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Surgical Infection Society Articles

Temporary Abdominal Closure Is Associated with Increased
Risk for Fungal Intra-Abdominal Infections in Trauma Patients

Christina X. Zhang,' Rohit R. Rasane, Qiao Zhang? Ricardo A. Fonseca,' Jose A. Aldana,' Javier E. Rincon,
Maya J. Sorini' Kelly M. Bochicchio,' Jennifer M. Leonard,' Obeid N. llahi} and Grant V. Bochicchio'

Abstract

Background: Fungal infections are associated with increased morbidity and death. Few studies have examined
risk factors associated with post-operative fungal intra-abdominal infections (FIAIs) in trauma patients after
exploratory laparotomy. In this study, we evaluated potential risk factors for acquiring post-operative FIAIs and
their impact on clinical outcomes.

Methods: This was a retrospective analysis of trauma patients admitted from 2005 to 2018 who underwent
exploratory laparotomy and subsequently had development of intra-abdominal infection (IAI). Demographics,
comorbidities, culture data, antimicrobial usage, Injury Severity Scores (ISS), and clinical outcomes were
abstracted. All post-operative IAls were evaluated and stratified as either bacterial, fungal, combined, and with
or without colonization. All groups were compared. Risk factors for the development of post-operative IAI and
clinical outcomes were analyzed by Student t test and chi-square test. Multi-variable logistic regression was
used to determine independent predictors of post-operative FIAIs.

Results: There were 1675 patients identified as having undergone exploratory laparotomy in the setting of
traumatic injury, 161 of whom were suspected of having IAI. A total of 105 (6.2%) patients had a diagnosis of
IAL Of these patients, 40 (38%) received a diagnosis of FIAI. The most common fungal pathogens were
unspeciated yeast (48.3%), followed by Candida albicans (42.7%), C. glabrata (4.5%), C. dubliniensis (2.25%),
and C. tropicalis (2.25%). There were no significant differences in demographics, comorbidities, and per-
centage of gastric perforations between FIAI and bacterial IAI (BIAI) groups. Patients with FIAIs, however, had
a 75% temporary abdominal closure (TAC) rate compared with 51% in BIAIs (p=0.01). The FIAI group had
higher ISS (27 vs. 22, p=0.03), longer hospital days (34 vs. 25, p=0.02), and longer intensive care unit (ICU)
days (17 vs. 9, p=0.006) when compared with BIAIL. The FIAI group also had a five-fold greater mortality rate.
Logistic regression identified TAC as an independent risk factor for the development of post-operative FIAIs
(odds ratio [OR] 6.16, confidence interval [CI] 1.14-28.0, p=0.02).

Conclusions: An FIAI after exploratory laparotomy was associated with greater morbidity and death. A TAC
was associated independently with increased risk of FIAI after exploratory laparotomy in the setting of trau-
matic injury. Clinicians should suspect fungal infections in trauma patients in whom post-operative 1Al de-
velops after undergoing exploratory laparotomy using TAC techniques.

Keywords: fungal infections; intra-abdominal infection; temporary abdominal closure

S EVERELY INJURED TRAUMA PATIENTS constitute a unique
surgical population that is at risk for serious infections
because of their immunocompromised status [1]. In addition,
the mechanism of many traumatic injuries, such as blunt or
penetrating traumas, pose further infection risk for these

patients by contamination from external pathogens because
of compromised epithelial barriers as well as their own en-
teric florae.

Fungal infection has a 30%—-70% increased risk of morbidity
rate in trauma and a mortality of up to 38% with fungemia

'Department of Surgery and ZInstitute for Informatics, Washington University in St. Louis, St. Louis, Missouri, USA.
Presented at the 39th Annual Meeting of the Surgical Infection Society, San Diego, California, June 8, 2019.

745



Downloaded by WASHINGTON UNIVERSITY SCHOOL OF MEDICINE St. Louis E-PACKAGE from www.liebertpub.com at 12/13/20. For personal use only.

746

[2-6]. Trauma patients with abdominal injuries have in-
creased incidence of both fungal colonization and fungal
infection of the abdominal cavity from enteric and external
fungal species; however, there have been few studies inves-
tigating outcomes and risk factors for acquiring fungal intra-
abdominal infections (FIAIs) in post-operative trauma patients.
We investigated the incidence of FIAI in trauma patients
undergoing exploratory laparotomy, analyzed independent
risk factors associated with FIAI, and examined subsequent
clinical outcomes.

