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ABSTRACT 
Background: An outbreak of antibiotic resistant gram-negative bacteria, particularly Acinetobacter, in intensive 
care unit is of great importance for intensivists due to high mortality and low effective therapy. 

Objective:  We aimed to evaluate antibiotic susceptibility of isolat¬ed gram-negatives from patients with ventila-
tor-associated pneumonia (VAP) in ICU.  

Material and Methods: In a prospective, descriptive study, ICU patients who were under mechanical ventilation 
and had resistant ventilator-associated pneumonia (VAP) were evaluated for prevalence and antibiotic susceptibility 
of identifi ed pathogens. The data, including clinical outcome and microbiological results were analyzed. 

Results: Fifteen ICU patients were included with mean age of 50.5 years (the range between 20-96 years). Median 
of hospitalization was 53 days (the range of 15 to 135 days), median of hospitalization before admission to ICU 
was 2.5 day (the range was from zero to 27 days), and median days of bacterial isolation was 18 days (the range of 
5 to 30 days). Six patients (42.9%) patients were admitted in ICU after surgery, and 8 patients (57.1%) due to an-
other medical problem. Acinetobacter was dominant isolated pathogen in VAP patients. Imipenem did better than 
other antibacterials against E.coli, Klebsiela, and Enterobacter, but Tazobactem did worse than imipenem against 
imipenem-resistant Acinetobacter (p = 0.032). Treatment outcome in 9 cases (50%) was death. No deaths after 28 
days of follow-up were observed. 

Conclusion: It seems that, gram-negative pathogens are the main cause of morbidity and mortality in ICU admitted 
ventilator induced infection. Imipenem resistant Acinetobacter is among the most prevalent and diffi cult to treat 
pathogens in ICU, and needs special consideration for initial therapy.

Key words: Pneumonia, mechanical ventilation, Acinetobacter, ICU, Imipenem
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INTRODUCTION

Intensive care unit (ICU) patients are susceptible 
to gram-negative bacterial infections due to several 
predisposing factors. Many of these bacterial agents are 
resistant to regular anti-bacterial therapies. Essentially, 
each ICU have an established protocol in place for 
initial empirical therapy based on previously accepted 
guidelines modifi ed by local knowledge of prevalence 
of resistant serotypes unique to that ICU.1 Notably, 
empiric therapy should be both appropriate by using 
more specifi c and adequate antibiotics through using 
correct dose and good penetration to the site of 
infection. Furthermore, the amount of wide-spectrum 
antibiotics used in ICUs is enormous particularly in 
combination therapy. Besides, resistance is on the rise 
among different bacterial agents in ICU which increases 
morbidity and mortality of patients.2 Imipenem 
resistant Pseudomonas and Acinetobacters are among 
the most prevalent bacterial agents with high mortality 
in ICU patients.3,4 

On the other hand gram negative bacteria contribute 
to a large fraction of ICU nosocomial infection mostly 
contributing to pneumonia and ventilator associated 
pneumonia (VAP).5VAP is the most frequent ICU 
acquired infection, and its etiology is almost the same 
among different population due to quick transmission 
of resistant agents between different ICU.6 Increased 
mortality rate in VAP patients is associated with 
bacteremia, especially with Pseudomonas aeruginosa 
or Acinetobacter species, medical rather than surgical 
illness, and ineffective antibiotic therapy7.  Multidrug 
resistant Acinetobacters and pseudomonas are isolated 
in ICU VAP infections all over the world8,9,10 due to 
higher than usual ability of bacteria to develop various 
mechanisms to acquire resistance to main antibiotics 
used in ICU,11 especially in VAP patients.12,13 
Most gram negative infections occur in immune 
compromised individuals and in critically ill patients 
often due to limited treatment with antibiotics.14-16 
However, whether colonization or infection with gram 
negative pathogens independent of other factors could 
genuinely increase the risk of mortality and morbidity 
in critical care units is still controversial.17-20

This controversy has sparked off a considerable debate 
among clinical practitioners and researchers about 
different factors associated with mortality of patients 
with gram negatives induced VAP in ICU. Antibiotic 
resistance is defi nitely one of the major determinants 
among different factors particularly when it comes 
to the gram negative induced VAP in ICU. Here in 

this prospective study we aimed to evaluate antibiotic 
susceptibility of isolated gram-negatives from patients 

with ventilator-associated pneumonia (VAP) in ICU. 

