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Abstract
Purpose of Review Obesity has been recognized as an impact-
ful comorbid condition. It has been demonstrated to be an
independent risk factor for morbidity and mortality following
trauma.
Recent Findings Multiple studies and reviews have strongly
suggested obesity to be associatedwith increased risk for post-
injury morbidity and mortality. As obesity is associated with a
pro-inflammatory state, it has been suggested to negatively
affect the respiratory, cardiovascular, coagulation, and renal
systems and the ability and manner in which an obese patient
heals.
Summary As obesity continues to rise at alarming rates in the
USA, this population of patients requires special consideration

and continued research is underway to delineate relationships
between obesity, trauma, and outcomes in an effort to improve
overall care.
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Introduction

The number of individuals suffering from obesity, as defined
by a bodymass index (BMI) of 30 or higher, has been increas-
ing at an alarming rate over the last 50 years in the USA.
Complications in the management and recovery from blunt
and penetrating trauma have been shown to have an indepen-
dent association with obesity. As obesity leads to a number of
physiological and anatomical changes, the body’s response to
injury is directly affected in injury. It has been reported that
obese patients have an increase of respiratory, cardiovascular,
venous thromboembolic, and infectious complications.

Penetrating Trauma

Epidemiology

Penetrating trauma (PT) accounts for approximately 15% of
total injury-related disease on a global spectrum, not account-
ing for those involved in military engagement, though rates
can reach as high as 20–45% in some urban areas [1]. These
high-impact regions account for up to 80% of all PT and also
tend to be associated with low socioeconomic status and high
rates of substance abuse [1].

Victims of PT are more likely to be younger than those of
blunt trauma (BT), on average 31.4 versus 46.1 years old in
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the BT population [2]. They are also more likely to be male,
representing up to 80–86% of PT patients [1, 2], though rates
of PT in women have been shown to increase with BMI [3••].
Gunshot wounds (GSW) are the most common vehicle of PT
and also the most lethal, representing up to 45% of all trauma
deaths in some trauma centers [2]. According to a 2012
National Institute of Health study, even in children & adoles-
cents the prevalence has increased over the last decade [4, 5],
with the prevalence of obesity at major trauma centers
reflecting that of the general population [6]. Current literature
is conflicting regarding the distribution of injury mechanism
in obese and non-obese cohorts—some suggest no difference
in injury mechanism [6] while others have demonstrated the
obese population is more likely to present with PT (34.8%
obese versus 22.5% non-obese) [7].

While the rates of computed tomography imaging per-
formed on obese PT victims versus their non-obese counter-
parts are similar at a rate of 35%, the rates of non-therapeutic
surgical intervention, defined as an operation that does not
identify or require repair of injured structures, increased sig-
nificantly with BMI [3, 8]. In the general population, rates of
non-therapeutic operations range between 23 to 53% for stab
wounds (SWs) and 5.3 to 27% for GSWs [8–10], while stud-
ies evaluating rates of non-therapeutic operation across BMI
groups showed rates increase with BMI and reach as high as
75% (BMI 29–30, 42%; BMI 30–35, 52%; BMI >35, 75%)
[3].

Pathophysiology

The impact of obesity on the management and overall out-
comes in abdominal trauma poses a significant challenge for
the healthcare workforce, particularly in the setting of increas-
ing rates of obesity at epidemic proportions. Multiple expla-
nations exist for the role of obesity in the development of
various post-operative complications and the pathogenesis of
wound healing.

Obese patients typically carry a medical history of multiple
comorbidities, potentially including diabetes, hypertension,
cardiovascular disease, arrhythmia, liver dysfunction, asthma,
and chronic obstructive pulmonary disease, all of which pre-
dispose this population to poor outcomes even for an elective
operation [11]. Obesity brings challenges to perioperative
management and intensive care that include difficult airway,
increased requirement of bedside care for proper hygiene and
mobilization, and technical difficulties of placing peripheral
intravenous lines that leads to higher rates of central venous
lines and subsequent risks of bacteremia [12, 13].

