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Abstract

Background: The definition of “high risk” in intra-abdominal infections remains vague. The purpose of this
study was to investigate patient characteristics associated with a high risk of isolation of resistant pathogens
from an intra-abdominal source.

Methods: All complicated intra-abdominal and abdominal organ/space surgical site infections treated over a
ten-year period in a single hospital were analyzed. Infections were categorized by pathogen(s). Organisms des-
ignated “resistant” were those that had a reasonable probability of being resistant to the broad-spectrum agents
imipenem/cilastatin and piperacillin/tazobactam, and included non-fermenting gram-negative bacilli (e.g.,
Pseudomonas aeruginosa), resistant gram-positive pathogens, vancomycin-resistant enterococci, and fungi. Pa-
tient characteristics were analyzed to define associations with the risk of isolation of “resistant” pathogens.
Results: A total of 2,049 intra-abdominal infections were treated during the period of study, of which 1,182 had
valid microbiological data. The two genera of pathogens isolated from more than 25% of health care-associated
infections and more commonly than from community-acquired infections were Enterococcus spp. (29%) and
Candida spp. (33%). Health care association, corticosteroid use, organ transplantation, liver disease, pulmonary
disease, and a duodenal source all were associated with resistant pathogens. By multivariable analysis, several
acute and chronic measures of disease were predictive of death, with a strong interaction between solid organ
transplantation, resistant pathogens, and death. Other links between specific pathogens and patient character-
istics were documented, for example, between fungal infection and a gastric, duodenal, or small bowel source,
and between liver transplantation and vancomycin-resistant enterococci.

Conclusions: On the basis of clinical characteristics, it may be possible to identify patients with intra-abdomi-
nal infections caused by pathogens that are potentially resistant to broad-spectrum antibacterial agents. Under
these circumstances, and if warranted clinically, broadened coverage probably ought to include specific anti-
enterococcal and anti-candidal therapy.

THE CHOICE OF ANTIBIOTICS for the management of intra-
abdominal infections continues to expand. Since the
drafting of the Surgical Infection Society (SIS) guidelines for
the management of intra-abdominal infections in 2002 [1, 2],
ertapenem, moxifloxacin, and tigecycline have been ap-
proved by the U.S. Food and Drug Administration (FDA) for
this indication, and several other antimicrobial agents, such
as doripenem, are in various stages of clinical testing. Al-
though all of these agents (or combinations of agents) have
activity against Enferobacteriaceae such as Escherichia coli and
the most commonly isolated anaerobic pathogen Bacteroides

fragilis, real differences in spectra of activity exist, even
within a single class. For example, imipenem/cilastatin has
activity against P. aeruginosa and Enterococcus spp., whereas
ertapenem does not, yet both are indicated for complicated
intra-abdominal infections. Most guidelines recommend
broader-spectrum coverage for “high risk” patients, al-
though the definition of “high risk” remains vague at best.

Two possible interpretations of “high risk” are a greater
likelihood of death or a higher likelihood of failure of ther-
apy. Although related, the two are not identical. Because
death may be closely related to the underlying medical con-
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dition of the patient and time to presentation, patients at high
risk of death may die despite adequate interventions. Thus,
a frail elderly patient may be “high risk” even from a rela-
tively unimpressive infection. High risk of local failure for
intra-abdominal infections, on the other hand, is linked to
the adequacy of surgical or percutaneous intervention. In
this case, a healthy patient should be considered “high risk”
if source control is tenuous or inadequate. In either of these
cases, it is unlikely that a broadened spectrum of antibiotics
by itself will alter outcomes.

An alternative definition of “high risk” is intra-abdominal
infections that have a high likelihood of being caused by
pathogens that would not be treated with standard, recom-
mended antimicrobial therapy. The effort to administer ad-
equate initial empiric antimicrobial therapy probably is
worthwhile, and the delineation of patient profiles that are
“high risk” by this definition may be helpful to the clinician.
Traditionally, hospital-acquired infections and tertiary peri-
tonitis have predicted a higher likelihood of resistant patho-
gens, although these general guidelines do not address ei-
ther patients with community-acquired infections or risk
factors for specific pathogens. The intent of this paper was
to analyze a large data set of intra-abdominal infections in
order to describe patient characteristics associated with or-
ganisms that might not be treated by standard antimicrobial
therapy.

Patients and Methods

This research was performed with the approval of the Uni-
versity of Virginia Human Investigation Committee. Data
were deidentified for final analysis, and the need for in-
formed consent was waived.

Clinical information for all complicated intra-abdominal
and abdominal organ/space surgical site infections
(http:/fwww.cdc.gov/ncidod/dhqp/pdf/mnis/NosInfDefinitions.pdf)
managed in inpatients in the University of Virginia Hospi-
tal was collected prospectively from December 1996 to No-
vember 2006 as part of a larger data set. Patients were iden-
tified by alternate-day chart review and interview by a health
care worker. For the analyses presented, abdominal or-
gan/space surgical site infections were included because
their physiology and management are similar to those of de
novo complicated intra-abdominal infections. Demographic,
laboratory, and treatment data were collected for each in-
fection. Healthcare-associated infections included those in
hospitalized patients or patients with a history of any hos-
pitalization in the 30 days prior to the diagnosis of intra-ab-
dominal infection, including residence in a nursing home or
rehabilitation facility. The first analysis sought to confirm
which pathogens were isolated more frequently from health
care-associated vs. community-acquired infections.

Subsequent analyses attempted to identify patient charac-
teristics that might alert clinicians to the presence of “resis-
tant” pathogens causing intra-abdominal infections. Resis-
tance was defined arbitrarily to reflect clinical significance
in the choice of empiric antibiotic therapy.The definition re-
flected whether a pathogen would have a sufficient likeli-
hood of resistance to imipenem/cilastatin or piperacillin/
tazobactam monotherapy that an additional antimicrobial
agent might be considered, because these two regimens are
recommended routinely for “severe” or “high-risk” infec-
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tions [1-3]. As such, the following organisms were consid-
ered “resistant:” Non-fermenting gram-negative bacilli (in-
cluding Pseudomonas aeruginosa, Stenotrophomonas maltophilia,
and Acinetobacter spp.), methicillin-resistant Staphylococcus
aureus (MRSA), coagulase-negative staphylococci, vancomy-
cin-resistant enterococci (VRE), and all fungi. We also ana-
lyzed all enterococci as a group (vancomycin-resistant and
vancomycin-sensitive) because many regimens recom-
mended for intra-abdominal infections; e.g., ciprofloxacin
and metronidazole, have unreliable activity against entero-
cocci.