METHODOLOGY

The study was reviewed and approved by the hospital 
ethics committee and performed in accordance with the 
ethical standards laid down in an appropriate version 
of the 2000 Declaration of Helsinki (http://www.wma.
net/e/policy/b3.htm). All patients gave their informed 
consents prior to their inclusion in the study according 
to University Hospital Ethical Committee.

In this descriptive, cohort study, all patients admitted 
to ICU of Masih Daneshvari Hospital, since April 2009 
till June 2010, with ventilator-associated pneumonia 
(VAP) were evaluated.  Inclusion criteria were VAP 
in patients who were under mechanical ventilation in 
ICU for more than a week. Then a bacteriological study 
was performed on sample of BAL, tracheal washing, 
blood and urine samples. Clinical, laboratory and 
demographic information was collected. Demographic 
information, including age, sex, and clinical information 
including hypertension, chronic renal disease, diabetes, 
malignancy, hepatitis, heart failure, obstructive or 
restrictive lung disease, presence of intravenous or 
urine catheters were collected by using medical records. 
Exclusion criteria were concurrent source of infection 
in inserted catheters other than VAP.

One year recent history of surgery, history of 
hospitalization in the past year and prior antibiotic 
therapy before mechanical ventilation was evaluated. 
First, all samples were cultured in Macconkey blood 
agar growth media. Blood samples were cultured in 
trypticase soy broth and chocolate agar. Also, apart 
from urine samples, all samples were cultured in 
chocolate agar. Pus was also incubated in thioglycolate 
for growth augmentation, cultured on plates as above 
at twenty-four, forty-eight hours and at the end of 
incubation. Chocolate agar plates were incubated in CO

2
 

environment for twenty-four hours. Microorganisms 
were identifi ed from growth plate by colony 
morphology (shape, color, size) and gram stain; Gram-
negative bacteria grew on selective MacConkey’s agar 
plate, and then identifi ed as lactose fermenter or non-
fermenter. Gram staining, morphologic assessment, 
negative oxidase and other biochemical reactions were 
performed for all suspected colonies accordingly.18

 Disc antibiogram was performed for the desired 
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samples. All disks were standard according to Clinical 
Laboratory and Standards Institute (CLSI). The results 
are reported as minimum inhibitory concentration 
(MIC) according to antibiotic potency of disks which 
was standardized by Escherichia coli ATCC 25922, 
Staphylococcus aureus ATCC 25923 and Pseudomonas 
aeruginosa ATCC 27853.

Severity of the disease was determined based on 
Apache II scoring and to determine the involvement 
of pneumonia in ventilator-dependent patients CPIS 
form was used. Patients treated with usual protocol 
implementation in ICU, who had not responded well 
and were resistant to antibiotics in terms of qualifi ed 
laboratory microbes, have been reported in this study 
too and duration of stay in ICU, mortality of patients 
in ICU, way of antibiotic therapy, subsequent review 
cultures and possible resistance to later antibiotics and 
accompanying other diseases were monitored.

Statistical analysis using SPSS version 16 was 
performed. To compare  bivariate value, square test 
k(chi-square) and fi sher exact test were used and for 
continuous variables such as age, weight and ICU stay 
,fi rst Kolmogorov-Smirnov continuity test and then 
T student test or square K ² were performed. P-Value 
less than 0/05 (P <0.05) was considered signifi cant. 
The differences in susceptibility among gram-negative 
pathogens were calculated using 95% confi dence 
intervals and P-value (p-value to be < 0.05). P-value was 
calculated based on Imipenem as a reference for other 
selected antimicrobials. Sample size was calculated by 
a statistical software based on variance extracted from 
previous similar.

