancy
• Renal failure

 Head-to-toe Exam

A more comprehensive physical exam is indi-
cated following the primary survey (see 
Table 44.2 for specific assessment recommen-
dations). As the nurse for the geriatric patient 
an individual exam should be performed 
and documented in addition to the clinician. 
It is critical to inspect the patient’s posterior 
surface and remove spine board as only 30 
to 45 minutes on a hard surface can result 
in skin breakdown. Reassess for subtle 
changes, document detailed skin assessments, 
and use this time to screen for elder maltreat-
ment, reporting suspected abuse per hospital 
protocol. Signs of potential maltreatment 
include changes in personality in front of 
abuser, caregiver’s inability to leave patient 
alone, history of multi-emergency room visits, 
and dementia mimicking symptoms from the 
older adult [4].
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Table 44.2 Geriatric Considerations in the Secondary Survey Physical Exam Common traumatic injuries seen in the 
older adult are broken into physical exam systems and nursing considerations for the head-to-toe exam are included

Geriatric considerations in the head-to-toe exam

System
&
Traumatic injuries seen

Nursing consideration

Head, Eyes, Ears, Nose, Throat 
(HEENT)
• Traumatic Brain Injury
• Subdural Hematoma
• Intraparenchymal hematomas
• Craniofacial fractures
• Cervical Spine fractures

•  Screen for anticoagulant medication use rapidly and anticipate reversal 
factors

• Inspect the head and neck for lacerations
•  Breakdown instructions and information, speaking slowly and clearly to the 

patient.
•  Attempt to provide information in more than one way (verbal and visual for 

example)
•  Consider acute or chronic disability and drug or alcohol abuse as cause of 

altered neurologic exam [15]
•  Early subdural bleeds may demonstrate subtle signs of confusion or lethargy [15]
•  The Glasgow Coma Scale may be unreliable in the older adult, consider 

confusion, agitation, or somnolence to guide changes in mental status
•  Suspect cervical injury even with minor blunt trauma [8]
•  Communicate any small changes immediately as repeat head imaging is 

recommended for any small changes in neurological status [15]
•  Avoid use of restraints if able, as they may increase agitation

Chest
• Pneumothorax
• Hemothorax
• Pulmonary contusions
• Rib fractures
• Aortic injury
• Pericardial tamponade
• Esophageal perforation
• Clavicle fracture

•  If the patient is alert begin pulmonary hygiene exercises immediately as this 
population is at increased risk for pneumonia [4]

• Facilitate positioning to allow maximum ventilation
• Ensure adequate pain control to assist in lung expansion
•  Monitor blood pressure and heart rate every 5 min for the initial primary and 

secondary survey [9]
•  Assess for other causes of abnormal cardiac function such as hypoxia or 

electrolyte imbalances [8]
•  Troponin levels >1.2 mcg/L indicate myocardial injury [10]

Abdomen
•  Blunt abdominal trauma 

(contusion or laceration):
      − Spleen
      − Liver
• Penetrating abdominal trauma
• Bowel perforation
• Mesenteric Ischemia

•  Similar mechanisms and grades of solid organ injuries are used for geriatric 
and younger patients [18]

•  Patient has less abdominal organ protection; assess for early abdominal 
bruising, palpate for tenderness, guarding, distension, and rigidity [19]

•  Decreased pain sensation reduces sensitivity of abdominal exam; facilitate 
early imaging such as the FAST exam or CT-abdomen to assess injury [19]

Pelvis and Perineum
• Pelvic Fracture (major trauma)
•  Pubic rami, sacral ala, 

acetabular fractures (minor 
trauma) (#89-UTD)

• Blunt genitourinary trauma

• Assess femoral pulse and distal vascular perfusion
•  If fracture is diagnosed assess the joints above and below the area for injury [3]
• Assist in pelvic stabilization if necessary
•  Prepare patient for angiography if FAST exam demonstrates retroperitoneal 

bleeding [19]
• Check the urinary meatus for blood [9]
•  Avoid the use of urinary catheters as older women have the highest rate of 

catheter associated urinary tract infections. If catheter is needed, use 
appropriate lubrication for catheter placement and secure device [8]

• Prepare to send urinalysis

Extremities
• Distal extremity fractures
• Long bone fracture

•  Assess for obvious deformities, abrasions, and ecchymosis
• Control active bleeding
•  Assist with plain films and splinting of extremities as necessary
•  Inspect the posterior surface of the patient and remove rigid spine board as 

patient is at risk for skin breakdown after only 30–45 min of immobility [9]
•  Check for compartment syndrome in fractured extremities, assessing the five 

“P’s”: pain, pallor, paresthesia, pulselessness, and paralysis [11]
• Continue frequent neurovascular checks
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 Definitive Care or Transport

The goal of the emergency resuscitation is to 
identify and treat immediate life-threatening 
injuries and to stabilize the patient, expediting 
transfer to definitive care [9]. Definitive care 
may be in another unit in your hospital (operat-
ing room, angiography suite, intensive care 
unit), or it might mean a transfer to a facility 
with greater resources. As the primary care-
giver it is important for the emergency nurse to 
have a broad, but detailed understanding of the 
geriatric patient’s injuries and potential com-
plications. Facilitate early transfer and effec-
tively communicate verbal report to the 
transferring staff. Make sure all belonging are 
with the patient, or family. Finally, although 
aggressive resuscitation aids in successful 
rehabilitation of the older adult, patient comor-
bidities, injury, or directives may limit exten-
sion of life. Consider resources such as a 
chaplain if appropriate, and support those pres-
ent, allowing time and privacy to grieve.

 Summary

The geriatric trauma patient presents a unique 
challenge in the recognition and management 
of their injuries. Normal physiologic changes 
that occur during aging must be recognized 
during the initial evaluation, and the com-
mon presence of comorbidities complicates 
the clinical care priorities. Additionally, the 
elderly are more likely to sustain injury in 
response to low energy blunt forces, such as 
falls, low-speed motor vehicle crashes, and 
any pedestrian-related collisions. The role of 
the emergency nurse in the comprehensive 
care of the injured geriatric adult involves 
 pivotal assessment skills specific to this popu-
lation while acting as an effective liaison for 
the patient, family and healthcare team. 
Continued education and training for the 
emergency staff is crucial, and it will guide the 
evidenced-based management of the older 
adult in trauma.
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Nursing Care of the TBI Patient

Jami Zipf

Traumatic brain injury can be devastating to the 
patient as well as the family, resulting in lifelong 
physical and mental disabilities. It is important 
for the nurse to minimize complications to insure 
the best outcomes for these patients. Hypotension 
and hypoxia are directly related to increased mor-
bidity and mortality in the severe TBI patient and 
must be avoided.

Careful assessment of patients with traumatic 
brain injuries is imperative as most of these 
patients are unable to communicate. A basic neu-
rological assessment begins by assessing level of 
consciousness, movement and muscle tone, pupil 
size and reactivity, reflexes, posturing, response 
to pain, and respiratory patterns. The Glasgow 
Coma Scale (GCS) is used to assess three compo-
nents (eye, verbal, and motor) based on scores of 
3–15. Scores of 8 or less indicate a severe head 
injury with a greater possibility of permanent dis-
ability. GCS should be monitored frequently and 
any changes called to physicians.

Blood pressure should be monitored as hypo-
tension is to be avoided. An arterial catheter 
allows for accurate monitoring in the acute phase 
of injury. Intravenous access allows for fluids to 

maintain adequate BP as well as drug administra-
tion. Central venous catheters are often used but 
should be removed as soon as the patient stabi-
lizes to minimize risk of bloodstream infections.

A urinary catheter is used to assess renal func-
tion and perfusion. Accurate I&O is to be moni-
tored on an hourly basis as the kidney is one of 
the first organs to demonstrate impaired organ 
perfusion. A preventative bowel regimen should 
be established to prevent constipation due to lim-
ited mobility and fluid restrictions. Hydrogen ion 
blockers may be used as TBI patients are at risk 
for developing stress ulcers.

Monitoring devices are inserted into the skull 
for the purpose of evaluating intracranial pres-
sure and is indicated for patients with GCS ≤ 8 if 
CT imaging shows evidence of structural brain 
damage. Devices such as ventriculostomy allow 
for drainage of intraventricular fluids, and PbtO2 
monitors that measure brain oxygenation may 
also be used. Goal is to maintain ICP < 20 mmHg 
and maintain CPP at 50–70 mmHg. Tips in main-
taining ICP < 20 mmHg and CPP at 50–70 mmHg 
include: elevation of HOB 30°; providing seda-
tion; loosen cervical collar; draining CSF; admin-
istering mannitol prn; initiating insulin therapy; 
and promoting normothermia. Remember to fol-
low aseptic technique when caring for these 
devices. Assess the characteristics of the CSF 
looking for cloudiness and volume changes. 
Secure the devices and restrict changes in HOB 
elevation to prevent dislodgement.
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Hypoxia is to be avoided at all costs. Systemic 
oxygen levels are not always indicative of the 
brain’s oxygen level. A special device may be 
inserted directly into the brain or jugular vein to 
adequately assess the brain tissue oxygenation. 
TBI patients often require prolonged mechanical 
ventilation and may have a tracheotomy per-
formed. By performing this procedure, the risk of 
ventilator-associated pneumonia may be 
decreased. Suctioning of the secretions above the 
tracheostomy cuff, along with good oral care, 
should be performed every 4 h.

The patient with TBI may need to have surgi-
cal intervention to evacuate clots, stop the bleed-
ing, or create more room in the skull as the brain 
swells. A large hematoma should be evacuated 
immediately to prevent neurological deteriora-
tion. A decompressive craniectomy may be per-
formed on those patients whose ICP continues to 
rise despite interventions. In this procedure, a 
bone in the skull is removed to allow the brain to 
swell without restriction in the cranium.

Some anesthetic and sedative agents such as 
propofol and fentanyl may be used. Dosages are 
decreased to perform a more accurate neurologi-
cal assessment. As patient improves, doses are 
reduced. Pentobarbital coma may be induced for 
patients who don’t respond to other therapies 
used to control ICP.

Lab values such as CO2 levels and osmolality 
should also be monitored. CO2 levels should be 
maintained at a low-normal range as a very low 
CO2 level can decrease cerebral blood flow from 
vasoconstriction. Osmolality should be increased 
to help pull excess fluids from the brain tissues. 
Hypertonic saline may be used to promote this 
effect. Serum sodium levels should be monitored 
and hyponatremia should be avoided as this 
causes cerebral edema to occur.

A damaged brain is susceptible to increased 
temperature; therefore it is necessary to maintain 
the patient in normothermic conditions with a 
core body temperature of <38 °C. Cool water cir-
culated through body wraps or cooling catheters 
may be used to maintain normal temperature.

VTE prophylaxis is necessary as patients with 
TBI are at higher risk for developing DVT and 
PE. Pneumatic compression devices are most 

often used as well as anti-embolic stockings. 
Once the risk of bleeding is reduced, low molecu-
lar weight heparin is often used prophylactically.

Nutrition should be started as soon as toler-
ated as the metabolic demands are higher in 
patients with TBI. A small feeding tube may be 
placed into the small intestine to deliver nutrition. 
Goal is to begin adequate nutrition within 72 h of 
admission with full caloric intake by post injury 
day 7. It is also important to maintain a normal 
glucose level; insulin protocols may be used to 
achieve the desired levels.

TBI patients have an increased risk at devel-
oping seizures. Seizures can arise early as a result 
of the initial trauma but can also develop 2 weeks 
or later due to damage to the structure of the 
brain. Seizures increase the metabolic demands 
on the brain and can cause further damage; there-
fore it is important to minimize the risk of seizure 
by starting anti-seizure medications. These medi-
cations may be continued for the first 7 days. An 
EEG may also be used to identify patients at risk 
for developing seizure.

Positioning of the patient with increased ICP 
levels may not be possible but the HOB should be at 
least 30 degrees to promote venous drainage of the 
brain. Loosening the cervical collar, while main-
taining neutral alignment, may help alleviate pain 
and discomfort which can cause ICP to elevate.

Minimize environmental stimulation as the 
injured brain cannot process information nor-
mally. Increased stimulation may lead to 
increased ICP, agitation, and restlessness. Keep 
light low in the patient’s room. Minimize conver-
sation and noise.

Rehabilitation consults are made early to start 
range of motion exercises and splinting to pre-
vent contractures.

Care for patient’s family is just as important as 
caring for the patient. The nurse should prepare the 
family by explaining the patient’s progress and it 
may be slow with good days and bad days. 
Encourage the family to seek out support from 
other family members, clergy, and friends. Consult 
social services and case management who may 
assist families with resources. Family meetings 
should be held frequently with the  multidisciplinary 
team to discuss patient’s progress and family needs.
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Geriatric Trauma: Spinal Injury 
Nursing Care

Kai Bortz

Spinal injuries in the elderly can be devastat-
ing. Osteoporosis and degenerative joint dis-
ease increase the risk of a spine injury in the 
older adult patient [1]. In addition, decreased 
muscle mass and ligament strength further 
increases the older adults risk of a spinal injury 
following a traumatic event. Odontoid frac-
tures are the most common spinal fracture, 
accounting for 11% of all traumatic cervical 
spine injuries, of which 40–60% are Type II 
odontoid fractures [2]. Spinal injuries often 
occur as the result of a low velocity fall [2]. A 
cervical collar must be maintained until a frac-
ture can be ruled out [1].

In the older adult population, spinal injury 
is often seen without neurological damage [2]. 
Older adults often have more complications as 
a result of multiple comorbidities as well as 
the result of treatment, including nonunion, 
morbidity, and mortality [2]. Currently, there 
is no clear consensus on treatment for spinal 
injuries [2]. Treatment decisions remain 
inconsistent between trauma centers world-
wide [3]. Management is complicated by the 

presence of multiple medical conditions, 
including cardiopulmonary compromise, and 
diminished potential for osseous union [4].