Data on demographics, medical history, infection, and out-
comes were compared by calculating odds ratios (ORs) with
95% confidence intervals (CI) for categorical variables and
Student’s t-test for continuous variables. One logistic re-
gression analysis was performed with in-hospital death as
the outcome. Factors considered to be relevant clinically, in-
cluding infections with resistant pathogens, were included
in the model. One interaction term, identifying patients who
were both transplant recipients and from whom resistant or-
ganisms were cultured, was also included in the model to
account for possible synergism. Data manipulation and anal-
ysis were performed using SAS 9.1.3 (SAS Institute, Inc.,
Cary, NC).

Results

There were 2,049 intra-abdominal infections treated dur-
ing the period of study; 789 infections were treated without
culture, 78 had cultures without growth (usually obtained
after antibiotics had been started), and 1,182 had positive cul-
tures. Comparing the infections treated without culture with
those treated with positive cultures, the former were more
likely to be community-acquired (407/789 [52%] wvs.
395/1182 [33%]; p <0.0001) and were associated with a
lower Acute Physiology and Chronic Health Evaluation
(APACHE) II score [4] at the time of presentation (11.2 = 0.3
vs. 13.3 = 0.3 points; p < 0.0001). Because the focus of this
paper is patients at high risk of having infections caused by
resistant pathogens, the rest of the analysis will be limited
to the 1,182 infections with positive cultures. Of these cases,
1,074 were complicated intra-abdominal infections, as de-
fined by the U.S. Centers for Disease Control and Preven-
tion (CDC), and 108 were organ/space surgical site infec-
tions.

Because health care-associated and community-acquired
infections tend to have different microbiology findings, these
groups were compared first. Table 1 gives the ORs with 95%
confidence intervals for the isolation of specific pathogens
from healthcare-associated infections compared to commu-
nity-acquired infections. The enterococci and Candida spp.
were the two groups of pathogens more likely to be isolated
from health care-associated infections to a clinically relevant
extent. Other pathogens, such as MRSA and Serratia spp.,
were statistically more likely to be isolated from health care-
associated infections, yet still occurred relatively infre-
quently (< 6% of infections) and might not affect the choice
of empiric antimicrobial therapy. Surprisingly, several
pathogens commonly believed to be associated with health
care-associated infections were isolated with similar fre-
quency from the two groups, including P. aeruginosa, Cit-
robacter spp., and coagulase-negative staphylococci. Because
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TaBLE 1. ObbDs RATIOS OF IsOLATION OF COMMON BACTERIA FROM HEALTH-CARE ASSOCIATED
vs. COMMUNITY-ACQUIRED INTRA-ABDOMINAL INFECTIONS
Health-care Community
associated acquired
N = 787 N = 395 Odds

Pathogen (%) (%) ratio 95% CI

Gram-negative bacteria 337 (42.8) 165 (41.8) 1.03 0.82, 1.33
Escherichia coli 106 (13.5) 62 (15.7) 0.84 0.60, 1.17
Klebsiella pneumoniae 52 (6.6) 34 (8.6) 0.75 048, 1.18
K. oxytoca 7 (0.89) 9 (2.3) 0.38 0.14, 1.04
Enterobacter cloacae 42 (5.3) 6 (1.5) 3.66 1.54, 8.67
E. aerogenes 14 (1.8) 2 (0.51) 3.56 0.80, 15.73
Pseudomonas aeruginosa 32 (4.1 12 (3.0) 1.35 0.69, 2.66
Citrobacter spp. 14 (1.8) 7 (1.8) 1.00 0.40, 2.51
Serratia spp. 15 (1.9) 1 (0.25) 7.66 1.01, 58.2
Proteus mirabilis 11 (1.4) 4 (1.0 1.39 0.44, 4.38
Stenotrophomonas 11 (1.4) 3 (0.76) 1.85 0.51, 6.68

maltophilia

Acinetobacter spp. 3 (0.38) 0 — —

Gram-positive bacteria 413 (52.5) 179 (45.3) 1.33 1.05, 1.70
Staphylococcus aureus 69 (8.8) 29 (7.3) 1.21 0.77, 191
MRSA 45 (5.7) 10 (2.5) 2.33 1.16, 4.68
S. epidermidis/CNS 45 (5.7) 15 (3.8) 1.54 0.85, 2.79
All enterococci 229 (29.1) 39 (9.9 3.75 2.60, 5.39
Enterococcus faecalis 109 (13.9) 29 (7.3) 2.03 1.32, 3.12
E. faecium 130 (16.5) 12 (3.0 6.32 3.45, 11.56
VRE 71 (9.0) 5 (1.3) 7.73 3.10, 19.3
Streptococcus spp. 62 (7.9) 82 (20.8) 0.33 0.23, 047

Anaerobic bacteria 139 (17.7) 99 (25.1) 0.64 0.48, 0.86
Bacteroides fragilis 44 (5.6) 20 (5.1) 1.11 0.65, 191
Other Bacteroides 14 (1.8) 5 (1.3) 1.41 0.51, 3.95
Prevotella spp. 6 (0.76) 2 (0.51) 1.51 0.30, 7.51
Unspeciated 80 (10.2) 73 (18.5) 0.50 0.35, 0.70

Fungi 262 (33.3) 68 (17.2) 2.40 1.78, 3.24
All Candida 209 (26.6) 54 (13.7) 2.28 1.65, 3.17
C. albicans 141 (17.9) 42 (10.6) 1.83 1.27, 2.65
C. glabrata 60 (7.6) 11 (2.8) 2.88 1.50, 5.54
Other Candida spp. 32 (4.1) 6 (1.5) 2.75 1.14, 6.63
Unspeciated yeast 52 (6.6) 13 (3.3) 2.08 0.29, 3.87

MRSA = methicillin-resistant S. aureus; CNS = coagulase-negative staphylococci; VRE = vancomycin-resistant enterococci (all were

E. faecium).

the inclusion of solid organ transplant recipients could be a
factor in the rate of recovery of certain pathogens, the report
of pathogens is repeated in Table 2, excluding these patients.
Surprisingly, although the frequency of some pathogens is
altered after the exclusion of transplant patients; e. g., VRE,
the ORs are changed minimally, and the most important dif-
ferences clinically are again for enterococci and fungi.

