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Abstract 
 
Background/Aim. Patients in a neurologic intensive care 
unit (ICU) are especially susceptible to healthcare-associated 
infections (HAIs). HAIs are cause of significant morbidity 
and mortality. Aim of this study was to assess the incidence 
of HAIs, to identify significant risk factors (RFs) and causa-
tive microorganisms for HAIs and to identify RFs for in-
hospital mortality in a neurological ICU. Methods. A pro-
spective cohort study was conducted in the six-bed ICU of 
the Clinic for Neurology, Military Medical Academy in Bel-
grade from January 1, 2014 to December 31, 2016. Active 
surveillance on HAIs was performed by the hospital infec-
tion control team, using methodologies of the European 
Centre for Disease Prevention and Control and the National 
Healthcare Safety Network/Centres for Disease Prevention 
and Control. Results. One hundred forty eight patients 
with a total of 2,708 patient-days were enrolled. There were 
49 HAIs in 39 patients during the study period. The inci-
dence and incidence density of HAIs were 26.3% and 18.1 
per 1000 patient-days, respectively. The most frequent 

HAIs were urinary tract infections (15.5%), pneumonia 
(10.1%) and bloodstream infections (4%). RFs independ-
ently associated with HAIs in the neurological ICU were: 
urinary catheter [risk ratio (RR): 5.6; 95% confidence inter-
val (CI): 1.153–27.632], urinary catheter-days (RR: 1.1; 95% 
CI: 1.057–1.188), central-line days (RR: 1.1; 95% CI: 1.010–
1.150), and mechanical ventilation (RR: 0.3; 95% CI: 0.079–
0.859). The most common microorganism was Klebsiella spp. 
RFs independently associated with in-hospital mortality in 
the neurological ICU were: mechanical ventilation (RR: 6.5; 
95% CI: 2.868–14.116), Glasgow Coma Score (RR: 2.7; 
95% CI: 1.135–6,396), and age (RR: 1.03; 95% CI: 1.005–
1.055). Conclusion. Usage of invasive procedures during ICU 
hospitalization carries significant risk for development of HAIs. 
HAIs in ICU setting are most often caused by Gram-negative 
bacteria with substantial antimicrobial resistance. These results 
stress the importance of infection prevention. 
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Apstrakt 
 
Uvod/Cilj. Bolesnici u neurološkim jedinicama intenzivnog 
lečenja (JIL) su u posebnom riziku od nastanka bolničkih 
infekcija (BI). BI uzrokuju značajan morbiditet i mortalitet. 
Cilj ovog istraživanja bio je da se utvrdi incidencija BI, iden-
tifikuju faktori rizika (FR) i uzročnici BI, kao i da se ustano-
ve FR za smrtni ishod u neurološkoj JIL. Metode. U 
šestokrevetnoj JIL Klinike za neurologiju Vojnomedicinske 
akademije u Beogradu sprovedena je prospektivna kohortna 
studija od januara 2014. godine do decembra 2016. godine. 

Rezultati. U studiju je bilo uključeno 148 bolesnika 
praćenih tokom 2 708 bolesnik-dana. Registrovano je ukup-
no 49 BI kod 39 bolesnika. Incidencija BI bila je 26,3%, a 
gustina incidencije 18.1 na 1000 bolesnik-dana. Najčešće BI 
bile su: infekcije mokraćnog sistema (15,5%), pneumonija 
(10,1%) i sepsa (4%). FR povezani sa nastankom BI u 
neurološkoj JIL bili su primena urinarnog katetera [risk ratio 
(RR): 5,6; 95% confidence interval (CI): 1,153–27,632), dani 
primene urinarnog katetera (RR: 1,1; 95% CI: 1,057–1,188), 
dani primene centralnog vaskularnog katetera (RR: 1,1; 95% 
CI: 1,010–1,150) i primena mehaničke ventilacije (RR: 0,3; 



Vol. 77, No 10 VOJNOSANITETSKI PREGLED Page 1061 

Vidaković S, et al. Vojnosanit Pregl 2020; 77(10): 1060–1066. 