Older adults typically have less functional 
reserve, which limits treatment options for cer-
vical spine fractures [5]. Management associ-
ated with prolonged bed rest is not tolerated 
well in the elderly [5]. Studies have shown that 
respiratory failure is the primary cause of death 
in older adults with spinal injuries, attributable 
to atelectasis and pneumonia [5]. Despite the 
treatment provided for a spinal injury, nursing 
care must focus on preventing complications 
associated with immobilization, pain, comor-
bidity exacerbation, and consideration of physi-
ological changes that occur with aging that 
increase the older adult’s risk of complications 
following a spinal injury.

Central Cord Syndrome is the most common 
type of spinal cord injury seen in the geriatric 
population. Central cord treatment is based on 
severity of initial neurologic injury, degree of spi-
nal canal stenosis, age of patient, and presence of 
medical comorbidities [3]. Depression screening 
should be initiated in older adults with a spinal 
injury resulting in neurologic deficit or any motor 
function loss. Emotional support and encourage-
ment should be provided as well as involvement 
of pastoral care and psychiatry as indicated. 
Nursing care should focus on prevention of fur-
ther loss of function.

K. Bortz, M.S.N., R.N.-B.C., C.M.S.R.N., C.N.L., T.C.R.N 
Transitional Trauma Unit, Lehigh Valley Health 
Network, 1200 South Cedar Crest Blvd, Allentown, 
PA 18103, USA
e-mail: Kai_L.Bortz@lvhn.org

46

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-57403-5_46&domain=pdf
mailto:Kai_L.Bortz@lvhn.org


438

 Respiratory Issues

Lower respiratory infections are of great con-
cern following cervical spine immobilization, 
secondary to dysphagia, delirium, and decreased 
mobility [10]. Aspiration pneumonia has been 
linked to death after cervical spine fractures 
[10]. This could be related to decreased vital 
capacity and delirium, which may increase the 
risk of aspiration [10].

A number of physiological changes occur 
with aging that increases the risk of pulmonary 
complications in the older adult with a spinal 
injury. Respiratory function begins to decline 
and deteriorates with age. Respiratory muscle 
strength decreases and the chest wall stiffens 
which decreases chest wall compliance [18, 
19]. In addition, immobilization, comorbid 
conditions, and concomitant injuries in the 
older adult increases the risk of complications 
further. Early clearance for head of bed eleva-
tion is key to maintaining a patent airway. 
Nursing care must focus on maintaining a pat-
ent airway through upright positioning/reposi-
tioning and suctioning. Oxygen should be 
provided as needed to maintain adequate oxy-
genation. Incentive spirometry, cough and deep 
breathe, and mobilization should be encour-
aged for mobilization of secretions. Incentive 
spirometry volumes should be monitored for 
trends in volume, recorded, and followed by the 
trauma team. Consultation to respiratory ther-
apy should be considered, which may be espe-
cially beneficial for cognitively impaired 
patients who are immobile and unable to par-
ticipate in incentive spirometry.

 Neurological Assessment

The neurological exam in the older adult can be 
challenging. Normal age-associated changes that 
occur include a decrease in neurons and neu-
rotransmitters, slower speed of cognitive pro-
cessing, decrease in general muscle strength, 
deep tendon reflexes, sensation of touch, pain, 
and vibration, and nerve conduction velocity [6, 
7]. These changes result in slowed coordinated 

movements and increased response time to stim-
uli [8]. Thorough neurological assessments 
should be completed on a routine basis. Baseline 
cognition should be determined, as well as any 
motor or sensory deficits prior to their injury. 
Cognitive impairment prior to injury must be 
considered during the neurological assessment. 
Preexisting injuries or medical conditions may 
limit the patient’s mobility or sensory function, 
which must be considered during assessment of 
the patient’s baseline. The patient must be moni-
tored for changes from this baseline assessment. 
Family involvement may be necessary to assist in 
cognitive assessment and activities of daily living 
assessment, especially in cognitively impaired or 
mechanically ventilated patients.

Hospitalized older adults have an increased 
risk of developing delirium. Interventions to pre-
vent delirium should be implemented, and any 
avoidable precipitating risk factors should be 
eliminated. In addition, older adults have an 
increased risk of sleep disorders [9]. Sleep inter-
ruptions during hospitalization are common, but 
should be reduced to prevent delirium. Routine 
assessments for delirium should be completed by 
the nurse, and the physician notified with a posi-
tive screen for delirium.

 Pain

Acute pain control in the older adult patient can 
be challenging. However, adequate and appropri-
ate pain control in the geriatric trauma patient is 
essential to the patients’ recovery. Pain assess-
ments must be completed frequently using an 
appropriate pain scale. Cognitively impaired 
patients are at highest risk of uncontrolled pain 
[13]. Nonverbal pain scales should be used when 
necessary to assess for pain [13]. Barriers to ade-
quate pain control include cognitive impairment, 
fear of addiction, side effects, sensory impair-
ment, and under-reporting of pain [14, 15]. 
Uncontrolled pain can lead to delirium, decreased 
mobility, decreased participation in activities of 
daily living (ADL’s), and respiratory compro-
mise. It is important to treat pain in the older 
adult as soon as pain is identified [16].
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Assessment of chronic pain and previous pain 
interventions should be completed prior to treat-
ment of acute pain. The doses of pain medica-
tions need to be lower than the normal dose given 
to younger patients, as the “start low and go slow 
but go” motto is often used [16]. Doses should be 
titrated upwards until the patient reaches their 
pain level goal [16]. Non-pharmacological pain 
interventions should be included as an adjunct to 
pharmacological pain interventions, which assists 
in avoiding undesired medication side effects in 
the older adult population. In addition, a bowel 
regimen should be initiated for all patients receiv-
ing opioids and decreased mobility to prevent 
constipation.

 Mobilization

Despite the treatment chosen for treatment of a 
spine injury, there should be great focus on early 
mobilization. Patients requiring surgical inter-
vention should be considered for early operative 
treatment. Older adults with a spinal injury have 
an increased risk for activities of daily living 
assistance and gait aid for safe mobilization 
[10]. Studies have shown that those requiring 
immobilization were more likely to be function-
ally impaired, and require supportive care fol-
lowing discharge [10]. Studies have shown 
decreased function in older adults following the 
use of external orthotic devices [10]. Older 
adults may be unable to tolerate the extra weight 
and decreased range of motion associated with 
immobilization [10]. Patients requiring orthotic 
devices should have fall precaution interven-
tions implemented to prevent falls associated 
with limitations related to orthotic devices. 
Mortality and complication rates are low when 
the rigid cervical collar is combined with early 
patient mobilization [11].

Due to a number of preexisting medical con-
ditions, the older adult patient’s functional sta-
tus must be determined. The patient’s functional 
status is their ability to perform basic self-care 
activities. Prolonged bed rest in the older adult 
patient can lead to poor outcomes and should be 
prevented or reduced whenever possible [12]. 

Overall mobilization during hospitalization in 
older adults has shown to be poor. Due to the 
mobility restrictions associated with spinal 
injury, it is expected that mobilization in this 
population may be even worse than the general 
medical/surgical population. Early physical and 
occupational therapy consultation should be ini-
tiated to assist in expediting mobilization and 
participation in activities of daily living. 
Physical activity should be encouraged with 
health education and goal setting to maintain 
function.

 Nutrition

Nutrition plays an important part in the overall 
health and recovery of the older adult trauma 
patient. Preexisting medical conditions and 
physiological changes that occur with aging that 
affect appetite as well as malnutrition prior to 
their trauma may increase the patient’s risk of 
poor outcomes and delayed healing following a 
traumatic injury [17]. Older adult patients may 
have difficulty swallowing following a cervical 
spine injury. As a result, a dysphagia screening 
should be completed prior to start of oral feed-
ings. Collars and braces, inadequate pain con-
trol, and bed rest may decrease oral intake [17]. 
If possible, the patient should be placed in an 
upright position and out of bed when eating. 
Weight, body mass index (BMI), dietary intake, 
and fluid balance should be monitored closely in 
the older adult with a spinal injury. Nutrition 
consultation should be considered for patients at 
high risk of malnutrition. Dietary supplements 
may aid in providing nutritional needs for heal-
ing and recovery.

 Urinary Retention

The immobilized older adult with a spinal injury 
may have an increased risk of urinary retention. 
A bladder scan protocol should be followed for 
appropriate emptying of the bladder. Post void 
residuals may also need to be monitored to assure 
complete emptying of the bladder.
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 Gastrointestinal Issues

Older adult patients with a spinal injury have an 
increased risk of constipation due to immobiliza-
tion and medication side effects. Nursing strategies 
include early mobilization, hydration, assessment 
of normal bowel frequency and home regimen 
related to bowel function, and providing stool soft-
eners and/or laxatives as indicated.

 Skin

Pressure ulcers/devices—Patients with cervical 
spine immobilization have an increased risk of 
developing pressure ulcers. All patients with 
orthotic devices to prevent spinal mobilization 
require close monitoring due to the risk of devel-
oping pressure ulcers as well as the overall man-
agement of the medical condition [20].
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Cardiothoracic Geriatric Trauma: 
Nursing Considerations

Matthew Mowry

Thoracic trauma is a serious injury at any age, 
where patients can quickly succumb to massive 
exsanguination or injuries from obstructive 
shock. Thoracic injury is related to 20% of all 
trauma-related deaths [1]. In the geriatric trauma 
population, 60% suffer thoracic injuries as 
opposed to 10% in their younger counterparts 
[2]. Physiologic changes and preexisting condi-
tions can predispose the elderly to injuries, as 
well as complicating their recovery.

Trauma centers across the country have been 
seeing an increase in geriatric trauma for the past 
few decades. Through medical advances, adults 
are living longer with chronic medical conditions 
and at a higher quality life. At Allegheny General 
Hospital, a Level I trauma center in Pittsburgh, PA, 
Trauma Registry data confirms such high rates of 
geriatric thoracic trauma. From 2011 to 2015, 
there has been a 10% increase in geriatric patients 
admitted to the Trauma Service, reaching 40% in 
2015. The primarily mechanism is falls and motor 
vehicle crashes (MVCs), with 24% having chest 
injuries. Sixty percent had major chest trauma, cat-
egorized as an Abbreviated Injury Score (AIS) 
chest score 3 or higher. Of all the geriatric patients 
with chest trauma, over half of those patients were 

admitted to the ICU. Mortality rates with chest 
trauma were a third higher than the general geriat-
ric mortality rate. The most common injuries were 
rib fractures.

As noted earlier, falls are the leading cause of 
geriatric trauma. Falls may be a result of a dys-
rhythmia, hypoxia, anemia, polypharmacy, or 
mechanical in nature [3]. Mortality rates are often 
higher for falls than from MVCs, as the fall is 
often a sign of an underlying cognitive decline or 
undiagnosed medical condition. Eighty-two per-
cent of all older adults have a chronic medical 
condition. Those with a medical history of lung 
disease greatly contributes to their mortality [2].

When managing a geriatric trauma patient, the 
same standards established for adult are to be 
used. However, considerations are to be made to 
adjust for the physiologic changes not only dur-
ing assessment but also treatment and recovery. 
The first step in ensuring improved outcomes is 
appropriate triage. While geriatric trauma is typi-
cally defined as 65 and older, studies have shown 
there is a precipitous decline in outcomes after 
the age of 70 [2]. Trauma activation guidelines 
should be tailored to meet those needs, as those 
under triaged have a four times higher mortality 
rate [4]. Geriatric trauma patients have a 30% 
higher rate of admission and 25% higher mortal-
ity rate [2]. Once admitted, it is the nurse’s pri-
mary role to facilitate a positive outcome. 
Proactive in early ambulation, use of incentive 
spirometer, and adherence to infection control 
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protocols will achieve the goals of reducing 
 nosocomial infections. It has also been noted that 
over 30% of preventable complications occur in 
geriatric trauma patient deaths [4].

Once an elderly trauma patient arrives, begin 
by assessing the patient according to Advanced 
Trauma Life Support (ATLS) protocols. While 
the nurses involved in the resuscitation may be 
working to treat emergent conditions, care should 
also be taken to provide explanations and com-
fort to the patient. Patients with baseline cogni-
tive impairment including dementia or hearing 
loss may show increased compliance with their 
care when the extra time is taken. Though it may 
be difficult to obtain details from a patient’s liv-
ing will in the acute phase, efforts should be 
taken to address goals of care with the patient or 
power of attorney. Determining code status and 
interventions early on is ultimately in the best 
interest for the patient and family.

Assessment of the thorax begins with the 
upper airway. The airway should be assessed for 
obstruction, hypoxia, stridor, or air hunger. 
Geriatric considerations include the potential for 
mechanical obstruction as a result of loose teeth 
or dentures, but most often, it is from the tongue. 
The airway may be occluded from secretions due 
to a progressively weak gag and cough reflex. 
Suction should be used as needed but kept to a 
minimum if at all possible. Attention to duration 
and intensity, as suction can remove needed oxy-
gen as well as damaging frail skin [4]. Provide 
oxygen as needed and anticipate intubation, as 
aggressive and early intervention may be indi-
cated. If intubated, evaluate the position and 
patency of the endotracheal tube. Airway obstruc-
tions may be also due to mandibular fractures, 
direct laryngeal and tracheal trauma, and expand-
ing neck hematomas [5]. The latter should be a 
concern for those taking anticoagulants, as inter-
vention and reversal are key components to their 
management.

When assessing the pulmonary system, several 
physiologic factors need to be taken in consider-
ation. Ventilatory capacity declines due to a 
decrease in muscle strength and endurance. Rib 
cartilage becomes weak and calcified, and the rigid 
chest wall limits compliance. Vessels throughout 

the body, including the chest, become atheroscle-
rotic. Therefore, when an elderly patient is involved 
in a low energy mechanism, such as a ground level 
fall, they are at risk for rib fractures, as well as 
pneumothorax, hemothorax, and pulmonary 
contusion.

