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Abstract: Background: Multi-drug resistance organisms (MDRO) often cause increased morbidity, 

mortality, and length of stays (LOS). However, there is uncertainty whether the infection of MDRO 

increase the morbidity, mortality, and ICU-LOS. Objective: This study performed to determine the 

prevalence of MDRO in ICU, site of infection and the association of MDRO or site of infection with 

mortality. Secondary outcome was determined by ascertaining the association of MDRO or site of 

infection with (ICU-LOS). Methods: A retrospective cohort study was performed with adult sepsis 

patients in ICU. Univariate and multivariate (MVA) logistic regression with cox regression model-

ing were performed to compute the association of MDRO on ICU-mortality. MVA modelling was 

performed for ICU-LOS predictors.  Results: Out of 228 patients, the isolated MDRO was 97 (42.5%) 

of which 78% were gram-negative bacteria. The mortality rate among those with MDRO was 85 

(37.3%). The hospital acquired infection (HAI) was significantly predictor for ICU-LOS in univariate 

linear regression (R² = 0.034, P=0.005). In MVA linear regression, both Enterococcus faecalis infection 

and Acinetobacter baumannii (AC) -MDRO were predictors for ICU-LOS with (R² = 0.478, P<0.05). In 

the univariate cox regression, only the infection with AC- MDRO was a risk factor for ICU-mortality 

with [ HR =1.802 (95% CI: 1.2 – 2.706; P = 0.005)]. Conclusions: Identifying risk factors for MDRO 

addresses the appropriate administration of empirical antibiotics and effectively control of source 

of infection which would reduce mortality and ICU-LOS. The usage of broad- spectrum antibiotics 

should be limited for those having substantial risk factors to acquire MDRO.  

Keywords: multidrug resistance organism; sepsis; adequate empirical antibiotics; source of infec-

tion; APACHE II; ICU length stay; predictors; risk factors; mortality  

 

1. Introduction 

Clinical studies have consistently agreed that there is an increased risk of mortality 

in patients with MDRO infection relative to those having non-MDRO infection. This could 

be related to inappropriate use of antibiotics in the empirical stage [1]. Patients in ICU are 
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at increased risk of acquiring MDRO as MDRO seem to be more prevalent in ICU than 

other wards and therefore, patients are at increased risk of infection and prolonged hos-

pital stay. This is particularly observed in patients who are immunocompromised , having 

organ transplantation, history of antibiotics exposure and with central venous cathe-

ters[2,3]. In addition, the rapid growth of MDRO had avoided the delivery of appropriate 

empirical antibiotics which is the key factor of outcomes in severe patients. The increasing 

rate of antibiotics resistant was related directly with increased mortality, morbidity and 

the cost of healthcare associated infection especially in ICU[4]. Besides that, MDRO infec-

tion is known to be the main cause of inadequate empirical antibiotic therapy in ICU [5]. 

In USA, the annual incidence of antibiotics resistant bacteria in critically ill patients was 

associated with more than 700,000 (HAI). While in Europe, higher incidence of Car-

bapenemase-producing enterobacteriaceae (CPE) is reported, specifically Carbapenem-hydrolys-

ing oxacillinase-48 (OXA-48) and New Delhi Metallo-betalactamase (NDM)-producing entero-

bacteriaceae associated infection [5,6]. Acinetobacter baumannii  (AC), Pseudomonas, Entero-

bacteriaceae MDRO are considered as the most detrimental factors in ICU; mostly com-

bined with HAI or nosocomial infection [7,8,10,11].  

Based on the Extended Prevalence of Infection in Intensive Care (EPIC) II study 

which reported that ICU infection incidence was 51%, wherein the major source of infec-

tion was respiratory source 64% and the main isolated organism was Staphylococcus aureus 

20.5%, whereas gram- negative organism was 62.2% e.g. (Escherichia coli, Enterobacter spp., 

Klebsiella spp., Pseudomonas spp. and Acinetobacter spp.). This is therefore pertinent in the 

context of global antibiotic resistance scenario with extensively affected regions being 

South-East Asia and Middle East where antibiotics can be easily procured over the counter 

and even without prescription. [5, 6, 10, 12, 13, 14].  