95% CI: 0,079–0,859). Najčešće registrovani uzročnik BI bi-
la je Klebsiella spp. FR povezani sa smrtnim ishodom u 
neurološkoj JIL su bili: mehanička ventilacija (RR: 6,5; 95% 
CI: 2,868–14,116), Glasgov koma skor (RR: 2,7; 95% CI: 
1,135 – 6,396) i starost bolesnika (RR: 1,03; 95% CI: 1,005–
1,055). Zaključak. Upotreba invazivnih pomagala tokom 
boravka u neurološkoj JIL nosi značajan rizik od nastanka 
BI. U neurološkoj JIL BI su najčešće uzrokovane Gram ne-

gativnim bakterijama, koje ispoljavaju učestalu rezistenciju 
na antibiotike. Ovi rezultati naglašavaju značaj prevencije BI. 
 
Ključne reči: 
infekcija, intrahospitalna; neurologija; intenzivna nega; 
faktori rizika; fiziološke funkcije, praćenje; lekovi, 
rezistencija mikroorganizama. 

 

Introduction 

Healthcare associated infections (HAIs) are the cause of 
significant morbidity and mortality. This is especially impor-
tant in intensive care units (ICUs) because of severe pathol-
ogy and multitude of invasive diagnostic and therapeutic pro-
cedures 1. Additionally, an infection risk increases with the 
length of stay in ICUs 2. 

Patients in neurological ICUs are prone to HAIs be-
cause of underlying disease nature which is characterized by 
various disorders of consciousness, diminished protective re-
flexes, muscle weakness, concomitant immunosuppression, 
etc. These patients are often bedridden and immobilized, 
with indwelling central vascular catheter (CVC) and urinary 
catheter (UC), frequently requiring mechanical ventilation 
(MV) for extended period of time 3, 4. They often receive in-
tensive prolonged empirical antimicrobial therapy that could 
be potent driver of colonisation and infection by multidrug-
resistant bacteria and Clostridium difficile. The surveillance on 
HAIs in this type of ICUs is widely accepted as control and pre-
vention method and it can be valuable tool in risk factors (RF) 
identification and mortality and morbidity reduction 5. 

Vincent et al. 2 found that there is a substantial interna-
tional difference in infection prevalence, type of microorgan-
isms and mortality. The most common microorganisms that 
cause HAIs in a neurological ICU are: coagulase-negative 
streptococci, Escherichia coli, Staphylococcus aureus and 
Klebsiella spp. 6. 

The aim of this study was to assess the incidence of 
HAIs, to identify their significant RFs and causative micro-
organisms. We also wanted to identify RFs for in-hospital 
mortality in a neurological ICU. 

Methods 

This prospective cohort study was conducted in the six-
bed ICU of the Clinic for Neurology at the Military Medical 
Academy (MMA) in Belgrade, 1,146-bed tertiary healthcare 
center, teaching hospital of the Faculty of Medicine of the 
University of Defence, Belgrade, Serbia. This neurological 
ICU was founded in 2013. A total of 148 patients hospital-
ized in the ICU for more than 24h from January 2014 to De-
cember 2016 were enrolled in this study. The patients whose 
length of stay was less than 24h or who died within the first 
24h of admission into the ICU were excluded from the study. 
Active surveillance on HAIs was performed by the hospital 
infection control team, using methodologies of the European 
Centre for Disease Prevention and Control (ECDC) 7 and the 

National Healthcare Safety Network/Centres for Disease 
Prevention and Control (NHSN/CDC) 8. Standardized form 
for data collection was used. 

The data related to patients [age, gender, Glasgow coma 
score (GCS) on admission, primary diagnosis, the presence 
of underlying diabetes mellitus, neoplasms, presence of in-
fections on admission] and those related to healthcare (CVC 
and central line days, MV and ventilator-days, UC and uri-
nary catheter days, clinical outcome) and length of ICU stay 
were registered. The results of microbiological analysis and 
antimicrobial resistance were recorded on daily basis. 