The physical exam of the pulmonary system 
includes inspecting the chest wall for equal 
expansion, as well as any other deformities or 
discolorations. Palpate the chest for crepitance, 
subcutaneous air, and pain. If feasible, place both 
hands on the two hemithoraces to assess symme-
try of the chest wall motion. Additional chal-
lenges can occur when assessing an elderly 
patient with kyphosis or a “barrel chest” from 
COPD (chronic obstructive pulmonary dis-
ease). Auscultate both lung fields for the pres-
ences of breath sounds. Ambient noise during 
resuscitation may make auscultation and percus-
sion difficult [1]. A chest X-ray may be per-
formed initially followed by a more sensitive CT 
scan for definitive diagnosis.

The most common chest injury in the elderly 
is rib fractures. Rib calcification can be a setup 
for fractures, and the decreased chest wall com-
pliance and muscle loss is a predisposition for 
complications after the injury. Those with 
COPD and cardiac disease are at particular risk. 
Falls are the primary mechanism but can also 
occur from seat belt injuries during MVCs. 
When assessing patients for rib fractures, eval-
uate for respiratory distress, including respira-
tory rate > 35, SpO2 below 90, and a pCO2 > 55 
[5]. The decreased alveolar surface area also 
makes it difficult to oxygenate these patients. 
Particular concern is for flailed segments; 
where two or more ribs are fractured in two 
more or places leading to paradoxical motion. 
Pain associated with flailed segments lead to 
increased work of breathing, which can have a 
spiraling effect of short ineffective breaths and 
quickly tiring out the patient. This ineffective 
breathing can lead to atelectasis and respiratory 
failure, even though oxygen levels are normal.

Pulmonary contusion may accompany rib 
fractures or flailed segments. These patient will 
see an event greater challenge avoiding hypox-
emia. Treatment is supportive care, maintaining 
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oxygen saturation, aggressive pulmonary toilet, 
and analgesia. Mechanical ventilation with PEEP 
(positive end-expiratory pressure) may be needed 
for the more severe contusions.

A pneumothorax occurs when air enters the 
pleural space from either an injury to the lung 
parenchyma or through the chest wall. As the 
pressure increases and air is unable to escape, a 
tension pneumothorax develops. The patient will 
have respiratory distress, unilateral breath sounds, 
and hemodynamic instability. Deviated trachea 
and jugular vein distention (JVD) may be a late 
finding. The goal is to quickly decompress the 
chest with a needle followed with tube thoracos-
tomy. Once converted to a simple pneumothorax, 
the chest tube will be connected to an underwater 
seal device and apply 20 cm water suction. If the 
patient is intubated and on positive pressure venti-
lation, monitor the patient for an increase in their 
pneumothorax.

A hemothorax is when the pleural space is 
filled with blood instead of air, or there could be 
both. Typically, this is from injuries to major 
arteries or damage to the intercostal vessels due 
to rib fractures. The neck veins may be flat due to 
exsanguination into the hemothorax, which each 
can hold up to 3 liters. Or, JVD may be present 
due to the obstructive effects of the intrathoracic 
blood. Lungs sounds may be dull to percuss and 
chest X-ray showing a “whited out” or opacified 
lung field. If tube thoracostomy is indicated, 
monitor output in the underwater seal device, as 
greater than 1500 mL initially or >200 mL/h over 
4 h will necessitate operative intervention [5].

In the event the patient decompensates during 
resuscitation to the point where vital signs are 
lost, the physician may proceed to open the left 
chest with an anterolateral thoracotomy. This 
maneuver allows for control of massive hemor-
rhage in the chest, release cardiac tamponade, or 
cross clamp the aorta to improve central perfu-
sion. If the heart is fibrillating, the patient will 
need to be defibrillated with internal cardiac pad-
dles at 20 J, followed by 30 J as needed. If the 
heart is not beating, cardiac massage will need to 
be initiated. This procedure may be considered 
based on mechanism of injury, as penetrating has 
a higher success rate than blunt mechanisms. 

Elderly patients do not do as well as their younger 
counterparts, as patients who require this proce-
dure already have a high mortality rate.

As for all patients with pulmonary injuries, 
the priority is to maintain and monitor oxygen-
ation through the SpO2 and serial arterial blood 
gases. Nursing Diagnoses Impaired Gas 
Exchange and Ineffective Breathing Pattern 
apply to these patients [6]. ABGs are helpful in 
monitoring oxygen levels as well as for CO2 nar-
cosis and base deficit. Monitor the patient’s abil-
ity to clear secretions. Maintain adequate 
hydration and air humidification [7]. If the patient 
needs pain control due to rib fractures or other 
chest wall trauma, the Acute Pain Service or 
Anesthesia may be consulted to place an epidural 
or paravertebral catheter. Pain may also be con-
trolled with multimodal therapy, including a 
Patient Controlled Analgesia (PCA) device. If 
not contraindicated, keep the head of the bed ele-
vated at least 30° [7]. It is also important to obtain 
a good medical history, including pulmonary dis-
ease such as emphysema and COPD, smoking, 
and environmental or occupational exposures, 
that would negatively impact their lungs [7].

Along with supportive therapy that includes 
oxygenation and pain control, encourage the 
patient in proper breathing techniques. Pursed lip 
breathing and abdominal breathing exercises will 
aid in their ability to keep their lungs fully 
expanded. Assess ongoing pulmonary function 
with the incentive spirometer. The acceptable 
range is 15 mL/kg. For every 10% increase in 
vital capacity in the first 48 h, it was associated 
with a 36% decrease in pulmonary complications. 
Rib Fracture Pathways have been shown to 
decrease unplanned return to the ICU for respira-
tory issues, decrease length of stay, and improve 
disposition. Initially presented by York Hospital 
at the national TQIP Conference in 2014, a PIC 
(Pain, Inspiration, and Cough) Protocol validated 
those results. Their targeted approach was to 
improve mobility, coughing, deep breathing, and 
pain control to decrease complications. With for-
mal protocols and education with nursing, respi-
ratory therapy, patients and families alike, their 
results have inspired other trauma centers across 
to the country to implement similar programs.
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The cardiovascular system also goes through a 
series of physiologic changes as we age. The 
heart’s walls become thickened, thereby slowing 
the conduction system. There is also a decreased 
sensitivity to catecholamine, which effects the 
body’s fight or flight response [2]. Coronary 
arteries become stiff as well as decreased vessel 
compliance and greater systemic vascular resis-
tance [7]. As a result of these cardiovascular 
changes, it can be even more challenging to eval-
uate patients from a hemodynamic standpoint. 
Heart rates above 90 and systolic blood pressures 
below 110 mmHg have been considered triage set 
points for the elderly in trauma activations [8]. 
Typically, an adult will have signs and symptoms 
after 30% blood loss [1]. The elderly have a poor 
physiologic reserve and require more time for 
diastolic filling and systolic emptying. These 
patients are at risk for the Nursing Diagnosis of 
Impaired Tissue Perfusion [6]. Patients who are 
on Beta Blocker or have a pacemaker can further 
complicate the initial assessment, as it can pre-
vent an increase in their cardiac output [2].

EAST’s Geriatric Trauma Guidelines have 
stated early and aggressive resuscitation should 
be initiated in the geriatric population. Begin by 
inserting two large bore IVs, followed by 1–2 L 
of normal saline or lactated ringers, with con-
sideration of blood products [4]. Due to the 
thickened heart wall and sclerosing atrial and 
mitral valves, this dysfunction leaves patients at 
risk for developing heart failure during resusci-
tation. Judicious fluid administration must be 
balanced with an adequate resuscitation. This 
should also be considered in patients who 
required reversal for coagulopathy. Medications 
such as Prothrombin Complex Concentrate 
(PCC) have dramatically reduced the large vol-
ume of fresh frozen plasma associated with 
reversing the effects of warfarin in elderly head 
injuries. For patients on Direct Thrombin and 
Xa inhibitors, these once nonreversible medica-
tion have newly developed antidotes.

Cardiac tamponade is a life-threating condi-
tion where a physical obstruction is in the heart 
and great vessels. Often due but not exclusive to 
penetrating trauma, 75–100 mL of blood in the 
pericardial sac can lead to patients presenting in 

shock. Though not to be confused with dementia, 
these patients can present with combativeness 
and anxiousness. Additional challenges are those 
with a history of congestive heart failure. These 
patients can present with JVD and muffled heart 
tones, similar to those with tamponade. 
Additional signs and symptoms include hypoten-
sion, acidosis, and a base deficit. The diagnosis 
may also be suspected with a mediastinal hema-
toma or hemothorax on chest X-ray. The tampon-
ade may also be seen on ultrasound during the 
FAST (Focused Assessment with Sonography for 
Trauma). These patients need immediate action, 
either with a temporizing intervention of pericar-
diocentesis or by definitive action in releasing the 
clot with a pericardial window or anterolateral 
thoracotomy [5].

A direct blow to the chest can result in a Blunt 
Cardiac Injury. The results can vary from a minor 
contusion to the heart, heart failure, or even car-
diac rupture [5]. Dysrhythmias are a common 
symptom, ranging from tachycardia, premature 
beats, bundle branch blocks, and atrial fibrilla-
tion. Blunt Cardiac Injury can put the elderly fur-
ther at risk for developing lethal dysthymias if 
they have underlying heart disease, which 
impacts 1 in 3 adults over the age of 60 [7]. These 
patients need supportive therapy for their dys-
rhythmias per ACLS protocol and admission to a 
telemetry floor. If signs of heart failure are identi-
fied, often by visualizing hypokinetic heart 
motion on an echocardiogram, they may need 
invasive monitoring in the ICU [5].

Traumatic rupture of the thoracic aorta is a 
tear in the vessel’s wall and contained by the 
adventitia or pleural space. In the elderly, this is 
often due to MVCs, particularly severe lateral 
impacts. Age-associated stiffness inhibits the 
aorta’s mobility, further putting the elderly at risk 
for these deceleration-related injuries. Overall, 
80% of all ruptured thoracic aortas die at the 
scene, as a free rupture is often rapidly fatal [5]. 
Patients may complain of chest pain but 50% 
have no signs of injury. Widened pulse pressures 
and a wide mediastinum will be present on chest 
XR. The gold standard for diagnosis has been 
Aortography but CT is now the most common 
diagnostic modality. Initial treatment is to control 
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hypertension and stress on the systolic wall of the 
aorta. Esmolol is commonly started at 500 mcg/
kg bolus followed by a 50 mcg/kg/min drip. The 
goal is keep heart rate and blood pressure below 
100. Unstable patients will go directly to the OR 
for definitive repair, most often with an endovas-
cular aortic stent graft.

Ongoing assessment includes maintaining 
pulmonary function as well as optimizing cardiac 
function. Other concerns include monitoring 
hydration and nutritional status. In aging, blood 
pressure may be affected during positioning due 
to impaired baroreceptors. Careful attention to 
those at risk for orthostatic hypotension, as it can 
prevent further falls and injury. In the event your 
patient develops heart failure during resuscitation 
or an exacerbation of chronic disease, assess for 
JVD, bibasilar crackles, pitting edema, and moni-
tor B-type natriuretic peptide (BNP). Diuretics 
may be needed to remove excess sodium and 
water [7]. Capillary refill may take longer than 
the normal 2–3 s if there is a history of vascular 
or pulmonary disease. Those who are immobile 
or have contraindications for thromboprophy-
laxis are at risk for pulmonary embolism. Assess 
the patient for confusion, dyspnea, slight fever, or 
pneumonitis [6].

In summary, the geriatric population has sev-
eral unique factors that make their assessment 
and treatment more challenging than the typical 
adult. However, it is important to follow the 
established national standards and institutional 
protocols. Because of these challenges, it takes 

an astute clinician to identify these variations and 
adjust treatment modalities. There may be times 
where the treatment and intervention needs to be 
weighed with the patient’s wishes and pre-injury 
quality of life. The nurse must use a multifaceted 
approach for the geriatric trauma patient, through 
injury-specific management needs, education, 
prevention, and rehabilitation. This full spectrum 
of geriatric trauma care can be applied to all 
patients regardless of the injury system.
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Nursing Care of the Client 
with Abdominal Trauma

Elizabeth D. Katrancha

Nursing care of the patient with blunt abdomi-
nal trauma begins with an assessment of the 
abdomen. The abdominal assessment is often 
less than effective due to the often subtle signs 
and symptoms and the other distracting inju-
ries a patient may have. Observe the abdomen 
for contusions, abrasions and distension or 
penetrating wounds. Consider that wounds 
above the umbilicus could have thoracic impli-
cations. Auscultate for bowel sounds and 
bruits. Absent bowels sounds should be con-
sidered in conjunction with other assessment 
data. Bruits may indicate injury to a great ves-
sel, liver or spleen. Assess for guarding or 
rigidity, keeping in mind the older adult often 
has more subtle signs of peritoneal irritation 
than their younger counterparts.

Most trauma centers now use ultrasound for 
the focused assessment with sonography for 
trauma (FAST) examination. The FAST exami-
nation can determine the presence of free fluid in 
the abdomen which would indicate bleeding. If 
the FAST examination is positive and the patient 
is hemodynamically unstable, the nurse should 
begin to prepare for rapid intervention.

The hemodynamically stable blunt abdominal 
trauma patient will usually undergo a computed 

tomography (CT) of the abdomen and pelvis to 
evaluate solid organ injury. The nurse should 
consider renal function and medications that have 
potential interactions with contrast dye.

The nurse should be monitoring for changes 
in mental status, changes in vital signs such as 
hypotension, tachycardia and oliguria as signs 
of hypoperfusion. Consider intra-abdominal 
bleeding as a possible cause. Keep in mind 
older adults on beta-blockers may not demon-
strate tachycardia.