Due to the alarming increasing trend of gram-negative bacteria especially MDRO En-

terobacteriaceae with ESBL, the selection of antibiotics to target the ESBL-producing gram 

negative bacteria should be based not only on the total use of antibiotics in hospital but 

also on inappropriate use of fluoroquinolones  and second or third-generation cephalo-

sporins [15,13,14,4].  

In one of the meta-analysis, patients with MDRO -Carbapenem-resistant enterobacteri-

aceae (CRE) especially Carbapenem-resistant klebsiella pneumoniae (CRKP) were reported to 

have a higher mortality than patients with carbapenem-sensitive bacteria [18]. Several 

studies have investigated the substantial association of MDRO and mortality or ICU-LOS. 

However, the current research with different setting, the clinical course of critically ill pa-

tients may be influenced by few other factors post infection with (MDRO) and thus with 

different consequences. The clinical and microbiological characteristics of ICU sepsis pa-

tients are not well known and might be different from general population. Besides, the 

higher incidence of hospitalization and antibiotic exposure, prevalence of MDRO over 

ICU sepsis patients is high[19]. Therefore, determining the causative microorganisms and 

their antibiotic susceptibility in this unit is important to both guide empirical treatment 

and to reduce mortality and morbidity.  The current research analysed the relationship 

of MDRO bacteria and their predictors and risk factors or clinical outcomes, i.e., mortality 

and (ICU-LOS) The current study primary was performed to determine the association of 

MDRO and site of infection amongst critically ill patients with their predicators or risk 

factors on ICU mortality. Secondary outcome was to determine the association of MDRO 

or site of infection on ICU-LOS. The current data is of significance in the context of Ma-

laysian health care setting as to augment the mindfulness of impact of sepsis across the 

country and therefore strengthen the requirement of continuous research work probably 

into prophylactic and therapeutic areas for sepsis and as well as to pave the way for re-

source allocation. 
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2. Materials and Methods 

Study design and settings 

This cohort study was performed in the ICU department of a tertiary hospital (0.526 

square kilometres) in Selangor, Malaysia, with an observational retrospective design. The 

hospital is a major tertiary hospital located in Selangor state (130 acres) (on the west coast 

of Peninsular Malaysia). It consists of 620 beds and offers secondary and tertiary services 

for health care [20]. Before the commencement of the study, prior approval from the local 

ethics committee Research Ethics Committee (REC) and Research Management Institute 

(RMI)- UiTM Shah Alam was obtained. Information on patients was obtained from the 

ICU and pharmacy departments. Data was collected from the hospital's computerised sys-

tem/medical records of patients diagnosed with sepsis based on ICD-10 or three criteria 

for systemic inflammatory response syndrome (SIRS) classification and admitted between 

2015 and 2016. The SIRS criteria; core temperature >38°C or <36°C (>100.4°F or <96.8°F), 

elevated heart rate (>90 beats/min) (tachycardia), respiratory rate >20 breaths/min or 

PaCO2 <32 mm Hg or mechanical ventilation for acute respiratory process (tachypnoea) 

and WBC count >12,000/mmᶟ (12 × 109 cells/L) or <4,000/mmᶟ (4 × 109 cells/L) or >10% 

immature neutrophils [20]. 

The researcher confirmed the screening for the signs of sepsis and MDRO isolation 

or site of infection was counterchecked by the ICU clinician followed by doublechecking 

of the data from the computer systems through patient files records of the relevant de-

partment [12-14]. To determine whether the infection was HAI or CAI infection, the defi-

nition of Louis et al. (1995) was followed [21]. The results were screened for all the micro-

biological samples collected after the patients admitted to ICU and before patient received 

empirical antibiotics to decide if the isolated microorganism was infected or colonized. A 

positive culture isolated from normally sterile sites, including blood, was considered in-

fected. The positive culture from sputum samples was considered infected if it had 3 SIRS 

criteria. The isolates from non-sterile sites such as urine or wound were considered in-

fected if accompanied with documented infection at site of isolation. All the other positive 

cultures that did not meet these criteria were considered colonized and therefore, not in-

cluded as active infection isolates. MDRO was identified as microorganisms not sensitive 

to at least one antimicrobial agent in at least three different antimicrobial categories [22]. 

Patients included in this study stayed in the ICU for at least three days or more and were 

tracked for empirical antibiotic therapy, MDRO, site of infection, source of infection, vital 

signs, and clinical information with organ function parameters for up to seven days 

[13,14]. 

