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Abstract

Objective — To review the relevant human and veterinary literature regarding the timing of surgical intervention
for trauma patients and the impact on outcome.

Data Sources — Original research, clinical studies, and review articles with no date restrictions from both human
and veterinary literature.

Human Data Synthesis — Despite extensive research into the ideal timing of surgical intervention for human
trauma victims, debate is ongoing and views are still evolving. Prior to the 1970s, the standard of care consisted
of delayed surgical treatment, as these patients were considered too ill to undergo surgery. Beginning in
the 1970s, and continuing for nearly 2 decades, early definitive surgical treatment was recommended. The
most recent evolution of human trauma management incorporates the concept of damage control surgery,
which acknowledges the importance of early skeletal stabilization or laparotomy for reducing morbidity while
attempting to avoid complications such as acute respiratory distress syndrome or multiple organ dysfunction
syndrome.

Veterinary Data Synthesis — Despite a relatively large amount of literature available regarding veterinary
trauma, no evidence exists to provide the clinician guidance as to the ideal timing of surgery for trauma
patients. With the exception of diaphragmatic hernia, no studies were identified that attempted to evaluate this
variable.

Conclusions — Veterinary-specific studies are needed to evaluate the impact of surgical timing on outcome
following trauma. The information that can be obtained from studies in this area can improve veterinary
trauma care and may be used as models for human trauma care through translational applications.

(J Vet Emerg Crit Care 2015; 25(1): 63-75) doi: 10.1111/vec.12279
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Defining the controversy

The optimal timing of definitive surgical intervention
for veterinary patients suffering trauma is currently un-
known. Although an area of active investigation in the

63



N. W. Peterson et al.
management of human trauma victims, '™ a surprisingly
small amount of research exists on the topic in veterinary
medicine. While interesting in its own right, the evidence
from human trauma should be applied to veterinary
medicine with great care. Many fundamental differences
exist in the types of trauma sustained, the organization
of prehospital care, and ultimate management within the
hospital system, specifically trauma centers specializing
in management of severely traumatized human patients.
Trauma patients requiring surgery can be categorized
into 3 categories:

1. Patients requiring immediate surgery to prevent im-
minent death.

2. Patients with varying degrees of hemodynamic stabil-
ity and with injuries that are contributing significantly
to morbidity that require surgical intervention.

3. Patients that are hemodynamically stable and can be
operated on a semielective basis as resources allow.

There is little debate about when to perform surgery
on patients in categories 1 and 3. The same cannot be
said for patients in category 2, who have suffered se-
vere but not immediately life-threatening injuries such
as long bone fractures, pelvic ring fractures, and severe
soft tissue wounds that result from polytrauma or high
velocity injury. Therefore, determining patient stability
is critical and is an area of ongoing investigation in hu-
man medicine.>” Complications in patients with blunt
trauma are often associated with severe tissue injury and
development of an inflammatory state. This inflamma-
tory state may not be identified through evaluation of
common markers of tissue perfusion.® Surgery-induced
trauma contributes to inflammation and if surgery is
performed during the phase of pathologically increased
systemic inflammation, adverse effects may occur.®’
The most significant complication with inappropriately
timed surgery is the potential to develop multiple organ
failure (MOF).

Human perspective

Delayed total care

During the 1950s and 1960s, standard of care consisted
of delayed surgical treatment to be performed days after
the injury occurred, as these patients were considered
too ill to undergo surgery.”!’ In this era of delayed
total care for polytrauma patients, surgery for definitive
stabilization was delayed by up to 10-14 days after the
injury for patients with orthopedic injuries since evi-
dence suggested that outcomes were improved despite
the seemingly contradictory evidence that early immo-
bilization appeared to further improve outcomes by
limiting additional tissue injury at the fracture site.>10!!
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Early total care

Beginning in the early 1970s, studies began to appear
that reported immediate fracture fixation reduced
the incidence of pulmonary failure and postoperative
care when compared to traditional delayed surgical
management.” This led to the “early total care” (ETC)
era in which early definitive surgery was performed in
all patients with polytrauma.!® The goal of this early
surgical intervention was reduction of additional tissue
injury and therefore limitation of the proinflammatory
consequences associated with the presence of infected
or devitalized tissue. Although ETC led to improved
outcomes for most,? a subset of patients developed
severe complications up to and including death.

Damage control surgery

In the mid-to-late 1990s, the practice of ETC began to
be questioned with several studies documenting acute
respiratory distress syndrome (ARDS) in patients with
no obvious risk of pulmonary complications undergo-
ing ETC for orthopedic injuries.> Most descriptions of
damage control surgery (DCS) place an emphasis on
avoiding the “Triad of death”: acidosis, hypothermia,
and coagulopathy.*!?"1® During DCS, focus is placed on
short operative times with both concurrent and subse-
quent resuscitation. Once hypothermia, coagulopathy,
and acidosis are resolved, definitive surgical repair can
be considered.”

Since its advent, DCS has been accepted as a method
for reducing mortality in human victims of trauma and
has been extended beyond management of trauma vic-
tims to patients with any emergent abdominal surgery.'?
In the context of the abdomen, DCS is intended to pre-
vent exsanguination and contamination of the abdomen
while providing simultaneous resuscitation with defini-
tive management after physiologic derangements have
been resolved.'>!® The phases of DCS are as follows:!?

