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A b s t r a c t

Bacterial resistance to antimicrobial agents is of great 
concern to clinicians. Patient outcome after infection is 
mainly dependent on the sensitivity of the bacterium to 
the agent used. 
We retrospectively studied 89 postoperative intensive care 
unit (ICU) patients with proven Escherichia coli peritonitis 
and investigated the clinical consequences of the E. coli 
resistance to amoxicillin/clavulanate. 
Significantly increased mortality, days of ventilation and 
ICU stay were noted in the co-amoxicillin/clavulanate 
resistant group. Furthermore, our results demonstrate that 
the sensitivity of E. coli to amoxicillin/clavulanate in the 
postoperative ICU setting has decreased in recent years. 
We can conclude that the current antibiotic regimen for 
the empirical treatment of ICU patients with peritonitis, 
as used in our hospital, needs to be changed. A switch, 
for instance, to ceftriaxone (Rocephin®) in combination 
with metronidazole and gentamicin, instead of the present 
regimen of amoxicillin/clavulanate in combination with 
gentamicin, seems preferable.
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I n t r o d uc  t i o n

In surgical practice, significant morbidity and mortality is 
caused by infection from resistant pathogens.1,2 Hospitals 

are considered to be very important for the containment of 
antimicrobial resistance.3,4 Resistant pathogens may cause 
infections that are associated with higher morbidity and 
mortality rates and increase medical costs. The prevalence 
of resistance to nearly all important micro-organism/
antibiotic combinations is generally higher among isolates 
from patients hospitalised in intensive care units (ICU). 
Enterobacteriaceae have emerged as one of the major causes 
of infections and account for approximately 30% of all 
bloodstream infections. Antibiotic resistance surveillance 
programmes have demonstrated an increase in resistance 
among these gram-negative pathogens.5,6 

M a t e r i a l  a n d  m e t h o d s

We retrospectively studied postoperative ICU patients 
and looked at the clinical consequences of Escherichia coli 
resistance to amoxicillin/clavulanate. The outcomes of 
ICU patients with severe bacterial peritonitis, empirically 
treated with a combination of gentamicin and amoxicillin/
clavulanate, were collected. The patient charts of 89 
consecutive postoperative ICU patients with peritonitis 
from whom E. coli was cultured between 2000 and 2005 
were studied. The outcomes of ICU patients with severe 
bacterial peritonitis, empirically treated with a combination 
of gentamicin 5 mg/kg once daily and amoxicillin/
clavulanate 1.2 g 4 times/day for five days, were collected. 
In the case of renal impairment dosage schedules were 
adjusted. The patients were divided into two groups: an 
E. coli amoxicillin/clavulanate resistant and a sensitive 
population according to the microbiologic cultures. The 
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number of days of admission in the ICU department, 
the number of ventilation days, the use of inotropic 
agents and the mortality rate of the patients were scored, 
together with APACHE scores. In order to determine 
the susceptibility of the aerobic gram-negative bacilli to 
the antimicrobial agent, the VITEK 2 Gram Negative 
Identification and Susceptibility Cards were used.5,6 The 
breakpoint for sensitivity of E. coli was determined at a 
minimum inhibiting concentration (MIC) of ≤8 mg/ml in 
accordance with published standards.7-11 A MIC value of 16 
mg/l was regarded as being of intermediate sensitivity and 
a value of ≥32 mg/l as being resistant. Rates of resistance in 
the hospital and the ICU were compared over the studied 
years.
For statistical analyses, a χ2 test with a Yates correction was 
performed. 

R e s u l t s

Table 1 shows the characteristics of the two populations 
studied. There are significant differences (χ2 Yates 
correction; p<0.0.5) between the two population 
groups with regard to stay in the ICU, mortality and 

ventilation days. Male patients showed a significantly 
higher prevalence of E. coli resistance to the amoxicillin/
clavulanate combination compared with female patients. 
The scored use of inotropic agents did not show a 
significant difference between the sensitive and the 
resistant group.
The APACHE scores of the two patient groups were 
comparable. This means that the difference in mortality 
between sensitive and resistant patients cannot be 
explained by their initial overall disease severity as 
estimated by the APACHE score.
The percentages of amoxicillin/clavulanate sensitive E. 

coli strains isolated from patients in different settings are 
presented in table 2. The difference in E. coli resistance 
between 2000 and 2005 was not significant in E. coli 
strains cultured elsewhere in the hospital for either 
amoxicillin/clavulanate or ceftriaxone. In contrast, there 
was a significant difference (χ2 with Yates correction 
p<0.05) between amoxicillin/clavulanate sensitive E. coli 
strains on the ICU between 2000 and 2005. Moreover, in 
2005, this was also true for E. coli strains isolated in the 
hospital and the ICU, indicated with a cross in table 2.
In the years 2000 to 2005, the E. coli strains were for 96% 
sensitive to the other administered antibiotic, gentamicin, 
in both treatment schedules. Resistance to both antibiotics 
occurred in none of the treated patients. Combined 
resistance to both antimicrobial agents of all E. coli strains 
was altogether less than 1%.

D i s cu  s s i o n 

For many years, methods have been sought to measure 
and define the absolute value of susceptibility of 
micro-organisms to antimicrobial agents. The value 
most often used is the minimal inhibitory concentration 
(MIC), although the minimum bactericidal concentration 
(MBC) has also been employed.9 Because MBC values 
are more time consuming to obtain, they are currently 

Table 1. Study population and differences in patient 
outcome on the ICU with severe bacterial peritonitis, 
divided in amoxicillin/clavulanate resistant and 
sensitive Escherichia coli groups*

Resistant Sensitive 

Male 20 (71%) 27 (44%)

Female 8 (29%) 34 (56%)

Total number of patients 28 61

Days in the ICU* 14 8.3

Mortality* 18 (64%) 18 (30%)

Ventilation days* 9.9 4.9

APACHE scores 17.4 18.4

*χ2 with Yates correction p<0.05.

