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Abstract

Purpose of Review This review is focusing on intra-abdominal
infections after abdominal injuries which are a major source of
morbidity following abdominal trauma.

Recent Findings Intra-abdominal infections after abdominal
injuries pose a diagnostic and therapeutic challenge to the
trauma surgeon. Its diagnosis is based on clinical and radio-
logical findings. Once an intra-abdominal infection is diag-
nosed, the next step is to achieve prompt and efficient source
control coupled with early initiation of broad-spectrum antibi-
otics. Over the past several years, research has found some
predictors for intra-abdominal infections after abdominal trau-
ma. However, the role of prophylactic and therapeutic antibi-
otics remains unclear. The operative strategy for these patients
is largely based on the trauma surgeon experience. However,
temporary abdominal closure with negative pressure wound
therapy seems to be the best approach to managing post-
traumatic intra-abdominal infections.

Summary Early administration of broad-spectrum antimicro-
bials coupled with rapid and efficient source control is of
paramount importance for improving outcomes in patients
with post-traumatic intra-abdominal infections.
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Introduction

Intra-abdominal infections (IAls) include a broad spectrum of
pathological conditions, ranging from a non-complicated IAI
to complicated fecal peritonitis. [Als are an important cause of
morbidity and mortality in critically ill patients, ranking the
top three causes of severe sepsis in the intensive care unit [1].
Although IAls result most commonly from non-traumatic pa-
thologies such as appendicitis, cholecystitis, and diverticulitis
[2¢°], post-traumatic causes remain of paramount importance
given its association with poor outcomes and the challenging
scenario that those represent to the trauma surgeon.

Patients with post-traumatic IAls have higher medical and
economic expenditures. These patients frequently develop
other complications, such as fistulas and thus, require longer
intensive care unit and hospital stay, more re-operations, and
the need of complex medical care.

Predictors of Intra-abdominal Infections

To date, several studies have highlighted factors that are asso-
ciated with the development of complications after abdominal
trauma (Table 1).

Demetriades et al. [6] performed a prospective multicenter
study to evaluate the safety of primary anastomosis or diver-
sion and to identify independent risk factors for the develop-
ment of colon-related abdominal complications. Colon-related
abdominal complications were defined as anastomotic leak,
intra-abdominal abscess or peritonitis, fascial dehiscence,
and colon obstruction or necrosis. In this study, 19% of pa-
tients developed an intra-abdominal abscess, and multivariate
regression analysis identified severe peritoneal contamination,
more than four units of blood within the first 24 h and single-
agent antibiotic prophylaxis as significant independent risk
factors for abdominal complications. Bradley et al. [9¢] used
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Table 1 Different studies
highlighting the factors associated

with development of

complications after an abdominal

trauma

Study

Patients (n)/injuries
(%)

1AIs
occurrence (7)

Significant risk factors for the
development of Als

Poret 1991 [3]

Fabian 1991 [4]
Ivatury 1993 [5]

Demetriades 2001 [6]

Bulger 2003 [7]

Morales 2004 [8]

Bradley 2013 [9¢]

Paulus 2015 [10°]

Tatebe 2017 [11]

n=151/NR n=34/151 -Increasing ATI
-Grade of contamination
-Increasing transfusions
n = 484/hepatic -Increasing ATI
trauma -Increasing transfusions
n = 252/NR n =43/252 -Increasing ATI
-Presence of colostomy
n =297/SB 58; liver n=>55/297 -Severe peritoneal
26%; contamination
st'omach 20(.7”; - >4 units of blood within the
lgi;lney 18%; MAV first 24 h
0
-Single antibiotic prophylaxis
n = 181/single colon n=>51/181 -Hypotension on admission
88%; -PATI score > 25
multiple sites of
colonic injury 12%
n ="762/NR n=_81/762 -ATI score > 24
-Abdominal contamination
-Admission to the ICU
n=517/NR n=111/517 -Large bowel resection
-Increasing number of
re-explorations
-Increasing fluids
administered at 48 h
n=1518/SB 33%; n=148/1518 -Increasing ISS
stomach 15%; -Increasing transfusions
colon 19%; . L
colon + SB 22%: -Combined S + colon injuries
S+SB3%;S + -Combined colon + S injuries
colon 5%; -Combined S + colon + SB
S + colon + SB iniuries
4% !
-Concomitant pancreatic or
liver injury
n =267/SB 49%; n=>51/267 -Amount of colloid fluid in the