1. Goal-directed resuscitation.

2. Identification of the patient based on injury pattern.
3. Abbreviated surgery to control bleeding or contami-
nation.

Reassessment of the patient on the operating table.
Continued resuscitation in the ICU.

6. Definitive surgical repair.

o1

Veterinary perspective

Aside from general recommendations to proceed with
life-saving surgery immediately, there is little veterinary
literature regarding the timing of surgical intervention
beyond the recommendation that resuscitation and
stabilization occur prior to anesthesia.!” Until recently,
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there has been limited success in exploring veterinary
trauma patients on a systematic scale. Over the last
several years, a concerted effort has been made with the
establishment of provisional veterinary trauma centers
and an online database for tracking trauma patients
(Veterinary Committee on Trauma).?’?! The information
that is being gathered currently may shed some light on
this contentious issue.

Several large retrospective studies and 1 large
prospective multi-institutional study have described the
epidemiology of veterinary trauma, and have evaluated
the ultimate outcome of these patients.?>”> Despite the
large data set available in these studies, no evaluation
of the timing of surgical intervention or the criteria
used to evaluate surgical suitability has been described.
While not extensively researched by the veterinary
community, it is possible that veterinary patients follow
a bimodal mortality curve similar to human trauma
patients. In this model, early deaths are attributable
to initial trauma load and late deaths are attributable
to secondary complications (ie, sepsis) or secondary
trauma load (ie, surgical trauma).

Human trauma management as a model for veterinary
trauma management
Two major questions must be answered before applying
human trauma management techniques to veterinary
trauma patients, the first of which is: which human vic-
tims most closely resemble veterinary trauma patients?
It has been noted that discovery of the victim and access
to appropriate care significantly impact the outcome of
human trauma patients in rural environments where
trauma deaths are much more common than urban
environments.?® Veterinary patients resemble these hu-
man trauma patients for several reasons including the
predominance of blunt injury rather than penetrating
injury,®*? delays in locating or identifying victims, and
lack of a coordinated transportation and triage system
that ensures severely traumatized patients preferen-
tially receive care from facilities that are equipped and
experienced to handle them.?®

The second question that must be answered is: Can
techniques from human trauma patients be extrapolated
successfully to veterinary patients and still be financially
viable? If so, which ones? Similarities exist between
human and canine trauma with respect to demograph-
ics, patterns and mechanisms of trauma, frequency of
polytrauma, development of MOF, and predictive capa-
bilities of injury scores.?” For these reasons, extrapolating
some human guidelines to veterinary practice may be
appropriate. In fact, dogs have recently been proposed
as a model for naturally occurring trauma in people
for use in translational medicine.?” Although there are
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differences in capabilities and resources between
human and veterinary trauma management, certain
interventions, such as the timing of surgery following
polytrauma, could be compared with some degree of
confidence.

Pathophysiology of Tissue Injury

The immune recognition of tissue damage is necessary
to initiate healing. This recognition occurs through
innate immunity, which is an evolutionarily conserved
system important to organism survival and the first
line of defense against nonself antigens. The innate
immune system recognizes insults from numerous
microbial invaders or tissue damage from a traumatic
insult.?** Despite a local focus, inflammation induced
by trauma may result in systemic inflammation virtually
indistinguishable from an infectious insult.’!

The 2-hit theory
Following a traumatic episode, 2 main determinants
dictate the complex cascade of the host defense response.
The first and primary driver of inflammation is tissue
damage directly resulting from trauma; the second is se-
quelae of the inflammatory response.*? Primary trauma
force and impact severity determine the scope and
significance of solid organ damage, soft tissue injury,
and fractures through actual mechanical disruption of
traumatized tissue and are referred to as the “first hit.”%
This first hit in turn dictates the severity of the sec-
ondary response that can be considered as endogenous
or exogenous varieties of so-called “second hits.”
Endogenous second hits are direct complications of
the initial injury and include hypoxia from respiratory
distress, hypovolemia, or hypoperfusion; metabolic
acidosis; ischemia and reperfusion injuries; and wound
necrosis. One of the postulated major contributing
factors to late trauma deaths is ischemia reperfusion (IR)
injury secondary to shock and subsequent reperfusion.®
Exogenous second hits generally result from attempts
to treat the underlying disease. Hypotensive episodes
that may occur during anesthesia can be a significant
contributor of “second hit” injury. The longer an
anesthetic episode lasts, the greater the chance for a
hypotensive event and further IR injury.* If definitive
repair is performed, the surgical procedures will nec-
essarily be longer than procedures in which definitive
care is not attempted. Attempts at surgical repair of the
primary injury result in additional tissue trauma with
possible unintended consequences such as hypothermia
and blood loss exacerbating the impact of the new
trauma load. Secondary infections are a significant
problem and include hospital-acquired pneumonia,
IV catheter site infections, or urinary catheter-related
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infections that may be multidrug resistant. Other com-
mon exogenous second hits include drugs, administered
blood, or plasma transfusions, IV fluid administration,
and enteral or parenteral nutrition.*

Primary solid organ injuries can vary from contusions
to lacerations. Intra-abdominal organ damage is one
of the most commonly recognized clinical problems
associated with blunt trauma.’®> Hemorrhage associated
with fractures or avulsions of the liver, spleen, kidneys,
and large blood vessels is a major source of pathology
of traumatic injuries. Blunt and crushing injuries to the
intra-abdominal organs can be particularly severe due
to the amount of mechanical tissue injury that occurs at
the time of trauma.*® Thoracic injuries such as rib frac-
tures, pulmonary contusions, traumatic pneumothorax,
and myocardial contusions are often complicated by
associated shock and hypoxia. Systemic inflammation
may worsen organ dysfunction by decreasing inotropy,
or inducing acute lung injury or ARDS.*?