Only infections registered after 48h of admission were 
considered as HAIs. All HAIs were classified into following 
groups: urinary tract infection (UTI), pneumonia, blood-
stream infection (BSI) and infection caused by Clostridium 
difficile (CDI). Microbiological analyses of the samples ga-
thered from the patients with HAIs were performed in the In-
stitute of Microbiology at the Military Medical Academy. 

Incidence and incidence density were calculated as the 
number of HAIs per 100 patients and 1,000 patient/days or 
on 1,000 device/days (for specific devices associated with in-
fection). The device utilization rate (DUR) was also calcu-
lated. DUR was determined using following formula: 

DUR = Number of device days / 
Number of patient days *100 

Incidence rate of CDI was defined as the number of 
HAI CDI caused by per 10,000 patient-days. The in-hospital 
mortality rate was defined as the number of deaths per 100 
patients. 

Statistical analysis of data was performed using the 
SPSS software package (SPSS, Chicago, IL, USA, version 
18.00). The results are expressed as mean ± standard devia-
tion (SD) or as the proportion of the total number of patients. 
Testing for significant differences was conducted by the χ2 
test for categorical variables and the Student’s t-test for con-
tinuous variables. The factors were considered to be signifi-
cant at a p-value of ≤ 0.05. All p-values were two-tailed. RFs 
independently associated with HAIs and in-hospital mortality 
(poor clinical outcome) were identified by multivariate logis-
tic regression analysis (MLRA) of variables selected by uni-
variate logistic regression analysis (ULRA) with a limit for 
entering and removing variables of 0.05. 

Results 

During the 48-month study period, 148 patients with a 
total of 2,708 patient-days and mean length of ICU stay of 
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18.3 days (range, 3 to 97 days) were enrolled. The mean age 
of the patient population was 70.2 years (range, 15 to 94 
years). Twenty-two or 14.9% of the patients had cerebral 
hemorrhage, 94 or 63.5% had ischemia, while other diagno-
ses (epilepsy, Parkinson’s disease, multiple sclerosis, CNS 
tumors, polyneuropathies, traumas) accounted for 32 or 
21.6% of all treated patients. 

There were 49 HAIs in 39 patients during the study pe-
riod. Thirty one patients (20.9%) had one, 6 patients (4%) 
had two and 2 patients (1.3%) had 3 infections during their 
stay in the neurological ICU. The incidence and incidence 
density of HAIs were 26.3 % and 18.1 per 1,000 patient-
days, respectively. 

UTIs (23 or 15.5%) were the most frequent HAIs. Inci-
dence density was 0.8 UTIs per 1,000 patient-days. There 
were 10.4 UTIs per 1,000 catheter-days. Pneumonia (15 or 
10.1%) was the second most common type of HAIs with in-
cidence density of 5.5 per 1,000 patient-days. There were 
12.3 ventilation associated pneumonias (VAPs) per 1,000 
ventilator-days. 

BSI (6 or 4%) had incidence density of 2.2 per 1,000 
patient-days. 

The DUR values were 81.3, 35.7 and 17.8 for UV, MV 
and CVC, respectively. 

Risk factors for healthcare-associated infections 
acquisition 

Demographic and clinical characteristics in the group 
with and the group without HAIs according to ULRA are 
shown in Table 1. According to ULRA, several characteri-
stics were more frequent in the group with than in the group 
without HAIs: lenght of ICU hospitalization, CVC, MV, cen-
tral line-days, ventilator-days and urinary catheter-days. 

MLRA identified 4 RFs independently associated with 
HAIs in the neurological ICU: UC [risk ratio (RR): 5.6; 95% 
confidence interval (CI): 1.153–27.632), urinary catheter-
days (RR: 1.1; 95% CI: 1.057–1.188), central line-days (RR: 
1.1; 95% CI: 1.010–1.150), MV (RR: 0.3; 95% CI: 0.079–
0.859). 

The total of 55 microorganisms was detected in 39 
HAIs (Tables 2 and 3). 

CDI incidence rate was 14.8 per 10,000 patient-days. 