To help define demographics and outcomes related to in-
tra-abdominal infections with resistant pathogens, Table 3
presents an analysis of associations between multiple clini-
cal variables and the isolation of pathogens considered to be
resistant or potentially resistant to standard empiric anti-
microbial therapy. The means for continuous variables are
given with p values for the differences between infections
caused by resistant and non-resistant pathogens. For di-
chotomous variables, the frequency is given for resistant and
non-resistant infections, and ORs with 95% CI are given for
their comparison. Outcomes for these infections also are pre-
sented. These data confirm that resistant pathogens occur

more commonly in hospitalized patients, particularly in the
intensive care unit (ICU), and are associated with underly-
ing diseases. Although the mean APACHE II score was sig-
nificantly higher in patients with resistant infections, the dif-
ference of less than three points may be clinically trivial and
probably prevents this parameter from being a useful dis-
criminating factor. Gastroduodenal source infections created
the highest risk and appendiceal source infections the low-
est risk for involvement of resistant organisms. As would be
expected, infections with the pathogens of interest were as-
sociated with a longer stay and a higher in-hospital mortal-
ity rate.

A logistic regression analysis investigating the influence
of potential predictors listed in Table 3 on subsequent find-
ing of a resistant organism was performed. The model dem-
onstrated only marginal statistical performance (c statistic
0.674; R? = 0.096), giving credence to the idea that predict-
ing these cases is difficult. Independent statistically signifi-
cant effects were seen for age > 70 years (OR = 0.65; p =
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TasLE 2. OpDs RaTtios oF IsoLATION OF COMMON BACTERIA FROM HEALTH-CARE ASSOCIATED VS. COMMUNITY-ACQUIRED
INTRA-ABDOMINAL INFECTIONS, EXCLUDING PATIENTS WITH SOLID ORGAN ALLOGRAFTS

Health-care Community
associated acquired
N = 619 N = 351 Odds
Pathogen (%) (%) ratio 95% CI
Gram-negative bacteria 260 (42.0) 142 (40.5) 1.07 0.82, 1.39
Escherichia coli 84 (13.6) 62 (17.7) 0.73 0.51, 1.05
Klebsiella pneumoniae 42 (6.8) 31 (8.8) 0.75 0.46, 1.22
K. oxytoca 7 (1.1) 9 (3.1) 0.43 0.16, 1.18
Enterobacter cloacae 27 (44) 4 (1.1) 3.96 1.37, 11.40
E. aerogenes 12 (1.9) 2 (0.57) 6.82 1.51, 30.71
Pseudomonas aeruginosa 32 (5.2) 7 (2.0) 2.68 1.17, 6.14
Citrobacter spp. 10 (1.6) 7 (2.0) 0.81 0.31, 2.15
Serratia spp. 7 (1.1) 0 — —
Proteus mirabilis 11 (1.8) 4 (1.1) 1.57 0.50, 4.97
Stenotrophomonas 10 (1.6) 2 (0.57) 2.87 0.62, 13.15
maltophilia
Acinetobacter spp. 3 (0.48) 0 — —
Gram-positive bacteria 322 (52.0) 165 (47.0) 1.11 0.85, 1.44
Staphylococcus aureus 57 (9.2) 29 (8.3) 0.88 0.56, 1.42
MRSA 38 (6.1) 9 (2.6) 2.53 1.21, 5.29
S. epidermidis/CNS 36 (5.8) 13 (3.7) 1.63 0.85, 3.12
All enterococci 168 (27.1) 30 (8.5) 4.00 2.63, 6.03
Enterococcus faecalis 91 (14.7) 23 (6.5) 2.46 1.52, 3.96
E. faecium 73 (11.8) 5 (1.4) 9.25 3.70, 23.12
VRE 36 (5.8) 4 (1.1 5.36 1.89, 15.18
Streptococcus spp. 46 (7.4) 77 (21.9) 0.30 0.20, 0.44
Anaerobic bacteria 135 (21.8) 94 (26.8) 0.63 047, 0.85
Bacteroides fragilis 43 (6.9) 20 (5.7) 1.23 0.73, 2.19
Other Bacteroides 14 (2.3) 4 (1.1) 2.01 0.66, 6.15
Prevotella spp. 6 (1.0) 2 (0.57) 1.71 0.34, 8.51
Unspeciated 72 (11.6) 68 (19.4) 0.55 0.38, 0.79
Fungi 226 (36.5) 63 (17.9) 2.63 1.91, 3.61
All Candida 184 (29.7) 52 (14.8) 243 1.73, 3.42
C. albicans 114 (18.4) 38 (10.8) 1.86 1.25, 2.76
C. glabrata 45 (7.3) 9 (2.6) 2.98 1.44, 6.17
Other Candida spp. 25 (4.0) 5 (14) 291 1.10, 7.68
Unspeciated yeast 42 (6.8) 11 (3.1) 2.29 1.16, 4.51

MRSA = methicillin-resistant S. aureus; CNS = coagulase-negative staphylococci; VRE = vancomycin-resistant enterococci (all were

E. faecium).

0.02), premorbid pulmonary diagnosis (OR =1.70; p =
0.001), treatment more than 10 days after admission (OR =
1.70; p =0.002), stomach as the source (OR =2.86; p =
0.005), duodenum as the source (OR = 4.62; p < 0.0001),
small bowel as the source (OR = 1.70; p = 0.04), and appen-
dix as the source (OR = 0.34; p = 0.014). It is possible that
other factors exist that are independently predictive of spe-
cific pathogens but not all resistant pathogens in general. Be-
cause it is possible that the presence of patients with allo-
grafts might have skewed the results significantly, Table 4
provides data similar to that found in Table 3, but excludes
transplant recipients. With the exception of a decrease in the
number of infections from a hepatobiliary source, there are
minimal differences between the overall cohort and the co-
hort excluding transplant patients.