Fractures of long bones and injuries of the extremities
carry with them a large amount of tissue injury.*
Additionally, extremities are sacrificed during shock as
blood flow is preferentially diverted to the core and vital
organs, contributing to peripheral tissue injury. This may
exacerbate crushing injuries, shearing injuries, and frac-
tures of the extremities, increasing the likelihood of IR in-
jury and secondary infections.’® Humeral, femoral, and
pelvic fractures can result in significant blood loss, which
can contribute significantly to duration and severity of
shock. While any form of trauma can induce inflamma-
tion, the highest incidence for development of posttrau-
matic systemic inflammatory response syndrome (SIRS)
in people follows traumatic brain injury.®’ In veterinary
medicine, blunt torso trauma causing thoracic and
abdominal trauma is more likely to be the trigger.

The innate immune system
The innate immune system is a highly conserved im-
mune system that does not rely on pre-exposure of anti-
gens to elicit a response. As integral parts of the innate
immune system, pattern recognition receptors (PRRs)
identify molecular patterns that indicate tissue damage
or microbial invasion. Innate immunity and PRRs allow
the host to be protected from novel microbes, to stop fur-
ther tissue damage and blood loss and to begin healing.
When trauma occurs, direct tissue damage (exoge-
nous trauma load) leads to the expression of damage (or
danger)-associated molecular patterns (DAMPs) that
are then recognized by PRRs.**’ DAMPs are molecules
of host origin that are only expressed when tissue
damage is present.** An identical cellular response
is elicited when the stimulating molecular pattern is
pathogen-associated. Importantly, innate immunity
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participates in both noninfectious and infectious
systemic inflammation.

It is well recognized that tissue damage and cell death
cause inflammation.*! DAMP expression is both an ac-
tive process that occurs when cellular activation or death
occurs (eg, the SI00A8/S100A9 complex has been shown
to be secreted from activated neutrophils), and a passive
process (injection of dead cells creates an inflammatory
response) that occurs when cell death leads to liberation
of intracellular molecules.** This infers that cell death
passively creates inflammation as DAMPs leak out of the
cell cytosol and nucleus.

Pattern recognition receptors

PRRs are present on a large number of immune and
nonimmune cell types and are constantly monitoring
for pathology. Importantly, the patterns recognized are
present only in disease states. PRRs are a relatively small
set of receptors capable of recognizing a wide range
of pathogens such as viruses, bacteria, and fungi. Cell
types that participate in immune function, including
macrophages, monocytes, dendritic cells, neutrophils,
and epithelial cells, all express PRRs.*’

Numerous PRRs have been identified with remark-
able homology across species and groups of organisms.
For instance, the Nod-like receptor gene is very similar
to some disease resistance genes in plants.*® Addi-
tionally, toll-like receptors are similar in shape to toll
receptors found in fruit flies. Because this system is so
evolutionary, its importance is obvious for the survival
of not only individuals but also the species.”

The most studied and best known PRRs are the
toll-like receptors, but many others, including NOD-like
receptors, C-type lectin receptors, RIG receptors, and the
RAGE receptors have been defined and are important for
the coordinated function of the innate immune system.
It is important to note the high degree of redundancy in
the system as numerous molecules stimulating different
receptors yield similar results. Extensive tissue damage
as seen in trauma is one mechanism by which PRRs
induce the innate immune response.*’

As a result of PRR activation, a coordinated response
by the immune system recruits cells into the fight
against infection and damaged tissue. This recruitment,
the actions of the recruited cells, their associated killing
mechanisms, and soluble factors that augment the
inflammatory process all work together to either kill the
invader or begin healing.

Inappropriate inflammation

Hyperinflammatory states create and exaggerate organ
damage and dysfunction during systemic inflamma-
tion, regardless of the nature of the inciting event (ie,
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infectious or traumatic). A classic example of organ dys-
function secondary to trauma is ARDS, where increased
pulmonary capillary permeability due to the presence
of inflammatory mediators leads to the accumulation
of pulmonary edema even if the origin of inflammation
is at a site distant from the lung. Trauma-induced
ARDS has been recognized for decades and became a
significant problem as first aid and emergency med-
ical care improved and patients survived their initial
injuries. Hyperinflammation alone does not, however,
explain all of the recognized clinical manifestations of
trauma-induced immune dysfunction, and a so-called
compensatory anti-inflammatory response syndrome
(CARS) has been recognized in some human trauma
victims as well as patients with sepsis.>* Development
of CARS can lead to secondary infection of either the
primary site of tissue injury or distant organs such as
the lungs (ie, pneumonia).