 
 

Table 1 
Distribution of patients with and without HAIs according to demographic and clinical characteristics:  

results of univariate logistic regression analysis 

Variable Patients with HAIs 
(n = 39) 

Patients without HAIs  
(n = 109) 

p value 

Male, n (%) 26 (66.7) 60 (55.0) 0.207 
Age (years), mean ± SD  67.1 ± 18.9 71.4 ± 16.5 0.216 
Primary diagnosis, n (%) 

hemorrhage 
ischemia 
other 

 
4 (10.2) 
26 (66.7) 
9 (23.1) 

 
18 (16.5) 
68 (62.4) 
23 (21.1) 

0.640 

Glasgow coma score, n (%) 
3–9  
10–15 

 
10 (25.6) 
29 (74.4) 

 
32 (29.4) 
77 (70.6) 

0.659 

Diabetes mellitus, n (%) 2 (5.1) 18 (16.5) 0.131 
Neoplasm, n (%) 0 (0) 1 (0.9) / 
Infection at admission, n (%) 7 (17.9) 9 (8.3) 0.130 
Survived, (%) 23 (59.0) 66 (60.6) 1.000 
ICU hospitalization days, mean ± SD 32.5 ± 19.6 13.2 ± 11.9 < 0.001 
CVC, n (%) 15 (38.5) 14 (12.8) 0.001 
Central line days, mean ± SD 8.5 ± 14.7 1.4 ± 4.1 < 0.001 
MV, n (%) 26 (66.7) 45 (41.3) 0.011 
Ventilator days, mean ± SD 14.7 ± 21.3 3.6 ± 9.3 < 0.001 
UC, n (%) 35 (89.7) 94 (86.2) 0.777 
Urinary catheter days, mean ± SD 26.4 ± 17.6 10.8 ± 10.4 < 0.001 

HAIs – healthcare associated infections ; ICU – intensive care unit; CVC – central vascular catheter; MV – mechanical 
ventilation; UC – urinary catheter. 
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Table 2 
Distribution of microorganisms isolated from patients with HAIs 

Microorganisms Total 
n (%) 

BSI 
n 

Pneumonia 
n or n (%) 

UTI 
n or n (%) 

Diarrhea 
n or n (%) 

Klebsiella spp. 11 (19.0) 1 3 7 (25.9) 0 
Acinetobacter spp. 10 (17.2) 1 5 (25.0) 4 0 
Enterococcus spp. 8 (13.8) 1 0 7 (25.9) 0 
Proteus spp. 8 (13.8) 0 3 5 0 
Pseudomonas aeruginosa 6 (10.3) 1 3 2 0 
Clostridium difficile 4 (6.9) 0 0 0 4 (100) 
Escherichia coli 3 (5.1) 0 1 2 0 
Staphylococcus aureus 2 (3.4) 0 2 0 0 
Coagulase negative staphylococci  2 (3.4) 2 0 0 0 
Streptococcus spp. 1 (1.7) 0 1 0 0 
Serratia spp. 1 (1.7) 1 0 0 0 
Coryneform bacteria 1 (1.7) 0 1 0 0 
Hemophilus spp. 1 (1.7) 0 1 0 0 
Total 58 (100) 7 20 27 4 

HAIs – healthcare associated infections; BSI – bloodstream infection; UTI – urinary tract infection. 
 

Table 3 
Antimicrobial resistance of isolated strains 

Microorganism n AMR 
Klebsiella spp. 11 11 to 3G (100%), 5 to CBP 

(45.4%) 
Acinetobacter spp. 10 All to CBP (100%) 
Enterococcus spp. 10 2 to vancomycin (20%) 
Pseudomonas 
aeruginosa 

6 4 to CBP (66.7%) 

Proteus spp. 5 4 to 3G (80%), 3 to CBP 
(60%) 

Clostridium difficile 4 – 
Staphylococcus aureus 2 All were MRSA 
Escherichia coli 2 – 
Serratia marcescens 1 1 to 3G and CBP 

AMR – antimicrobial resistance; 3G – third-generation 
cephalosporins; CBP – carbapenems; MRSA – methicillin 
resistant Staphylococcus aureus. 