Definition of Variables, Inclusion, and Exclusion Criteria: 

Patients with a reported infection were identified by means of an electronic microbi-

ology database analysis, medical records followed by clinicians verified results.  

The variables included demographic data, comorbidity, history of antibiotic use prior 

to admission to the ICU, history of surgery, time of surgery, mechanical ventilation (du-

ration), site of infection (hospital or community-acquired infection), source of infection 

(e.g. respiratory, surgical, or urinary tract infection (UTI). It is to be noted that the ade-

quacy of empirical antibiotics evaluated based on the isolated microorganisms has to be 

sensitive to at least one of combined empirical antibiotic and (time, dose and frequency of 

administration) were in line with local/international guidelines.  

Also, the daily record of the normal functioning and profiling function of the organs 

(e.g. kidney, liver, cardiac, and others, which were determined daily for each patient ac-

cording to the physician clinical record sheets), laboratory findings (e.g. renal function 

profile, liver function profile, cardiac enzymes and blood profiles) and ("Acute Physiology 

and Chronic Health Evaluation II")APACHE II severity index assessment sheets. 

APACHE II was calculated on first day of admission using online clinical calculator and 

included the worse vital sign records. For the isolated microorganisms, the different 
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sources of culture (blood, sputum, wound, tissue, urine) with sensitivity or resistant pat-

terns for each source were studied. The same culture source may be repeated to obtain the 

isolation, or different isolation patterns.     

As follows, the inclusion criteria were: 

I. Patients above 18 years of age and non-pregnant females who have been admitted to 

the ICU for at least 3 days to obtain antibiotic culture sensitivity results [26]. 

II. ICU patients who were diagnosed with sepsis or exhibited three signs of SIRS.  

III. Patients administered with antibiotics in the ICU. 

IV. Only first admission can be included  

Criteria for patient exclusion 

The conditions for exclusion were as follows: 

I. More than 2 weeks of ICU hospitalisation (only the first 7 days were included in the 

data set for patients who had stayed for more than 7 days but less than 14 days). 

II. Incomplete data or documents that are missing; and 

III. Patients with febrile neutropenia, cystic fibrosis, burns and HIV (absolute neutrophil 

count<1000 cells/mm3). 

Statistical analysis 

SPSS® version 23.0 for Windows® was used for data analysis, descriptive analysis 

(percentage and frequency), categorical (mean ± SD for normal distributed variables) and 

(median and range for non-normal distributed variables) continuous data variables. The 

level of significance was set at P<0.05. The t-test or Mann-Whitney u test is used to com-

pare the ongoing data of the two classes. The ANOVA or Kruskal-Wallis test compared 

the data, such as demographic data, baseline clinical characteristics, comorbidities, history 

of antibiotics, source, or site of infection, MDRO, calculated with either ICU-LOS or 

APACHE II score, of the ≥3 groups. Using χ2 or Fisher's exact test, the discrete data were 

compared using demographic data, baseline clinical characteristics, comorbidities, antibi-

otic history, source, or site of infection, mortality related MDRO.  

Univariate and multivariate logistic/Cox regressions were used to analyse the risk 

factors for mortality by using backward and forward methods based on goodness-of-fit 

principles. Using the Hosmer-Lemeshow test, the model was assessed. To establish the 

predictors for ICU-LOS, simple linear regression and multiple linear regression were ap-

plied. Based on the principles of best fit, backward, stepwise, and forward methods were 

chosen during the selection of the variable. To compare the probability of survival in ICU 

for patients with MDRO infection and those with non- MDRO infection, the Kaplan-Meier 

analysis and log-rank test were conducted. 

Practice variations inevitably and appropriately are expected when clinicians con-

sider the needs of individual patients, the resources available, and the limitations unique 

to an institution or type of practice. By using post-hoc stratification restriction, the con-

tributing factors were controlled effectively or reduced. Moreover, by using forward and 

backward statistical modelling for the best fit, multivariate analysis was conducted to an-

alyse the possible effects of one variable while simultaneously optimising for the effects 

of several other factors. 