In the trauma patient, obesity has been found to be an
independent risk factor for post-injury organ dysfunction that
can be explained by a systemic pro-inflammatory state
resulting in increased circulating levels of inflammatory me-
diators [14–16]. Obese patients have also been shown to have

increased susceptibility to ischemia-reperfusion injury sec-
ondary to thinner bowel wall and intestinal vessels [15].
They are more likely to require delayed closure of the abdom-
inal wall after laparotomy secondary to increased vascular
permeability resulting in substantially worse bowel wall ede-
ma than that seen in non-obese populations [15]. Insulin re-
sistance in obesity is also known to impact wound healing and
surgical site infection rates [14]. Additionally, poor baseline
nutritional status and high rates of metabolic acidosis play a
role in the challenging physiology of wound healing in the
obese population [14, 17, 18].

In addition to these pathophysiological processes predis-
posing obese patients to worse overall outcomes, it has been
shown that obese trauma patients suffer distinct injuries from
that of their non-obese counterparts. Interestingly, obesity has
been shown to have a protective effect in penetrating trauma
secondary to an increased depth of pre-peritoneal fat, which
results in lower rates of peritoneal violation, particularly in
victims of SWs [3, 19]. Whether the role of obesity in
GSWs is protective is not as clear and requires further
investigation.

The obese patient also presents unique diagnostic and ana-
tomical challenges. The Focused Assessment with
Sonography in Trauma exam, a widely used diagnostic meth-
od for determining the need for surgical intervention in trauma
using ultrasound, faces significant limitations in the obese
population due to fat attenuation of ultrasound waves and a
resultant poor image quality secondary to failure of the wave
to penetrate the pre-peritoneal fat layer [17, 20]. One study
describing this limitation explains that a 7-MHz ultrasound
transducer will attenuate 50% traveling through 1 cm of fat,
resulting in 94% total attenuation in a pre-peritoneal fat layer
of 8 cm depth [20]. These authors suggest selecting the lowest
frequency transducer for best image quality in the obese pa-
tient and support the technique of tissue harmonic imaging
which induces harmonic sound waves and employs the prop-
erties of fat to improve image quality [20]. From a surgical
standpoint, a large pannus distorts anatomical landmarks,
displacing the distance of the umbilicus from the true vertical
midpoint by an average of 3.5 cm (compared to 0.87 cm in
patients of normal BMI) which can impact surgical strategies
such as incision site and laparoscopic port placement [17].

Morbidity

It is well established within the medical literature that obese
trauma patients have worse outcomes despite no statistically
significant difference in injury severity score (ISS) [12, 14], an
anatomical injury scoring system which correlates linearly
with morbidity, mortality, and hospital length of stay (LOS)
[21]. A subcategory of the ISS is the abbreviated injury score
(AIS), which looks at individual anatomical regions.
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Few studies evaluate the impact of obesity exclusively in
penetrating trauma. However, one study evaluating stab
wounds in obese patients found that abdominal AIS scores
decrease with increasing BMI, demonstrating that obesity in
fact plays a protective role, despite no difference in overall ISS
[3]. An association also exists between increased BMI and
decreased rates of peritoneal violation, visceral injury, and
injury requiring therapeutic surgical intervention [3]. This
study showed rates of operative management 3.4 times higher
in the thinnest group when compared to the most obese group
(67 versus 20%) [3].

While this protective theory has been supported in the lit-
erature in terms of severity of injury in abdominal trauma,
when controlling for injury severity, obese patients irrespec-
tive of mechanism of injury experience worse overall out-
comes including increased ventilator days, central line days,
and urinary catheter days, which lend respectively to a twofold
increased rate of respiratory infections, bacteremia, and uri-
nary tract infections [3, 12]. Obesity has also been shown to be
associated with increased post-operative complications, LOS,
intensive care unit days (ICU), ventilator days, and overall
mortality [3, 7, 14].

Though few studies on the obese trauma population stratify
their data bymechanism of injury, those that do suggest that in
PT, ICU days in fact decrease as a function of increasing BMI
and that there is no association between BMI and LOS [3, 7,
22]. One study evaluating stab wounds in the obese popula-
tion found that the rates of severe injury, defined as an
ISS > 25, decreased as a function of BMI, as did the rates of
visceral injury. This same study identified small bowel as the
most commonly injured viscus in obese patients, likely as a
factor of the anterior positioning of the organ and depth of the
wound being limited to the length of the knife blade [3].