Methods

We retrospectively analyzed our Institutional Review
Board-approved and prospectively maintained trauma reg-
istry containing more than 37,000 patients collected over a
14-year period from 2005 to 2018. Patients who underwent
exploratory laparotomy because of either blunt or penetrating
trauma were abstracted. Those patients with a clinical sus-
picion of post-operative intra-abdominal infection (IAI) were
identified using intra-abdominal fluid cultures obtained at
least 48h after the initial operation based on the Surgical
Infection Society (SIS) guidelines [7-9].

Of the patients with suspected IAI, individual charts were
reviewed to stratify further patients who had FIAIs and
those who had bacterial IAls (BIAIs). Patients who had
positive intra-abdominal culture results for fungal species in
addition to receiving anti-fungal therapy for = four days
were classified as having FIAIs, whereas patients who had
positive culture results for bacterial species and were treated
with antibiotic agents for > four days were classified as
having BIAIs. Four days of antibiotic therapy was deter-
mined previously to be sufficient treatment for patients with
IAls after an adequate source control procedure in the
STOP-IT trial [10].

Patients with FIAIs were classified further into those with
FIAI alone or FIAI in addition to BIAI Patients identified as
having only BIAIs included those who had additional fungal
colonization, defined as the presence of fungal species in intra-
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abdominal fluid cultures without > four days of anti-fungal
treatment, as well as those who had no fungal colonization
(BIAI alone). An additional group of patients were identified
who had either no bacterial or fungal species in culture, clas-
sified as patients without IAI, or those who had fungal species
without bacteria in culture and did not receive = four days of
anti-fungal treatment, classified as fungal colonization only
(Fig. 1). These patients were excluded from the study.

The collected patient data included demographics;
Charleston Comorbidity Index (CCI); injury-related vari-
ables such as Glasgow Coma Scale (GCS) score at admis-
sion, Injury Severity Score (ISS), Abbreviated Injury Scale
(AIS), mechanism of injury, traumatic bowel perforation
location, and the presence of other intra-abdominal coin-
juries; operative-related variables such as the use of drains,
abdominal packing, temporary abdominal closure (TAC)
management, duration of open abdomen (OA), number of
abdominal re-operations before definitive abdominal clo-
sure, and type of abdominal wall closure; and post-operative
variables such as time to IAI diagnosis, the number of an-
tibiotic agents used, types of anti-fungal therapies, the use of
total parenteral nutrition (TPN), intensive care unit (ICU)
admission, and the presence of enteric leak, biloma or ur-
inoma. Outcomes were classified as in-hospital death, hos-
pital length of stay (LOS), ICU LOS, and ventilator days.

Variables and outcomes were compared between the BIAI
and FIAI cohorts using uni-variable analysis. Frequencies
were compared by chi-square test, and continuous variables
were compared using the Student t test. After uni-variable
analysis, logistic regression analysis with the forward method
was run using the SAS 9.4 program to determine independent
risk factors for development of post-operative FIAL. Multi-
variable logistic regression analysis with the forward selec-
tion method was performed using all variables in the study.
The independent variables that had a p-value of <0.25 in
bivariable analysis were then selected for the final model. The
last step model of the forward method was selected, taking
into account the Hosmer-Lemeshow Goodness-of-Fit test
(p>0.05) [11-13].

Trauma ex-lap with suspicion of

post-op IAI
(161)

/N

Post-op IAL yes
(103)

/0

Post-op IAL no
(56)

/\

Bacterial Fungal Fungal Culture with no
IAI 1AL colonization growth
(63) (40) only (33)
£ 5N F N
Bacterial [AT Bacterial Fungal Fungal + bacterial
alone IAI + fingal IAI alone LA
59 colonization (32) (8)
(6

FIG. 1. Post-operative Intra-abdominal infection study cohort diagram. The flowchart demonstrates study cohort selection
and group division. Ex-lap=exploratory laparotomy; post-op = post-operative; IAl =intra-abdominal infection.
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Results

A total of 1675 patients were identified as having under-
gone exploratory laparotomy because of either blunt or
penetrating trauma. Among these, 161 patients had intra-
abdominal fluid cultures obtained at least 48 h after initial
operation because of clinician suspicion for post-operative
IAI There were 56 patients excluded because of either neg-
ative fungal and bacterial intra-abdominal fluid culture re-
sults or the presence of fungal colonization without IAl. A
total of 105 patients with post-operative IAIs were identified,
with incidence of 6.2% (Fig. 1).