The older adult with penetrating abdominal 
injuries may be managed operatively. The nurse 
should assess the patient, keep families informed 
of the prognosis and prepare for possible emer-
gent surgery. The nurse should anticipate a dam-
age control method of surgical care in unstable 
patients, meaning the immediate surgical opera-
tions will control immediate life-threatening 
injuries, followed by ongoing resuscitation 
efforts in the intensive care unit (ICU). The 
patient will then be taken to the OR later for final 
surgical repairs. In the ICU, the care will focus on 
keeping the patient normothermic, monitoring 
and correcting coagulopathies and maintaining 
adequate perfusion. The nurse must be continu-
ally assessing the geriatric client being observant 
for subtle changes in assessment and monitoring 
parameters. The client may return to the ICU 
from the OR with an open abdominal wall. The 
nurse may be required to maintain sterile dress-
ings, negative pressure dressing systems or some 
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variation of temporary closure. Using careful 
aseptic technique is imperative.

The nurse should expect to start enteral feed-
ings in the client with abdominal trauma. This is 
usually achieved through some form of gastric 
tube such as a nasally inserted small bore feed-
ing tube or percutaneous endoscopic gastros-
tomy (PEG) depending on the patient injuries 

and status. Early feeding has been shown to 
decrease morbidity and mortality. The nurse 
will monitor bowel sounds, patient tolerance of 
the feeding and institute measures to decrease 
aspiration.

Lastly, the nurse and care team should be in 
communication with the family and begin dis-
charge planning early.
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Nursing Considerations 
for Traumatic Geriatric 
Orthopedic Injuries

Elizabeth L. Price, Rajesh R. Gandhi, 
and Therese M. Duane

Nursing care for patients with traumatic orthope-
dic injuries should focus on preoperative optimiza-
tion and on decreasing postoperative complications. 
Preoperative nursing care should include a thor-
ough history and physical, cognitive screening, 
cardiac and pulmonary evaluations, frailty assess-
ment, nutritional status, medication history, pain 
control and ensuring the patient has been ade-
quately resuscitated. Postoperatively, the most 
important nursing considerations should circle 
around decreasing postoperative complications, 
including decreasing risks of delirium, deep vein 
thrombosis, infection, bed decubitus, poor nutri-
tion, depression, and muscle wasting. Nonoperative 
management of elderly orthopedic fractures such 
as rib fractures, pelvic fractures, and patients with 
poor physiological status where surgery is more 
of a risk than benefit should have nursing care that 
includes pain control, aggressive pulmonary toi-
let, early ambulation, adequate nutrition and 
 hydration, and prevention of infection to expedite 

discharge and to increase the likelihood of best 
functional outcome.

 Preoperative Nursing 
Considerations

The preoperative period begins once the patient 
arrives in the emergency department and should 
not exceed 48 h. Geriatric patients who have pro-
longed preoperative times, greater than 48 h, 
have increased 30-day all-cause mortality rates of 
41% and a 1-year all-cause mortality of 32% [1]. 
Patients should be medically optimized for the 
operating room, if possible, within 12 h of admis-
sion and undergo operative fixation within 48 h 
of admission. A thorough history including past 
medical history, past surgical history, social his-
tory, and medication list should be performed on 
all patients. Medical history should include all 
comorbidities and name of primary care physi-
cian. Contacting the pharmacy where the patient 
fills their prescriptions is also helpful as they can 
offer a current prescription list with strength and 
frequency if the patient is unable to provide that 
at the time of admission. Frequency of falls 
should be questioned especially if the patient is 
arriving to the emergency department as a result 
of a fall. Typically, patients who have had more 
than one fall in the last year experience a decline 
in functionality or have fall hazards in their 

E.L. Price, R.N., M.S.N., A.C.N.S.-B.C. (*) 
Department of Trauma Services, John Peter Smith 
Health Network, Fort Worth, TX 76104, USA
e-mail: eprice@jpshealth.org 

R.R. Gandhi, M.D., Ph.D.  
T.M. Duane, M.D., M.B.A 
Department of Surgery, John Peter Smith Health 
Network, Fort Worth, TX 76104, USA
e-mail: rgandhi@jpshealth.org; tduane@jpshealth.org

49

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-57403-5_49&domain=pdf
mailto:eprice@jpshealth.org
mailto:rgandhi@jpshealth.org
mailto:tduane@jpshealth.org


450

 current living environment that can be corrected 
before discharge to prevent subsequent falls. A 
past medical and surgical history can also help to 
identify any other comorbidities that the patient 
may have not identified. The social history should 
include alcohol, tobacco, and illicit drug use and 
also include their living environment and support 
system at home.

While performing the history, be aware of any 
cognitive impairment that can provide insight into 
underlying dementia or mental health disease. 
Patients should undergo a quick assessment for 
cognitive ability in the emergency department to 
assess any underlying cognitive deficits that could 
complicate their hospital stay, such as inability to 
consent for procedures, postoperative delirium, 
and pain control challenges. The Six Item 
Screener (SIS) or Mini-Cog are quick and easy 
tools to assess for cognitive defects. If cognitive 
impairments are either known or discovered dur-
ing the assessment, understand that the patient is 
at risk for postoperative delirium and nursing 
measures should be taken to prevent delirium 
postoperatively. Patients who develop postopera-
tive delirium are at higher risk of complications 
resulting in higher rates of mortality, poorer func-
tional recovery, and higher hospital costs because 
of increased lengths of stay [2].

Pulmonary and cardiac assessments start with 
baseline pulmonary function tests, electrocardio-
gram (EKG) and chest X-ray or CT of the thorax. 
The patient’s functional capacity should be 
included in this assessment as patients with low 
functional capacity are at higher risk for periop-
erative cardiac adverse events. If the patient’s 
baseline EKG is normal or appropriate to the 
patient’s history, no further cardiac testing should 
be performed unless it will change the course of 
management. For example, if your patient arrives 
to the emergency room in atrial fibrillation with 
rate control and has a known history, an echocar-
diogram or cardiac enzymes are not indicated 
unless there is accompanying chest pain or acute 
coronary symptoms. If an echocardiogram is indi-
cated, ensure that the test is done quickly and 
anesthesia is notified since this is a common rea-
son why surgeries are postponed. Baseline pul-
monary function tests should be performed on 

patients with chest trauma, history of chronic 
obstructive pulmonary disease (COPD), conges-
tive heart failure, obstructive sleep apnea, tobacco 
use, poor nutrition, or frail by definition. The pul-
monary function tests should be trended, with at 
least three tests over 8 h, as postoperative pulmo-
nary complications occur in the elderly popula-
tion with the above risk factors 15% of the time 
(Chow et al. 2009). Patients who have poor pul-
monary status or chest trauma should have aggres-
sive pulmonary toilet to prevent atelectasis and 
pneumonia. Aggressive pulmonary toilet includes 
scheduled positive expiratory pressure (PEP) 
every 4 h with chest percussion therapy (CPT), as 
tolerated, to encourage coughing and deep breath-
ing. Nurses should assess the patient’s ability to 
use the incentive spirometer several times a shift 
to ensure adequate pulmonary function.

Adequate resuscitation is imperative to pre-
venting complications, increased mortality and 
ensuring that operative fixation is performed in a 
timely fashion. Upon arrival to the emergency 
department, even patients with minor injuries 
from low mechanisms should be assessed for 
adequate hydration and occult hypoperfusion. 
Elderly patients presenting with “normal” vital 
signs may be in a state of hypoperfusion due to 
beta blocker use, baseline organ dysfunction, and 
hypertension. The best indicator for occult hypo-
perfusion is an elevated lactate and base deficit. If 
the patient has a lactate greater than 2.5 mM or a 
base deficit less than −2, the patient is considered 
to have poor tissue perfusion and should be vol-
ume resuscitated. Cardiac monitoring that 
includes cardiac output, cardiac index, and stroke 
volume variance should be assessed with invasive 
monitoring. High mortality rates have been 
directly linked to undiagnosed occult hypoperfu-
sion and the patient’s inability to clear lactate. 
Salottolo et al. assessed a large population of 
geriatric trauma patients and found that occult 
hypoperfusion was common in this population 
and associated with a twofold increase in 
 mortality [3]. Calloway et al. performed a retro-
spective study and looked at normotensive geriat-
ric patients, admission lactate levels, and base 
deficit. Patients with elevated serum lactate and 
base deficit had a mortality rate of 60%. If lactate 
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levels were normalized within 24 h, mortality 
risks decreased; but if lactate levels stayed ele-
vated past 48 h, the risk of mortality was 86% [4]. 
Therefore, patients have significantly better out-
comes when lactate levels are corrected within 
24 h of admission. However, resuscitation of 
geriatric patients, especially those with cardiac 
dysfunction, should be done conservatively and 
started with boluses of 250–500 mL to prevent 
volume overload. Baseline renal function should 
also be assessed with random urine creatinine, 
urine electrolytes, urine osmolarity, and urinaly-
sis. Any identification of urinary tract infections 
should be treated appropriately with antibiotics.

The final stages of the preoperative period 
include assessment for frailty, nutritional status, 
and treatment goals. There are several definition 
measures for frailty available. Frailty has been 
shown to independently predict higher postoper-
ative complications, longer lengths of stay, and 
higher likelihood of patients to be discharged to 
an inpatient facility including skilled nursing or 
assisted-living facilities. Nutritional status should 
be assessed with consultation to a nutritionist if 
the patient’s serum albumin is less than 3 g/dL 
with a BMI less than 18.5 kg/m2 or unintentional 
weight loss over the last 6 months of more than 
10% [5]. Ensuring that patients are getting 
enough calories is important during the preopera-
tive period and essential postoperatively for 
proper healing and preventing muscle wasting. 
Treatment goals should be discussed with all 
patients but especially with geriatric trauma 
patients within 24 h of admission. Do Not 
Resuscitate and Living Wills should be discussed 
with the patient to help guide appropriate care 
within the patient’s own desires to achieve the 
best quality of life. Discharge disposition that is 
realistic for the individual patient should be dis-
cussed with the patient’s support system present 
whether that be home with assistance, inpatient 
rehabilitation, or skilled nursing facility. Keeping 
clear communication between the surgeon, nurs-
ing, the patient, and their family is essential in 
patient satisfaction and a timely discharge.

Finally, but not any less important, pain control 
is essential to preventing complications both preop-
eratively and postoperatively. If available, patients 

should undergo peripheral nerve blocks to prevent 
high intravenous or oral narcotic use. Nerve blocks 
not only offer sufficient pain control but also help 
with decreasing the incidence of delirium [6]. 
Examples of nerve blocks include femoral nerve 
blocks and fascia iliaca compartment blocks for hip 
or proximal femur fractures. Patients can benefit 
from paravertebral or serratus anterior plane blocks 
for rib fractures. If nerve blocks are not an option, an 
epidural catheter can be placed for many cases of rib 
fractures. Not all patients are candidates for nerve 
blocks or epidurals, and, therefore, should be given 
scheduled Tylenol or introduction of opiates to ade-
quately control their pain. Elderly patients with inad-
equate pain control have higher rates of complications 
including delirium, depression, poor functional sta-
tus, and poor nutritional status at discharge, if not 
properly treated. Non-steroidal anti-inflammatory 
drugs (NSAIDs) can be considered, but renal func-
tion should be assessed prior to use, especially with 
Toradol. Muscle relaxants also serve as great adjunc-
tive therapy and should be considered.

 Postoperative Nursing 
Considerations

The postoperative period begins at the comple-
tion of operative intervention and ends at dis-
charge. Nursing considerations should focus on 
pain management and prevention of complica-
tions, such as decreasing risks of delirium, deep 
vein thrombosis, infection, bed decubitus, poor 
nutrition, and muscle wasting. Patients should be 
seen by physical and occupational therapy within 
12 h of their surgery and be out of bed to chair 
with every meal. In the instance that the patient is 
not able to stand postoperatively, sitting on the 
side of the bed can be effective if able. Baseline 
functionality should be considered when per-
forming physical therapy. If a patient was 
 ambulating with a walker prior to surgery, then 
expecting them to walk without assistive devices 
would not be realistic. The goal of therapy is to 
regain the patient’s individual functionality prior 
to injury. Early ambulation, especially in the 
elderly population, has many benefits including 
prevention of delirium, deep vein thrombosis, 
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muscle wasting, bed decubitus, and depression. 
During a time when patients may fear a change in 
quality of life due to pain or decreased mobility, 
early ambulation can give them hope and a goal 
to work toward.

Prior to ambulation, it is important to ensure 
the patient’s pain is under control. Whether 
patients have a postoperative nerve block or oral 
medications, severe pain during mobilization 
can cause depression, poor nutritional intake, 
and an unwillingness to cooperate. Uncontrolled 
pain can also increase the incidence of postop-
erative delirium. Patients with fascia iliaca com-
partment blocks (FICBs) can ambulate with the 
block in place as long as quad weakness is not 
present. Physical therapy and nursing staff 
should have the patient raise their hips off the 
bed prior to getting out of bed to ensure the 
patient is not experiencing quad weakness that 
could potentially cause a fall. Scheduled Tylenol 
can be very effective in the elderly population 
and should be tried before opiate introduction. 
However, if initiation of opiates is necessary to 
control pain, dosing should start at the lowest 
dose available and slowly increase, especially in 
opiate naive individuals.