Table 2. Numbers (N) and percentages (%) of amoxicillin/clavulanate (AC) and ceftriaxone (CO) sensitive 
Escherichia coli cultured in Atrium Medical Centre in all hospital departments and the ICU, showing significant 
decrease of sensitivity (*) between 2000 and 2005 of AC sensitive Escherichia coli on the ICU (horizontally) and in 
2005 between the hospital and ICU E. coli strains (*†) (vertically) 

Setting 2000 2001 2002 2003 2004 2005

AC CO AC CO AC CO AC CO AC CO AC CO

Hospital N=674 N=798 N=604 N=608 N=613 N=689

% 91 100 91 100 93 99 94 98 93 98 88*† 97

ICU N=473 N=386 N=314 N=333 N=289 N=415

% 82* 99 86 100 85 97 86 97 83 99 69*† 92

*χ2 with Yates correction p<0.05.
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considered to be the reference value for the susceptibility 
of a micro-organism to a drug. The MIC is used as an 
instrument to predict outcome of therapy. Words such 
as susceptible (S) to indicate that the chance of success 
following antimicrobial therapy is good and resistant (R) 
that failure is imminent, are increasingly being used. 
However, in providing interpretations of MIC values 
measured in the lab and only providing that interpretation, 
valuable information is lost to the clinician. It stands to 
reason that reporting values found together with their 
interpretation is superior. The MIC could be given with a 
probability of treatment being successful according to the 
a priori available information.10 This, instead of a relatively 
crude interpretation of drug effectiveness being expressed 
as S (susceptible), I (intermediate) or R (resistant). These 
terms are open to different interpretations depending on 
the criteria used by different institutions.

It has been suggested that the level of a β-lactam antibiotic 
should be above the MIC of the targeted bacteria (around 
50% of the dosing interval). The pharmacodynamic profile 
of amoxicillin is such that with the MICs of most bacterial 
strains (including E. coli higher than 8 mg/l) mean this 
target cannot be reached.9,10 Thus most intermediately 
sensitive E. coli strains with a ‘Vitek MIC’ of 16 mg/l can 
better be considered resistant. 
Boyed et al. have previously reported the higher 
prevalence of E. coli resistance to amoxicillin/clavulanate 
in men.10 There has not been a good explanation for 
this phenomenon other than the fact that urinary tract 
infections in men are often complicated and treated by 
antibiotics for a longer period. 
Bruinsma et al. (2002) studied antibiotic use and antibiotic 
resistance of E. coli and stated that the differences in 
antibiotic consumption observed might lead to changes 
in antibiotic resistance in the near future. They strongly 
recommended surveillance of antibiotic use and antibiotic 
resistance to control the development of antibiotic resistance 
as surveillance provides epidemiological data on the basis 
of which antibiotic guidelines can be amended.12,13 In 
order to prevent resistance, it is advised to limit the use of 
antimicrobial agents to certain clear indications.14 

Amoxicillin/clavulanate resistant E. coli is an 
underestimated problem in ICUs. In the protocol of many 
hospitals, amoxicillin/clavulanate is initiated empirically 
in patients with peritonitis. This combination is often 
used as its broad spectrum covers the anaerobe flora, 
including the prominently cultured Bacteroides fragilis. In 
our population, the mortality in the group of patients with 
amoxicillin/clavulanate resistant E. coli was found to be 
significantly higher than in the amoxicillin/clavulanate 
sensitive group. Days of stay in the ICU and ventilation 
days were also significantly longer. These outcomes may 

indicate that we have to alter the empirical antimicrobial 
therapy in postoperative peritonitis patients admitted 
to the ICU contrary to the SWAB (Stichting Werkgroep 
Antibiotica Beleid; in English: Working Party on Antibiotic 
Policy) guideline which lists amoxicillin/clavulanate as an 
option in the treatment of secondary bacterial peritonitis 
in the Netherlands (http:customid.duhs.duke.edu/NL/
Main/Diagnosis.asp?DiagnosisID=340). When choosing 
ceftriaxone, the sensitivity percentages remain higher 
than 95% for the principal pathogen (E. coli) (table 2). 
Coverage for anaerobes can be secured by the addition of 
metronidazole.

It seems that the sensitivity percentage of E. coli has 
decreased in the last five years. This is particularly true 
for the ICU population in the hospital in our study. This 
may be explained by the increased amoxicillin/clavulanate 
prescription by family physicians.14

When resistance rates of a species approach the 10% 
threshold, the efficacy of that particular antimicrobial 
agent decreases.14,15 This was also the case for our specific 
group of ICU patients. 
Considering the results of our study, we can conclude 
that the current antibiotic regimen for the empirical 
treatment of ICU patients with peritonitis, as used in our 
hospital, should be changed: a combination of, for instance, 
ceftriaxone, metronidazole and gentamicin instead of 
amoxicillin/clavulanate in combination with gentamicin 
seems preferable. We believe that this change of protocol 
could result in reducing mortality and possibly the number 
of ventilation days of ICU patients. Follow-up studies are 
needed to evaluate the outcome of such antibiotic regimen 
changes. 
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