The average age of these patients was 33.4+ 14.4 years;
90 (85.7%) were male, and 85 (81%) were black. The most
common location of bowel injury was the large intestine
(72.4%).

There were 40 (38.1%) patients with a diagnosis of FIAI,
and 65 (61.9%) patients with a diagnosis of BIAI There was
no significant difference in the mean time (days) to diagnosis
of IAI between the fungal and bacterial groups (11.2+6.00
vs. 11.4£6.60, p=0.90).

Ninety-eight percent of patients received a diagnosis of
IAI after abdominal closure of the initial operation, but only
two patients had positive intra-abdominal culture results
identified at the time of abdominal closure. Of these two
patients, one had an identified bowel perforation from is-
chemia, and the other patient had an anastomotic leak.

Within the FIAI group, the most common pathogen was
unspeciated yeast (48.3%), followed by Candida albicans
(42.7%), C. glabrata (4.5%), C. dubliniensis (2.25%), and
C. tropicalis (2.25%). For both the positive bacterial and
fungal cultures, 87% of these were obtained via percutane-
ous abdominal fluid aspiration, 10% were obtained peri-
operatively, and the remainder were obtained from drains
placed near the fluid collection.

All patients in the study received prophylactic antibacterial
therapy. Nine (13.8%) patients in the BIAI group and seven
(17.5%) patients in the FIAI group received prophylactic
anti-fungal therapy on presentation for injuries with ab-
dominal contamination. Within the BIAI group, there were
no differences in the top three most prevalent bacterial or-

747

ganisms regardless of the initial anti-fungal treatment (Bac-
teroides fragilis, Escherichia coli, and Enterococcus
faecalis). In the FIAI group, there were also no differences in
the prevalence of fungal species regardless of receiving ini-
tial anti-fungal therapy (C. albicans, C. glabrata, and un-
speciated yeast) (Supplementary Tables 1-4).

There were no significant differences between the BIAI
and FIAI groups in demographics, CCI, rate of traumatic
gastric perforation on presentation, AIS score, or injury type
(blunt vs. penetrating). Patients with a diagnosis of FIAIshad
significantly higher ISS (27.0£11.8 vs.22.3+9.50, p=0.03).
Post-operative FIAIs were more common in patients who
underwent exploratory laparotomy because of gunshot
wounds (GSW) (77.5% vs. 67.7%, p=0.046) and motor ve-
hicle collisions (MVC) (15% vs. 13.9%, p=0.046).

Patients sustaining liver (50.0% vs. 29.2% p=0.03) or
splenic (27.5% vs. 12.3%, p=0.0496) injuries were also
more likely to have a diagnosis of post-operative FIAI
(Tables 1 and 2). Eight (73%) patients in the FIAI group and
all patients in the BIAI group with splenic injury were
treated with splenectomy. There was no significant differ-
ence in the infection rate of the splenic bed between the two
groups, however.

Patients with FIAIs had a significantly higher TAC rate
when compared with those with BIAIs (75% vs. 51%,
p=0.014). Between the two groups, no significant differ-
ences were found in the duration of OA, type of abdominal
wall closure, the use of abdominal packing or drains at the
initial operation, or the number of abdominal re-operations
(Table 3). No significant differences between FIAIs and
BIAIs were found in the number of antibiotic agents used,
TPN usage, or ICU admissions.