Elderly patients, especially patients with base-
line cognitive impairment, low functionality, are 
underweight (BMI < 20 kg/m2) or frail by defini-
tion have an increased risk of postoperative delir-
ium. In a prospective cohort study conducted in 
Norway, elderly patients were evaluated for risk 
factors of preoperative and postoperative delir-
ium. The study screened patients daily, utilizing 
the Confusion Assessment Method (CAM) and 
found that patients who developed postoperative 
delirium had a body mass index (BMI) less than 
20 or had an indoor injury. Low BMI was the 
most important independent risk factor in predict-
ing postoperative delirium and was associated 
with a threefold increase in postoperative delirium 
[7]. Patients who develop inpatient delirium, 
whether it be preoperative or postoperative, have 
increased morbidity and mortality, longer lengths 
of stay, and utilize more resources, ultimately 
increasing the cost of care compared to those 
patients who do not experience delirium [7]. 
Nursing measures to prevent delirium include 

adequate pain control, frequent reorientation, 
early ambulation, adequate nutrition and hydra-
tion, and facilitating normal sleep and wake 
cycles. In a study performed on two surgical floors 
of patients 70 years of age or older, nursing inter-
ventions were implemented to decrease the risk 
factors of postoperative delirium and compared to 
patients who did not receive any interventions. 
The nursing interventions included early ambula-
tion, adequate fluid and nutritional intake, non-
drug sleep improvement, and improved sensory 
stimulation which were provided by nurses with 
training in management and identification of 
delirium. Patients who received nursing interven-
tions to prevent delirium had a 4.9% incidence of 
delirium compared to 20.2% in patients without 
interventions [8]. It is important to prevent inpa-
tient delirium, the first step being nursing inter-
ventions at the bedside.

Prevention of infection postoperatively 
includes removing unnecessary invasive lines, 
most commonly a Foley catheter. Unless the 
patient requires catheterization for a medical rea-
son, remove all Foleys postop day one. Patients 
who are incontinent of urine may have pads 
weighed for measurement of output. Studies have 
shown that catheter dwell time is the most impor-
tant factor in preventing catheter-associated uri-
nary tract infections (CAUTIs). Therefore, early 
removal of catheters is key to preventing prevent-
able infections. Central lines and peripherally 
inserted central catheters (PICC) should be 
removed when no longer needed and a peripheral 
intravenous (IV) catheter should be placed.

 Nonoperative Nursing 
Considerations

In patients with fractures that are considered non-
operative, the same geriatric assessment that is 
acquired in the preoperative timeframe should be 
performed. This includes a thorough medical/
surgical/social history and cognitive evaluation, 
baseline EKG, baseline pulmonary function, 
nutrition, frailty and functionality, and lactate to 
ensure proper resuscitation. Patients with frac-
tures that impair mobility, such as nonoperative 
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pelvic fractures, should have early mobilization 
and pain control. In nonoperative fractures, pain 
control and adequate mobility to prevent compli-
cations are the main focus.

 Fall Prevention

The risk of falling increases with each decade in 
life, especially in females. Many falls in the 
elderly are preventable with proper assessment 
by healthcare professionals, medication manage-
ment, and involving the patient and families in 
community resources. The Centers for Disease 
Control and Prevention (CDC) provides fall pre-
vention tips including exercise, proper medica-
tion administration, monitoring of patient vision, 
and eliminating hazards in the patient’s home 
environment. There are many exercise programs 
available for elderly patients that not only offer 
education and exercise but also increase confi-
dence in patients that fear falling again. Vellas 
et al. performed a prospective study assessing 
patient’s feelings of fear of recurrent falls and the 
effect on health status following a recent fall. 
Patients who had a fear of falling again had more 
balance and gait disorders than those who did not 
experience fear [9]. Therefore, building confi-
dence and providing security during mobilization 
is important to prevent functional decline and 
recurrent falls. Another aspect of prevention of 
recurrent fractures is treatment of osteoporosis 
for patients with fragility fractures. Treatment 
should begin before hospital discharge and con-
tinue with outpatient treatment with their primary 
care physician.
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Geriatric Peripheral Vascular 
Injuries: Nursing Implications

Elizabeth Seislove

 Epidemiology

Trauma in the elderly is the fifth leading cause of 
death in patients greater than 65 years of age. 
Often the elderly have a lower mechanism of 
injury but display an increased severity of injury 
due to frailty and pre-morbid conditions [1]. We 
often under-triage this patient population due to 
lack of pre-hospital triage guidelines along with 
trauma center geriatric triage criteria. The elderly 
often present to our trauma centers “looking 
good” which places many practitioners in a false 
sense of security. Geriatric patients have little 
reserve so with swift identification and apprecia-
tion of an injured geriatric patient will lead to 
efficient assessment and treatment.

 Comorbidities

As noted in previous chapters regarding 
changes as we age, many of those changes will 
directly impact the vascular system and impact 
the severity of injury. Changes such as a decline 
in cognition, decreased peripheral vision and 
proprioception, decreased cervical mobility 

causing slower reaction times, decreased 
 hearing, and mobility including agility all con-
tribute to increased injury [1]. Medication 
intake will also cause varied changes in patient 
functionality and ability to adapt to injury. As a 
nurse, the knowledge of these changes will be 
essential to provide skilled geriatric care.

Other comorbidities include cardiovascular 
compromise with decreased circulation, HTN, 
CHF, A-fib and CAD, diabetes, stroke, renal 
insufficiency, and COPD, to name a few. Many of 
these aforementioned comorbidities cause a 
decrease in circulation increasing the potential 
for vascular injury in the elderly more than in the 
younger patient.

 Resuscitation

Resuscitation efforts will follow ATLS principles 
along with an acute awareness of geriatric issues 
including fluid resuscitation, medication adminis-
tration, and diagnostics. During the resuscitation 
efforts, the judicious use of fluids will be impor-
tant. Fluids will be required and the importance 
surrounds the timely administration and the vol-
ume infused. The cardiovascular system is not as 
resilient as it is in the younger population; vessels 
are more rigid and inflexible leading to potential 
overload. Assessing circulation will include hard 
and soft signs for arterial vascular injuries. Hard 
signs include absent distal pulses, palpable thrill or 
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audible bruit, actively expanding hematoma, and 
active pulsatile bleeding. Soft signs include dimin-
ished distal pulse, history of significant hemor-
rhage, neurologic deficit, and proximity of a wound 
to a named vessel. Upon the identification of one of 
these signs, preparation for definitive treatment 
will be required. The patient may necessitate an 
angiography to either rule out an injury or use as a 
treatment. Surgical intervention may be an option; 
preoperative preparation will be required [2].

The importance of knowing current medica-
tions the patient may have been taking will be 
essential: anticoagulation, ASA, beta blockers, 
ACE inhibitors, steroids, narcotics, will be 
imperative to assist in resuscitation efforts and 
aid in definitive treatment such as reversal of 
anticoagulation therapy.

Continued monitoring of lab values such as 
lactic acid or base deficit, and those that reflect 
coagulation (PT/PTT/INR or Thrombelastogram 
(TEG)), renal function (BUN, CR, GFR), blood 
alcohol/tox screen, and serum electrolytes will 
be obtained. The timely identification of abnor-
malities will enable rapid management of any 
abnormalities.

Secondary survey is designed to reveal any 
other injures not discovered during the primary 
survey, facilitating the appropriate consults and 
post Emergency Department needs, supporting 
the overall timely and efficient plan of care.

 Injury Patterns

The elderly are most prone to falls followed by 
MVCs. The most common patterns of injury are 
fractures [3]. As health care practitioners, we 
often underestimate the impact of a ground level 
fall where the elderly may have an increase in 
injury severity due to the patient’s comorbidities. 
The importance in following ATLS protocol for 
resuscitation, the timely identification and appre-
ciation of injuries will be important.

Since arteries lose elasticity in the geriatric 
population the increased possibility of vascular 
injuries exists. Most commonly injured vessels 
are the large vessels such as the thoracic aorta, 
innominate and subclavian arteries [2]. Injuries 
to these major vessels lead to a high mortality 

rate. Many patients including the geriatric pop-
ulation who suffer from one of these major ves-
sel injuries will expire at the scene. With 
advancement in prehospital care, if they survive 
the scene to arrive at the hospital, surgical inter-
vention may be required, rapid assessment of 
the injury is imperative along with timely noti-
fication to the appropriate specialist for defini-
tive care. Some of these injuries may be treated 
non-operatively but will require intense hemo-
dynamic monitoring and specific medications 
for treatment.

 Assessment

Nursing assessment will be essential to assure 
the rapid identification of injured vessels, allow-
ing sufficient circulation and permitting ade-
quate tissue oxygenation. If circulation is 
compromised due to the lack of blood supply 
due to an injured vessel, adverse events such as 
delayed wound healing, loss of tissue, loss of 
limb, and potential death could occur if circula-
tion is not restored [4].

Circulation is part of the primary survey, 
being the time for early recognition of life-
threatening injuries, and the delivery of rapid 
treatment is accomplished. If a vascular injury is 
found during the primary survey, the team must 
be prepared to assist with hemorrhage control 
and possible vessel repair and preparation for 
operative procedures if necessary. Constant reas-
sessment will be required to assure that treat-
ment modalities provided have worked and no 
further injuries have been found.

Nursing assessment will include evaluation of 
the peripheral pulses: what do they feel like; are 
they bounding, thready, equivalent? Is it more 
pronounced on one side than the other? What is 
the capillary refill time? What is the skin’s color, 
temperature, and tone? All of the subsequent 
assessments will assist the nurse in assuring that 
circulation is adequately restored or maintained. 
At any time that the patient’s vascular assessment 
changes, it must be approached with a keen sense 
of why this may have occurred and prompt 
 notification of the trauma attending is necessary 
to ensure further evaluation is completed [4].
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 Diagnosis

Several diagnostic tools can be used to diagnose 
vascular injuries: CXR is the first test performed in 
the trauma bay and it can be a rough identifier of 
potential vessel injuries such as the aorta and sub-
clavian arteries. A CT angiogram will be a more 
definitive diagnostic test. In many cases, an angio-
gram is the gold standard. An MRI/MRA may also 
be used in the appropriate circumstance.

 Treatment

Once the diagnostic phase is completed and 
definitive diagnosis have been made, treatment 
will be based upon the severity of injury.

If a named vessel is noted to be torn, sheared, 
or have active extravasation, immediate interven-
tion is required. Interventional radiology or endo-
vascular intervention may be utilized for stenting 
or embolization of the injured vessel. Nursing 
care for the patient who has received angio-
graphic intervention will require frequent pulse 
checks on the side of the embolization as well as 
assessment at the insertion site. Infrequently the 
entry site may develop a hematoma or pseudoan-
eurysm causing decrease in circulation on the 
affected side, and early recognition and follow-
 up care will be significant.

Depending on the nature of the injury, opera-
tive treatment may be required. If circulation has 
been compromised for a significant period of 
time, fasciotomies may be conducted, requiring 
standard wound care along with assessment of 
muscle, tissue, and skin integrity and scheduled 
dressing changes [2]. Continued assessment post-
operatively of perfusion and pulses is essential.

Some injuries may only require medical treat-
ments such as anticoagulants (low molecular 
weight heparin or one of the novel anticoagu-
lants) and antihypertensives such as beta block-
ers to keep the patient’s heart rate and blood 
pressure within acceptable ranges to reduce 
shear forces on the vessels. If the patient will be 
treated with medications, understanding the 
treatment modality of each medication including 
interactions with other medications, the impact 
on existing comorbidities and understanding the 

plan of care and expected outcome are critical 
for good result [1]. Informing the patient of med-
ications that will be required is a nursing inter-
vention and is our obligation to keep our patients 
and family informed.

 Outcomes

Once a vascular injury has been identified and 
treatment has been implemented, the care pro-
vided thereafter is to sustain the circulation and to 
prevent secondary injury. Continued assessment 
of the injured area as well as assessment of periph-
eral circulation, hemodynamics including heart 
rate, blood pressure, and oxygenation, medication 
regimen, and skin integrity will lead to positive 
outcomes and lead to a healthy recovery [4].

 Summary

This chapter identified the importance of under-
standing the epidemiology of the geriatric patient 
by considering comorbidities along with mecha-
nisms of injury, injury patterns and physical 
appearance of the patient will assist the trauma 
team to identify injuries that may be life- 
threatening or may lead to further injury.

The identification of a vascular injury occurs 
during the primary survey and assuring continuous 
assessment and reassessment after intervention, 
along with constant hemodynamic monitoring, 
and vascular and skin checks all will be essential 
to lead to a healthy recovery and discharge plan.
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Geriatric Trauma Book: Urologic 
Trauma

Kai Bortz

Minimal research has been done on urologic 
injuries in the geriatric trauma population. A 
number of preexisting conditions may be seen 
and should be considered in the care of the older 
adult patient with urologic trauma. With aging, 
there is a loss of functional glomeruli and tubules 
as well as a reduction in blood flow, due to the 
decrease in mass of the kidney [1]. This impacts 
the ability of the kidneys to excrete medications 
that rely on renal clearance, therefore increasing 
the risk of adverse drug reactions [2]. Decreased 
functional reserve in the older adult also 
increases the risk of renal failure [3]. Nursing 
care must include a thorough physical assess-
ment that incorporates the location of pain, 
assessment for patterns of bruising or lacera-
tions, as well as consideration for associated 
injury [4]. Hematuria, flank pain/bruising, and 
abdominal pain have all been associated with 
assessment of renal injury [4]. There should be a 
high suspicion of renal injury with rib fractures 
or spinal process fractures [4]. Hemodynamic 
stabilization of the patient and treatment of con-
comitant injuries are critical components of 

immediate nursing care [4]. Many older adults 
are currently taking anticoagulants, which can 
profoundly impact the care of older adult patients 
with a renal injury. It is critical to complete a 
thorough review of medications and preexisting 
comorbidities on admission.

Initial management of most renal injuries 
includes fluid resuscitation, bed rest, serial vital 
signs, and serial hemoglobin levels. Urology con-
sultation should be obtained promptly. Renal 
function should be assessed. Nephrotoxic medi-
cations and renally cleared drugs should be 
avoided to prevent further injury and complica-
tions [2]. Fluid balance should be maintained 
throughout hospitalization.

 Ureteral Injury

Ureteral injuries are typically seen in penetrating 
trauma, not blunt trauma and are therefore 
uncommon in the elderly population.