mesentery 47%;
liver 21%; MAV
19%; kidney 15%;
stomach 12%;
pancreas 11%;
bladder 3%

first 24 h

IAI intra-abdominal infection, SB small bowel, MAV major abdominal vessel, S stomach, NR not reported, AT/
Abdominal Trauma Index, /CU intensive care unit

data from the AAST open abdomen registry to identify pa-
tients who developed abdominal complications, specifically
enterocutenous fistula, enteroatmospheric fistula or intra-
abdominal sepsis/abscess, with the aim of determining their
independent predictors. They found that large bowel resec-
tion, increasing fluid intake at 48 h after surgery, and increas-
ing number of re-explorations were independent predictors of
abdominal complications.

Although studies discussed earlier highlighted significant
risk factors for complications, these studies classified various
conditions (fistulas, anastomotic leak, abscess, fascial

dehiscence, colon obstruction) as abdominal complications.
In contrast, some studies have tried, specifically, to elucidate
risk factors/predictors for intra-abdominal infections after ab-
dominal trauma.

Morales et al. [8] conducted a prospective cohort study
where the primary outcome variable was intra-abdominal in-
fection. Multivariate analysis found that ATI score greater
than 24, presence of abdominal contamination, and admission
to the intensive care unit were independently associated with
the development of intra-abdominal infection after abdominal
trauma. Bulger et al. [7] performed a retrospective 10-year
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review of penetrating colon injuries with the objective of de-
fine risk factors associated with morbidity after penetrating
colon trauma. They included 181 patients, of which 51 devel-
oped an intra-abdominal abscess. After adjusting for con-
founders, they found hypotension on admission and a
Penetrating Abdominal Trauma Index (PATI) score > 25 as
independent risk factors for the development of an intra-
abdominal abscess. Another study on penetrating injuries to
the colon conducted by Ivatury et al. [5] showed that PATT and
the presence of colostomy were independent risk factors for
abdominal abscess formation.

In general, therefore, it seems that increasing injury
scores, hemodynamic instability, and the presence and
severity of abdominal contamination should alert the
trauma surgeon that there is an increased risk of intra-
abdominal infection. However, some other factors such
as combined hollow viscus injuries [10¢], concomitant
hepatic [4] or pancreatic injuries, and the presence of
ingested projectiles [3, 12] should be taken into
account.

The Role of Missed Injuries

Injuries missed during the initial assessment or surgery lead to
increased morbidity and mortality. Previous studies have
shown that hollow viscera are the most commonly involved
organs in missed injuries [13, 14]. As hollow viscera have a
high bacterial load, it is not irrational to think that missed
injuries to these organs may increase the risk of intra-
abdominal sepsis.

In 1988, Scalea et al. [15] published a paper in
which they described 12 patients that required re-
operation for missed injuries at the initial surgical ap-
proach. They found that patients with undiagnosed small
bowel and pancreatic injuries developed clinical signs of
sepsis and concluded that patients presenting with clin-
ical sepsis or early multiple organ failure after initial
operation should undergo prompt abdominal re-
exploration to detect these injuries. Moreover, Sung
et al. [14] described the morbidity associated with
missed injuries in abdominal trauma and found that sep-
sis occurred in 42% of the patients with injuries lost
during the initial operation.

Surgical Approach of Choice for Penetrating Colon
Injuries During Damage Control Laparotomy

As colonic wounds represent one of the most important factors
contributing to the development of abdominal sepsis after
trauma, it is, therefore, important to discuss best surgical ap-
proach in these patients.

@ Springer

Experience learned during World War 11 led to the axiom of
mandatory proximal diversion of all colonic wounds.
However, a randomized controlled trial, conducted in 1979
by Stone and Fabian [16], thoughtfully placed in question
the dogma that “routine colostomy must be performed for all
colonic injuries.” In this trial, fewer complications developed
in the group of primary repair compared to the colostomy
group.

