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Objectives: The objective of this study is to describe the frequency of inappropriate
empirical antibiotic therapy in secondary intra-abdominal infection and to identify the
possible relationship between inappropriateness and some clinical outcomes.
Methods: A retrospective descriptive multicenter study was conducted using hospital
secondary databases developed at two university hospitals located in northeast Spain.
Participants were patients 18 years of age or older who were diagnosed with
community-acquired intra-abdominal infections between January 1, 1998, and December
31, 2000, identified through computerized patient records using ICD-9 codes.
Appropriateness of empirical treatment was defined according to the recommendations of
the literature. The clinical outcome of each patient was classified as one of the following:
(i) resolved with initial therapy, (ii) required second-line antibiotics, (iii) required
re-operation, or (iv) in-hospital death. The Fisher’s exact test or the Chi-squared test for
categorical variables and the t-test or Mann–Whitney test for continuous variables were
used for comparing groups. Conditional logistic and linear regression analyses were also
applied.
Results: Of 376 cases, 51 cases (13.6 percent, 95 percent confidence interval,
10–17 percent) received inappropriate empirical antibiotic therapy according to the
scientific literature. Inappropriate initial empirical treatment was significantly associated
with the need for a second line of antibiotics (p < .001), although not with re-operation,
mortality, or length of hospitalization.
Conclusions: Approximately 14 percent of the patients received inappropriate empirical
antibiotic treatment. Worse clinical outcomes consistently were observed in the group of
patients receiving inappropriate empirical treatment. The appropriateness of antibiotic
treatment for a given infection, in light of the availability of clearly defined clinical
guidelines is an easily evaluated aspect of the quality of care.

This study has been carried out within the framework of the Network of Excellence IRYSS G03/202, supported by funds from the Instituto de Salud
Carlos III.
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Secondary intra-abdominal infection, usually due to diges-
tive tract or biliary tree affection, is a process associated
with high morbidity and mortality (15). A wide range of
mortality rates (up to 60 percent) have been reported for
different series, depending on the cause and severity of the
infection (11). The therapeutic approach to this process is
mainly based on providing general support, early surgical
intervention to control the focus of the infection, and appro-
priate antibiotic treatment (17). Initial antibiotic treatment is
applied empirically and, in cases in which no biological sam-
ples are obtained at any time, the treatment will be continued
or changed depending on the changing status of the patient.

The appropriateness of a given clinical intervention as
an integral part of the healthcare process is a determining
factor in the outcomes observed. The choice of an antibiotic
drug will depend on the pathogens responsible and the results
of the susceptibility testing and on the prevailing definition
of appropriate antibiotic treatment. Some clinical outcomes,
including resolution of the process, complications, adverse
effects, the need for re-intervention, length of hospitalization,
patient satisfaction, or even survival, will be influenced by the
appropriateness of the initial empirical antibiotic treatment
(2). Choosing an inappropriate antibiotic seems to increase
the risk of in-hospital death (12). Adjusted in-hospital mor-
tality as a measurement of clinical outcome has been reported
to be an indicator directly related to quality of care (7).

The relationship between the appropriateness of antibi-
otic treatment and the clinical outcome for intra-abdominal
infection, as a paradigm for acute disease and maximum
severity, has not been evaluated in our environment. For this
reason, we designed this study with the aims of (i) describ-
ing the frequency of inappropriate antibiotic therapy in initial
empirical treatment for secondary intra-abdominal infection,
and (ii) identifying the possible relationship between inap-
propriateness and some clinical outcomes or the use of ser-
vices.

METHODS

A retrospective descriptive multicenter study of a cohort of
patients diagnosed of community-acquired intra-abdominal
infections between January 1, 1998, and December 31, 2000,
in the Corporació Sanitària Parc Taulı́ and the Hospital del
Mar, both of which are university hospitals located in north-
east Spain. These hospitals serve populations of 400,000 and
250,000, respectively.