Because many if not most community-acquired infections
are treated without cultures, a separate analysis of the risk
factors for the isolation of resistant pathogens from these in-
fections was compiled (Table 5). Although less frequently
than for health care-associated infections, one quarter of the

community-acquired infections nevertheless had the organ-
isms of interest recovered. The resistant pathogens recovered
from these patients included P. aeruginosa (N = 12), S. mal-
tophilia (N = 3), MRSA (N = 10), coagulase-negative staphy-
lococci (N = 15), VRE (N = 5), C. albicans (N = 42), non-albi-
cans Candida spp. (N = 17), and non-speciated yeast (N =
13). Risk factors for the isolation of resistant pathogens were
similar to those for all infections, and included corticosteroid
use, organ (especially liver) transplantation, pulmonary dis-
ease, a gastroduodenal source, and a clinically trivial
APACHE 1II score difference of two points. The length of stay
after the initiation of treatment was higher with resistant
pathogens, but the in-hospital mortality rates were nearly
identical in the two groups.

Because prediction of the presence of specific resistant
pathogens might be valuable when choosing antimicrobials
empirically, for example, administering fluconazole to pa-
tients at risk for candidal infection or linezolid to patients at
risk for VRE infections, Table 6 gives data regarding specific
clinical characteristics and outcomes for the resistant patho-
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TABLE 3. PATIENT CHARACTERISTICS AND OUTCOMES, RESISTANT VS. NON-RESISTANT
PATHOGENS, FOR ALL INTRA-ABDOMINAL INFECTIONS
Resistant Non-resistant
pathogens! pathogens Odds 95% CI or
(N = 493) (N = 689) ratio p value?
Demographics
Male (%) 275  (55.8) 384 (55.7) 0.99 0.79, 1.26
Age (years) 529 *= 0.62 54.1 = 0.68 0.22
APACHE II score® 149 = 0.34 12.2 £ 0.28 <0.0001
Health care-associated (%) 388 (78.7) 399 (57.9) 2.70 2.06, 3.50
In intensive care unit (%) 95 (19.3) 66 9.6) 2.25 1.60, 3.16
Days from admission to 10.6 = 0.90 5.0 = 0.42 <0.0001
treatment
Maximum temperature, °C 37.8 = 0.081 379 = 0.046 0.41
Maximum white blood cell 16.2 = 0.44 16.1 £ 0.32 0.78
count (1,000/mm?3)
Medical conditions (%)
Current corticosteroid use 147  (29.8) 140  (20.3) 1.67 1.27, 2.18
Solid organ transplant 107 (21.7) 105 (15.2) 1.54 1.14, 2.07
Liver transplant 89 (18.1) 83 (12.1) 1.61 1.16, 2.23
Kidney transplant 17 (3.5) 21 (3.1) 1.14 0.59, 2.18
Kidney/pancreas transplant 10 (2.0 6 (0.87) 2.36 0.85, 6.53
Diabetes mellitus 103 (20.9) 157 (22.8) 0.89 0.68, 1.19
Cardiac disease 87 (17.7) 113 (16.4) 1.09 0.80, 1.48
Malignant disease 63 (12.8) 98 (14.2) 0.88 0.63, 1.24
Baseline pulmonary disease 68  (13.8) 59 (8.6) 1.71 1.18, 2.47
Ventilator dependence 68 (13.8) 48 (7.0) 2.14 1.45, 3.15
Liver disease 59  (12.0) 50 (7.3) 1.74 1.17, 2.58
Dialysis dependence 47 9.5) 44 (6.4) 1.55 1.00, 2.37
Crohn’s disease/UC 33 (6.7) 47 (6.8) 0.98 0.62, 1.56
Source of infection
Stomach 28 (5.7) 21 (3.1) 1.92 1.07, 3.41
Duodenum 34 (6.9) 15 (2.2) 3.33 1.79, 6.18
Pancreas 28 (5.7) 44 (6.4) 0.88 0.54, 144
Liver/biliary 136 (27.6) 166 (24.1) 1.20 092, 1.56
Small bowel 95  (19.3) 119 (17.3) 1.14 0.85, 1.54
Appendix 8 (L.6) 61 (8.9) 0.17 0.081, 0.35
Colorectal 124 (25.2) 188  (27.3) 0.90 0.69, 1.17
Other/unknown 40 (8.1) 75  (10.9) 0.73 0.48, 1.08
Outcomes
Duration of antibiotic 17.4 = 0.90 14.0 = 0.44 0.0008
therapy (days)
Length of stay* 247 = 1.3 154 + 0.77 <0.0001
In-hospital death (%) 84 (17.0) 59 (8.6) 2.19 1.53, 3.13

Hncludes P. aeruginosa, S. maltophilia, Acinetobacter spp., methicillin-resistant S. aureus, coagulase-negative staphylococci, vancomycin-

resistant enterococci, or any fungi.

2Resistant pathogens/non-resistant pathogens; odds ratios with 95% confidence intervals for categorical variables; p value by Student

t-test for continuous variables.
3At time of diagnosis of intra-abdominal infection.
4From initiation of treatment for intra-abdominal infection.

APACHE = Acute Physiology and Chronic Health Evaluation; UC = ulcerative colitis.

gens of interest, including non-fermenting gram-negative
bacilli, resistant staphylococci, VRE, and fungi, as well as for
all enterococci. The ORs and 95% CI are from comparisons
with infections where no resistant pathogens were isolated
(see the third column of Table 3), except for all enterococcal
infections, which were compared with all other infections
not caused by enterococci or resistant pathogens. Not sur-
prisingly, the isolation of resistant pathogens was associated
with acquisition in a health care setting, particularly in the
ICU. Differences among the specific pathogens or classes

were noted. Non-fermenting gram-negative bacilli were as-
sociated with underlying lung disease, perhaps secondary to
oral or pulmonary colonization. Resistant staphylococcal in-
fections were associated with a pancreatic source and venti-
lator dependence, perhaps likewise secondary to coloniza-
tion by this organism. Analysis of MRSA infections alone
gave similar results. Infections with any Enterococcus were
associated with liver disease, including prior liver trans-
plantation, and a hepatobiliary or duodenal source, proba-
bly because of the ability of these organisms to grow in bile.
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TaBLE 4. PATIENT CHARACTERISTICS AND OUTCOMES, RESISTANT VS. NON-RESISTANT PATHOGENS,
FOR ALL INTRA-ABDOMINAL INFECTIONS EXCLUDING PATIENTS WITH SOLID ORGAN ALLOGRAFTS