In the decades following that first clinical trial, more
articles were published supporting primary repair and
thus, a favorable attitude toward performing this tech-
nique was seen among surgeons. Therefore, the practice
of primary repair of non-destructive colonic injuries in
physiologically stable civilian patients with minimal fe-
cal contamination was adopted. Furthermore, a meta-
analysis [17] of randomized controlled trials comparing
the outcomes of primary repair versus fecal diversion in
the management of penetrating colon injuries found that
the primary repair group experienced a significantly
lower rate of total complications, infectious complica-
tions, and wound-related complications. The authors
concluded that primary repair was superior to fecal di-
version in the management of penetrating colon injuries.

Although primary repair became the standard of practice
for minor or moderately severe penetrating colon injuries, the
optimal management of severe destructive colon injuries re-
quiring resection remained controversial. Therefore, in 2001,
Demetriades et al. [6] demonstrated that in patients with de-
structive colon injuries requiring resection, the method of co-
lon management (primary anastomosis or diversion) did not
influenced the occurrence of abdominal complications and
thus, recommended to perform primary anastomosis in pa-
tients with this kind of injuries. Ordonez et al. [18] showed
the feasibility of delayed anastomosis for destructive colon
injuries during damage control laparotomy, leaving colostomy
only for those presenting with recurrent intra-abdominal ab-
scesses, severe bowel wall edema and inflammation, or per-
sistent metabolic acidosis. Moreover, data from a recent mul-
ticenter study [11] showed that damage control laparotomy
with delayed anastomosis was not associated with increased
rates of intra-abdominal abscess and other abdominal compli-
cations and that the odds ratio for surgical complications in
patients undergoing damage control laparotomy and delayed
repair was also not significant.

In summary, resection with primary anastomosis, or dam-
age control laparotomy with delayed anastomosis, is a feasible
option to be performed in patients with penetrating destructive
colon injuries. These techniques do not seem to be associated
with an increased risk of intra-abdominal infections and other
complications compared to fecal diversion. However, evi-
dence synthesized here cannot replace the surgeon’s clinical
judgment at the moment of choosing the appropriate surgical
approach.
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Physical Examination Findings

The diagnosis of peritonitis is a clinical diagnosis, based most-
ly on history and physical examination [19]. Early recognition
is of paramount importance to minimize the odds of poor
outcomes. Abdominal pain, fever, tachycardia, persistent ile-
us, and/or leukocytosis suggest the presence of an intra-
abdominal infection in patients with predisposing conditions,
such as primary intra-abdominal disease or abdominal
surgery.

Sartelli et al. [2+¢] analyzed the data from 1898 patients with
complicated intra-abdominal infections and found that the most
common clinical findings on admission were as follows: (1)
abdominal pain, abdominal rigidity, and WBC > 12,000 or
<4000 in 19.8% of patients; (2) abdominal pain, abdominal ri-
gidity, 7> 38 or <36 °C, and WBC > 12,000 or <4000 in 16.5%
of patients; (3) only abdominal pain in 15% of patients; and (4)
abdominal pain, and WBC >12,000 or <4000 in 14% of patients.

Although the main symptom in all cases is abdominal pain,
the presence of a deep abscess may hide this symptom and
thus, other symptoms such as tachycardia, persistent fever,
progressive multi-organ dysfunction, and ileus should guide
the diagnosis.

Diagnosis

The diagnosis of intra-abdominal infections is primarily clin-
ical. However, it should always be guided by imaging studies.

Bedside Ultrasound

Patients with severe trauma who develop intra-abdominal infec-
tions are commonly in a critical condition. As some of these
patients are unable to be taken out of the intensive care unit to
the tomography room, it is desirable to make diagnostic interven-
tions as safe and efficient as possible. Bedside ultrasound is a
rational approach to be performed in post-trauma critically ill
patients as it is readily available, portable, and inexpensive. In
experienced hands, it could achieve an exceptional diagnostic
performance with an accuracy rate greater than 90% for diagnos-
ing intra-abdominal abscesses [20, 21]. Furthermore, data from
one study performed in patients with peritonitis secondary to
non-traumatic causes showed that the sensitivity of ultrasound
was superior to that of surgeon’s clinical judgment alone for the
diagnosis of peritonitis causes [22].