 Bladder Injury

In the lower urinary tract, there is reduced blad-
der elasticity and innervation, which leads to 
decreased urine flow rate, voided volume, and 
increased postvoid residual in the older adult. In 
the older adult male, benign prostatic hyperplasia 
(BPH) can result in urinary urgency, hesitancy, 
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and frequency [1]. Bladder injuries are often 
managed with an indwelling urinary catheter, 
even in younger trauma patients [4]. Urinary 
catheter insertion should only be attempted after 
appropriate evaluation for a urethral injury [4]. In 
general, urinary catheters in the older adult 
patient should only be used when absolutely nec-
essary and should be avoided whenever possible. 
Assessment for urinary tract infection should be 
considered prior to insertion of an indwelling uri-
nary catheter. Daily review of urinary catheters 
should be performed to prompt early removal of 
the catheter or removal of the catheter when no 
longer necessary, to prevent Catheter Associated 
Urinary Tract Infections.

Due to difficulties with voiding, the older 
adult patient should be encouraged to get out of 
bed to void when possible. A bladder scan proto-

col should be followed for appropriate emptying 
of the bladder. Post void residuals may also need 
to be monitored to assure complete emptying of 
the bladder. Medications that increase urinary 
retention should be avoided.
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Geriatric Trauma Book: Skin

Kai Bortz

There are a number of physiological changes 
that occur with aging that make the older adult 
more susceptible to traumatic wounds, as well as 
pressure ulcers following a traumatic injury. 
Nursing care of wounds in the older adult trauma 
patient should include control of comorbidities, 
particularly those that may inhibit wound heal-
ing. Additional risk factors for the older adult 
that can impair the wound-healing process 
include dehydration, malnutrition, unresolved 
pressure/shear and friction, excessive skin mois-
ture, pruritus and dry skin, increased levels of 
wound exudate, and inappropriate management 
of wound exudate [1].

 Wound Management

A thorough assessment of all wounds should be 
completed by the nurse and treatment modalities 
discussed with the trauma team. Nurses must 
complete routine assessments of the wound, 
assess for wound type, as well as exudate vol-
ume, consistency, color, odor, and the wound- 
dressing saturation. Treatment modalities will be 

based on wound type, location, and exudate. The 
patient should be monitored for signs and symp-
toms of infection.

If not appropriately managed, wound exu-
date can have a destructive action on the sur-
rounding, periwound skin [1]. Exudate is a 
natural component of the wound-healing pro-
cess and will transport essential nutrients, white 
blood cells (WBCs), and growth factors to the 
wound bed [1]. Wound exudate contains waste 
products that can breakdown the surrounding 
healthy skin, causing irritation, excoriation, and 
maceration [1]. In the elderly, this breakdown of 
the periwound can lead to further damage and 
prolonged healing time.

 Atypical Presentation of Infection

Traumatic wounds can lead to infection. Signs 
and symptoms of infection in the older adult 
are often subtle, and may present with nonspe-
cific decline in function, cognitive status, mal-
nutrition, incontinence, falls, or exacerbation 
of chronic illness [2]. In addition, fever is 
often blunted or absent with increased age [3]. 
Temperature should be assessed routinely and 
a lower threshold for fever should be consid-
ered [3]. Nursing care should have increased 
awareness focused on atypical presentation of 
infection for older adults and monitor closely 
in patients with wounds.
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 Fluid Balance

The older adult with traumatic wounds should be 
closely monitored for fluid and electrolyte bal-
ance [4]. Chronic illnesses as well as side effects 
of fever or medication may cause fluid and elec-
trolyte imbalances [4]. Fluid and electrolyte 
imbalances should be corrected. The older adult 
is at increased risk of dehydration and should be 
monitored closely for signs and symptoms asso-
ciated with dehydration, particularly in cogni-
tively impaired patients. When possible, oral 
fluids should be initiated and encouraged fre-
quently to prompt oral intake.

 Nutrition

Malnutrition is more common among the elderly 
compared with younger patients and is associ-
ated with poor outcomes [5]. Hospitalized elders 
are at a higher risk of developing malnutrition 
than in the community setting [5]. Many older 
adults present to the hospital malnourished at the 
time of injury and should be monitored closely. 
All patients should be screened for malnutrition 
at the point of admission and appropriate inter-
ventions put in place. Additional focus and inter-
ventions to prevent malnutrition and assist with 
wound healing and overall recovery may need to 
be implemented for the older adult patient. In 
patients with traumatic injuries, early and ade-
quate feeding has been linked to improved out-
comes [5].

Interruptions to meals and/or tube feedings 
should be minimized and prevented whenever 
possible. Many trauma patients require repeated 
surgeries, making adequate delivery of nutrition 
during periods of nothing by mouth and surgery 
difficult to achieve [5]. Weight, body mass index 
(BMI), dietary intake, and fluid balance should 
be monitored closely in the older adult [4]. 
Nutrition consultation should be considered for 
patients at high risk of malnutrition. Dietary sup-
plements may aid in providing nutritional needs 
for healing and recovery.

 Pressure Ulcers

Nursing care must focus on pressure ulcer pre-
vention in the older adult trauma patient, regard-
less of the injury type. Immobilization should be 
minimized to prevent pressure ulcer develop-
ment. In addition, studies have shown an increase 
in pressure ulcer development in patients with 
longer surgery waiting times [6] and longer oper-
ating room times [7]. Patients must be assessed 
for pressure ulcers from the time of admission, as 
some elderly patients may present to the hospital 
with pressure ulcers on admission. Nursing care 
should include routine screening for pressure 
ulcer risk, skin assessment, and prevention inter-
ventions initiated during hospitalization follow-
ing a traumatic injury. Nursing care of the older 
adult trauma patient should focus on pressure 
ulcer prevention, including skin care, mainte-
nance of orthotic devices, appropriate fitting of 
orthotic devices, protection from moisture asso-
ciated damage, prevention of friction and shear-
ing, repositioning, and nutrition.

Immobilized patients and the use of immobili-
zation devices exacerbate the risk of pressure 
ulcer development [8]. Pressure ulcers can cause 
significant problems for patients with spinal inju-
ries, leading to additional pain, prolonged recov-
ery periods, and additional dependence on 
healthcare staff. Duration of time in cervical col-
lar was noted to be significant predictor of skin 
breakdown [8]. Particular attention should be 
focused on the occipital area, as the occipital 
pressure ulcers are often being the most serious 
and frequently detected later [8].

Many factors are associated with an increased 
risk of developing pressure ulcers in spinal 
immobilization, such as reduced mobility, appli-
cation of medical devices, malnutrition, hypoper-
fusion, and the presence of other comorbidities 
[8]. While pressure ulcers are usually preventable 
by repositioning regularly to alleviate pressure, 
this may not always be possible in the patient 
with a spinal injury due to spinal instability [8].

Admission to the intensive care unit, 
mechanical ventilation, and time to cervical 

K. Bortz



463

spine clearance have shown to be predictors of 
collar-related pressure ulcers [8]. The risk of 
pressure ulcer development associated with 
immobilization devices increases every day the 
patient is treated with the device [8]. The multi-
disciplinary team should be aware of the high 
risk of pressure ulcer development in any 
patient with an orthotic device, especially if the 
patient is not able to relieve the pressure or ver-
balize any discomfort felt [8].

As the risk of collar-related pressure ulcers 
increases in correlation to time spent in the col-
lar, it is recommended that any patients with a 
cervical orthosis have skin integrity assessed on 
a regular basis [8]. Anatomical areas of great 
concern for skin integrity include the occiput, 
chin, and mandible [8]. The ears, shoulders, 
laryngeal prominence, suprascapular region, 
and sternum should also be considered as areas 
at risk of developing pressure ulcers [8]. Nursing 
care should focus on appropriate fitting, care, 
and education related to cervical collars and 
orthotic devices.

Early mobilization should be encouraged. 
Studies have found the mobility subscale of the 
Braden pressure ulcer risk assessment to be 
highly predictive of skin breakdown and should 
be taken into consideration in the older adult 
trauma patient [8]. Once patients are able to 
mobilize in their collar, it is important that the 
patient and family are given clear information on 

how to care for their device following discharge 
from the hospital and are provided with clear 
instructions for follow-up care.
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Nursing Considerations in the Care 
of Elderly Burn Patients

Jason Sheaffer

 Introduction

Nurses play a pivotal role in the management of 
burn patients; this role is of particular importance 
in the care of geriatric burn patients. Considerations 
for this population begin with the observation of a 
fundamental relationship between age, burn size, 
and outcomes. According to the National Burn 
Repository data for 2016 [1], there continues to be 
a demonstrable correlation between increasing age 
and increasing burn size with regard to Burn 
Mortality. For example, a 60 year old (yo) patient 
with greater than 40–50% TBSA burn is associated 
with greater than 50% mortality. A patient in the 
60–70 yo age group will carry >50% risk of mor-
tality for the smaller burn size group of 30–40% 
and a patient in 80–90 yo category will carry a 
greater than 50% risk of mortality in the 20–30% 
burn size group. This correlation between manag-
ing age and associated comorbidities against the 
burn size of a patient provides the foundation for 
understanding the nursing considerations and care 
of the patient.

 Risk Factors

As patients age, they typically accrue comorbidi-
ties that play a role in outcomes. The aging 
patient will potentially present with a variety of 
risk factors [2]. Such factors can include:

• Underlying cardiac anomalies
• Underlying chronic health concerns, i.e., dia-

betes and heart disease
• A general trend towards less lean body mass, 

which predisposes the patient towards further 
muscle wasting and cachexia.

• Age-related skin changes: Changes in the 
composition of the aged’s epidermis and 
dermal layers decrease wound healing and 
increase recovery time of damaged tissues. 
In general, there is a strong correlation 
between increased time to heal and increased 
risk of secondary complications such as 
infection.

 Nursing Considerations

Nursing considerations for this patient population 
can best be described according to the phase of 
care that the burn patient is undergoing. The ini-
tial phase of care for significant burn injury can be 
defined as an acute or resuscitative phase lasting 
24–48 h. The subsequent post-resuscitation period 
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can extend from days to months depending on the 
size of the initial burn. The post-acute and recon-
structive phases can ultimately last for the rest of 
a patient’s life.

 Resuscitative Phases

The identification of a significant burn injury (gen-
erally 20% or greater) in a patient should prompt 
initiation of a well-conceived resuscitation plan. 
There is debate as to what constitutes adequate 
resuscitation, but generally, the use of well-
described formulae is followed. The Parkland for-
mula (4 mL/kg/%tbsaBurned, ½ administered in 
first 8 h and subsequent volume in remaining 16 h) 
is often cited as a means for guiding burn patient 
resuscitation. Recent modifications to the Parkland 
formula include the modified Brooke formula 
which calls for a range of 2–4 mL/kg/%tbsa (1/2 
given in the first 8 h, subsequent half in the next 
16 h) burned as a means gauging fluid needs. Ideal 
outcomes are predicated more on identifying an 
endpoint that indicates successful resuscitation [3, 
p. 115–124]. As a general rule, a satisfactory end-
point would be a urine output of 30–50 cm3/h for 
nonelectrical thermal injury [3, p. 115–124]. The 
geriatric patient, however, represents a significant 
challenge in resuscitation because they often have 
both cardiac and renal comorbidities that can com-
plicate successful resuscitation [4, p. 415–420]. 
For example, a patient with renal insufficiency 
may not be capable of producing 30–50 cm3/h, an 
over- resuscitated geriatric patient will likely expe-
rience a higher incidence of congestive heart fail-
ure (CHF)-like complication leading to pulmonary 
edema, acute respiratory failure and contributing 
ultimately to mortality. This relationship between 
a patient’s underlying comorbidity and presenting 
burn size underscores the need for careful goal-
directed therapies in which the nurse often acts as 
the implementing agent.

 Assessment in Acute Resuscitative 
Phase

Nursing assessments include assisting with 
obtaining the information necessary to manage 

the patient. On presentation to the burn nurse, an 
accurate weight, height, and complete set of vital 
signs are essential. The patient should be cleaned 
so that an exact determination of burn size, as 
well as any preexisting sores/wounds or skin- 
related phenomena, can be assessed. Once 
weight, BSA burned, and vital signs are known, 
the resuscitation strategy can be implemented. 
Regardless of which formula or technology is 
used during resuscitation, nursing staff should be 
well educated and versed in carrying out the plan.

Physical assessment. Initial physical assess-
ment of the patient should proceed along normal 
lines, monitoring the ABC’s (airway, breathing, 
and circulation) with notation of inhalation 
injury, and any circumferential injuries to the 
trunk and or extremities. These findings should 
be promptly communicated to the provider so 
that a determination of the need for emergent 
procedures (intubation or escharotomy/fasciot-
omy) can be made. Assessment should proceed 
along conventional means from that point on.

 Nursing Diagnosis

Fluid volume deficit: Burn patients have fluid 
volume deficits owing to massive insensible loss 
from open burn wounds as well as increased cap-
illary permeability in the first 24 h as a result of 
inflammatory mediators released after burn 
injury. These two factors combine to form the 
basis for burn resuscitation formulas [5].

Hypothermia: The larger the burn size of the 
patient, the more significant the likelihood of 
encountering hypothermia. As a general rule, the 
burn patient with significant injury should be main-
tained at a core temp of 37.5–38.5 Celsius [5].