Mortality

The tri-modal distribution of mortality in trauma is a well-
described model detailing the temporal relationship of mortal-
ity in major trauma. This model attests that mortality can be
grouped into three peaks: <60 min, 1–4 h, and >7 days post-
injury, associated with mortality rates of 45, 34, and 20%,
respectively [2]. Recent literature suggests however that this
model is not applicable to a mature trauma system with sea-
soned pre-hospital services and trauma centers, which have
instead demonstrated a bimodal distribution of mortality from
penetrating trauma of 63.7% within 60 min of injury (with
24.8% occurring at the scene) and 2.6% between 1 and 6 h
post-injury, with complete elimination of the third peak [2].
The tri-modal distribution of mortality has not been studied
specifically in the obese population and so it remains unclear
whether elimination of the third peak would apply to this
population.

A meta-analysis evaluating the impact of obesity on mor-
tality in all trauma found an odds ratio (OR) of 1.45 in the
obese versus the non-obese trauma patient despite no differ-
ence in ISS, with acute respiratory distress syndrome (ARDS),
acute renal failure (ARF), and multiple organ failure (MOF)
being the most common and most fatal complications in the
obese patient [14].

However, there exist conflicting pools of thought regarding
the impact of obesity on morbidity in PT specifically. In the
general population, penetrating trauma accounts for approxi-
mately 15 to 20% of admissions but is responsible for half of
the fatalities [2]. When stratified by mechanism of injury, fa-
talities from penetrating trauma are more commonly associat-
ed with significant injury to the chest and abdomen, both
anatomical regions which have increased depth of subcutane-
ous fat in the obese patient [2]. One study found that, when
stratified by weight, victims of penetrating trauma with body
weight at or above the 96th percentile had a two to fourfold
increased mortality rate than the general population [6].
Despite this, some studies report no significant difference in
mortality between the obese and non-obese (10.6 versus
10.2%, p = 0.9) [7]. If obesity is in fact protective, it is sur-
prising that this protective effect is not reflected by a decrease
in mortality.

One of these studies that did not find a difference in mor-
tality suggested a theory that their findings might be related to
the fact that their study was performed at a major bariatric
surgery center, suggesting that experience with the unique
physiology of the obese patient can improve outcomes, a po-
sition echoed by others who argue for the development of
bariatric trauma centers and the need for a unique manage-
ment algorithm for obese patients in the Advanced Trauma
Life Support curriculum [7, 17].

Blunt Trauma

Epidemiology

The prevalence of obesity in the USA continues to rise over
the past few decades. The Center for Disease Control has now
published that in 2014, more than one-third of adults are con-
sidered obese [23]. Obesity rates continue to rise in the pedi-
atric population alsowith approximately 17% of children aged
2 to 19 years old are classified as being obese. The rising
prevalence of obesity in the USA poses an even greater chal-
lenge in the care of the obese trauma patient. Trauma con-
tinues to be the number one causal agent of mortality in the
USA in the age group of 1 to 45 years old.

Providing care for the obese patient poses a significant bur-
den and challenge even at highly specialized trauma centers
[24•]. These challenges include the physical treatment of the
patient and the economic burden of caring for this population.
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The economic burden resulting from trauma is profound, cost-
ing the USA 671 billion dollars annually in combined health
care costs and loss of productivity [24•]. This is attributed to
the need for more ancillary staffing, specialized equipment,
higher rates of complications, higher level of care, longer
LOS, and need for rehabilitation.

The type of traumatic injuries following blunt trauma in the
obese population seems to have a more pattern distribution in
comparison with the rest of population. Multiple studies have
shown that blunt trauma patients with a BMI > 30 have a
substantially greater incidence of chest trauma resulting in
higher rates of fractured ribs and pulmonary contusions
resulting in significant pulmonary complications and mortali-
ty [25]. Other studies showed that patients with high body
mass index were more likely to sustain pelvic fractures [26].
Both of these studies have also showed that higher BMI pa-
tients are less likely to sustain intracranial or blunt abdominal
injuries.