A significant difference was found in the incidence of
enteric leak 48 h after initial operation between the FIAI and
BIAI cohorts (42.5% vs. 23.1%, p=0.04). Included in the
patients in whom enteric leaks developed were those having
anastomotic leaks or slowly evolving injuries with eventual
necrosis. Of the patients identified with enteric leaks, 15.6%
had gastric leaks, 53.1% had small bowel leaks, 31.3% had
large bowel leaks, and 3.13% had rectal leaks. There was no
significant difference in the incidence of biloma or urinoma

TABLE 1. DEMOGRAPHICS AND CO-MORBIDITIES OF PATIENTS WITH POST-OPERATIVE INTRA-ABDOMINAL INFECTION*

Post-operative intra-abdominal infection

Total Fungal IAI Bacterial 1Al p

No. of patients (%) 105 40 (38.1) 65 (61.9)
Age (SD) 334 (144) 34.1 (15.7) 329 (13.6) 0.67
Gender (%) 0.46

Female 15 (14.3) 7 (17.5) 8 (12.3)

Male 90 (85.7) 33 (82.5) 57 (87.7)
Race (%) 0.91

Asian 1 ( 0.95) 0 1 ( 1.54)

Black 85 (81.0) 32 (80.0) 53 (81.5)

Caucasian 18 17.1) 8 (20.0) 10 (154)

Hispanic 1 ( 0.95) 0 1 ( 1.54)
Body mass index (SD) 273 ( 6.88) 27.6 ( 6.33) 27.1 ( 7.28) 0.74
Age-adjusted CCI (SD) 0.762 ( 1.29) 1.0 ( 1.41) 0.62 ( 1.19) 0.14

*No statistically significant differences were found.

IAl=intra-abdominal infection; SD =standard deviation; CCI=Charlson Comorbidity Index.
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TABLE 2. RELATIONSHIP BETWEEN POST-OPERATIVE FUNGAL INTRA-ABDOMINAL

INFECTION AND INJURY-RELATED VARIABLES

Post-operative intra-abdominal infection

Total (n=105) Fungal IAI (n=40) Bacterial IAI (n=65) p

GCS (SD) 13.6 ( 3.36) 12.7 ( 4.20) 14.1 ( 2.66) 0.20
ISS (SD) 24.1 (10.6) 27.0 (11.8) 223 ( 9.50) 0.03
AIS head and neck (SD) 0.31 ( 0.99) 0.35 ( 1.08) 0.28 ( 0.94) 0.86
AIS face (SD) 0.07 ( 0.35) 0.08 ( 0.35) 0.06 ( 0.35) 0.64
AIS chest (SD) 1.22 ( 1.59) 1.38 ( 1.68) 1.12 ( 1.54) 0.44
AIS abdomen and pelvic contents (SD) 3.69 ( 0.96) 3.76 ( 1.17) 3.65 ( 0.82) 0.31
AIS extremities and pelvic girdle (SD) 1.42 ( 1.44) 1.53 ( 1.55) 1.36 ( 1.37) 0.58
AIS external (SD) 0.40 ( 0.57) 0.48 ( 0.68) 0.35 ( 0.48) 0.52
Injury type (%) 0.54

Blunt 18 (17.1) 8 (20.0) 10 (15.4)

Penetrating 87 (82.9) 32 (80.0) 55 (84.6)
Injury mechanism (%) 0.046

Assault 6 (571 1 (250) 5 (7.69)

Pedestrian Struck 2 ( 1.90) 2 (5.00 0

MVC 15 (14.3) 6 (15.0) 9 (13.9)

GSW 75 (71.4) 31  (77.5) 4  (67.7)

Stab 7 (6.67) 0 7 (10.8)
Bowel injury location (%)*

Stomach 22 (21.0) 12 (30.0) 10 (15.4) 0.07

Small bowel 64 (61.0) 24 (60.0) 40 (61.5) 0.88

Large bowel 76  (72.4) 24 (60.0) 52 (80.0) 0.03

Rectum 5 (4.76) 3 (750 2 (3.08 0.37
Other intra-abdominal co-injuries (%)"

Liver 39 (37.1) 20  (50.0) 19  (29.2) 0.03

Gallbladder 4 (3.8 1 (250) 3 (462 1.00

Pancreas 17 ( 16.2) 9 (225) 8 (12.3) 0.17

Spleen 19 (18.1) 11 (27.5) 8 (123) 0.0496

Kidney 21 (20.0) 9 (225) 12 (18.5) 0.60

Ureter/bladder 9 (857 3 (1750 6 (923 1.00

Percentage sum of bowel injury location may be greater than 100% because of multiple locations of injury for a single patient.