Ethical Approval and Consent to Participate 

Ethical approval was obtained from the Research Ethics Committee (REC), Research 

Management Institute (RMI)- UiTM Shah Alam (No.600 -RMI (5/1/6) and Medical Re-

search and Ethics Committee (MREC) and Ministry of health (MOH) via National Medical 

Research Register (NMRR) No. (NMRR-14-1400-22268). The confidentiality of the pa-

tients’ data was ensured and no intervention on the patient management. Only the re-

searcher had access to online patient’s records/data anonymously based on inclusion and 

exclusion criteria, no patients involved during this study and unnecessary informed con-
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sent was obtained from patients according to UiTM Shah Alam Research Ethics Commit-

tee (REC) approval. All methods were carried out in accordance with relevant guidelines 

and regulations/declaration of Helsinki.  

3. Results 

A total of 365 patients diagnosed with sepsis or demonstrated signs of sepsis were 

admitted to the adult ICU ward during study period. Only 228 patients out of 365 met the 

inclusion criteria.  

Demographic and clinical characteristics association with mortality was shown in 

(Table 1) while demographic and clinical characteristics association with MDRO infection 

was shown in (Table 2). A total of 119 (52.2 %) males and 74 (32.5 %) females were included 

and there were significant association between the patient races and mortality (P=0.03) 

while MDRO was not significant variable for ICU mortality as shown in (Table 1). There 

was no significant difference between MDRO and non-MDRO groups in terms of demo-

graphic data (age, gender, race), comorbidities, type of surgery, MV, history of antibiotics 

used and mortality rate as in (Table 2). Among the patients 191(83.8%) had septic shock 

and 83 (36.4%) had MDRO. A significant difference was observed between MDRO infec-

tion and community acquired infection (CAI) 118 (51.8%) P (<0.01) (Table 2).  The mor-

tality rate in those with CAI was 42.5% while in those with HAI was 42.1% respectively 

as shown in (Table 1).  From (228) the total patients, there were 130 cases (57%) of positive 

isolated microorganisms.  While the total prevalence of MDRO was 97 (42.5%) of which 

gram-negative bacteria (78%) and the rest were gram-positive (22%). The mortality rate 

among those with MDRO was 85 (87.6%) (Table 1&3). The distribution of common MDRO 

was as follows; Acinetobacter/MDRO.AC 35 (15.4%), Klebsiella pneumonia/Klebsiella spp. 

/ESBL- klebsiella, 32 (14.0%), P. aeruginosa 17 (7.5%), Enterococcus faecalis 14 (6.1%), Staphy-

lococcus aureus-MRSA 13 (5.7%), and Enterobacteriaceae/Citrobacter koseri (diverse)- ESBL 

13(5.7%) respectively (Figure 1). As shown in (Table 3) the most prevalent MDRO was 

Acinetobacter spp. (AC) (15.35%) and the major source of isolated MDRO was from the 

blood (37.14%). The MDRO- AC was resistant to all antibiotic (26 sample) imipenem (1 

sample), polymyxin-netilmicin (2 samples), sulperazone- unasyn, piperacillin/tazobac-

tam, amikacin, ciprofloxacin, and ceftazidime (1 sample). Also, the isolated samples are 

shown in.in Figure (2) which illustrated the isolated blood microorganisms of which the 

most isolated MRDO was AC-MDRO. In univariate analysis, there were significant asso-

ciations between MDRO with history of surgery before ICU admission, surgery as source 

of infection, skin-soft tissue infection, inadequate empirical AB, ICU-LOS, and history 

hospital stay before ICU (P<0.05) as in (Table 2). 
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Table 1. The Association of Demographic and Baseline Clinical Characteristics of Entire Sample 

with Mortality. 
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Table 2. Univariate Association of Baseline clinical characteristics and MDRO. 
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¹Upper gastrointestinal bleeding, ²Glasgow coma scale, ³Emergency department, 4Medical ward,5Sur-

gical ward, 6Mechanical ventilation *Chi-square or Fisher exact test, # significant value(P<0.05) 
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Table 3. The sensitivity patterns of MDRO-organisms and their main sources of isolated culture 

sample. 