Pain: The presence of pain in the burn setting 
is inevitable and will be the chief complaint of 
any patient presenting with first- or second- 
degree burns unless the patient has underlying 
neuropathy or deeper burns owing to underlying 
nerve damage. Pain can be a useful assessment 
tool for helping to ascertain burn depth. Treatment 
of acute burn pain is done with judicious use of 
narcotics. The patient ideally can complete a 
competent neurological exam and tolerate care 
with sedation [5].
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 Planning and Implementation 
in the Acute Resuscitative Phase

The nurse caring for the burn patient is respon-
sible for administering the IV fluids as directed 
through appropriate intravenous (IV) access. 
The use of two large bore IVs is appropriate, 
and central line access is often attempted and 
obtained during the resuscitation phase. The 
nurse administers pain medications and 
assesses the effect of the medication on the 
patient as pertains to sensorium, pain levels, 
and impact on vital signs, especially blood 
pressure. The nurse(s) will also have likely 
cleaned the burn wound so that a plan can be 
formulated to address the burn injury needs. A 
nurse can anticipate a plan to treat/dress a burn 
wound with topical and or synthetic dressing, 
or participate in progressively more advanced 
burn care procedures including the perfor-
mance of escharotomies or fasciotomies 
depending on hospital practice and policy and 
procedure.

Key factor: The providing nurse must realize 
that burned skin, whether the second or third 
degree, will not allow tape or occlusive dressing 
to adhere when securing IV catheters. IV or cen-
tral line(s) placed through burn wounds must be 
sutured in place such that dislodgement will not 
occur.

 Evaluation

Nurses evaluating the burn patient in the resusci-
tation phase are focused on the patient’s response 
to resuscitation, frequently by monitoring an 
established appropriate endpoint of resuscitation. 
The production of 30–50 mL/h of urine (usually) 
indicates adequacy of resuscitation [3, p. 115–
124], but in older patients with comorbid condi-
tions, other endpoints for resuscitation may need 
to be identified. The bedside nurse should be 
familiar with the accepted norms and be prepared 
to communicate parameters that fall outside 
established normative values promptly. Possible 
other parameters could include mean arterial 
pressure (MAP), lactic acid levels, serum bicar-
bonate, base deficit, and hematocrit depending on 

the provider’s protocols for managing resuscita-
tion. Other evaluation criteria during resuscita-
tion will include the patient’s physiologic 
response to resuscitation. It is entirely likely that 
the patient will develop edema requiring eleva-
tion of extremities and evaluation for develop-
ment of compartment syndrome. The 
development of adventitious breath sounds can 
indicate that pulmonary edema is developing par-
ticularly if O2 saturation and PaO2 begin to trend 
downwards. This pattern can indicate over-resus-
citation. It can also indicate a comorbid phenom-
enon (CHF) requiring medical management with 
inotropic support [4, p. 415–424]. In any case, 
the bedside nurse is positioned to identify and 
respond to the trend proactively.

 Other Nursing Consideration 
in the Acute Resuscitative Phase

Psycho-Social: The patient should be inter-
viewed and queried as to their wishes in regard 
to management. Older clients may have pre-
injury instruction such as Do Not Resuscitate/Do 
Not Intubate that preclude lifesaving interven-
tions. Any family associated with the patient 
should be identified and brought to the bedside 
as soon as possible so that clear communication 
between staff, family, and patient are estab-
lished. The nurse is often a facilitator of these 
discussions [6].

Ethical: Ethical considerations in the man-
agement of elderly acute burn patients often 
revolve around the issue of futility [6]. Assigning 
futility in burn cases is a complicated decision 
due in part to significant advances made in the 
care of burn patients in the last 30 years [6]. The 
survivability of burns has increased dramati-
cally across all age and burn size groups. The 
family and/or patient should be made aware of 
the realistic chance of survival as well as the 
plan of care being considered to heal the burn 
injury. A family should be encouraged to make 
careful consideration and consider all options. 
The nurse has a duty to act as a patient advocate. 
Therefore it is essential that staff nurses thor-
oughly understand the patient wishes, rights 
under self-determination, underlying (patient) 
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cultural and ethnic norms regarding the end of 
life and death and ensure that the plan of care 
conforms to the reasonable requests of the 
patient or the patient’s designate. In the context 
of direct management, the patient’s physiologic 
support (resuscitation) is usually in progress as 
these issues are identified and evaluated. 
Changing course from full treatment to pallia-
tive/comfort measures can be indicated for even 
relatively small burns in older patients [6]. Thus, 
the patient and patient’s family should be cen-
tral in such discussions.

 Post Resuscitation-Acute Phase

Once fluid resuscitation is complete and increased 
capillary permeability third spacing resolves, the 
patient considerations will focus on wound clo-
sure and management during the acute healing 
process. Nationwide the accepted 1 day length of 
stay per percent open area burned can be used as 
a guide [1] with the understanding that underly-
ing comorbidities and considerations of care 
must be carefully and methodically addressed in 
the geriatric population. The nurse is the primary 
provider of treatment, medication, nutrition, pain 
relief, and usually first responder in the event of 
sudden deterioration of the patient. The nurse’s 
responsibility at this point is to implement the 
plan of care and protect the patient from the hos-
pital environment.

 Assessment

A thorough head to toe nursing assessment is 
done at least every shift on burn patients, (fre-
quency dependent on hospital policy) as well as 
upon a noted change in status. The patient assess-
ment should include a thorough review of sys-
tems, a detailed inspection of the equipment in 
use and validation of infusions of medications 
and an inspection of the safety apparatus in use at 
the bedside. In the burn patient, there are very 
specific reasons for stressing these seemingly 
obvious interventions. For example, a burn 
patient with facial burns requiring intubation may 

sustain a significant amount of facial edema in 
the resuscitation phase, during the post-acute 
phases the edema can and often does resolve very 
quickly. If the patient requires continued intuba-
tion during this period, it may be necessary to 
resecure the endotracheal tube multiple times. 
The previously mentioned considerations cen-
tered on maintaining IV patency and central lines 
should be sutured and secured whenever placed 
through burned skin.

 Airway and Inhalation Injury

Airway edema resulting from inhalation of hot 
gas and smoke typically forms immediately 
after exposure. This edema can persist for sev-
eral days thus necessitating the placement of an 
artificial airway to maintain airway patency. The 
key assessments are focused upon the patency 
of artificial airways (presence of breath sounds), 
lessening of airway edema (presence of an aus-
cultated air leak), and management of secretions 
[7]. The bedside nurse will, often in conjunction 
with respiratory therapists, be responsible for 
the suctioning and pulmonary toileting of intu-
bated patients. A key consideration in the man-
agement of burn patients and particularly elderly 
burn patients is the threat posed by mucus plugs, 
i.e., airway obstruction. In the face of inhaled 
smoke, gas, and heat, inhalation injury can man-
ifest. As the days progress and management of 
the injury continues, it is common for sloughing 
of casts, tissue, and mucus to proceed, followed 
by mucus plug formation which can be a viable 
threat, especially during the first 3–5 days post 
injury. These casts can be thick enough to 
obstruct an endotracheal tube quickly and 
grossly impair oxygenation/ventilation [8]. The 
bedside nurse should be trained to observe and 
intervene when a mucus plug is suspected. 
Adding to the complication of this scenario is 
the tendency for a rapid progression from respi-
ratory failure to cardiac failure, which can divert 
attention from the underlying complication. The 
mnemonic of Airway, Breathing, and Circulation 
(ABC) is the accepted means of combatting this 
complication. When responding to sudden 
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 deterioration of the burn patient with inhalation, 
the confirmation of a patent airway should 
always be the first action. The evacuation of a 
mucus plug and prompt restoration of oxygen-
ation can avert a cardiac event many times [8]. 
In the elderly patient, the threshold for tolerat-
ing a plug will be lower, and the progression 
from plug to the cardiac event may be very 
quick, necessitating prompt identification and 
treatment. It should also be noted that pulmo-
nary toileting in the inhalation burn may require 
near constant attention and reassessment to pre-
vent mucus plugging [11, p. 257]. Proper assess-
ment, toileting, and management of respiratory 
needs for these patients as well as extubation at 
the earliest, safest convenience are essential for 
the prevention of pneumonia which is a well-
known complication in the care of the burn 
patient [1]. Patients who are extubated and 
“fail” due to coexisting respiratory or pre-mor-
bid issue may need to undergo tracheostomy for 
long term care. The use of tracheostomy and 
frequency/conditions for placement vary widely 
from burn unit to burn unit. Generally the con-
sensus is that optimal outcome is achieved by 
the patient managing their secretions without 
artificial airway at the earliest outset.

 Cardiac Considerations

Elderly burn patients will require telemetry and 
monitoring with an underlying evaluation of the 
electrocardiogram (EKG). The baseline assess-
ment should include the notation of background 
cardiac history, i.e., afib and CHF, and the pres-
ence of any cardiac assistive device (pacemaker). 
This thorough need to understand the current car-
diac health of the patient cannot be overstated. 
Patients might require sophisticated monitoring 
to match therapy to symptoms particularly if their 
underlying cardiac health is compromised. The 
use and placement of Swan–Ganz catheter or 
similar technology varies from institution to 
institution. The presence of a Do Not Resuscitate 
(DNR) order must be clearly noted, understood, 
and displayed so that all responding staff is aware 
of the patient’s wishes.

 Renal/GU Considerations

Urine output and strict intake and output record-
ing are the primary responsibility of the burn 
nurse. The administration of nephrotoxic agents 
should be discussed and evaluated with the bed-
side nurse participating. The collection of labs 
and review of values should occur and be com-
municated from nurse to nurse. Hypotension and 
ensuing renal insult should be avoided at all costs 
so as to protect against Acute Kidney Injury 
(AKI). Burn nurses should be able to assess for 
AKI and alert med staff so that quick adjustments 
to the plan of care can be made. In the face of 
older patients with pre-morbid renal problems, 
this vigilance is heightened. In the face of kidney 
failure, therapy considerations include the poten-
tial use of dialysis via Continuous Renal 
Replacement Therapy (CRRT) or via conven-
tional hemodialysis. If CRRT is the chosen 
modality, the bedside nurse should be prepared to 
respond to complications involving equipment 
and catheter maintenance. Acute renal failure 
(AKI) is a grave development in the treatment of 
an elderly burn patient [4] and the negative 
impact on prognosis and care implications should 
be made clear to the family.

The Foley catheter is the method for monitor-
ing urine output on an hourly basis. However, 
upon discontinuation of the need for hourly mon-
itoring, indwelling urinary catheters should be 
removed as soon as is feasible. The 2016 NBR 
demonstrates UTI as a highly likely complication 
of care for the elderly patient [1].

 GI/Nutrition Considerations

GI and nutritional considerations revolve around 
the following concepts. Elderly patients, like all 
trauma patients, are under considerable stress and 
may present with pre-morbid conditions such as 
GERD or peptic ulcers. The prompt initiation of 
ulcer prophylaxis is warranted, the use of proton- 
pump inhibitors (PPI) as opposed to H2 blockers 
is under debate as to best outcomes and guided 
by institutional preference, the development of 
GI ulcer is a feared complication that is 
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 preventable. The nurse should recognize the need 
for this therapy and ensure that its presence is in 
the plan of care.

Constipation is another GI complication of 
care in burn patient commonly attributable to or 
aggravated by the use of large quantities of nar-
cotics. Bowel attention and regimen is a standard 
issue in the geriatric population and should be 
treated as a serious consideration. Bowel regimen 
should and often does include the use of stool 
softeners, probiotics, and food strategies (high 
fiber) designed to promote regular bowel health. 
The bedside clinician should assess, identify, and 
note the presence of constipation, obtain orders 
to address, and ensure the patient has regular 
bowel movements. Failure to address these issues 
places the patient at high risk for impaction and 
obstruction. In some cases, this can lead to fur-
ther complications.

The possibility of diarrhea in the care of these 
patients is present as well. The definition of 
symptomatic diarrhea can vary widely from pro-
vider to provider. Patients experiencing more 
than 1 L of watery stool per day can be antici-
pated to experience electrolyte derangement and 
some degree of dehydration. Hypokalemia and or 
hypernatremia are common assessments in this 
scenario. The bedside nurse is often the first to 
note the presence of diarrhea, particularly in the 
context of vital signs and lab changes, and should 
promptly address with a provider to formulate an 
appropriate plan.

The burn patient’s underlying nutritional con-
siderations are a prime factor. There are different 
formulas used to ascertain the caloric needs of 
the burn patient; regardless of a method for 
determining need, the administration of a 
patient- specific, caloric goal based nutritional 
plan is the best practice for the nurse [9]. The 
nurse should expect to place enteral tubes when 
indicated, quantify dietary intake, and be able to 
make a basic assessment as to nutritional health. 
These can be as easy as understanding the weight 
trend of the patient and describing the physical 
appearance, especially noting the loss of lean 
body mass. The use of pictures throughout the 
course of care helps to capture this 
phenomenon.

 Skin/Wound Care Considerations

Skin care concerns in this population fall into two 
nursing focuses. The cleansing and provision of 
wound care with the goal of rapid/early wound 
closure and the prevention of a hospital-acquired 
wound.

Acute wound care: Hospitals may have differ-
ent processes for the delivery of wound care and 
varying degrees of resources/technology avail-
able. The essential premise however generally 
remains the same. Burn wound care involves the 
cleaning/preparation of a wound bed followed by 
removal of devitalized tissue usually in a hydro-
therapy setting. The removal of necrotic elements 
on a regular basis is essential to the prevention of 
infection and wound health. The administration of 
a topical medication and/or medication impreg-
nated dressing follows cleaning and is designed to 
limit bacterial overgrowth and possibly further aid 
in debridement upon removal. Finally, the dressed 
wound bed is covered with an outer dressing 
meant to prevent desiccation of the wound as well 
as to apply pressure via elastic bandage (Ace 
wraps) for the purpose of promoting venous 
return and limiting dependent edema. The specific 
processes vary from facility to facility but are 
meant to accomplish the goals above.