Risk factors for poor clinical outcome of treated patient 

While overall mortality rate was 39.9%, mortality rate 
in patients with HAIs was 59%. Demographic and clinical 
characteristics in patients with poor versus patients with fa-
vourable clinical outcome according to ULRA are shown in 
Table 4. 

RFs independently associated with in-hospital mortality 
in the neurological ICU were: MV (RR: 6.5; 95% CI: 2.868–
14.116), GCS (RR: 2.7; 95% CI: 1.135–6,396), and age (RR: 
1.03; 95% CI: 1.005–1.055). 

Increasing morbidity and mortality associated with 
HAIs in the neurologic ICU is a topic of serious concern to-
day. A few studies addressed these issues during first two 
decade of 21st century. A comparative review of our results 
and those of these studies is given in Table 5. 

 
Table 4 
Distribution of survived patients and died patients according to their demographic and clinical characteristics: results 

of univariate logistic regression analysis 
Survived patients 

(n = 89) 
Died patients 

(n = 59) Characteristics 
n (%) n (%) 

p 

Male 59 (68.6) 27 (31.4) 0.021 
Age (years) 

< 65  
≥ 65  

 
33 (37.1) 
56 (62.9) 

 
11 (18.6) 
48 (81.4) 

 
0.018 

Primary diagnosis 
hemorrhage 
ischemia 
other 

 
11 (12.4) 
54 (60.7) 
24 (27.0) 

 
11 (18.6) 
40 (67.8) 
8 (13.6) 

 
0.124 

Glasgow coma score 
3–8 
9–15 

 
16 (18.0) 
73 (82.0) 

 
22 (37.3) 
37 (62.7) 

 
0.01 

Diabetes mellitus 9 (10.1) 11 (18.6) 0.215 
Neoplasm  1(1.1) 0 (0) / 
Infection at admission 13 (14.6) 3 (5.1) 0.120 
HAIs 23 (25.8) 16 (27.1) 1.000 
Duration of hospitalization in ICU, 
mean ± SD 

 
18.3 ± 16.6 

 
19.3 + 15.6 

 
0.004 

CVC 18 (20.2) 11 (18.6) 0.979 
MV 29 (32.6) 42 (71.2) 0.000 
UC 79 (88.8) 50 (84.7) 0.642 

CVC – central vascular catheter; MV – mechanical ventilation; UC – urinary catheter; HAIs – healthcare-associated 
infections; ICU – intensive care unit. 
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Table 5 
Results from current and other relevant studies (mean values) 

Parameters Current 
study 

Zolldan et al. 9  

study 
Tekin et al. 6 

study 
Dettenkofer  
et al. 4 study 

Djordjevic  
et al. 13 study 

Patients (n) 148 338 11772 505 537 
Patient days (n) 2,708 2,867 133,992 4,873 6,549 
Length of stay (days) 18.3 8.5 34.3 9.6 – 
Incidence (%)  
    UTI  15.3 36.6 32.0 8.7 13.78 
    pneumonia  10.1 29.6 25.1 11.7 0.74 
    bloodstream infection  4 15.5 17.2 1.4 2.05 
VAP (per 1000 days of MV) 12.3 12.8 – 20.4 – 
Overall incidence (incidence 
density) (%) 26.3 (18.1) 21.0 (24.8) 3.7 (3.2) 24.2 (25.0) 18.81 (15.42) 

Device use rate (%) 
UC  81.3 92 – 86 – 
CVC 17.8 69 – 75 – 
MV 35.7 57 – 22 – 

Dominant microorganism Klebsiella 
spp. Escherichia coli Coagulase negative 

staphylococci 
Acinetobacter 

spp. 
Enterobacter 

cloacae 
In-hospital mortality rate (%) 39.9 – – – – 

UTI – urinary tract infection; VAP – ventilation associated pneumonia; UC – urinary catheter; CVC – central vascular 
catheter; MV – mechanical ventilation. 
 

