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Traumatic brain injury (TBI) may cause several types 
of head and cerebral injuries (as a result of an exter-

nal mechanical force), impairments (either permanent 
or temporary), and cognitive, physical, and psychosocial 
disorders [1, 2]. TBI is the primary cause of death be-
tween 0 and 18 years of age [3].

Nosocomial infections (NIs) appear in patients under 
medical care due to the hospitalization. The NIs seen in 
ICUs contain almost 20–25% of total NIs. ICU patients 
are at high risk 5–10 times more than those in general med-
ical clinics. NI develops in up to 24% of the pediatric ICU 
patients [4]. Furthermore, NIs are responsible for 30–88% 

of deaths in these patients [5, 6]. Scientific studies have 
stated that pediatric intensive care unit (PICU) patients 
with a TBI are at high risk for the development of NIs [7, 
8] and have multiple risk factors, including invasive devic-
es, mechanical ventilation, and immunosuppressive medi-
cations due to disruptions in tissue integrity, and impaired 
host defense mechanisms [9–11]. The most common trau-
ma associated is tracheitis, sepsis, and urinary tract infec-
tions [12]. These NIs, especially nosocomial pneumonia, 
are among the most crucial hospital-associated morbidity, 
mortality, and elevated costs [13]. Prolonged hospitaliza-
tion due to the infections increases the cost [14].

ABSTRACT
OBJECTIVE: This study aimed to determine the factors that increase nosocomial infections (NIs) in pediatric patients with 
traumatic brain injury (TBI) and the effects on both treatment cost and length of hospital stay.

METHODS: We performed a case-control study on patients admitted to the pediatric intensive care unit (PICU) with (n=66) 
or without (n=120) TBI between 2012 and 2014. The risk factors, length of stay, and costs of NIs were determined.

RESULTS: Data for 186 patients were analyzed. One hundred and twenty patients were controls (54 males vs. 66 females), 
while 66 were cases (27 males vs. 39 females). Seventeen out of the 186 PICU patients had NIs. About 7.6% of TBI pa-
tients had infections whereas 10% of control groups had NIs (p=0.58). The most isolated microbial agent was Acinetobacter 
baumannii (four cases). Thirteen (76.5%) out of the 17 infections were catheter-related bloodstream infections. The mean 
expenses per PICU patient were $762, with an additional cost of $2081 for patients with nosocomial contamination.

CONCLUSION: The use of catheters was the most critical risk factor for NIs in our study probably underestimated the cost 
for several reasons. Nevertheless, the findings supported our hypothesis about the additional burden of nosocomial spread 
on PICU patients. This study’s results should help provide evidence on cost-effectiveness or calculate the cost-benefit ratio 
of reducing NIs in children.
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Objectives
This study aimed to determine the factors that increase 
Nis in pediatric patients with TBI and the effects on 
treatment cost and hospitalization length.

MATERIALS AND METHODS

Study Design
We performed a case–control study. Our study was con-
ducted in accordance with the Declaration of Helsinki. 
The Research Ethics Committee approved this study 
of Marmara University, Faculty of Medicine (Approval 
date: September 01, 2019; number: 09.2014.124).

Participants
This study was conducted in the PICU of Marmara 
University Hospital in Istanbul. The study period ran 
from 2012 to 2014. All patients aged 1 month to 17 
years and hospitalized in the PICU for a minimum of 
24 h were eligible for inclusion in the study. Patients 
admitted to the PICU with a TBI were classified as 
cases (n=66), while those hospitalized in the PICU for 
other reasons were taken as controls (n=120). Controls 
were selected randomly from the 1031 patients with 
diagnoses other than TBI, based on random numbers. 
All patient files (n=186) were searched for the devel-
opment of NI from the day of PICU admission. Two 
patients in each group were excluded due to insufficient 
or incongruent data (Fig. 1).

Variables
The severity of the patients’ condition was estimated us-
ing the Pediatric Risk of Mortality III (PRISM) index. 
On the other hand, the Glasgow Coma Scale (GCS) was 
used to describe the level of consciousness in patients. 
Data on demographic features, injury, laboratory results, 
interventions, and treatments were extracted from the 
hospital’s electronic database system. The following vari-
ables were evaluated: Age, gender, length of stay (LOS) 
in hospital and PICU, mortality, the use of an invasive 
device, the presence of surgical operation, the type of 
ventilation (non-invasive or invasive mechanical ven-
tilation), the type of invasive intervention (nasogastric 
and urinary catheters, central/venous/arterial catheters, 
hemodialysis, and peritoneal dialysis catheters, gas-
trostomy and tracheostomy, extra ventricular drainage, 
ventriculoperitoneal (v-p) shunt, chest tube, the use of 
total parenteral nutrition), the use of H2 blockers and 

steroids, the use of antiviral, antifungal and antibiotics, 
the presence of renal or hepatic dysfunction, the pres-
ence of NI, and the microbial agent.