Patients

Potential patients with community-acquired intra-abdominal
infections were identified through computerized patient

records using ICD-9-CM codes. Inclusion criteria were age
18 years or older and at least one of the following: acute
onset of community-acquired intra-abdominal infection re-
quiring surgical intervention, peritonitis requiring surgical
treatment, perforated appendicitis, appendicular abscess, per-
forated diverticulitis, gangrenous or perforated gallbladders,
gangrenous bowel, perforated ulcer disease, or small-bowel
perforations with intra-abdominal infection confirmed at
surgery. Exclusion criteria were nosocomial infections (i.e.,
infections occurring after 3 days of hospital admission), peri-
tonitis related to peritoneal dialysis or infected ascites, pri-
mary peritonitis or peritonitis secondary to infection at a re-
mote site, peritonitis occurring after an elective operation
with antibiotic coverage, and emergency intra-abdominal
surgery without established peritonitis. Only the first hospi-
talization for each patient during the period was considered.

Sources of Information

Different hospital registers were used to obtain values for the
different variables (between parentheses): the admissions log
(date of birth, gender, dates of admission and discharge, cod-
ified main and secondary diagnoses, codified main and sec-
ondary procedures, destination at discharge), the pharmacy
register (drug used, dates administered, dosage, daily dosage,
means of administration), the microbiology laboratory reg-
ister (sample origin, date of obtainment of sample, germs
isolated, sensitivity analyses), the surgical register (date(s)
of intervention, surgical procedures).

Appropriateness of Antibiotic Treatment

Initial empirical treatment was defined as that used during the
first 48 hours after admission. Appropriateness of empirical
treatment was based on the recommendations of the litera-
ture: (i) Appropriate when beta-lactamase-producing gram-
negative bacteria and/or anaerobes were considered to be
covered by the antibiotics used initially for empirical therapy
according to the scientific literature (9;14); (ii) Inappropri-
ate when at least one of the above bacteria was likely to be
resistant to the antibiotics used initially for empirical therapy.

Clinical Outcomes Evaluated

The clinical outcome of each patient was classified as one of
the following: (i) resolved with initial therapy, (ii) required
second-line antibiotics, (iii) required re-operation, or (iv) in-
hospital death. The following definitions were used: (i) In-
fection resolved with initial therapy, when no modification of
the initial antibiotic therapy was undertaken during hospital-
ization, the administration of antibiotics was changed from
parenteral to oral, triple therapy was changed to double ther-
apy, or double therapy was changed to monotherapy without
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Table 1. Outcomes, Overall and According to the Appropriateness of Initial Empiric Antibiotic Therapya

Total Appropriate therapy Inappropriate therapy
Relative risk

N = 376 (Col. %) N = 325 (Raw %) N = 51 (Raw %) p value [95% CI]

Resolved with initial 239 63.6% 220 92.1% 19 7.9% <.001 0.34 [0.20–0.58]
therapy

Required second-line 46 12.2% 29 63.0% 17 37.0% <.001 3.59 [2.19–5.88]
antibiotics

Required re-operation 39 10.4% 32 82.1% 7 17.9% .46 1.37 [0.67–2.84]
In-hospital mortality 52 13.8% 44 84.6% 8 15.4% .67 1.16 [0.58–2.32]
Length of stay

Mean (SD) 18.64 (23.95) 18.22 (22.6) 21.35 (31.34) .36 3.14b [−5.99–12.27]
Median 10 10 9

a Using p, significance of Mann–Whitney U -test, Fisher’s exact test, or Chi-squared test, when appropriate.
b Difference of means for inappropriate–appropriate.
SD, standard deviation; CI, confidence interval.

increasing the spectrum of activity; (ii) Infection requiring
second-line antibiotics, when a parenteral drug was added or
changed to broaden coverage; (iii) Infection resolved with
additional surgical therapy, for example, wound debride-
ment, intra-abdominal surgery, or percutaneous drainage;
(iv) in-hospital death, when a patient died during hospital-
ization. Mortality was considered the primary outcome mea-
sure, whereas the others were considered secondary outcome
measures. The length of stay (LOS) was also calculated as a
measure of healthcare consumption.

Statistical Analyses

Comparisons of the outcomes between groups defined by
the appropriateness of the initial empirical antibiotic therapy
were performed using the Fisher’s exact test or the Chi-
squared test for categorical variables and the t-test or Mann–
Whitney test for continuous variables. The relative risks and
the difference of means were also calculated. Conditional lo-
gistic and linear regression analyses were used to assess the
effect of appropriateness of the initial antibiotic therapy on
the probability of in-hospital mortality, on the probability of
failure to resolve with initial therapy, and on the mean loga-
rithm of length of stay, adjusting for center and sociodemo-
graphic and clinical variables. Resulting coefficients of the
logarithm of length of stay regression were re-transformed to
the original scale. Specifically, severity was analyzed using
the Charlson Index (3). Significance was set at 0.05 for all
comparisons and used as a criterion to select variables for
inclusion in the final models.