Despite the proved benefits of ultrasound, it has several
disadvantages. Firstly, its performance is operator-dependent.
Secondly, it could be a futile procedure in the diagnosis of
deep abdominal infections. Thirdly, intervening open abdo-
men and surgical dressings (both common in trauma patients)

can create problems with image definition and thus, errors in
diagnosis [21].

Computed Tomography

Previous research has established that in adult patients not
undergoing immediate laparotomy, computed tomography
scan is the imaging modality of choice to determine the pres-
ence of an intra-abdominal infection and its source [23ee, 24].
Go et al. [25] showed that abdominal computed tomography
was superior to ultrasound in the diagnosis of intra-abdominal
non-trauma infections and concluded that ultrasound should
not be performed as the initial diagnostic test. Velmahos et al.
[26] conducted a prospective study to evaluate the value of
computed tomography in the evaluation of sepsis of unknown
origin after trauma. In this study, abdominal computed tomog-
raphy was 97% sensitive and 61% specific for the diagnosis of
[Als after major trauma. Moreover, predictors of an abnormal
computed tomography result were the presence of penetrating
injury and emergent laparotomy.

In our experience, computed tomography must be carried
out whenever possible and without any delay. An abnormal
abdominal computed tomography allows the surgeon to per-
form a “CT-guided laparotomy,” a fact that may improve
source control. Ultrasound should be reserved for those criti-
cally ill patients unable to go out of the ICU for further studies.
However, a negative ultrasound result should not rule out the
diagnosis of an IAl, and thus, in patients unable to go out of
the ICU but with highly clinical suspicion, an exploratory
laparotomy should be considered.

Treatment
Importance of Source Control

Early diagnosis coupled with prompt source control is of par-
amount importance for improving outcomes among patients
with post-traumatic IAls. A recent position paper on abdom-
inal sepsis [27] published by the World Society of Emergency
Surgery (WSES) explicitly recommends: “The timing and ad-
equacy of source control are of outmost importance in the
management of intra-abdominal sepsis, as late and/or incom-
plete procedures may have severely adverse consequences on
outcome”.

Source control involves all the interventions aimed to erad-
icate the source of infection. It can be achieved by open lap-
arotomy, percutaneous drainage, and non-operative tech-
niques. However, as a large proportion of patients with post-
traumatic intra-abdominal sepsis have concomitant progres-
sive multi-organ failure, are physiologically exhausted and
thus, are in a critically ill state, it is possible that in the setting
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of post-traumatic abdominal sepsis, percutaneous drainage
and non-operative techniques have a limited scope as source
control methods. Therefore, in patients with a diagnosed post-
traumatic intra-abdominal infection, using CT scan or ultra-
sound or in those with highly clinical suspicion, an explorato-
ry laparotomy is mandatory. During the procedure, three ob-
jectives must be achieved: (1) determining the cause of peri-
tonitis, (2) draining fluid collections, and (3) controlling the
origin of the abdominal wound [27].

Our Approach to Source Control in Patients
with Post-traumatic Intra-abdominal Infections

Deciding to complete a definitive bowel repair at an index
laparotomy or to perform a damage control laparotomy in a
critically ill patient with post-traumatic IAl is by all means
complex. Traditionally, surgeons have performed procedures
involving anastomosis or diversion at index laparotomy.
However, we consider that the most rational surgical approach
in these patients is to perform damage control surgery with a
deferred reconstruction strategy.

For the procedure, we proceed with source control with
drainage/lavage of the peritoneal cavity, debridement or resec-
tion of infected/necrotic tissue, segmental bowel resection
leaving the ends in discontinuity, and temporary closure of
the abdomen. When hemodynamic stability and bowel viabil-
ity are achieved, a deferred anastomosis (DA) or delayed os-
tomy (DO) is carried out during a subsequent re-laparotomy.
Using this “deferred reconstruction strategy,” we have seen a
decrease in the rate of ostomies performed in these patients.