The primary outcome variable of the study was the 
presence of nosocomial spread. Infections were identi-
fied from the trauma database and the hospital’s infec-
tion surveillance systems. All positive microbial cultures 
(cerebrospinal fluid, peripheral blood, urine, feces, and 
endotracheal tube samples) were identified during the 
PICU stay. The definition of NIs is defined 2 days af-
ter PICU admission and classified ventilator-associated 
pneumonia, central line-associated bloodstream infec-
tion, and catheter-associated urinary tract infection. 
There were no clusters or outbreaks of contamination or 
colonization during the study period.

The information in calculating the cost per patient was 
derived from the current price list of the Turkish Phar-
maceuticals and Medical Devices Agency (https://www.
titck.gov.tr/dinamikmodul/100) and the Social Security 
Department (https://tig.saglik.gov.tr). The total cost for 
each PICU patient was calculated in US Dollars.

Highlight key points

• Children with traumatic brain injury may have long hospital 
stays.

• Nosocomial infections are common in these patients and are 
responsible for a high rate of morbidity/mortality.

• Identification of risk factors is important for long hospital 
stays and cost reduction.

Patients admitted (2012–2014)
n=1099

TBI
n=68

Included
n=68

Excluded
n=2

Analyzed
n=66

Other reasons
n=1031

Included
n=122

Excluded
n=2

Analyzed
n=120

Figure 1. Study flow chart.
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Sample Size
The sample size calculation was based on the NI vari-
able. To compare a 9% proportion of the expected event 
with an alternative hypothesis of 15% between two 
groups, giving an effect size of 0.2 (low) and an alpha er-
ror of 5%, a total of 179 patients are required to achieve 
a power of 80%.

Statistical Methods
Statistical analysis was performed with the Statistical 
Package for the Social Sciences version 21 (SPSS, IBM, 
Armonk, NY, USA). The “number (n),” “percentage 
(%),” “mean,” and “standard deviation (SD)” was used for 
the descriptive statistics of the continuous variables. The 
Student’s t-test or Mann–Whitney U-test compared 
two independent groups. The Pearson Chi-square or 
Fisher’s exact tests analyzed categorical data. Clinically, 
significant variables were used to create a logistic regres-
sion model to evaluate the factors associated with NI. 
Since the mean age and GCS differed significantly be-
tween the groups, comparisons were made after adjust-
ing for these variables. The results were assessed with a 
confidence interval of 95%, and the level of significance, 
p, was set at 0.05.

RESULTS

Data for 186 patients were analyzed. One hundred 
and twenty patients were controls (54 males vs. 66 fe-
males), while 66 were cases (27 males vs. 39 females). 
There was no statistically significant difference be-
tween the patients and controls concerning sex. The 
mean age was 63.02±59.89 months, and the age range 
was 1–204 months. There was a statistically signifi-
cant difference between control and case patients con-
cerning age (Table 1).

Seventeen out of the 186 ICU patients had NIs. There 
was no difference in age and gender in the patient groups 
with and without infection. The overall mean GCS was 
12.5±3.8. Patients with NIs had a higher mean GCS 
when compared with patients without NIs (14.4±1.9 vs. 
12.3±3.9). On the other hand, all 17 patients with NIs 
had a lower mean PRISM score when compared with 
patients without NIs (3.4±14.0 vs. 8.9±18.2) (Table 2).

The microorganisms isolated in growth (between 
80.000 and 100.000 CFU/mL) were Acinetobacter bau-
mannii (four cases), Klebsiella pneumonia (three cases), 
Candida spp., Stenotrophomonas maltophilia (two cases), 
coagulase-negative Staphylococcus (two cases), Salmonella 
spp., Giardia intestinalis, Gram-negative bacilli, and En-
terococcus faecalis. Antimicrobials (including penicillin, 
fourth-generation cephalosporins, aminoglycosides, 
macrolides, glycopeptides, carbapenems, polypeptides, 
tetracycline, rifampicin, and ciprofloxacin, as well as an-
tifungal and antiviral agents) were administered to pa-
tients with NIs as monotherapy or combinations.