RESULTS

A total of 376 patients fulfilled the inclusion criteria.
According to the definition of appropriateness, 51 cases
(13.6 percent, 95 percent confidence interval, 10–17 percent)
received inappropriate empirical antibiotic therapy.

As shown in Table 1, the infectious process was resolved
without changes to the initial empirical treatment in most pa-

tients, the antibiotic was changed without re-intervention in
12.2 percent, whereas 10.4 percent required a second ab-
dominal intervention (with or without a change of antibi-
otics), and 13.8 percent died in the hospital. In the bivariate
analysis, statistically significant associations were observed
between inappropriate initial empirical antibiotic treatment
and resolution of the infectious process with the initial an-
tibiotic treatment, as well as between inappropriate therapy
and the need for a second line of antibiotics, but not with
other outcome variables defined. The mortality rate was
16.3 percent higher in those patients receiving inappropri-
ate initial therapy than in those receiving appropriate initial
therapy (13.5 percent vs. 15.7 percent), although this dif-
ference did not reach statistical significance. As shown in
Table 2, after adjusting for the rest of the variables, infection
of the upper gastrointestinal tract or colon, very advanced
age, and greater comorbidity (Charlson index score ≥3) in-
dependently increased the probability of in-hospital death,
although inappropriateness of initial therapy again failed to
reach statistical significance. Similar results were obtained
for not being resolved with initial therapy (Table 3). In this
case, patients with inappropriate initial therapy presented a
statistically significant odds ratio of 4.4 for not being re-
solved with initial therapy. Finally, when considering the
LOS (Table 4), age increased the LOS by 0.6 percent for
each additional year, nonappendicular lower gastrointestinal
tract infection increased the LOS by 60 percent with respect
to appendicular infection, and the presence of comorbidities
increased LOS by approximately 80 percent as expressed
by the Charlson score, although no association was observed
between LOS and the appropriateness of empirical treatment.

DISCUSSION

According to our findings, approximately 14 percent of the
patients studied received inappropriate antibiotic treatment.
Inappropriate treatment involved a greater than fourfold risk
of not being resolved with the initial treatment. Although
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Table 2. Raw and Adjusted Odds Ratios for In-hospital Mortalitya

Deaths

n/N Raw % Relative risk [95% CI] Raw OR [95% CI] Adjusted OR [95% CI]

Initial therapy
Appropriate 44/325 13.5 1 1 1
Inappropriate 8/51 15.7 1.16 [0.58–2.32] 1.19 [0.52–2.70] 1.62 [0.60–4.41]

Age (yr)
<75 18/293 6.0 1 1 1
≥75 34/83 41.0 6.67 [3.98–11.18] 10.6 [5.55–20.25] 9.30 [4.29–20.16]

Site of infection
Appendix 3/156 2.0 1 1 1
Upper GI 22/111 20.0 10.31 [3.16–33.59] 12.61 [3.67–43.31] 6.80 [1.77–26.15]
Colon 27/109 25.0 12.88 [4.01–41.40] 16.79 [4.95–57.03] 6.55 [1.73–24.73]

Charlson Index
0 16/263 6.1 1 1 1
1, 2 11/69 15.9 2.62 [1.28–5.39] 2.92 [1.29–6.64] 1.64 [0.66–4.08]
3+ 25/44 56.8 9.34 [5.44–16.03] 20.31 [9.29–44.40] 12.63 [4.29–20.16]

a Model adjusted by center. Hosmer and Lemeshow Chi-squared statistic = 2.196; p = .948.
CI, confidence interval; GI, gastrointestinal; OR, odds ratio.