POther intra-abdominal co-injuries that necessitated surgical intervention
Statistically significant differences are shown in boldface type.

IAl=intra-abdominal infection; GCS =Glasgow Coma Scale; SD =standard deviation; ISS =Injury Severity Score; AIS = Abbreviated

Injury Scale; MVC =motor vehicle collision; GSW = Gunshot wound.

TABLE 3. RELATIONSHIP BETWEEN POST-OPERATIVE FUNGAL INTRA-ABDOMINAL
INFECTION AND OPERATIVE RELATED VARIABLES

Post-operative intra-abdominal infection

Total (n=105) Fungal IAI (n=40) Bacterial IAI (n=65) p
TAC (%) 0.014
No 42  (40.0) 10  (25.0) 32 (49.2)
Yes 63  (60.0) 30 (75.0) 33 (50.8)
Packing (%) 0.06
No 49  (46.7) 14  (35.0) 35 (539
Yes 56  (53.3) 26  (65.0) 30 (46.2)
Drain (%) 0.12
No 72 (68.6) 31 (71.5) 41  (63.1)
Yes 33 (314) 9 (225) 24 (36.9)
Open abdomen days (SD) 2.51 ( 347) 3.08 ( 3.68) 2.17 ( 3.32) 0.20
No. of abdominal re-operation (SD) 2.20 ( 1.78) 2.53 ( 1.96) 2.00 ( 1.64) 0.14
Type of abdominal wall closure 0.96
Primary fascial (%) 89  (84.8) 34  (85.0) 55 (84.6)
Usage of mesh (%) 16  (15.2) 6 (15.0) 10  (15.4)

Number of abdominal re-operation (laparotomies) performed before definite abdominal closure.
Statistically significant differences are shown in boldface type.
IAl=intra-abdominal infection; TAC =temporary abdominal closure; SD =standard deviation.
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TABLE 4. RELATIONSHIP BETWEEN POST-OPERATIVE FUNGAL INTRA-ABDOMINAL
INFECTION AND POST-OPERATIVE VARIABLES
Post-operative intra-abdominal infection
Total (n=105) Fungal IAI (n=40) Bacterial IAI (n=65) p
Days to TAI diagnosis (SD) 11.3 ( 5.76) 11.2 ( 6.00) 11.4 ( 6.60) 0.90
No. of antibiotic agents used (%) 0.24
1 15 (14.3) 5 (12.5) 10 (154)
2 18 (17.1) 4 (10.0) 14 (21.5)
>3 72 (68.6) 31 (77.5) 41 (63.1)
TPN administration (%) 8.0 ( 7.62) 4 (10.0) 4 (6.15 0.48
ICU admissions (%) 97 (924) 39 (97.5) 58 (89.2) 0.15
Enteric leak (%) 32 (30.5) 17 (42.5) 15 (23.1) 0.04
Biloma/urinoma (%) 29 (27.6) 15 (37.5) 14 (21.5) 0.08

Statistically significant differences are shown in boldface type.

IAl=intra-abdominal infection; SD =standard deviation; TPN =total parenteral nutrition; ICU =intensive care unit.

between the FIAI and BIAI groups (37.5% vs. 21.5%,
p=0.08) (Table 4). On multi-variable logistic regression with
the forward method, TAC (odds ratio [OR] 6.16, conidence
interval [CI] 1.14-28.0, p=0.02) and the presence of post-
operative enteric leak (OR 4.23, CI 1.09-16.4, p=0.04) were
independent risk factors for the development of post-
operative FIAIs (Table 5).

Patients with FIAIs had significantly longer hospital LOS
(34.2£23.0 vs. 24.7+17.6, p=0.02), ICU LOS (16.7+14.7
vs. 9.5+ 11.3, p<0.01), and ventilator days (7.9619.8 vs.
3.92+6.65, p=0.02) when compared with patients with
BIAIs. There was a non-statistically significant increase in
all-cause death between FIAIs and BIAIs (10% vs. 1.5%,
p=0.068) (Table 6).