Resistant Non-resistant
pathogens! pathogens Odds 95% CI or
(N = 371) (N = 599) ratio p value?
Demographics
Male (%) 275 (51.5) 319 (53.3) 0.93 0.72, 1.21
Age (years) 53.7 = 0.8 54.1 = 0.68 0.52
APACHE II score® 143 + 04 12.2 = 0.28 <0.0001
Healthcare-associated (%) 290 (78.2) 329  (54.9) 2.94 2.19, 3.94
In intensive care unit (%) 77 (20.8) 50 (8.3) 2.88 1.96, 4.22
Days from admission to 99 * 1.1 41+ 04 <0.0001
treatment
Maximum temperature, °C 379 + 0.1 379 £ 0.1 0.99
Maximum white blood cell 16.0 = 0.4 16.6 + 0.3 0.23
count (1,000/mm?)
Medical conditions (%)
Current corticosteroid use 53 (14.3) 43 (7.2) 2.12 1.38, 3.24
Diabetes mellitus 79 (21.3) 126 (21.0) 1.02 0.74, 1.40
Cardiac disease 63 (17.0) 103 (17.2) 0.99 0.70, 1.39
Malignant disease 52 (14.0) 96 (16.0) 0.85 0.59, 1.23
Baseline pulmonary disease 55 (14.8) 58 9.7) 1.62 1.09, 2.41
Ventilator dependence 56 (15.1) 41 (6.8) 242 1.58, 3.70
Liver disease 20 (5.4) 19 (3.2) 1.74 0.92, 3.30
Dialysis dependence 30 (8.1) 30 (5.0 1.67 0.99, 2.82
Crohn’s disease/UC 30 8.1) 43 (7.2) 1.14 0.70, 1.45
Source of infection
Stomach 28 (7.5) 21 (3.5) 2.25 1.26, 4.02
Duodenum 34 (9.2 15 (2.5) 391 2.11,7.32
Pancreas 26 (7.0) 40 (6.7) 1.05 0.63, 1.76
Liver/biliary 53  (14.3) 95 (15.9) 0.88 0.61, 1.27
Small bowel 83 (224) 111  (18.5) 1.27 0.92, 1.74
Appendix 8 (2.2) 60 (10.0) 0.20 0.09, 0.42
Colorectal 113 (30.5) 194 (324) 0.91 0.69, 1.21
Other /unknown 26 (7.0) 62 (10.4) 0.65 0.40, 1.05
Outcomes
Duration of antibiotic 164 = 0.6 13.2 = 0.44 <0.0001
therapy (days)
Length of stay* 251 * 1.6 149 = 0.8 <0.0001
In-hospital death (%) 53 (14.3) 50 (8.3) 1.82 1.21, 2.75

Uncludes P. aeruginosa, S. maltophilia, Acinetobacter spp., methicillin-resistant S. aureus, coagulase-negative staphylococci, vancomycin-

resistant enterococci, or any fungi.

ZResistant pathogens/non-resistant pathogens; odds ratios with 95% confidence intervals for categorical variables; p value by Student

t-test for continuous variables.
SAt time of diagnosis of intra-abdominal infection.
4From initiation of treatment for intra-abdominal infection.

APACHE = Acute Physiology and Chronic Health Evaluation; UC = ulcerative colitis.

Vancomycin-resistant enterococci were even more closely as-
sociated with immunosuppression, liver disease, and a
hepatobiliary source. Finally, the isolation of fungi was as-
sociated with steroid use, pulmonary disease, and a gastro-
duodenal or small bowel source. In general, outcomes were
worse for resistant pathogens, with the highest mortality rate
observed after infections caused by fungi or VRE.

Table 7 gives results of a multivariable analysis of risk fac-
tors for death after intra-abdominal infections to analyze the
importance of resistance in outcome. When developing the
model, a strong interaction between solid organ transplan-
tation and death after infections with resistant organisms
was revealed. In terms of crude mortality rate, the following
observations were made: Mortality rate for non-transplant

patients with non-resistant infections 49/584 (8.4%) vs.
54/386 (14.0%) for non-transplant patients with resistant in-
fections (p = 0.008); mortality rate for solid organ transplant
patients with non-resistant infections 10/105 (9.5%) vs.
30/107 (28.0%) for solid organ transplant patients with re-
sistant infections (p = 0.001). Therefore, the final model in-
cluded the interaction term “Resistant organism + solid or-
gan transplant.” The logistic regression model demonstrated
excellent statistical performance (c statistic 0.887; R? = 0.226).
Not surprisingly, multiple measures of acute and chronic ill-
ness were associated with death, although after APACHE II
score, the strongest predictor was intra-abdominal infection
with a resistant organism in the setting of solid organ trans-
plantation. These data suggest that after adjusting for other
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TABLE 5. PATIENT CHARACTERISTICS AND OUTCOMES, RESISTANT VS. NON-RESISTANT
PATHOGENS, FOR COMMUNITY-ACQUIRED INFECTIONS
Resistant Non-resistant
pathogens! pathogens Odds 95% CI or
(N = 105) (N = 290) ratio p value?
Demographics
Male (%) 58 (55.2) 150 (51.7) 1.15 0.55, 1.36
Age 527 + 1.6 53.5 + 0.99 0.65
APACHE 1I score® 12.8 + 0.64 10.8 = 0.40 0.0090
Maximum temperature, °C 37.8 = 0.10 37.6 = 0.08 0.89
Maximum white blood cell 152 = 0.94 15.3 = 0.50 0.91
count (1,000/mm?3)
Medical conditions (%)
Current corticosteroid use 28  (26.7) 39 (13.5) 2.34 1.35, 4.05
Solid organ transplant 18 (17.2) 26 9.0 2.10 1.10, 4.02
Liver 14 (13.3) 20 (6.9) 2.07 1.01, 4.28
Kidney 2 (1.9 6 2.1) 0.92 0.18, 4.63
Kidney/pancreas 1 (0.95) 3  (1.03) 0.92 0.095, 8.94
Diabetes mellitus 20 (19.5) 63 (21.7) 0.85 0.48, 1.49
Cardiac disease 20 (19.5) 44  (15.2) 1.32 0.73, 2.36
Malignant disease 12 (11.4) 37  (12.8) 0.88 044, 1.76
Baseline pulmonary disease 21 (20.0) 27 9.3) 2.44 1.31, 4.53
Liver disease 8 (7.6) 19 (6.6) 1.18 0.50, 2.78
Dialysis dependence 4 (3.8) 5 (1.7) 2.26 0.59, 857
Crohn’s disease/UC 8 (7.6) 18 (6.2) 1.24 0.53, 2.96
Source of infection
Stomach 10 (9.5) 10 (3.5) 2.94 1.12, 7.30
Duodenum 11  (10.5) 7 (2.5) 4.73 1.79, 12.55
Pancreas 8 (7.6) 10 (3.5) 2.31 0.89, 6.02
Liver/biliary 23 (21.9) 71 (24.5) 0.87 0.51, 1.48
Small bowel 18  (17.1) 32 (11.0) 1.67 0.89, 3.12
Appendix 4 (3.8) 46  (15.9) 0.21 0.074, 0.60
Colorectal 26 (24.8) 93 (32.1) 0.70 042, 1.16
Other/unknown 5 4.8) 21 (7.2) 0.64 024, 1.74
Outcomes
Duration of antibiotic 151 £ 1.2 12.9 + 0.80 0.15
therapy
Length of stay (days)* 162 + 1.9 10.8 = 0.78 0.011
In-hospital death (%) 7 (6.7) 18 (6.2) 1.08 044, 2.67