Re-laparotomy, Open Abdomen?

For many years, there has been much controversy on the most
appropriate re-laparotomy strategy in critically ill patients
with intra-abdominal infections. Thus far, previous studies
have indicated that on-demand re-laparotomy is associated
with improved outcomes among patients with severe perito-
nitis, compared with planned re-laparotomy [28, 29].
Furthermore, the WSES guidelines on the management of
intra-abdominal infections [23¢¢] recommend on-demand re-
laparotomy for patients with severe peritonitis. On the other
hand, the same guideline [23<<] highlights the benefits of tem-
porary abdominal closure techniques which include ease of
subsequent exploration, control of abdominal contents, re-
duced risk of intra-abdominal hypertension and abdominal
compartment syndrome, and fascial preservation to ensure
proper closure of the abdominal wall.

Although on-demand re-laparotomy or open abdomen
seems to be better alternatives to critically ill patients with
intra-abdominal infections, the decision to choose one strategy
(open abdomen or re-laparotomy on demand) relies heavily on
the surgeon experience. The key outcomes that should be

@ Springer

taken into account at the moment of choosing one strategy
over others are exudate reduction, early fascial closure, length
of hospital stay, lower mortality, improvement in patient qual-
ity of life, and lower rate of secondary procedures to recon-
struct the abdominal wall.

In our experience, patients with post-traumatic intra-ab-
dominal infections and experiencing physiological exhaustion
and/or progressive multi-organ dysfunction should be man-
aged following negative pressure wound therapy (NPWT)
principles.

Several reports have shown the benefits of NPWT in the
management of open abdomen [30, 31]. For example,
Cirocchi et al. [30] conducted a meta-analysis with the objec-
tive of compare NPWT and non-NPWT techniques in the
management of open abdomen. They found that NPWT re-
sulted in lower 30-day mortality rate, lower rates of fistula and
abscess formation, and lower length of ICU stay. In a prospec-
tive comparative study, Cheatham et al. [32] compared the
vacuum packing technique and the ABThera system for the
management of open abdomen in surgical or trauma patients.
They found that the ABThera system was associated with a
better 30-day primary fascial closure and that patients treated
with the ABThera system were significantly more likely to
survive than those treated with the vacuum packing technique.
More recently, Kirkpatrick et al. [33] conducted a randomized
controlled trial to determine the efficacy of the ABThera sys-
tem in reducing systemic inflammation compared to the
Barkers vacuum pack. In this trial, there was no difference
in the plasma concentration of pro-inflammatory cytokines
between the groups. However, the ABThera group had a sig-
nificantly lower 90-day mortality rate.

Surgical Management of Retroperitoneal Abscess After
Damage Control Laparotomy or Surgical Repair
of Traumatic Duodenal Injuries

The surgical options for the management of traumatic duode-
nal injuries are out of the scope of this review. However, it is
worth mentioning the techniques available to the trauma sur-
geon for the management of postoperative duodenal compli-
cations, such as a retroperitoneal abscess. Case reports and
small case series have shown the utility of retroperitoneal
laparostomy in patients with a retroperitoneal abscess. Fang
et al. [34] performed a retrospective case series of 52 patients
with blunt duodenal injuries, of which 11 developed retroper-
itoneal abscesses. Six of these patients were managed using a
retroperitoneal laparostomy. Good outcomes were achieved
with the approach used, and only two patients developed an
incisional hernia. Ordonez et al. [35] also showed the utility of
retroperitoneal laparostomy in patients with postoperative
complications after complex, penetrating duodenal injuries.
They concluded that retroperitoneal laparostomy is an
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effective means of treating a duodenal leak and associated
extensive retroperitoneal abscess.

The rationality behind retroperitoneal laparostomy is that it
allows for re-exploration and drainage of necrotic tissue from
the duodenum without the risk of intraperitoneal cross-con-
tamination. Added to that, it offers the advantage of the inher-
ent natural tendency of a duodenal fistula to drain toward the
back following the gravitational pull instead of requiring an
antigravity-directed flow via a temporary abdominal closure
device [35].