We also investigated the relationship of various anti-
fungal regimens and clinical outcomes within the FIAI co-
hort. On the basis of the anti-fungal agent used, patients with
FIAI were separated into four groups: Fluconazole alone
(40%), micafungin alone (27.5%), anidulafungin alone
(7.5%), and multiple anti-fungal agents (25%). There were no

TABLE 5. MULTI-VARIABLE LOGISTIC REGRESSION
FOR RISK FACTORS ASSOCIATED WITH POST-OPERATIVE
FUNGAL INTRA-ABDOMINAL INFECTION

Odds

Variables ratio  95% CI p
TAC 6.16 1.14-28.0 0.02
Type of abdominal wall closure 2.80 0.54-14.6 0.22
Body mass index 0.93 0.85- 1.02 0.12
AIS extremities and pelvic girdle 0.65 0.41- 1.03 0.06
AIS external 2.80 0.83- 9.35 0.10
Other intra-abdominal

co-injuries

Liver 2.53 0.78- 8.19 0.19
Time to IAI diagnosis 0.92 0.84- 1.02 0.13
Enteric leak 423 1.09-16.4 0.04
No. of antibiotic agents used

1vs. 23 0.53 0.09- 3.17 0.75

2 vs. 23 0.15 0.02- 1.07 0.13

The last step model of logistic regression with forward method.

Statistically significant differences are shown in boldface type.

Cl=confidence interval; TAC =temporary abdominal closure;
AIS =abbreviated injury scale; IAl =intra-abdominal infection/

significant differences between these groups in all-cause
death, hospital LOS, and ventilator days.

Patients who received fluconazole had a significantly
lower ICU LOS when compared witth the other three groups
(p=0.03) (Supplementary Table 5). After multi-variable
logistic regression adjusting for ISS, however, location of
bowel injury, other intra-abdominal co-injuries (liver and
spleen), and TAC, there were no longer any significant dif-
ferences in ICU LOS among patients treated with different
anti-fungal agents (Supplementary Table 6).

Discussion

Previous studies have shown that maintaining an OA is
associated with fungal contamination [14]. Occhionorelli
etal. [15] also investigated OA techniques, such as TAC, and
found that longer OA maintenance was associated with an
increased risk of development of Candida species infections.
This study, however, focused only on ICU post-operative
patients [15].

Our findings expand on these previous studies by estab-
lishing TAC as an independent risk factor for acquiring
post-operative FIAIs. The increased risk of FIAIs with TAC
is likely because of the prevalence of fungal species in the
external environment and the susceptibility of fungal con-
tamination of the open surgical site on removal of epithelial
barriers. This is further complicated by the immunocom-
promised status of critically ill trauma patients, which in-
creases the risk for development of FIAIs from fungal
contamination by environmental sources in the post-
operative period.

We also found that patients who presented with liver or
splenic injuries that necessitated operative intervention with
bowel co-injury had increased association with FIAIs. The
etiology of this association is unclear; however, liver and
splenic injuries were not statistically shown by logistic re-
gression to be independent predictors for FIAIs. Instead, the
association is likely because of the severity of initial injury.

Interestingly, our study did not identify administration of
TPN and initial traumatic gastric perforation as significant
risk factors for the occurrence of FIAIL Previous studies have
shown a significant correlation with TPN administration and
the development of fungal infections, believed to be beause
of atrophy of intestinal villi, which allows local invasion of
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TABLE 6. OUTCOMES OF PATIENTS WITH POST-OPERATIVE INTRA-ABDOMINAL INFECTION

Post-operative intra-abdominal infection

Total (n=105) Fungal IAI (n=40) Bacterial IAI (n=65) p
Death (%) 5 (4.706) (10.0) 1 (154 0.07
Hospital LOS (SD) 28.3 (20.2) 34.2 (23.0) 24.7 (17.6) 0.02
ICU LOS (SD) 12.2 (13.1) 16.7 (14.7) 9.46 (11.3) <0.01
Ventilator days (SD) 5.46 ( 8.19) 7.96 ( 9.80) 3.92 (6.65) 0.02

Statistically significant differences are shown in boldface type.

IAI=intra-abdominal infection; LOS =length of stay; SD =standard deviation; ICU =intensive care unit,

enteric Candida [16] and facilitates Candida growth because
of TPN-induced hyperglycemia [17]. Manolakaki et al. [18]
showed that TPN administration was associated with in-
creased risk of the development of Candida infection in the
trauma population.