Cross-talk of coagulation and inflammation
The necessary activation of the coagulation system
following trauma is obvious to prevent or limit hem-
orrhage. Unfortunately, activation of the coagulation
system is inherently proinflammatory and as the sys-
temic inflammatory response begins to impair immunity,
coagulation abnormalities often occur simultaneously.”!
This coactivation of both the innate immune system and
coagulation system occurs when pathogen-associated
molecular patterns (PAMPs), such as LPS, stimulate the
activation of factor XII and generate the expression of
tissue factor on cell surfaces.”! Additionally, proinflam-
matory cytokines decrease the expression of endogenous
anticoagulants on the endothelial surface. This leads to
a vicious cycle of inflammation and coagulation that
may ultimately result in MOF and death.5>

In addition to their effects on coagulation, proinflam-
matory cytokines, PAMPs, and DAMPs activate the
compliment cascade as part of the innate immune system
response to cellular damage or apoptotic cell death.>*

Acute phase response

An acute phase response is a systemic response in-
tended to initiate tissue-protective and antimicrobial
processes.?> The acute phase response participates in
trauma-induced systemic inflammation. It is triggered
by inflammatory cells through the release of proin-
flammatory cytokines and is accomplished by the liver.
Production of positive acute phase proteins, such as
C-reactive proteins, fibrinogen, and prothrombin is
increased. Negative acute phase proteins are proteins
whose production is decreased in response to inflam-
mation and include albumin, protein C, protein S,
and antitrombin.3>® Each of the acute phase proteins,
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whether positive or negative, has some systemic effect.
Generally, however, the acute phase response is consid-
ered proinflammatory and is intended to fight infection
or manage tissue trauma.

Leukocyte recruitment

The movement of WBC into organs is key in develop-
ment of systemic inflammation.”*”” Many of the afore-
mentioned proinflammatory mediators induce rolling,
adhesion, activation, and migration of neutrophils from
the circulation into the tissues through the upregulation
of adhesion molecules.”® Once within the tissues, these
cells move toward the site of inflammation or tissue
damage by following a trail of chemoattractants.

After injury, reactive oxygen species are produced
as a result of IR injury and are a potent attractor for
neutrophil migration.®>* This can be an important
pathological turning point where the inflammation that
is necessary for tissue debridement and healing could
worsen tissue trauma if not titrated appropriately. >’ As
neutrophils move through the endothelium, tight junc-
tions between endothelial cells are disrupted. Soluble
mediators, given off by neutrophils, also influence en-
dothelial permeability and function. These soluble me-
diators are not released by the neutrophils in circulation,
but when they are activated following migration.®*!

Importance of inflammation and surgical timing
Extrapolating from human data, it appears that the most
inopportune time to operate a patient with polytrauma
is in the 2-4 days postinjury timeframe.” It is during
this period that SIRS and immunologic changes are
sustained and the immune system is primed to respond
to any additional trauma load. In a review of 4,314
human polytrauma patients undergoing initial DCS,
it was determined that upon definitive fixation an
operative duration of greater than 3 hours was related
with development of MOFE.®? A further relationship to
the timing of the definitive surgery was also identified.®?
Pape et al found that patients operated between days 2
and 4 were more likely to develop MOF than patients
operated between days 6 and 8.%2 It has been further
demonstrated that the inflammatory response was
greater in patients who received definitive orthopedic
surgery at days 1-4 when compared to patients operated
on days 6-8.° Given this evidence, it appears that a
certain delay between initial DCS and definitive care
improves the likelihood of a good outcome.?

Current human trauma management strategies
appear to be rethinking the long held recommenda-
tion for early exploratory laparotomy for all trauma
patients; there is growing evidence that many blunt
and penetrating trauma patients can be managed
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nonsurgically.*%!826 The ideal time to perform defini-
tive surgical management for trauma is likely highly
patient-dependent. Every effort should be made to
find the balance between allowing for preoperative
patient resuscitation and preventing complications
associated with delayed surgical intervention (ie, sepsis,
SIRS, multiple organ dysfunction syndrome [MODS]),
which contributes to morbidity and possibly mortality.
Identifying the best time for initiating definitive surgical
intervention in veterinary patients therefore is of par-
ticular importance. It is possible that the best time for
intervention is different for animals suffering primarily
orthopedic injuries than for animals suffering primarily
soft tissue injuries; similarly, the time for intervention
may also be different for animals suffering high velocity
injuries versus low velocity or crushing injuries.

Specific Traumatic Disease Categories

Historically, determining which patients are capable
of withstanding surgical intervention has focused
on evaluation of specific parameters. Indications for
consideration of DCS have been proposed and are cur-
rently being used in clinical practice in human trauma
patients.!” Over the course of 30 years, many variables
have been evaluated as potentially useful for determin-
ing surgical suitability.”® While many parameters have
been found to aid in determining surgical suitability,
the evidence is conflicting. One recent example of these
efforts evaluated 10 specific perioperative parameters to
determine which patients were at risk to develop MOF
following definitive surgical correction of orthopedic
injuries in noncritically injured people with polytrauma
and found no relationship.®