Antibiotic Therapy
The Role of Prophylactic Antibiotics

Patients with penetrating abdominal trauma, especially those
physiologically exhausted and with hollow viscus injuries,
carry a higher risk for intra-abdominal infections. However,
questions related to whether prophylactic antibiotics add any
advantage in the management of patients with penetrating
abdominal trauma remain unanswered.

A 2013 Cochrane Review [36] conducted with the objec-
tive of assessing the benefits and harms of prophylactic anti-
biotics after penetrating abdominal trauma was unable to give
any recommendation on the subject. The authors concluded
that no evidence existed at that time upon which to base the
use of prophylactic antibiotics in patients with penetrating
abdominal injury. On the other hand, the Eastern
Association for the Surgery of Trauma published a guideline
on the use of prophylactic antibiotics after penetrating abdom-
inal trauma [37]. They concluded that in patients presenting
with associated hollow viscus injuries, a course of prophylac-
tic antimicrobials of no more than 24 h could be given to
prevent septic abdominal complications.

We recommend that in the context of penetrating abdomi-
nal trauma, prophylactic antibiotics be used at surgeon discre-
tion. Some variables such as the severity of trauma, the pres-
ence of hollow viscus injury, and the degree of contamination
and physiologic exhaustion should encourage the utilization
of a short course of prophylactic antibiotic therapy after index
laparotomy, especially when abdominal damage control tech-
niques are performed. However, further study is required prior
to widely adopting this approach.

Anti-infective Therapy for Post-traumatic
Intra-abdominal Infections

The correct antimicrobial therapy for the treatment of post-
traumatic intra-abdominal infections remains controversial.
Early administration of broad-spectrum antibiotics in combi-
nation with rapid and practical source control is of paramount
importance in the successful management of the post-

traumatic septic patient. Surviving sepsis campaign guidelines
[38] recommend administration of broad-spectrum antimicro-
bials for all possible pathogens within 1 h after sepsis recog-
nition, obtaining of early anatomic source control, and daily
evaluation of patients for antimicrobials de-escalation.

It is important to know exactly when the infection started to
initiate the adequate antimicrobial therapy. Peritonitis that de-
buts after 48 h is highly likely to be nosocomial and thus, an
inadequate antimicrobial therapy selection may be associated
with worse outcomes [39]. (Please refer to the “2013 WSES
guidelines for management of intra-abdominal infections
Appendixes 1,2, 3,4, 5,6, 7,8, 9, and 10” for a better under-
standing of the most rational antimicrobial therapy in different
scenarios [23e¢]).

Conclusions

The literature has revealed some predictors of intra-abdominal
infections after abdominal trauma. Most of these predictors
can be recognized early in the clinical evaluation and during
the surgical procedure and may aid the trauma surgeon in his/
her decision to initiate a short course of prophylactic antibi-
otics. If predictors are present, then the surgeon must be aware
of the increased risk of intra-abdominal infection. The diag-
nosis of these infections is mainly clinical. However, it always
must be guided by radiological aids such as bedside ultra-
sound and computed tomography. Computed tomography is
superior to ultrasound in the diagnosis of intra-abdominal in-
fections; it should be performed whenever possible and with-
out any delay. Bedside ultrasound is reserved for critically ill
patients who are unable to go out of the ICU for further stud-
ies. Once an intra-abdominal infection is diagnosed, prompt
and efficient source control and antibiotic therapy are of par-
amount importance to improve patient outcomes. If the abdo-
men is left open, then it is recommendable to apply negative
pressure wound therapy as the temporary abdominal closure
technique of choice.

Being limited to a literature review, we were unable to find
studies on the correct antimicrobial therapy specifically for
post-traumatic intra-abdominal infections. Therefore, further
studies should focus on determining the appropriate anti-
infective therapy in these patients. Moreover, more research
is needed to better understand the correct indications and ef-
fects of prophylactic antibiotics after abdominal trauma.
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