RESULTS

In this study, 15 patients were entered the study 
from intensive care unit (ICU) admitted patients. 
The mean age was 50.5 (Range 20-96) years and six 
patients were male (42.9%). Median hospital stay was 
53 days (Range 15-135 days). The underlying diseases 
in 12 patients (85.7%) were observed listed in Table 
1. Four patients suffered from complications during 
hospitalization, and three cases from acute renal failure. 
One patient developed cardiac tamponade after heart 
surgery. Despite intensive care, 9 patients (50%) died 
before discharge from ICU. No deaths after 28 days of 
follow-up were observed (Table 2). We used different 
antibiotic therapy in our ICU patients. Median days of 
gram-negative bacteria isolation were 18 days, (range 5 

to 30 days). Median hospitalization before admission 
to ICU was 2.5 day (Range 0-27 days). The length of 
ICU stay was not statistically correlated with mortality 
(P=0.45), but colonization of gram-negatives bacteria 
was statistically higher in longer ICU stay (P=0.022).

Table 1: Demographic data and fi nal diagnosis of the 

patients with infection in ICU.

* IHD: ischemic heart disease, CHF: congestive heart failure, TB: 

Tuberculosis, SJS: Stevens Johnson syndrome

The median hospitalization in intensive care unit (ICU) 
was 36.5 days and the median stay before admission to 
ICU was 2.5 days that one patient were referred from 
another center (Table2). Six patients (42.9%) were 
admitted to ICU after surgery; four patients (28.6%) for 
elective surgery and 2 patients (14.3%) for open heart 
surgery. Eight patients (57.1%) were admitted due to 
another medical problem like pneumonia, heart disease 
or malignancy. Four patients had been diagnosed 
with lung cancer. Ten patients (71.4%)   underwent 
mechanical ventilation promptly as they were admitted 
to ICU and 2 patients (14.3%) had CPR on admission. 
Also, 2 patients had a history of hospitalization in ICU 
in the last 6 months.

We have reported concomitant viral and bacterial 
infection in Table 2. Two patients had history of 
hospitalization in the ICU in the last 6 months; six 
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patients had been admitted after urgent or elective 
surgical operation. APACHE II Score was from 4 to 20 
score points in different patients, and the scores point 
of 18-20 was accompanied with death rate about 65% 
(Table 2).

In our study, Acinetobacter dominated the isolates (in 
58% of cases), thus, being frequent candidate pathogens 
causing VAP in ICUs. However our results show that 
Enterobacteriaceae are less than what physicians use to 
diagnose and treat in VAP in ICU. Imipenem showed 
superior activity over other tested antimicrobial classes 
against E. coli, Klebsiela pneumonia and Enterobacter 
(Table3). Imipenem did better than Amikacin against 
Acinetobacter species; However Imipenem has 11.2% 
resistance rates among the 34 tested gram-negative 
bacilli. Imipenem did better than other antibacterials 
against E.coli, Klebsiela, and Enterobacter, but 
Tazobactem did worse than Imipenems against 
Imipenem-resistant Acinetobacter (p = 0.032) against 
gram-negative pathogens all together (Figure 1). Other 
empiric antimicrobials like Amikacin -3.45 (CI:-0.04 to 
-6.26) show lower susceptibility pattern. Isolation date, 
antibiogram, DST, and outcome of the patients with 
VAP infection in ICU is listed in Table2. 

Figure 1: The Percent difference of each antimicrobial agent 

vs. Imipenem and 95% Confi dence interval, comparing 

Imipenem activity against all gram-negative pathogenes 

in ICU. Vanco: Vancomycine; Azt: Azithromycine; 

Doxy: Doxycycline; Cotri: Co-trimoxazole; Erithro: 

Erythromycine; Imi: Imipenem; Tazo: Tazobactam; Clinda: 

Clindamycine;Amika: Amikacin. 
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Table 2: ICU length of stay, complication, death predict and outcome of the patients with infection in ICU.

*Acin: Acinetobacter; PA: Pseudomonas Aeroginosa; Kleb: Klebsiela;  
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DISCUSSION

Gram negative bacteria are nosocomial pathogenes 
which colonize on ICU people healthy looking skin 
and are able to colonize in instruments, catheters, and 
environments that can be even transmitted through the 
air.21 They will be easily transferred through medical 
devices commonly used for monitoring in intensive 
care unit (ICU) as well as by health care personnel.22,23 
Some risk factors that were recognized in association 
with gram negative infections include older age,21 
immune suppression,24 surgery25 and prior treatment 
with broad spectrum antibiotics.26 In our study, there 
were no signifi cant differences in age, underlying 
disease, and fi nal diagnosis of our patients. However, 
four patients of our study with lung cancer seemed to 
have diminished immune response, considering that 
these patients had received immunosuppressive drugs. 