Table 3. Raw and Adjusted Odds Ratios for not Being Resolved with Initial Therapy

Not resolved with initial therapy

n/N Raw % Relative risk [95% CI] Raw OR [95% CI] Adjusted OR [95% CI]

Initial therapy
Appropriate 105/325 32.3 1 1 1
Inappropriate 32/51 62.7 1.94 [1.49–2.53] 3.53 [1.91–6.52] 4.41 [2.21–8.82]

Age (yr)
<75 86/293 29,4 1 1
≥75 51/83 61.4 2.09 [1.64–2.68] 3.84 [2.31–6.38] 2.67 [1.49–4.77]

Site of infection
Appendix 30/156 19.2 1 1 1
Upper GI 50/111 45.0 2.34 [1.60–3.44] 3.44 [1.99–5.94] 1.83 [0.99–3.40]
Colon 57/109 52.3 2.72 [1.88–3.53] 4.6 [2.66–7.96] 2.3 [1.23–4.34]

Charlson Index
0 63/263 24.0 1 1 1
1, 2 39/69 56.5 2.36 [1.75–3.18] 4.13 [2.37–7.18] 3.2 [1.74–5.88]
3+ 35/44 79.5 3.32 [2.55–4.32] 12.35 [5.63–27.08] 9.77 [4.17–22.87]

a Model adjusted by center. Hosmer and Lemeshow Chi-squared statistic = 19.97; p = .006.
CI, confidence interval; GI, gastrointestinal; OR, odds ratio.

greater risk of re-intervention or in-hospital death in cases
of inappropriate empirical treatment was not statistically sig-
nificant, worse clinical outcomes consistently were observed
in the group of patients receiving inappropriate empirical
treatment. Likewise, LOS was 5 percent greater in patients
receiving inappropriate treatment. Although this difference is
not considerable quantitatively, its impact cannot be ignored.

Mortality was 16 percent higher in patients receiving
inappropriate empirical treatment, with a difference in ab-
solute risks of 2.2 points. This finding means that one more
death was observed for every six patients in the group re-
ceiving inappropriate empirical therapy than in the group
receiving appropriate treatment. The adjusted model, how-
ever, showed that this estimation, although higher, did not
reach statistical significance. In fact, in-hospital death seems

to be the result of the interaction between severity of the
disease or diseases diagnosed, other patient characteristics,
and healthcare procedures. Secondary intra-abdominal in-
fection that requires surgical intervention is an acute process
with elevated risk of death in which the characteristics of
the infection itself and the severity of the patient’s condition
might be the factors most clearly related to the probabil-
ity of failure to resolve the process and, therefore, of death
(4). Indeed, in the adjusted analysis of mortality, the coeffi-
cients estimated and their respective confidence intervals for
the variables included corroborate this statement. Contrar-
ily, the site of infection, used as an indicator of the type of
germ involved and as a factor related to the severity of the
infection, is clearly independently associated with the clini-
cal outcomes evaluated, especially with regard to the colon.
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Table 4. Mean Length of Stay and Multiple Linear Regression for Length of Staya

Multiplicative
n Mean LOS (SD) p value Coefficient [95% CI] factor for LOSb

Initial therapy
Appropriate 325 18.22 (22.60) .50
Inappropriate 51 21.35 (31.34) 0.052 [−0.18–0.280] 1.053

Age (yr) .02 0.006 [0.001–.010] 1.006
Site of infection

Appendix 156 11.3 (13.1) <.001
Upper GI 111 21.6 (26.8) 0.34 [0.15–0.54] 1.405
Colon 109 26.0 (29.5) 0.47 [0.27–0.68] 1.600

Mortality
Alive 324 17.60 (22.77) .09
Dead 52 25.13 (29.70) −0.45 [−0.7–0.18] 0.638

Charlson Index
0 263 13.2 (15.2) <.001
1, 2 69 32.3 (36.5) 0.58 [0.37–0.79] 1.786
3+ 44 30.0 (29.7) 0.64 [0.36–0.92] 1.896

a Model adjusted for center. Adjusted R2 = 23.3%.
b exp (coefficient).
CI, confidence interval; LOS, length of stay; GI, gastrointestinal; SD, standard deviation.

Advanced patient age is a sociodemographic characteristic
often found in association with healthcare outcomes; as in
this study, it usually has a negative impact, and this finding
justifies the thorough evaluation of surgical risk, especially
in elderly patients (18).