Prevention of hospital-acquired wounds. 
Due to changes in the skin characteristics of the 
older client coupled with wounds from burn 
injury, the elderly patient presents as high-risk 
for acquiring pressure sores. The assessment 
and management of these patients include a 
detailed initial skin survey designed to identify 
preexisting injury and the development of a plan 
to address concerns. It should be noted that 
while the use of pressure relieving surfaces, 
mattresses and similar devices may be indicated 
and useful, they do not replace offloading of 
pressure points. The standard of care for preven-
tion of pressure ulcers remains to turn patients 
off of bony prominences including offloading of 
the heel. The bedside nurse should also be wary 
of the possibility for device induced wound(s). 
Intubated patients or patients with various 
indwelling tubes/catheters may be at risk of 
developing pressure sores and or skin  breakdown 
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from these devices,  particularly if these devices 
are in contact with compromised skin. Finally, 
the threat posed by the formation of inconti-
nence dermatitis and breakdown from fecal 
incontinence cannot be understated. The burn 
patient must be kept clean and dry, the use of 
moisture trapping dressings or diapers is often 
contraindicated making quality peri-care com-
plicated and challenging. Adding to the diffi-
culty is the high preponderance of documented 
UTI as complications in the management of 
elderly burn patients [1].

 Infection Control/Management

As the bedside nurse, the nurse is uniquely posi-
tioned to manage and prevent infection in the 
burn patients. Patients are often colonized by 
bacteria upon injury, and due to loss of skin 
integrity, the colonization may progress towards 
infection. The nurse assessment should include 
the noting of physical signs of infection includ-
ing the presence of odor, cellulitis, purulent 
drainage, fever, increased or unusual pain, and 
changes in mental status. Laboratory assessments 
would include monitoring of white blood cell 
counts, changes in platelet count (thrombocyto-
penia), development of insulin resistance (hyper-
glycemia), and lactic acidosis. Vital sign 
assessments could include temperature, changes 
in blood pressure, and tachycardia. Advanced 
hemodynamic monitoring signs of sepsis would 
likely include a drop in measured systemic vas-
cular resistance. A sharp increase in the cardiac 
index is a typical sign of compensation for 
healthy individuals in the face of sepsis. In the 
elderly or comorbid populations, compensatory 
mechanisms may be compromised leading to 
profound hypotension.

Nurses can and do play a prominent role in 
infection prevention. Meticulous hand hygiene 
and use of contact isolation for burn patients are 
indicated [10]. Further, the nurse should actively 
advocate for the patient by teaching family and 
visitors to comply with infection control mea-
sures and ensure that all members including vis-
iting and consulting staff comply with the hand 

washing and isolation. The use of the proper 
sterile technique is a must when aseptic tech-
niques are indicated, and the bedside nurse 
plays a role in both assisting with and identify-
ing breakdowns in technique. Advocating for 
prompt removal of central lines and Foley cath-
eters are other opportunities for nursing staff to 
support and protect their patients from hospital- 
acquired infections. Another opportunity for 
nurses to impact hospital-acquired infection is 
through the administration of adequate oral 
care/suctioning, which can reduce ventilator- 
associated pneumonia. This simple stratagem 
can have a significant impact not just on patient 
health but hospital reimbursement, as insurers 
increasingly seek to avoid paying for hospital- 
acquired conditions.

 Other Considerations

The mobilization and ambulation of the patient 
are typically a rehabilitation responsibility. 
However, the nurse often plays a role in assisting 
or encouraging the safe mobilization of their 
patients. Patients who spend significant amounts 
of time in bed avoiding weight bearing are pre-
disposed to developing pneumonia, developing 
pressure sores, encountering loss of lean body 
mass, development of deep vein thrombosis, and 
ultimately impaired wound healing. The simple 
act of getting a patient out of bed and into the 
chair, progressing to a weight bearing status at 
the earliest opportunity, and continuously stress-
ing exercise at least every day can have a dra-
matic impact on patient outcome. The bedside 
nursing staff, including support staff, plays a sig-
nificant role in this by assisting rehab services 
and encouraging their patients to participate to 
their fullest ability.

 Psycho-Social

Pain management will continue to be a focus 
throughout the acute course of care, with the 
patient requiring some degree of narcotic sup-
port. The presence of pneumonia as a  predominant 
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complication in this population underscores the 
need to minimize sedation as much as possible. 
Patients must be able to clear secretions (cough 
and deep breathe) and ideally move and ambulate 
to mitigate the risk of secretions. Overuse of nar-
cotic can reduce particiapation in therapy and 
also impact bowel health. The balance between 
the appropriate and safe use of narcotics in this 
setting can be the source of considerable stress 
for family members, and of course for the patient. 
In the setting of geriatric burn care, the degree of 
pain encountered can be a consideration in trying 
to arrange for best outcomes. Many families can-
not fathom allowing their elder loved ones to suf-
fer through a painful post-recovery course. This 
dilemma is especially evident in the face of 
patients with preexisting neurologic derange-
ments or delirium who may not fully be aware of 
what is happening. Constant communication 
with family and honest appraisal of progress are 
essential. Assessment of the patient’s ongoing 
psychological health should be ongoing through-
out the course with vigilance for delirium. Early 
on in the course of care, if not upon admission, 
discharge planning should be addressed. This 
plan begins with an understanding of the family 
resources available, the financial resources avail-
able, and a history of the incident as pertains to 
safety. Elder abuse is a known phenomenon and 
can be malicious, i.e., intentionally perpetrated 
by a family member or caregiver, or a result of 
negligence, inadequate resources, or unsafe liv-
ing conditions. As caregivers, we have a duty to 
ensure that patients are safely discharged upon 
recovery. If abuse is suspected or reported, the 
nurse or whoever receives the information should 
alert the multidisciplinary team and ultimately 
the authorities.

 Patient Safety

As with all patients, necessary patient safety 
assessment should include risk for fall, pressure 
sore risk, and presence, use of, and need for 
safety equipment (side rails up, beds low to the 
ground, Ambu bags at the bedside).

 Nursing Diagnoses  
(Not All Inclusive)

• Altered gas exchange (inhalation injury)
• Ineffective airway clearance (mucus plug)
• Decreased cardiac output
• Acute pain
• Constipation
• Diarrhea
• Caregiver role strain
• Patient safety
• Infection risk/actual

 Planning/Implementation

The identification of care plans triggered by assess-
ment should lead to the safe care of the elderly cli-
ent undergoing burn care. The emphasis on safety 
and prevention of injury or acquired condition 
decreases the length of stay and ultimately leads to 
better outcomes. The prompt initiation and mainte-
nance of enteral support for large thermal injuries 
rely on nursing and medical staff communication. 
Whenever possible, maximal nutritional support 
should be delivered with preference given to enteral 
as opposed to parenteral delivery.

 Evaluation

Evaluation of the plan will focus on wound heal-
ing, presence (or absence) of infection, and con-
tinuous monitoring of the patient’s mental and 
physical response to care. The patient family 
input should be solicited and considered with the 
plan of care monitored and adjusted daily if nec-
essary in a multidisciplinary fashion.

 Post-Acute Reconstructive/
Rehabilitative Phases

The elderly burn patient who survives significant 
burn injury will likely require a significant 
amount of assistance upon discharge. They will 
grapple with limitations in mobility requiring 
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preparation, chronic pain, and lingering wounds 
requiring some degree of wound care. The dis-
position of this patient often requires coordina-
tion of resources and location of assistance 
appropriate to the location of family. Discharge 
planning, therefore, begins with admission and 
continues throughout care. The bedside nurse 
participates in this continuum and often has sig-
nificant interactions with patients for many years 
afterward.

 Nursing Considerations in Post- 
Acute Care Planning

 Assessment

Assessment of the post-acute burn needs focuses 
primarily on meeting the needs of the patient 
safely upon discharge and ensuring that a proper 
follow-up plan has been formulated. 
Consideration includes the home environment, 
family dynamic, and equipment needs. In many 
cases, the assistance that an elderly client will 
require regarding activities of daily living may 
require placement into a Skilled Nursing Facility 
(SNF), Long Term Acute Care (LTAC) facility 
or rehab facility. The financial possibilities or 
limitations should be well understood long 
before attempting to make arrangements before 
 discharge. If a patient is discharged home, train-
ing of the family and consideration as to the 
availability of dressings and home care equip-
ment will have to be addressed.

Functional assessments include the safety of 
the patient in regard to performing, activities of 
daily living, fall risk, and monitoring for the 
development of burn-related complications such 
as burn scar contractures that can impede range 
of motion in the future.

 Planning/Implementation

Burn discharge planning begins on admission. In 
the care of the elderly burn patient, having family 
participate in learning care that will be performed 

at home is paramount. Having a comprehensive 
follow-up plan in place is important both to 
ensure that the patient continues to recover from 
their burns, but also to ensure they do not develop 
secondary complications such as pneumonia or 
other infection in the outpatient setting. Ensuring 
that a patient has reliable transportation and that 
family understands the plan of care is essential 
for successful post-acute outcomes.

 Evaluation

The goal of transitioning from inpatient setting to 
outpatient is for the patient to resume as much of 
their previous functionality as possible. This 
functionality will be determined based on the 
extent of remaining wounds, limitations in range 
of motion and thus mobility caused by scar for-
mation, pain in healed or healing wounds, and 
overall health of the client.

 Summary

The nursing care of the elderly burn client 
requires consideration of all burn phenomena 
typically encountered in burn injury. Additional 
factors include an emphasis on early family 
involvement with open and honest dialogue 
between health care providers and relatives 
regarding outcomes and needs. The nurse caring 
for this patient must be especially vigilant against 
the development of burn-related complications 
due to the likely presence of significant comor-
bidity in the client.
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Perioperative Nursing 
Considerations

Elizabeth D. Katrancha

Many older adults must undergo surgery after a 
traumatic injury. The nurse must consider many 
factors that complicate surgical procedures in the 
older adult, including comorbidities, decreased 
physiological reserve, and a more limited func-
tional capacity. It is often the nurse who must 
compile the whole of the patient information and 
ensure review by the attending surgeon prior 
to a procedure. Of course, emergent situations 
will differ.

 Preoperative

Nursing is responsible for ensuring a complete 
history and physical is recorded, laboratory exami-
nation results are reviewed, and assessment of 
risks is completed prior to a surgical procedure, 
when possible. Informed consent should be 
obtained and witnessed by the nurse, taking into 
consideration the patient’s decision-making capac-
ity. If the patient is unable to make decisions, the 
care team will need to confer with family or legal 
documentation regarding surrogate decision-mak-
ing rights.

The history and physical examination should 
include nutritional status. Many older adults are 
nutritionally deficient, which can lead to postop-
erative complications. There are some laboratory 
values that are helpful in determining nutritional 
status. Albumin levels of less than 3.2 g/dL, cho-
lesterol levels of less than 160 mg/dL, or a body 
mass index of less than 20 kg/m2 have been 
shown to be predictive of mortality. On physical 
exam the skin, tongue, and oral mucous mem-
branes help with the evaluation of nutritional and 
hydration status. Consider nutritional supple-
mentation before and after surgery where appro-
priate. An early consultation with a registered 
dietician is recommended.

Patient and family teaching should begin in 
the preoperative phase. The nurse should be 
prepared to provide information on the proce-
dure and expectations following the procedure. 
Consider discharge planning and destination in 
these early discussions. After a traumatic 
injury, patients and families need time to pro-
cess what has occurred and often need guidance 
and reassurance.

 Intraoperative

The care team is responsible for all recommended 
surgical site infection prevention measures rec-
ommended by the Centers for Disease Control 
and Prevention (CDC) and the Joint Commission’s 
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core measures in the Surgical Care Improvement 
Project (SCIP). These include prophylactic anti-
biotics, blood glucose control, early removal of 
urinary catheters postoperatively, temperature 
management, continuation of beta blockers, and 
venous thromboembolism prophylaxis [1, 2].

The intraoperative nurse must validate all per-
tinent information and be attentive to detail and 
ensure all usual safety measures are in place. 
Patient handoff communication between the pre-
operative nurse and intraoperative nurse is impor-
tant. The nurses should review the patient history 
and physical and review laboratory results. It is 
also important to check for assistive devices such 
as hearing aid and dentures. Examine the skin for 
breakdown. During the surgical procedure, the 
OR nurse must be mindful of patient positioning 
and the increased risk for pressure ulcer develop-
ment, which can happen quickly in the older 
adult with decreased subcutaneous tissue over 
bony prominences.

Temperature regulation in the older adult is less 
effective than younger patients, requiring close 
monitoring and intervention to maintain a normal 
body temperature. Blood glucose levels should 
also be monitored at regular intervals to prevent 
hyper- or hypoglycemia. Hypertension is a very 
common comorbidity in the older adult and many 
patients are managed with beta-blocker therapy 
which must be continued intraoperatively.

 Postoperative

The immediate postoperative period should be 
focused on recovering the older adult from anes-
thesia, making airway and breathing the focus. In 
addition, pain control is one of the most pressing 

issues in the postoperative phase. The nurse must 
complete a thorough pain assessment including 
the pain control goals of the patient. Consideration 
should be made to both pharmacologic and non- 
pharmacologic treatments. Consult with the phar-
macist and attending physician to develop a 
routine pain control schedule with allowances for 
breakthrough pain. Consider and monitor for the 
adverse effects of opioids on the geriatric client. If 
patient controlled analgesia (PCA) is to be uti-
lized, the nurse must ensure the patient compre-
hends how to use the device and is physically able 
to operate the machine. The nurse should care-
fully document the effect of the pain control 
modalities and alert the team to adverse reactions, 
unwanted side effects, or uncontrolled pain.

Early mobilization is important to prevent 
complications in all surgical clients. Complications 
such as atelectasis, pneumonia, deep vein throm-
bosis, and delirium are consequences of pro-
longed immobility. The nurse should determine 
the client’s previous functional status and make 
any necessary assistive devices are available and 
functioning. Early consultation with physical and 
occupational therapy is important. The nurse must 
also ensure that mobilization occurs during the off 
shifts and weekends. The nurse should continue 
to reevaluate the discharge plan and progress 
being made toward the goal.
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