Blunt abdominal trauma

Many injuries can occur after blunt trauma including
diaphragmatic hernia (DH), hemoperitoneum, and
appendicular or axial fractures.?>?**78 The forces
created during these injuries can cause devastating
injuries and death, with an overall mortality rate of
10%-12% in canine patients.”>”” The varying phys-
iologic derangements that can occur during blunt
trauma make it difficult to discuss as a single entity
but prognostic variables and recommendations for
initial diagnostics do exist. Common diagnostic findings
include peritoneal effusion, pneumoperitoneum from
a ruptured viscus, body wall hernias, and orthopedic
injuries. Currently in veterinary medicine, any diag-
nosis of pneumoperitoneum is considered cause for
immediate surgical exploration, which contrasts with
human trauma management, where 15% of cases can be
managed nonsurgically.®#! Unfortunately, human and
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veterinary studies show physical exam findings and
blood work results to be unreliable and insensitive for
evaluating the severity of abdominal trauma 5052

No recommendations exist about the best timing
of exploratory laparotomy following blunt abdominal
trauma in veterinary medicine but diagnostic tests that
may impact the decision of surgical intervention have
been evaluated.””#83% In people suffering blunt ab-
dominal trauma, focused assessment with sonography
for trauma (FAST) is preferred compared to penetrating
trauma, when computed tomography is the imaging
modality of choice.?’ FAST scans are usually performed
within 10 minutes of presentation in human trauma
centers, and are accurate for detection of free fluid
with a specificity of 86%-100% and a sensitivity of
99%-100%.% The use of FAST scans has been reported in
veterinary medicine and can be performed by veterinar-
ians without extensive ultrasound experience. Boysen
et al reported the average time to perform this test was
6 minutes (range 2-15 minutes), with free abdominal
fluid found in 45% of patients.”” A scoring system devel-
oped from 101 dogs with vehicular trauma concluded
that abdominal FAST (AFAST) was more reliable for
detection of intra-abdominal injury than traditional
radiography.®® The value in preoperative AFAST scoring
lies in its ability to identify major intra-abdominal injury,
and thereby guide surgical decision making.

The most common etiology of blunt trauma in dogs
are motor vehicle accidents, accounting for up to 90%
of cases.”? One large, retrospective study combined all
blunt trauma cases, analyzing data from 200 dogs and
found 50% of these patients required some type of surgi-
cal intervention, with 8% requiring multiple surgeries.”
Polytrauma was seen in 72% of these cases, illustrating
how difficult it is to characterize these patients into
only 1 trauma subtype (eg, open fracture vs. hemoperi-
toneum). The most common surgical procedures were
orthopedic (63.5%) followed by soft tissue (36.5%).
Hemoperitoneum was present in 23% of cases with
only 5% of those dogs undergoing emergency surgery.
Hernias were present in 5% of cases and all required sur-
gical intervention at some point during hospitalization.
The mean number of days from admission to surgery in
this study was 2.2 days (£1.7 days). Unfortunately, the
timing of surgery in relation to the time of trauma or
admission was not analyzed for outcome. There were
no significant associations with mortality and the need
for surgical intervention, length of surgery, length of
anesthesia, or postoperative temperature. Poor prognos-
tic indicators included head trauma, cranium fractures;
recumbency on admission, hematochezia, suspicion
of ARDS, disseminated intravascular coagulation,
MODS, development of pneumonia, positive-pressure
ventilation, and vasopressor use.?
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Diaphragmatic hernia

In the veterinary literature, only DH has been evaluated
for the effect of surgical timing on outcome. DH is
created when an opening in the diaphragm allows any
of the abdominal organs access to the thoracic cavity.
Results of a PubMed search reveal that over the last
13 years, 22 articles pertaining to DH in dogs and cats
have been published. Of these, 3 were specifically related
to chronic DH, 6 are primarily imaging studies, and 3
are related to specific treatment modalities.¥® Of the
remaining 10 reports, 7 are case reports, 1 is a case series
with 3 cats, and 2 are retrospective studies.®?7%98-105
These 2 studies include data from 126 cases (63 cats
and 63 dogs).”>!%* Forty-five cats and 45 dogs were
described as suffering from acute trauma leading to DH.
The other 18 animals of each species were either missing
for some period of time, had an injury that was never
witnessed but assumed, or were adopted or purchased
with evidence of DH at the time.

The overall mortality rate for acute DH ranges
from 6.3% to 20%.”>'% Historically, associations were
presented that suggested mortality rate was higher for
traumatic DH repaired within 24 hours of injury or
more than 1 year after injury. Some authors have stated
that DH is only a surgical emergency if evidence of
gastrothorax is present; otherwise surgery should be de-
layed 24-48 hours to allow for sufficient stabilization.”?
Schmiedt et al reported a feline mortality rate of 17.6%,
with younger cats more likely to survive.”” The mean
duration of DH in this study was 17.6 days, with DH
known to be present for 1-7 days in half of the cats.
Despite small numbers, no significant differences among
groups were found, suggesting timing of surgical repair
is not related to outcome. Factors that were related to
outcome included age, respiratory rate on admission,
and the presence of multiple concurrent injuries.