The criteria of appropriateness were based on evidence-
based guidelines endorsed by the Infectious Diseases Society
of America among others and agree with the protocols used in
the infectious disease programs of the centers participating in
the study (9;14). Some published studies of the appropriate-
ness of empiric treatment in community-acquired infections
have used a very similar definition of this concept (2;13),
whereas others have defined it on the basis of the results
of the microbiologic culture (10;13;16). The appropriateness
criterion used is congruent with the initial clinical behavior in
cases of suspected intra-abdominal infection and many other
infections (8;19). For that reason, the analysis of clinical
outcomes in relation to the appropriateness of treatment has
been based on this definition. However, it is evident that some
outcomes, such as death, re-intervention, or LOS, might also
be influenced by the appropriateness of the entire course of
treatment administered (empirical and specific), among other
factors, so obtainment of cultures would be expected to lead
to appropriate specific treatment and improved outcomes. In
the cohort studied, cultures were obtained and antibiograms
were available for slightly more than half of the patients.
According to data not shown here, culture obtainment was
associated significantly with a change to a second line of an-
tibiotics and a longer LOS. In agreement with the results of
this study, Mosdell et al. (16) evaluated the appropriateness
of empirical treatment in a multicenter series of patients with
peritonitis and found that 10 percent had been receiving in-
appropriate treatment. In their series, no cultures were done
in 35 percent of the patients. Likewise, in a study of patients

admitted to intensive care units for sepsis, 17 percent of pa-
tients were estimated to be receiving inappropriate empirical
treatment, which was associated with in-hospital mortality,
although not independently (10). In a study similar to ours
in Germany, Krobot et al. reported 13 percent of patients
with intra-abdominal infection received inappropriate initial
therapy (13), and this situation was also associated with no
clinical success.

Inappropriate empirical treatment might be explained to
a certain extent by diagnostic doubt due to the presentation
of the abdominal infection or by resistance to antibiotics.
If that were the case, it would always be recommended to
apply a systematic protocolized treatment that covers all of
the possible bacteria as well as systematic obtainment of
cultures for all possible infections, with two aims: in the
first place, to reevaluate the appropriateness of the empirical
treatment applied and study the changes necessary in each
patient, and secondly, to redefine the most appropriate em-
pirical guidelines in each center or area on the basis of the
evidence provided by the evaluation of the patients attended
in real conditions, in those for whom the inappropriate indi-
cation for antibiotics or the incomplete regimens applied for
other infections might have generated resistance (1). In fact,
Christou et al., in a study published in 1996 comparing two
alternative empirical treatments for intra-abdominal infec-
tions, one covering a limited spectrum of pathogens and the
other a wide spectrum, observed that wide-spectrum treat-
ments led to less treatment failure, although the differences
were not as great as expected (5).

The design of this study, applying a retrospective analy-
sis of data from hospital databases, has enabled us to de-
scribe aspects of the healthcare procedures and selected
outcomes in an efficient way, following homogeneous cri-
teria, with highly reliable data for the variables analyzed.
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Nevertheless, the data analyzed did not include the severity
of infection at admission based on validated scales that would
allow the analysis of the clinical outcomes to be adjusted.
This would be best approached through a prospective study.
Another point that needs mentioning is that the inclusion cri-
teria were based on the encoded diagnoses in the databases,
which were recorded after the infection was confirmed; us-
ing inclusion criteria based on clinical criteria for suspected
infection would provide a closer approximation to standard
clinical practice. Finally, the definition of clinical outcomes
that could be evaluated in this study was determined by their
availability in these databases, although other outcomes that
could be relevant for clinicians and for patients may also be
important (6).

An evaluation of the appropriateness of use of any given
technology should aim to identify the source of inappro-
priateness and to establish guidelines to ensure appropriate
usage. Our results shed light on the relationship between the
appropriateness of empirical antibiotic treatment and clinical
outcomes and the use of services. Those results have enabled
us to initiate the feedback process of information to profes-
sionals and the separate evaluation of the specific situations
in which inappropriate treatment was administered.

In conclusion, this study used information routinely ac-
cessible from hospital databases to determine the percentage
of inappropriate empirical antibiotic treatment for secondary
intra-abdominal infection and reports a clear relation between
inappropriate treatment and some clinical outcomes. The ap-
propriateness of antibiotic treatment for a given infection, in
light of the availability of clearly defined clinical guidelines,
is an easily evaluated aspect of the quality of care.

POLICY IMPLICATIONS

Access to protocols or guidelines alone does not guarantee
that patients will receive appropriate care. The appropriate-
ness of care is essential for achieving the expected clinical
outcomes and for ensuring the best use of available resources.
Therefore, healthcare centers and public health administra-
tions should promote and reward the evaluation of clinical
practice to improve the quality of health care.
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