Discussion 

Tekin et al. 6 found that during fourteen year surveil-
lance of patients who had cerebrovascular diseases and epi-
lepsy, treated in the Clinic for Neurology in southeast of 
Turkey, overall incidence of HAIs was 3.7% (range 1.0–7.7) 
and overall incidence density was 3.2 (range 0.8–7.2). The 
rates reported in studies conducted in patients in neurological 
ICUs were higher. Dettenkofer et al. 4 reported that the inci-
dence was 24.2% and incidence density was 25.0 per 1,000 
patient days. Zolldann et al. 9 found overall incidence and in-
cidence density as 18.5% and 25.0 respectively, while Ab-
dulhasan et al. 10 presented results acquired during 6-year 
surveillance study with 227 HAIs that were identified for a 
rate of 10.9/1000 ICU days. Highest incidence rate were reg-
istered for subdural hematoma and intracerebral/intraven-
tricular hemorrhage, 21.3 and 21.1 per 1,000 patient days, 
respectively. In the present study, overall incidence was 
26.3% and incidence density was 18.1 per 1,000 patient-
days. 

DUR was calculated as ratio of devices-days to pa-
tients-days for each location type. These data may serve as 
marker of severity of illness of patients or measure of use in-
vasive devices which constitute extrinsic RF for HAIs 11. 

The most relevant database documenting HAIs in ICUs 
is provided by the NHSN in the United States (US). Pooled 
data of the surveillance activities in participating US hospi-
tals are published annually. In 2011, US neurological ICUs 
reported pooled mean urinary catheter-associated UTI rates 
of 3.4 (21 ICUs, 116 catheter-associated UTI, 34,422 urinary 
catheter-days) and pooled mean urinary catheter DUR of 
0.66 (21 ICUs, 34,422 urinary catheter-days, 48,549 patients-
days) 12. In our neurological ICU, we recorded 10.4 UTI per 

1,000 catheter-days and DUR for urinary catheters was 0.81. 
MLRA confirm that use of UC (RR: 5.6; 95% CI: 1.153–
27.632) and duration of urinary catheterization (RR: 1.1; 
95% CI: 1.057–1.188) were independent RFs for HAIs. 
These data bear high correlation with those of similar studies 
conducted in Serbia 13. 

VAP refers to hospital-associated pneumonias (HAP) 
that develops among patients on MV and presents more than 
48 hours after endotracheal intubation 14. Our results also 
show significant incidence of VAP (incidence density was 
12.3) which corresponds with results published by Zolldan et 
al. 9. Also, we found that patients with HAIs more often had 
presence of MV and higher number of ventilator-days (p = 
0.011 and p < 0.001, respectively). In 2011, the US neuro-
logical ICUs reported pooled mean VAP of 3.6 (19 ICUs, 64 
VAPs, 17,656 ventilator-days) and pooled mean ventilator 
DUR of 0.36 (19 ICUs, 17,656 ventilator-days, 48,822 pa-
tient days) 12. Our results showed the same ventilator DUR as 
in theUS neurological ICUs, but rate of VAP was far higher. 

We detected low incidence of BSI (4%) in our study, 
but patients with HAIs more often had presence of CVC and 
higher number of central line-days than patients without 
HAIs (p = 0.011 and p < 0.001, respectively). Some underre-
porting cannot be ruled out, because blood cultures were 
missed in few cases of febrile episodes in patients with CVC 
in place. 

According to data for 2014, the ECDC reported the rel-
ative contribution of Gram-negative bacteria as a cause of 
HAIs in ICUs in European hospitals, with higher proportions 
of HAIs caused by Klebsiella spp. and Acinetobacter spp. in 
some countries 15. The results of our study conducted in the 
neurological ICU confirmed that the most commonly cause 
of HAIs was Klebsiella spp., followed by Acinetobacter spp., 
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Proteus spp. and Enterococcus spp. Dettenkofer et al. 4 also 
reported isolation of Acinetobacter spp. as most common 
cause of HAIs in neurological ICU patients, especially as the 
cause of pneumonia (22.4%). Acinetobacter spp. was the 
most frequent cause of pneumonia (25%) in our patients, too. 