The larger of these studies specifically evaluated
surgical timing with regard to survival.!® The majority
(92.6%) of cases of acute DH were taken to surgery
within 24 hours of admission to the hospital, with a me-
dian time of admission from trauma of 18 hours (range
4 hours to 2.3 years) for cats and 48 hours (range 1 hour
to 10 years) for dogs, and 93.7% of those cases survived
to discharge. Approximately half (42.6%) of the patients
suffering from acute DH were taken to surgery within
24 hours of the actual trauma event, and 89.7% of those
patients survived to discharge. For cats, the median time
from admission to surgery was 3 hours (range 1 hour
to 216 hours) but 79% had surgery within 12 hours of
admission and 93% had surgery within 24 hours. For
dogs, the median time from admission to surgery was
3 hours (range 1 hour to 14 days), with 90.5% having
surgery before 24 hours. Even though the data from
acute cases (68) were analyzed separately, a formal test
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for the effect on early versus late intervention between
cats and dogs failed to show significance so the authors
combined the species for statistical analysis. The odds
ratio for perioperative survival was not significantly as-
sociated with time from trauma to admission, admission
to surgery, or trauma to surgery. These findings suggest
that surgical intervention within 24 hours of DH may
not have an adverse effect on survival contradicting
older recommendations.!®* Importantly, most of the
patients in this report were stabilized at a primary care
practice before being referred to the specialty center.

The literature regarding DH appears to support the
practice of appropriately stabilizing each patient before
surgery and once this is accomplished, regardless of the
length of time from trauma, surgery can be performed
without increasing risk of mortality. Paradoxically, it
may be necessary to perform surgery to stabilize some
patients with acute traumatic DH.

Uroperitoneum

Uroperitoneum (UP) results from rupture of the urinary
tract with subsequent accumulation of urine in the
peritoneal or retroperitoneal cavity. This injury can
occur from blunt or penetrating trauma and can be
difficult to discover as up to 69% of animals can urinate
or have a palpable urinary bladder during exam.%%105106
Most reports of UP are retrospective studies or case
series and very few discuss surgical timing. The most
common cause for UP is blunt trauma (85%), often
associated with motor vehicle accidents.!%

In people, the decision between surgery and conser-
vative treatment is based on the site and extent of the
lesion as well as any concomitant injuries. Surgery in
animals is generally recommended for UP but reports
of conservative therapy with catheterization exist.!?”
Conservative management has been reported in vet-
erinary medicine with bladder rupture or partial ure-
thral tears but length of hospitalization is extensive
(2-4 weeks). Most authors recommend urinary diversion
(cystostomy tubes/urinary catheters/intra-abdominal
drainage) before definitive surgery in uremic patients,
as uremia has been associated with a high risk of anes-
thetic complications.!%¢-1%

In a retrospective study on 26 cats, no correlation
between time of injury, time of presentation, and out-
come could be established.!’® Surgical timing was not
evaluated. Mortality rates of 38.5% and up to 42% are
reported in cats and dogs, respectively, and mortality
is associated with concurrent injuries in a large number
of cases.!® Delay in diagnosis and treatment has been
associated with an increase in mortality in dogs and
people.’%1%7 Within the remaining veterinary literature,
no recommendations of timing for surgery are found.
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Ureteral rupture is an indication for immediate repair
in people, contingent on patient stability as ureteral
structures are extremely fragile and the longer they
remain damaged, the more difficult they are to repair.!"”
In 1 human study of 164 bladder ruptures in trauma pa-
tients, associated injuries were the most common cause
of death.!”” With regard to UP management in people,
the overwhelming majority of practitioners appear to
consider that stabilization of many patients includes
surgery and that some patients will only be definitively
stabilized after a surgical procedure has been performed.

Hemoperitoneum

Hemoperitoneum is defined as an accumulation of blood
within the abdominal cavity.!'? Despite a large amount
of literature about hemoperitoneum, very little has been
published related to traumatic causes in veterinary
medicine. Blunt or penetrating injuries associated with
motor vehicle accidents are the number 1 etiology when
traumatic hemoperitoneum does occur.54¢7747579111,112
Four articles pertaining directly to traumatic hemoperi-
toneum were found, including 2 case reports and 2
retrospective studies, the largest of which describes 83
dogs with 6 cases due to trauma.®””47>112 In 1 review,
arresting ongoing hemorrhage is fourth on a list of initial
stabilization goals and can in some cases be managed
without the need for surgery (abdominal counterpres-
sure techniques). If a patient cannot be stabilized with
volume expansion, blood products, and counterpres-
sure, then emergency surgery is warranted.!!! The
timing of surgical intervention with regard to traumatic
hemoabdomen has not been analyzed, perhaps because
the need for surgical intervention appears to be rare.?>”*

Mongil et al reported 28 patients (27 dogs and 1 cat)
who suffered blunt trauma with hemoperitoneum.”
Overall survival in this study was 57%. Of the nonsur-
vivors, half died despite interventions and the others
were euthanized. Only 6 of the 28 patients (21%) were
treated surgically compared to 16 treated medically, with
survival rates of 67% and 75%, respectively. Twenty-
seven of 28 cases were presented to the hospital within
24 hours of trauma; however, timing from trauma or
admission to surgery was not evaluated. Interestingly,
the decision to perform an abdominal exploratory was
evaluated and was not found to correlate with survival.
Body weight was the only variable associated with
survival in this study.”