"Includes P. aeruginosa, S. maltophilia, Acinetobacter spp., methicillin-resistant S. aureus, coagulase-negative staphylococci, vancomycin-

resistant enterococci, or any fungi.

2Resistant pathogens/non-resistant pathogens; odds ratios with 95% confidence intervals for categorical variables; p value by Student

t-test for continuous variables.
3At time of diagnosis of intra-abdominal infection.
4From initiation of treatment for intra-abdominal infection.

APACHE = Acute Physiology and Chronic Health Evaluation; UC = ulcerative colitis.

variables, the added burden of resistance affects immuno-
suppressed transplant patients disproportionately.

Discussion

The optimal management of intra-abdominal infections
depends on several factors, including adequate source con-
trol, physiologic resuscitation and support, and administra-
tion of appropriate antibiotics. A deficiency in any of these
areas could increase the risk of failure, manifested as recur-
rent infection or death. For the purpose of the current paper,
however, “high risk” is meant to refer to patients at increased
risk of having pathogens that may not be sensitive to the
broad-spectrum antibacterial agents recommended for seri-
ous intra-abdominal infections.

Generally, the most important factors in predicting the
presence of resistant pathogens in intra-abdominal infections
appear to be acquisition in a health care setting (particularly
if the patient becomes infected in the ICU or has been hos-
pitalized for more than one week), corticosteroid use, organ
transplantation, baseline pulmonary or hepatic disease, and
the duodenum as the source of infection. On the other hand,
sex, age, diabetes mellitus, malignant disease, and severity
of illness per se probably are not significant differentiating
factors in terms of pathogen sensitivity. This does not imply,
however, that severity of illness should not be considered
when choosing antibiotics, because it is plausible that a de-
lay in the administration of effective antibiotics may be more
burdensome to critically ill patients than to those who are
relatively healthy.
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TABLE 6. PATIENT CHARACTERISTICS AND ODDS RATIOS (85% CONFIDENCE INTERVALS) OF FINDING
THAT CHARACTERISTIC AMONG PATIENTS WITH SPECIFIC RESISTANT PATHOGENS
COMPARED WITH INTRA-ABDOMINAL INFECTIONS WITH NO RESISTANT PATHOGENS