Our findings did show an increased rate of FIAIs with
administration of TPN; however, the increase was not sta-
tistically significant. The discrepancy between our findings
and the significant findings of previous studies is likely be-
cause of the low number of patients receiving TPN (7.6%) in
our study. An increased sample size would likely reveal a
statistically significant association of TPN administration
with the development of FIAIs.

It has been long understood that perforation of the gastric
viscera results in increased exposure of the abdominal cavity
to enteric contents and is associated with Candida infection
[19-22]. A previous study by Horn et al. demonstrated that
51.7% of cultures obtained in surgical patients with perfo-
rated peptic ulcers were positive for fungal species [23]. In-
terestingly, our data show no statistically significant increase
in the risk of development of FIAIs with initial traumatic
gastric perforation. All patients who presented with gastric
perforation in our study were victims of penetrating ab-
dominal injury. We suggest that the discrepancy between our
findings and previous studies is because of the close temporal
relationship between inciting injury and operative interven-
tion in trauma patients, and that these initial gastric perfo-
rations were resolved quickly and did not allow for significant
exposure to enteric fungi.

Although initial traumatic bowel perforation was not as-
sociated with FIAIL our study found post-operative enteric
leaks at >48 h from initial operation to be an independent risk
factor for the development of FIAI This difference is likely
because of more prolonged exposure to enteric fungal species
in post-operative enteric leaks compared with initial trau-
matic perforation, which is similar to the mechanism of FIAI
development in subacute or chronic conditions such as per-
forated peptic ulcer disease.

In addition, we found that patients with FIAIs on average
had 10 day longer hospital admissions, were admitted to the
ICU for an additional eight days, and required four additional
days on mechanical ventilation, consistent with previous
studies investigating fungal infections [1,18]. The overall
mortality rate of 4.8% was similar to that of previous studies
investigating IAI [5.13].

While not statistically significant, there was a five-fold
higher mortality rate in patients with FIAI compared with
patients with BIAIL There was also a difference in the causes
of death between the BIAI and FIAI cohorts. The cause of

death of the patient in the BIAI group was respiratory failure
and unrelated to IAI Of the patients who died in the FIAI
group, 50% died of septic shock from uncontrolled IAls, and
the remainder died of respiratory failure. With the trend of
increased death with FIAISs, in addition to the increased in-
cidence of FIAl-related sepsis as a cause of death in our
study, we would expect to find significantly higher mortality
rates associated with FIAIs compared with BIAIs with in-
creased sample size.

Because FIAI was associated with worse clinical out-
comes, we investigated the effect of different anti-fungal
treatment regimens on patient outcomes within the FIAI
cohort. Initial uni-variable analysis showed a significantly
decreased ICU LOS in the fluconazole monotherapy
group. This result differed from our expectation because
broad anti-fungal regimens should have better coverage and
result in improved outcomes.

This is likely explained by the effect of patient clinical
severity on outcomes in addition to physician-dependent
empirical selection of anti-fungal agents. Because flucona-
zole was favored for empirical monotherapy of Candida in-
fection, patients with less severe presentations would likely
have received fluconazole and also would be expected to
have faster clinical improvement. This was supported by
multi-variable regression controlling for injury-related vari-
ables that showed no significant differences in outcomes
among different types of anti-fungal therapies.

Our study had several limitations. Notably, this was a
single-center retrospective study, which may limit the ap-
plicability of our findings, especially with the variability in
clinical outcomes from fungal and bacterial infection. Be-
cause it was a retrospective study, we were unable to control
for the anti-fungal therapies provided. In addition, the diag-
nosis and decision to initiate anti-fungal therapy was made
independently by the clinician at the time of treatment.

Conclusions

This study found that post-operative IAls developed in
6.2% of trauma patients; FIAIs developed in 2.4% of the
same population. The TAC was identified as an independent
risk factor for FIAIs, and patients with FIAIs had significantly
longer hospitalizations, ICU LOS, and duration of mechan-
ical ventilation. Clinicians should have a high index of sus-
picion for fungal infections in post-operative trauma patients
with TAC in whom IAls develop. Future multi-center studies
may evaluate further the association between TAC and FIAIs
and the possible role of prophylactic anti-fungal therapy in
these patients.
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