Lux et al reported 6 of 83 dogs with hemoperitoneum
occurring secondary to trauma, all of which were
managed operatively.”* The overall mortality rate in this
study of 83 dogs was 15.7%, with at least 1 of the 13
fatalities being a trauma patient. Every patient in this
study underwent FAST scan or complete abdominal
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ultrasound and every patient received a blood trans-
fusion. A retrospective study reporting massive
transfusion in 15 dogs included 3 dogs that had trau-
matic hemoperitoneum.!3 Of the 12 dogs in that study
treated surgically, 2 were trauma patients. The timing
of surgical intervention or the rationale for electing
surgical management was not discussed. Two case
reports of traumatic hemoperitoneum report surgery
days after the traumatic event. Surgery was performed
in these cases not due to life-threatening hemorrhage
but for management of concurrent injuries.*” 12

Very little information exists about hemoperitoneum
in cats, leading to even lower-quality evidence to build
upon for recommendations of surgical timing. This
may be due to their smaller size and higher likelihood
of suffering fatal injuries at the time of trauma but
potential species differences should not be overlooked.

Surgical readiness of the patient and the facility is
vitally important in cases of hemoperitoneum, espe-
cially in trauma patients. Specific staffing needs for
a decompensating patient (eg, anesthetist, primary
surgeon, assistant) must be considered and met before
attempting surgical resolution of a hemoperitoneum.
Blood products should be available in the operating
suite and operative times kept short. This may include
rapid clip and prep if catastrophic hemorrhage is oc-
curring. All emergency and pain-related drug dosages
should be calculated before induction and the need
for ventilation, blood pressure support, and intensive
anesthetic monitoring assumed.!!!

Penetrating trauma
Penetrating trauma has been frequently reported in
veterinary medicine, with multiple retrospective studies
examining oropharyngeal trauma, gunshot wounds,
and bite wounds with survival rates ranging from 38% to
100%.76114126 Examining reports on penetrating trauma
is made difficult by the vast differences in the type and
severity of trauma created by different mechanisms (eg,
gunshot wounds vs. bite wounds) and specific recom-
mendations for surgical timing should be considered
separately when possible. Risselda et al reported a
survival rate of 87.5% in 16 cases of penetrating wounds
from multiple causes,'* while Baker et al reported a
much lower survival of 38% in actively serving military
dogs with gunshot wounds.'?* Neither provided infor-
mation regarding the timing or any apparent effect of
timing of surgical intervention. One retrospective study
of major abdominal evisceration injuries did report time
from admission to surgery but did not include discussion
as to whether these variables affected outcome.®

Two retrospective studies of oropharyngeal trauma
fail to report impact of surgical timing on outcome.!?!122
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Nonetheless, both recommend early exploration due to
the high complication rate associated with chronic cases.
Abdominal impalement injuries have been described
and may warrant special consideration for emergency
laparotomy as extent of injuries, particularly with sticks,
may not be immediately evident due to the potential
for these foreign bodies to migrate.!!8!20 Pratschke
and Kirby reported that all cats suffering impalement
following falls from height underwent surgery on the
day of trauma.!’® The likelihood of polytrauma in
these cases should lead to careful consideration prior to
operating these patients.!!%123

In the largest retrospective on gunshot wound in-
juries, specifically in military working dogs, evacuation
times and initial stabilization were discussed but time
from injury or evaluation by a veterinarian to surgery
was not analyzed.' A case report outlining a cat
with multiple gunshot wounds, bile peritonitis, and
bilothorax illustrated surgical success 5 days after
the original injury.!’® Human patients with gunshot
wounds to the abdomen are often managed operatively
but can be successfully managed nonoperatively. Recent
work suggests that an initial nonoperative approach
to patients meeting specific criteria leads to fewer
nontherapeutic surgeries without affecting outcome.*1?

Three large retrospective studies evaluating penetrat-
ing trauma, most commonly caused by bite wounds,
reported survival rates of 73%-83%.”%1%126 The pa-
tients in these reports suffered a variety of injuries
including body wall hernias, soft tissue wounds, flail
chest, pulmonary contusions, and rib fractures. The
degree of tissue damage, especially with bite wounds,
is commonly underappreciated by visual exam and
traditional radiography.!? Although surgical timing
was not discussed or analyzed in any of these studies,
recommendations were made to take patients to surgery
based on finding injuries to the thorax or abdomen
because of the high potential for intracavitary trauma.'?
All authors emphasized the importance of a thorough
physical exam and diagnostic work up and recom-
mended early exploratory procedures to rule out more
serious internal injury. In some cases, body wall hernias
were not recognized for days after initial exam. These
patients did not appear to suffer negative consequences
from this delay although the number of cases is small.”®

With regard to thoracic trauma, some authors recom-
mend exploratory surgery for any patient with a flail
chest, rib fractures, lung contusion, or pneumothorax
but the optimal timing of surgery for these potentially
unstable patients is unknown.'” Anecdotally, many
clinicians treat these injuries conservatively with great
success, and 1 report showed no significant difference in
outcome between cases of flail chest stabilized surgically
versus those that were not.?
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Penetrating trauma into the cranium arising from bite
wounds has also been reported.!’>!” In these studies,
diagnosis of intracranial disease and therefore surgery
was delayed and consequently no recommendations
were made regarding timing of surgery.