Pathophysiology

The pathophysiology behind these types of injury patterns is
still being debated. The presumed “cushion effect” has been
debated and believed to be debunked in some forms of injury
including bony injuries [19]. Traditional teaching has stated
that an increased body mass leads to increased bone density
portending more resilience with fractures; however, recent
studies have reported more fat deposits in bone related to
obesity resulting in weakening and more susceptibility in frac-
ture. The belief that kinetic energy is the form of energy trans-
fer which results in associated injuries. Kinetic energy is pro-
portional to mass meaning that obesity increases energy trans-
fer and possibly severity of injury.

Morbidity and Mortality

Morbid obesity is an independent risk factor for death follow-
ing blunt trauma. There are numerous reasons why obesity
may affect outcomes of blunt trauma. Obesity not only alters
the pattern of injury, but it also increases the incidence of
certain in-hospital complications. Just as obesity plays a role
in other diseases such as heart disease and diabetes, so does
obesity create new hurdles for the care of the blunt trauma
patient.

The initial injury profile of obese patients following
blunt trauma reveals an increased rate of chest and ex-
tremity injuries yet fewer head injuries [27]. And yet,
despite the lower rates of head injury in obese patients,
there are still an increased number of ventilator days and
worse outcomes.

Much of the data regarding the complications of obesity in
blunt trauma is derived from the orthopedic experience with
extremity fractures. In looking at tibia shaft fractures, there is

an increase in pulmonary embolism, respiratory failure, acute
renal failure, cardiovascular accident, deep vein thrombosis,
orthopedic non-union, and infection [28]. Similarly, tibial
shaft fractures were associate with increased morbidity and
femoral shaft fractures were associated with higher mortality
and ARDS [29].

Data from the National Trauma Data Bank, including over
32,000 patients, reveals that ARDS and pneumonia are the
most common complications in obese patients [30]. It is de-
bated as to whether this is a function of a higher incidence of
chest trauma on initial presentation or whether the increased
pulmonary tree resistance and decreased chest wall compli-
ance contributes to worse respiratory physiology. The work of
breathing is greater in the morbid obese, and thus any lung
insult may be further potentiated.

The question remains as to whether the blunt injury
pattern in obese patients determines the outcomes versus
the higher rate of post-operative complications. The inter-
play of infection and/or sepsis with obesity is important to
consider. Obesity is related to an increase in nosocomial
infections, urinary tract, and surgical site infections.
Antibiotic treatment failure or under dosing contributes
to increased rates of infection in obese trauma patients.
In this respect, proper dosing of antibiotics based on
weight is a quick means to improve increased morbidity
and mortality in obese trauma patients.

Trauma-Associated Critical Illness

Patients that are obese and suffering concomitantly from crit-
ical illness have been studied. Early single-center analyses
suggest that both obese and non-obese trauma victims suffer
the same surgical ICU length of stay [31]. This has been found
similarly in meta-analyses of burn trauma victims, but this
may in fact be due to the small number of patients being
compared in the studies reported [32]. However, we do know
that obese patients are at increased risk of post-injury multi-
system organ failure [33, 34]. Of recent note, it has been re-
ported that there is a negative impact on outcomes in critically
ill obese patients leading to an increased ICU length of stay
[12, 34, 35]. Suffering from obesity, there is more than a
twofold increase in the relative risk of being admitted to the
ICU after trauma as an independent predictor when controlled
for age, ISS, and premorbid risk factors [12]. Recent conflict-
ing data has been reported to suggest that obesity was not
associated with an increase in mortality in the ICU [36].
Even though we do know that obesity is a chronic state of
inflammation, one argument for why the differences may exist
in outcome analyses is that the volume of adipose tissue may
act as an adipokine factory that produces anti-inflammatory
cytokines and hormones that could impact the immune re-
sponse positively [37].
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Conclusion

The number of obese patients affected by trauma in the USA is
rapidly growing. It is becoming clear from the literature that
blunt and penetrating trauma in the morbidly obese is associ-
ated with increased mortality, multisystem organ failure, acute
renal failure, and increased ICU days. Just as we adjust our
optics for children in the trauma bay, so to must we adjust our
approach to the obese trauma patient. Further research should
be pursued to delineate beyond the link between obesity and
trauma to determine a more complete understanding of the
pathophysiology so as to begin efforts to improve outcomes.
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