Non-
fermenting
gram Resistant All
negative’ staphylococci® enterococci® VRE* Fungi®
(N = 35) (N = 74) (N = 161) (N = 39) (N = 267)
Demographics
Male 1.73 1.23 0.88 0.75 0.90
(0.84, 3.59) (0.75, 2.01) (0.62, 1.24) (0.40, 1.44) (0.68, 1.20)
Age 50.7 = 3.38 50.0 = 1.58 55.1 + 1.22 50.5 = 2.31 542 + 0.92
APACHE 1I score® 159 = 15 13.2 £ 0.9 15.0 = 0.6 16.7 = 1.0 14.7 = 0.5
Healthcare- 1.59 1.83 3.16 6.35 2.40
associated (0.76, 3.29) (1.08, 3.11) (2.09, 4.78) (2.24, 18.09) (1.74, 3.32)
In intensive care unit 2.80 2.40 3.11 4.72 1.86
(1.22, 6.41) (1.29, 4.47) (1.91, 5.05) (2.31, 9.62) (1.23, 2.81)
Days from admission 13.0 = 3.4 84 +23 119 = 15 233 £ 4.1 71 =09
to treatment
Maximum 38.2 + 0.2 38.0 = 0.1 379 = 0.1 379 = 0.2 379 = 0.1
temperature, °C
Maximum white 20.0 £ 2.0 158 =+ 1.4 175 = 0.8 16.7 = 1.9 159 + 0.5
blood cell count
(1,000/ mm?3)
Medical conditions
Corticosteroid use 1.16 0.68 2.61 7.00 1.52
(0.52, 2.61) (0.35, 1.33) (1.78, 3.84) (3.55, 13.82) (1.11, 2.12)
Solid organ allograft 0.93 0.67 3.13 7.20 1.25
(0.35, 2.44) (0.31, 1.45) (2.08, 4.72) (3.70, 14.01) (0.86, 1.81)
Liver 0.94 0.76 3.47 6.94 1.28
(0.32, 2.74) (0.34, 1.72) (2.24, 5.39) (3.55, 13.53) (0.86, 1.93)
Kidney 0.94 0.44 0.98 1.72 1.10
(0.12, 7.16) (0.058, 3.29) (0.36, 2.68) (0.39, 7.62) (0.51, 2.45)
Kidney/pancreas — — 1.41 3.00 2.17
(0.27, 7.36) (0.35, 25.51) (0.66, 7.18)
Diabetes mellitus 0.44 1.34 1.46 0.28 0.96
(0.15, 1.26) (0.79, 2.29) (0.98, 2.19) (0.089, 0.93) (0.68, 1.35)
Cardiac disease 1.05 0.36 0.84 0.58 1.35
(0.43, 2.60) (0.15, 0.94) (0.52, 1.37) (0.20, 1.67) (0.95, 1.93)
Malignant disease 0.78 1.05 1.13 0.33 0.85
(0.27, 2.25) (0.54, 2.07) (0.69, 1.86) (0.077, 1.37) (0.56, 1.30)
Baseline pulmonary 2.67 1.48 1.06 1.94 1.77
disease (1.12, 6.37) (0.70, 3.12) (0.58, 1.94) (0.78, 4.83) (1.15, 2.74)
Ventilator 2.23 2.33 2.61 4.01 1.95
dependence (0.83, 6.00) (1.15, 4.72) (1.49, 4.58) (1.80, 8.92) (1.23, 3.10)
Liver disease 1.20 1.77 2.51 5.02 1.38
(0.35, 4.05) (0.83, 3.76) (1.45, 4.34) (2.36, 10.68) (0.84, 2.27)
Dialysis dependence 3.03 1.06 4.37 3.78 1.05
(1.19, 7.69) 041, 2.77) (2.46, 7.78) (1.64, 8.72) (0.60, 1.87)
Crohn’s disease/UC — 1.43 0.22 0.74 1.27
(0.62, 3.28) (0.07, 0.70) (0.17, 3.16) (0.68, 1.99)
Source of infection
Stomach — 0.88 1.25 1.71 2.16
(0.20, 3.84) (0.49, 3.23) (0.39, 7.61) (1.12, 4.17)
Duodenum 2.72 0.62 2.82 1.18 4.03
(0.60, 12.40) (0.080, 4.73) (1.03, 7.69) (0.15, 9.19) (2.06, 7.90)
Pancreas 0.43 2.29 2.73 1.68 0.57
(0.058, 3.22) (1.10, 4.77) (1.49, 4.99) (0.57, 4.93) (0.28, 1.15)
Liver/biliary 1.44 1.09 1.83 2.70 0.97
(0.69, 3.01) (0.62, 1.89) (1.25, 2.67) (1.41, 4.19) (0.70, 1.36)
Small bowel 0.29 1.12 1.17 0.55 1.45
(0.067, 1.23) (0.60, 2.07) (0.74, 1.84) (0.19, 1.57) (1.02, 2.05)
Appendix 1.32 — 0.11 0.27 0.12
(0.45, 3.89) (0.03, 0.44) (0.037, 2.01) (0.04, 0.38)
Colorectal 1.07 0.99 0.46 0.39 1.02

(0.50, 2.26) (0.58, 1.69) (0.29, 0.73) (0.15, 1.02) (0.74, 1.40)
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TABLE 6. PATIENT CHARACTERISTICS AND ODDS RATIOS (85% CONFIDENCE INTERVALS) OF FINDING
THAT CHARACTERISTIC AMONG PATIENTS WITH SPECIFIC RESISTANT PATHOGENS
COMPARED WITH INTRA-ABDOMINAL INFECTIONS WITH NO RESISTANT PATHOGENS (CONT’D)
Non-
fermenting
gram Resistant All
negative! staphylococci® enterococci® VRE* Fungi®
(N = 35) (N = 74) (N = 161) (N = 39) (N = 267)
Other/unknown 1.36 0.99 0.74 0.94 0.52
(0.51, 3.62) (0.46, 2.14) (0.40, 1.35) (0.32, 2.71) (0.30, 0.91)
Outcomes
Duration of antibiotic 149 £ 13 14.8 = 0.9 155 = 0.8 182 = 1.6 18.1 = 1.6
therapy
Length of stay 25.7 = 6.3 24.8 £ 3.5 215 = 1.7 239 = 3.2 23.8 =+ 1.8
(days)”
In-hospital death 1.78 1.29 1.62 3.68 1.88
(0.67, 4.76) (0.59, 2.83) (0.94, 2.80) (1.71, 7.93) (1.23, 2.89)

Shaded boxes indicate p < 0.05 by Student’s f-test or 95% confidence does not cross 1 compared to infections with no resistant organisms
(see Table 3), except for values for all enterococcal infections, which are compared with all infections without resistant pathogens or

Enterococcus spp.
Uncludes P. aeruginosa, S. maltophilia, and Acinetobacter spp.

2Includes methicillin-resistant S. aureus and coagulase-negative staphylococci.

®Includes vancomycin-resistant and -resistant strains.
#Vancomycin-resistant enterococci; all were E. faecium.

SIncludes all Candida spp., non-speciated yeast, Aspergillus spp., and other fungi.

At time of diagnosis of intra-abdominal infection.
7From initiation of therapy for intra-abdominal infection.
UC = ulcerative colitis.

One of the underlying premises of trying to match empiric
antimicrobial therapy with probable pathogens on the basis
of presenting patient characteristics is the idea that early ad-
equate therapy for all isolated pathogens will lead to better
outcomes. This concept is far from proved. The need to di-
agnose and treat both enterococci and Candida spp. specifi-
cally continues to be unclear, with recommendations gener-
ally leaning toward treatment only in immunosuppressed or
critically ill patients [1, 3]. On the other hand, Montravers et
al. reported a mortality rate of 16% for patients with post-
operative peritonitis who received adequate initial empiric
antimicrobial therapy vs. 45% for those who did not [5], im-
plying that for complex cases of intra-abdominal infection, a
more aggressive spectrum of empiric therapy may be war-
ranted.