Spinal trauma
Compared to other traumatic etiologies, little clinical
work has been done regarding spinal trauma in veteri-
nary medicine.®>7812812% This may be due to actual or
perceived poor outcomes causing many owners to opt
for euthanasia in this subset of patients. Most reports
detail acute spinal cord injuries caused by motor vehicle
accidents or traumatic bite wounds.”812-13% A thorough
review on the physiologic effects and mechanisms
underlying acute spinal cord injury only superficially
explored the topic of surgery and focused on initial stabi-
lization, examination findings, and postsurgical care.'*
Two large retrospective studies on spinal fractures in
dogs and cats list motor vehicle accidents as the most
common cause. The most common region affected in
dogs was the T3-L3 region (20%-55%) with up to 45%
of patients having concomitant injuries.”®!?’ Bruce et
al reported approximately one-third of patients were
euthanized without treatment, one-third were treated
conservatively, and one-third underwent surgery.”®
Surgical patients regained more neurologic function but
required longer hospitalization. Bali et al reported poor
outcomes in 61% of cats and 56% of dogs and although
time from injury to presentation was evaluated between
the species, it was not analyzed as it pertained to even-
tual outcome.'” The necessity of surgical intervention
was determined by: spinal instability, compression
of the spinal cord, continued pain past 48-72 hours
of medical treatment, and deterioration in neurologic
status. Neither study discussed the timing of surgery,
instead focusing on initial exam findings as they related
to outcome. In human medicine, few spinal injuries are
considered surgical emergencies but in these specific
cases, early spinal cord decompression has been shown
to improve neurologic recovery.”® Nonsurgical traction
devices allow for stabilization of the patient prior to
definitive correction and are often the treatment of
choice in people. Unfortunately, most of the literature
describing stabilization techniques for spinal fractures
does not comment on surgical timing.®>131132

Open fractures

Traumatic long bone and pelvic fractures from motor
vehicle accidents are one of the most commonly en-
countered problems in blunt trauma patients.””#4133-137
Despite a large amount of research in this area, the
optimal timing of definitive surgical stabilization is
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controversial. In veterinary medicine, no guidelines with
respect to fracture management in traumatized patients
have been proposed, so clinicians are left to rely on their
experience to determine when the patient is sufficiently
stable for a potentially long anesthetic procedure.

In a thorough review of complex and open fractures
in cats, Corr detailed an approach to diagnostic inves-
tigation, outlined fracture management options, and
described postoperative care measures and reported on
outcome.”” This review maintains the commonly held
belief that open fractures are an orthopedic emergency
requiring immediate action in order to increase the
chances of a good postoperative outcome.'**13 This re-
port stated that 59%—72% of animals with long bone frac-
tures will have concurrent injuries and that identification
and management of these potentially life-threatening
problems should be the initial focus.”” Emergency treat-
ments that must be performed on open fractures include:
providing sedation/anesthesia for patient comfort, re-
moval of gross debris, clipping, flushing of wounds,
culture procurement, administration of antimicrobials,
and application of sterile dressings on open wounds.'*

Unfortunately, no specific guidelines as to when
these fractures should be definitively repaired were
found in an exhaustive literature review. In one au-
thor’s opinion,77 distal tibial fractures and tarsocrural
(sub)luxations should be stabilized as quickly as possi-
ble due to the high potential for vascular compromise
to the foot associated with these injuries. A review
of radiographic findings in 100 feline trauma patients
reported surgical intervention in 51% of cases but did
not analyze whether the need for surgery or the timing
of the procedures related to outcome.®* Overall survival
in this paper was 73%, and was negatively correlated
with age, free abdominal air, soft tissue injuries, and
abdominal trauma.®* Available retrospective reviews on
open fractures do not outline the timing of surgery but
rather focus on previous recommendations of staged
wound management and discuss the lengthy recovery
seen in most patients.*%#! Species differences may exist
in terms of outcomes between dogs and cats.'*!

Conclusion

A DCS approach appears reasonable for veterinary
patients, with attention being focused on eliminating
immediately life-threatening conditions while making
every effort to minimize operative time and additional
tissue trauma. The application of DCS principles to
veterinary patients is an area that does not appear to
have been explored based on the results of our literature
search. While there may be a subset of patients that
may benefit from a DCS approach, this is far from
proven, and if attempted, this limitation should be kept
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in mind. Whether DCS has been performed or not, the
optimal time to operate a trauma patient that required
aggressive hemodynamic stabilization is not known.
No published reports with statistical data specific to
the timing of surgery in trauma patients, with the excep-
tion of DH, exist in veterinary medicine in contrast to the
human trauma literature in which the topic is widely re-
searched. Guidelines in people have been published and
are still an area of active investigation.'*> While veteri-
nary recommendations exist, they are based on anecdotal
or personal experience. The lack of current veterinary
guidelines or consensus on the appropriate timing of
surgical intervention following polytrauma suggests
that this should be further investigated. The ongoing Vet-
erinary Committee on Trauma (VetCOT) and Veterinary
Trauma Center initiatives'#® instigated by the American
College of Veterinary Emergency and Critical Care may
provide an avenue to begin this process through the use
of an online database allowing evaluation of very large
numbers of trauma cases in a multi-institutional manner.
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