 

a: MRSA: Methicillin-resistant staphylococcus aureus , b: Acinetobacter baumannii -multi resistant organisms, c: Extended-spectrum beta-

lactamases 

*ALL= Pandrug resistant bacteria to all antibiotics, AMP= ampicillin, AMC= amoxicillin/clavulanate, AMK= amikacin, CIP= ciprof-

loxacin, CEP= cefepime, CAZ= ceftazidime, CXM= cefuroxime, CTX= cefotaxime, CP= carbapenem, ETP=ertapenem, GEN= gentami-

cin, IPM= imipenem, LEZ =linezolid, MUP=mupirocin, MEM=meropenem, NFN=nitrofurantoin, NET =netilmicin, OXA= oxacillin, 
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SPZ= sulperazone-unasyn, TAZ= piperacillin/tazobactam, TGC= tigecycline, SXT= trimethoprim-sulphamethoxazole, PB1= poly-

myxin, VAN= vancomycin 
 

Besides, in the univariate analysis, all bacterial isolates were not significantly related 

with survival. However, there was only significant association between the isolation of 

MDRO-AC. bacteria and ICU-LOS(p<0.001) as in (Table 4). In addition, in simple linear 

regression, the model of MDRO-AC was significantly associated as predictor for ICU-LOS 

with R² = 0.046 and B coefficient = 5.330 (95% CI: 2.155 – 8.505; P = 0.001). The patient who 

acquired the MDRO-AC was more likely to stay in ICU with 5.3 days than the patients 

who did not have the same bacterial infection as in (Table 5). Meanwhile, in simple linear 

regression, the Enterococcus faecalis infection was a predictor for ICU-LOS with R²= 0.034 

and B coefficient = 6.846. The patients who acquired infection with Enterococcus faecalis 

were more likely to have increment in ICU-LOS by 6.8 days as in (Table 5). Furthermore, 

in multivariable linear regression both Enterococcus faecalis and MDRO-AC were signifi-

cantly predictors (R²=0.478) for increasing the ICU-LOS, B-coefficient= 4.062 (95% CI: .412- 

7.713; P=.029) and B-coefficient=2.554 (95% CI: .064- 5.044, P=.044) respectively as shown 

in (Table 5). On the other hand, in univariate cox regression only the infection with 

MDRO-AC was a risk factor for ICU mortality (HR=1.802; 95% CI: 1.2-2.706; P=.005). This 

could explain the risk of death which might be increased by 80 % in case of infection with 

MDRO-AC. Besides, the CAI as site of infection was ICU mortality risk factor (HR=1.389, 

95 % CI 1.041-1.854, P=0.026). In addition, in multivariate cox regression, the only infection 

with MDRO-AC has increased the risk of death by 89.8% with (HR=0 .102; 95% CI: .013-

.780; P=.028) as in (Table 6). 

Table 4. Association of isolated MDRO organisms with their outcomes (mortality -APACHE II 

score-ICU-LOS). 
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Table 5. The univariate and multivariate linear regression of MRDO organisms as predictors for 

increasing ICULOS. 

 

Table 6. The univariate and multivariate cox regression risk factor for ICU mortality. 

 

4. Discussion 

The current research has identified the clinical characteristics of infection associated 

with MDRO in ICU as well as the predictors with risk factors for mortality and ICU-LOS. 

Majority of patients were male, elderly and diagnosed with septic shock. The most prev-

alent MDRO was gram negative bacteria namely MDRO-AC and Klebsiella pneu-

moniae/ESBL Klebsiella pneumoniae, which isolated from blood cultures. The source of 

MDRO infection was surgery, abdominal infection and skin and soft tissue (SSTI) infec-

tions like diabetic foot ulcer (DFU). In addition, this study found the inadequate empirical 

antibiotics was associated with MDRO infection. It appears that patients who received 

inadequate empirical antibiotic were more likely to develop MDRO infection. Besides, the 

history of hospital stay before ICU admission have increased the vulnerability of patients 

to acquire MDRO infection. Furthermore, MDRO infection was more observed among 

those with longer ICU stay than those who have shorter period. This explains that the 

length of hospital or ICU stay demonstrated increased risk of MDRO infection. The cur-

rent finding is consistent with the study done in China which evaluated the risk factors 

for mortality in ICU patients with Acinetobacter. baumannii VAP. [23].  