For certain infections such as straightforward community-
acquired infections or infections with diffuse fecal soilage,
where thousands of species of organisms co-exist, the utility
of peritoneal cultures is unclear. Some authorities argue for
the practice [6], whereas others argue just as strongly against
it [7]. Commonly, it is recommended that patients with post-
operative, tertiary, and other forms of health care-associated
peritonitis undergo culture because of the greater likelihood
of isolation of nosocomial pathogens, and there is some ev-
idence to support this approach [1, 3]. For example, Mon-
travers et al., using multivariable analysis, noted that the iso-
lation of Candida spp. from the abdomen was predictive of
death in nosocomial but not community-acquired infections,
implying that cultures might not be worthwhile in commu-
nity-acquired peritonitis [8]. These data are similar to our
own, where Candida spp. were the most common resistant
isolates from community-acquired infections, yet there was

no increase in the mortality rate (5.9%) despite the use of an-
tifungal agents in only about one-half of these cases (data
not shown), whereas we have reported that for all infected
surgical patients, the isolation of fungi is an independent pre-
dictor of death [9]. Thus, the routine culturing of the peri-
toneal cavity during community-acquired intra-abdominal
infections cannot be recommended because there is little ev-
idence that this practice alters outcomes.

One weakness of our study is that we do not have reliable
data on two important aspects that should be considered
when deciding on the empiric therapy for intra-abdominal
infections, namely recent antibiotic use and documented col-
onization with resistant pathogens. Data from studies of ter-
tiary peritonitis show clearly that antimicrobial therapy for
infection influences the flora of subsequent intra-abdominal
infections [10, 11]. Although we did not specifically study
antimicrobial use prior to the treatment of intra-abdominal
infection in our population, it is likely that a large part of the
relation between health care-associated and ICU-acquired in-
fections and the isolation of resistant pathogens relates to
previous antibiotic exposure. We have demonstrated that
confirmed colonization with resistant gram-positive patho-
gens is highly associated with subsequent infections with
those pathogens among surgical patients [12].

One point that cannot be overemphasized in interpreting
our data is the selected patient population. As a tertiary re-
ferral center with a large number of transplant recipients,
our results certainly are not typical compared with those of
many other hospitals. In addition, even our community-ac-
quired infections may not represent a normal distribution,
because many patients are referred to us because of co-mor-
bidities. Therefore, the relatively low rate of isolation of E.
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TaBLE 7. RESULTS OF LOGISTIC REGRESSION ANALYSIS EXAMINING INFLUENCE
OF CLINICAL FAcTORs ON IN-HosPITAL DEATH

95% Confidence

Odds value interval P value

Demographics
Male sex 0.87 0.55, 1.37 0.54
Age =70 years 3.81 2.22, 6.54 <0.0001
APACHE II' = 20 5.24 3.23, 8.53 <0.0001
In intensive care unit 3.53 1.78, 7.02 0.0003
Days from admission to 1.32 0.76, 2.27 0.32

treatment = 10

Maximum temperature = 38.5°C 0.31 0.18, 0.54 <0.0001
Maximum white blood 1.18 0.73, 1.90 0.50
cell = 20,000/mm?3

Medical conditions
Corticosteroid use 1.32 0.65, 2.64 0.44
Solid organ allograft 0.47 0.14, 1.57 0.22
Diabetes mellitus 1.15 0.69, 1.91 0.59
Cardiac disease 2.12 1.26, 3.57 0.0048
Malignant disease 341 1.97,5.93 <0.0001
Baseline pulmonary disease 1.54 0.85, 2.81 0.16
Ventilator dependence 1.78 0.87, 3.68 0.11
Liver disease 2.84 1.42, 5.68 0.0032
Dialysis dependence 2.39 1.25, 4.56 0.0084
Infection with resistant 1.39 0.83, 2.30 0.21

organism?
Interaction terms?
Resistant organism + solid 5.18 1.60, 16.8 0.0061

organ allograft

1At time of diagnosis of intra-abdominal infection.

2Includes P. aeruginosa, S. maltophilia, Acinetobacter spp., methicillin-resistant S. aureus, coagu-
lase-negative staphylococci, vancomycin-resistant enterococci, or any fungi.

STests for synergistic effect of one or more terms in combination, independent of individual

contribution of each.

APACHE = Acute Physiology and Chronic Health Evaluation.

¢ statistic = 0.887; R2 = 0.226.

coli and B. fragilis may well be secondary to the biased pop-
ulation that presents to our medical center, different from
those at other hospitals or enrolled in pharmaceutical trials.
These differences in patient population should be taken into
account when interpreting our data. In addition, even the
flora isolated from hospital-acquired infections will differ
among centers. For example, Montravers et al. [13] noted that
fewer than 10% of patients with non-postoperative nosoco-
mial intra-abdominal infections had fungi isolated, vs. 37%
in our health care-associated population, highlighting the
variable nature of patients who superficially might seem ho-
mogeneous.

The data presented are intended to help guide empiric
therapy that is, by definition, a guess. The implications of
our observations need to be tempered by the characteristics
of the local flora; for example, some hospitals have few or
no VRE, and an agent specific for this pathogen should not
be part of any empiric regimen. Nevertheless, some general
suggestions can be made for the specific pathogens studied.
Empiric therapy for non-fermenting gram-negative bacilli or
resistant staphylococci, including MRSA, probably can be re-
served for patients known to be colonized or infected pre-
viously with these pathogens. Some form of enterococcal
coverage should be considered for anything other than

straightforward community-acquired infections in immuno-
competent hosts, and empiric therapy for VRE probably is
indicated for liver transplant patients. Similarly, empiric
therapy with an antifungal agent may be reasonable for any
infection other than those acquired in the community, and
may be indicated especially for infections from an upper gas-
trointestinal source.

Overall, our data support the idea that health care as-
sociation and the presence of iatrogenic immunosuppres-
sion should lead one to consider the broadening of empiric
antimicrobial therapy for intra-abdominal infections [1, 2].
Naturally, local endemicity patterns also need to be con-
sidered, such as the rate of colonization with VRE. Our
data suggest further that emphasis ought to be put on ad-
equate empiric enterococcal and fungal activity for these
patients, as resistant gram-negative bacilli are still un-
common isolates. In addition, certain associations imply
even more targeted therapy in certain patient populations,
such as using empiric antimicrobials with VRE activity in
liver transplant recipients with intra-abdominal infections.
Of course, prospective data from other centers are needed
to confirm these relations, and local epidemiology always
needs to be considered when empiric antibiotic regimens
are chosen.
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