In their study, Zolldan et al. 9 found that UTIs were pre-
dominately caused by Escherichia coli (33.3%) and Entero-
coccus spp. (33.3%), while UTIs in our patients were caused 
by Klebsiella spp. (25.7%) and Entercoccus spp. (25.7%). 

During 2014 in European ICUs resistance to third gen-
eration cephalosporins was reported in 44% of Klebsiella 
spp. isolates; carbapenem resistance was reported in 8% of 
Klebsiella spp. isolates, in 28% of Pseudomonas aeruginosa 
isolates and 64% of Acinetobacter spp. isolates 15. Signifi-
cantly high resistance to third generation cephalosporins for 
Enterobacteriaceae isolates in our study gives us limited 
treatment options for Gram-negative bacterial infections and 
making carbapenems as the treatment of choice. High per-
centages of resistance to carbapenems of Gram-negative bac-
teria reflect challenges for treatment of our neurological ICU 
patients. 

CDI is a major cause of nosocomial illness worldwide. 
The disease occurrence in the US has doubled during 2001–
2010 16. Increased ward-level prescriptions for antimicrobial 
drugs have have been shown to increase CDI in hospitalized 
patients 17. We identified CDI incidence rate of 14.8 per 10,000 
patients-day during study period. According to data from North 
America and Europe, registered incidence rate in ICUs varied 
from 8.7 18 to 53.9 19 cases per 10,000 patient-days. 

A recently published study, in which results of two 
large studies (the SOAP – Sepsis Occurrence in Acutely ill 
Patients and the ICON – Intensive Care Over Nations) were 
compared, showed that overall mortality rate in all ICUs in-
volved decreased over time from 18.5% to 16.8%, although 
diseases severity increased 20. Colpan et al. 21 conducted pro-
spective study in three surgical and one medical ICUs and 
found overall mortality rate of 46.7%, significantly higher in 
patients with HAIs than in patients without HAIs (p < 
0.001). Another study from Turkey, that specifically fol-
lowed neurological ICU patients, found that overall mortality 
rate was 60% with higher mortality rate in patients with than 

in patients without HAIs 3. In our ICU, overall in-hospital 
mortality rate was 39.9% and was similar in patients with 
and those without HAIs (59.0% vs 60.6%, respectively). 
Compared to the Turkey study we registered lower ICU mor-
tality rate, but compared with those in ICUs involved in the 
SOAP and ICON studies, it is significantly higher. This may 
be explained by the fact that patients in neurological ICUs 
are especially severe and prone to complications and thus 
should be evaluated independently. 

Cevik et al. 3 have shown that HAIs, MV, two or more 
underlying diseases and low GCS, as independent factors in-
crease mortality in the neurologic ICU. Colpan et al. 21, on 
the other hand, have found that HAIs, mean age, mean Acute 
Physiology and Chronic Health Evaluation (APACHE II) 
score, MV, and stay in the medical/surgical ICU, enteric nu-
trition, tracheostomy and use of steroid or chemotherapy are 
independent RFs for in-hospital mortality. Our study con-
firmed MV, age and low GCS (3–8) as independent RFs for 
in-hospital mortality. 

There are several limitations of our study. The main li-
mitation is that it was performed at the single ICU of tertiary 
healthcare centre. Second limitation is the possibility of con-
founding variables that were not examined in our study. 
Some parameters were not included, e.g. existence of differ-
ent underlying diseases (we analyzed only diabetes mellitus) 
enteric nutrition, steroid therapy, localization of ische-
mic/haemorrhagic lesions and analyzing these factors could 
enhance the relevance of our results. Lastly, we did not in-
clude appropriateness of antimicrobial therapy in analysis of 
in-hospital mortality. 

The strength of our study is that it was prospective and 
could be generalized to all neurologic ICU patients. 

Conclusion 

The results of this study can be used to guide local pre-
vention efforts in patient care areas that are shown to have 
highest incidence of invasive devices-associated HAIs and 
high DUR. Further studies involving burden of HAIs caused 
by Gram-negative carbapenem resistant bacteria in neuro-
logical ICUs and their antibiotic treatment are needed. 
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