The current research also reported that AC- MDRO infection was a risk factor for ICU 

mortality. Similarly, other related retrospective studies were conducted to analyse the risk 

factors for mortality in ICU sepsis patients with Acinetobacter baumannii -VAP. It  has been 

shown that gram-negative bacteria were the most common pathogens (46.0%) and were 

associated with increased ICU mortality [22, 30]. Furthermore, the coherent findings of 

Chernen, et.al (2013) study reported that there was an increase in gram -negative infection 

from 38.26% to 48.1%. The share of klebsiella pneumoniae isolates and Acinetobacter spp. were 

amplified from 8.1 to 18.9% [24]. Likewise, Li et al, (2017) conducted a surveillance study 

of nosocomial infection in intensive care units of 177 hospitals. The isolation rate of  

gram-negative bacteria MDRO were Carbapenem-resistant Acinetobacter baumannii 80.53%, 
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Carbapenem-resistant Pseudomonas aeruginosa 39.94%, Carbapenem-resistant Klebsiella pneu-

moniae  24.86%, and Carbapenem-resistant Escherichia coli 9.23% [25]. The current study by 

MVA has found that both enterococcus faecalis and AC- MRDO infection were a significant 

independent predictor for ICU-LOS (P=0.005). The similar findings of other study con-

ducted to measure the clinical outcomes of Enterococcus faecalis reported that prevalence 

was 57.6% in ICU and the mortality was significantly associated with polymicrobial bac-

teria and ICU-LOS [26]. Meanwhile, other prospective, observational, multicentre study 

informed that the isolated Enterococcus spp. in ICU was 10.2% and the predominant species 

was Enterococcus faecalis (82.4%) [27].  

Moreover, the recent study stated the infection of Enterococcus faecalis was a risk fac-

tor for ICU mortality. A similar study compared the clinical outcome differences between 

Vancomycin-resistant enterococcus caused by Enterococcus faecalis or Enterococcus faecium. The 

Enterococcus faecium was more resistant to antibiotics (ampicillin and teicoplanin) and 

showed higher mortality [27]. Meanwhile, existing study found that there was no signifi-

cant association between multi- drug resistance microorganisms (MDRO) and predictors 

for survival. Similarly, a retrospective observational cohort study was conducted by Lye 

et al., (2012) with MDRO gram negative bacteria in severe sepsis and septic shock patients 

at two large Singaporean hospitals. The study informed through multivariable analysis 

that MDRO was not associated with mortality rather related to longer 6.1 days hospital 

LOS in survivor [28]. Furthermore, the consistent findings by a prospective, observational 

study conducted in sepsis ICU to measure the antibiotics bacterial resistance, had shown 

that the patients with MDRO were significantly received inadequate empirical antibiotics 

more frequently and long ICU-LOS than patients with sepsis due to non MDRO with 

higher mortality (P<0.05) [29]. Also, the current findings are in accordance with a  pro-

spective study which reported that patients with MDRO infection would have higher 

chance to receive inadequate empirical antibiotics [30]. Also, the findings of other retro-

spective studies are consistent with the current study which were conducted to measure 

the clinical outcomes of nosocomial gram -negative bacteria in ICU. The results showed  

that exposure to carbapenem would increase the hazard risk (HR=4.087) of acquiring the 

infection of Carbapenem resistant AC. MDRO [31][32].  

5. Conclusions 

The outcomes of the current research indicated that recognizing the risk factors for 

MDRO infection could lead to more effective use of empirical antibiotics thereby mini-

mizing the source of infection, lowering mortality and ICU-LOS. The high prevalence of 

MDRO organisms has a role in the patients’ mortality. The infection of MDRO is also re-

lated to poor clinical outcomes and longer ICU-LOS. Furthermore, inadequate empirical 

antibiotic therapy was a major contributor to MDRO infection. The predominant micro-

organisms were gram-negative bacteria with MDRO organisms e.g., AC- MDRO. The 

overuse of broad-spectrum antibiotics should be limited to those with significant risk fac-

tors for acquiring MDRO organisms. This addresses the significance of antimicrobial 

stewardship programs. Antibiotics guidelines are expected to be in concordance with in-

fection control strategy, thereby the emergence and transmission of MDRO infection is 

minimized. The local and regional guidelines must be in line with the local epidemiolog-

ical and microbiological data. Future recommendations must envisage the analysis of 

available regulations and guidelines for improving the management of MDRO infection 

in critically ill sepsis patients.  

6. Limitations 

The small sample size in our study may reduce the possibility to show a difference 

in mortality between the two groups. A larger sampling size may be needed to show the 

difference. Due to the retrospective design of this study, the data may be incomplete or 

missed during the retrieval of information. This study was based on one ICU in single 

tertiary hospital for a limited period and therefore, may not be fully representative to 
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other hospitals. The criteria of sepsis definition was not in agreement with the latest defi-

nition by (Sepsis-3)[33]. 
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