Acinetobacter was the dominant pathogen isolated 
from VAP patients in our study. Although this may 
be in contrary to other studies, but considering that 
Enterobacteriaceae are mostly isolated from urinary 
sources of infections, our results are not far from 
others. Acinetobacter indeed has a wonderful ability to 
grow in various inserted catheters in patients in ICU 
particularly endotracheal tube.27 Josef et al showed 
that Enterobacteriaceae, Haemophilus infl uenzae, 
Staphylococcus aureus, Streptococcus pneumoniae, and 
Candida were more common in early-onset VAP, while 
non-fermenters (Pseudomonas and Acinetobacter) 
were signifi cantly associated with late-onset VAP.28 
However, in our study we showed that Acinetobacter 
could truly be a major determinant of VAP mortality 
in patients under ventilator. This is not in contrast to 
previous reports that actually mentioned the ability of 
Acinetobacter to colonize inside ventilators in ICU.29 

Our results showed that Imipenem is not a trustworthy 

antibiotic in initial empiric therapy in VAP patients. 
In fact, the rate of Imipenem-resistant Acinetobacter 
is the highest among tested agents in ICU infection 
leading to high mortality rates. Moreover, Tazobactem 
showed tendency towards less activity than Imipenem 
when gram-negative pathogens were isolated together. 
However, considering all gram-negative pathogens 
together, the same as what actually happens in the 
clinical approach for initial empiric therapy, Imipenem 
is the only antimicrobial that have a reliable activity 
against all gram-negative except for Imipenem-resistant 
Acinetobacter. 

In our study, eight patients were transferred from a 

general ward or another hospital that had enough time 

required for colonization and a history of extensive 

spectrum antibiotics commonly used in hospitals. 

In addition, surgery was a risk factor in our study 

so that six patients developed VAP infection after 

post-operative admission to ICU. This issue shows 

importance of infection control in the pre-operation, 

operating room and post-operation sections. As a matter 

of fact, gram-negative pathogens have been remained 

largely susceptible to disinfectants and antiseptics, and 

occasional reports of disinfectant failure are more likely 

to represent the failure of personnel to follow cleaning 

procedures than disinfectant resistance.30 Besides, 

length of stay in ICU is also an important factor in 

development of VAP with gram-negative pathogens 

which showed a direct correlation to colonization of 

gram-negative bacteria, however, it was not statistically 

correlated with mortality of VAP patient.  On the 

other hand, increase in APACHE II score was found to 

be risk factor for death predicts in VAP (Table3). Our 

study supports the idea which mortality was higher 

based on higher APACHE II score. In fact APACHE 

II score could be an independent predictor of mortality 

rate in VAP patients. Conceivably, several underlying 

35ANAESTH, PAIN & INTENSIVE CARE; VOL 16(1) JAN-APR 2012

original article

Table 3: Antimicrobial Susceptibility of all gram-negative pathogens isolates in ICU patients.

*S: Susceptible; R: Resistant
**Vanco: Vancomycine; Azt: Azithromycine; Doxy: Doxycycline; Cotri: Co-trimoxazole; Erithro: Erythromycine; Imi: Imipenem; Tazo: 
Tazobactam; Clinda: Clindamycine;Amika: Amikacin



diseases related to higher APACHE II score could 

expose patient to the risk of VAP25.

CONCLUSION

In conclusion, it seems that VAP infection with multi 

drug resistant gram negative bacteria is a clinical 

dilemma for intensivists around the world. As bacterial 

resistance exceeds the available antibiotic options for 

these patients, hospital infection control would have a 

determining role in preventing gram negative induced 

infections in ICU. It seems that empirical therapy should 

be considered with regard to patient conditions, besides 

to continuous monitoring of microbial pathogens and 

bacterial resistance. For future studies, we consider, 

polymerase chain reaction (PCR) to determine species 

of bacteria and drug resistance. 
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