About 7.6% of TBI patients had infections whereas 
10% of control groups had infections (p=0.58). One of 
the most probable risk factors was the use of catheters. 
Thirteen (76.5%) out of the 17 infections were catheter-
related bloodstream infections (CRBSI), while the 
remaining 4 infections (23.5%) were detected in the 
cerebrospinal fluid, feces, urine, and tracheal aspirate. 
There was a statistically significant difference between 
the use of central/venous/arterial/urinary/nasogastric 
catheters concerning the groups (p<0.001). The mor-
tality rate was 9.1% (n=11) among patients referred to 
the PICU with other reasons, and 18.1% (n=12) in pa-
tients referred with TBI.

The mean LOS in the hospital and PICU was 9.5 and 
6.0 days, respectively. The LOS in hospital and PICU 
for patients with TBI was longer when compared with 

  Study groups

 Control (n=120) Case (n=66) χ2/Z p

Gender (M) (%) 55 59.1 0.290 0.351
Age (months) 57.17±61.92 73.67±54.86 -2.820 0.005
GCS 13.54±3.23 10.73±4.30 -5.759 <0.001

GCS: Glasgow coma score.

Table 1. Comparison of the baseline features between the study and control groups
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the patients without TBI (11.9 days vs. 8.0 days and 7.7 
days vs. 5.0 days, respectively); there were significant dif-
ferences between the groups concerning the LOS in the 
hospital or PICU (Table 3). In addition, the LOS in the 
hospital and PICU for patients with NIs was longer as 
compared with the patients without NIs (26.3 days vs. 
7.8 days and 20.0 days vs. 4.6 days) (p<0.001) (Table 2).

The mean total cost per control patient was $842, 
while $2509 for the patients with NIs. The only mean 
cost of having NIs (antibiotics, PICU costs) was $2081, 
while this was $330 for patients without NIs. As ex-
pected, the excess LOS increased the cost of patients with 

NIs due to antibiotic use and other PICU costs (Table 2).
Logistic regression analysis was used to identify inde-

pendent risk factors for NIs (Table 4). Patients who had 
multiple central venous or arterial catheters (p=0.005, 
95% CI: 0.000–0.162) and hemodialysis catheters 
(p=0.009, 95% CI: 0.000–0.207) were more likely to 
develop bloodstream infections than patients who were 
not exposed to these factors. The mean scores of LOS 
in hospital/PICU, GCS, and PRISM points were not 
associated with the risk factors in our study. This model 
had a sensitivity of 98.2% and a specificity of 64.7% in 
predicting NIs.

  Nosocomial infection

 Present (n=17) Absent (n=169) χ2/Z p

Gender (M) (%) 64.7 55.6 0.519 0.325
Age (months) 42.29±50.28 65.11±60.51 -1.376 0.169
LOS in the hospital (days) 26.35±23.23 7.82±6.64 -4.200 <0.001
LOS in the PICU (days) 20.00±21.36 4.61±4.45 -4.850 <0.001
GCS score 14.47±1.94 12.35±3.97 -2.474 0.013
PRISM score 3.47±4.00 8.96±18.29 -1.012 0.311
Invasive intervention (%) 5.9 8.9 0.176 1.000
Surgery (%) 17.6 21.9 0.165 1.000
Noninvasive ventilation (%) 5.9 2.4 0.730 0.384
Invasive ventilation (%) 64.7 26 11.091 0.002
TPN (%) 11.8 3.6 2.532 0.159
Urinary catheter (%) 64.7 49.7 1.391 0.311
Nasogastric catheter (%) 58.8 40.2 2.191 0.197
Central/venous/arterial line (%) 82.4 30.8 17.953 <0.001
Hemodialysis catheter (%) 5.9 0.6 4.065 0.175
Gastrostomy (%) 11.8 0  20.098 0.008
V-P shunt (%) 0  1.2 0.203 1.000
EVD (%) 0  0.6 0.101 1.000
Chest tube (%) 0  1.8 0.307 1.000
Mortality (%) 11.8 12.4 0.006 1.000
Renal dysfunction (%) 5.9 1.8 1.238 0.321
Hepatic dysfunction (%) 5.9 8.9 0.176 1.000
Use of steroids (%) 41.2 20.1 3.986 0.063
Use of H2 blockers (%) 88.2 59.8 5.335 0.033
Additional cost of antimicrobials (USD)  2081.54±2334.17 330.00±398.69 -5.123 <0.001
The mean cost without antimicrobials (USD) 1162.93±955.39 651.83±687.20 3.044 0.002
Total cost of per patients (USD) 2509.30±2468.41 762.68±828.51 -4.069 <0.001

LOS: Length of stay; PICU: Pediatric intensive care unit; GCS: Glasgow coma score; PRISM: Pediatric Risk of Mortality; V-P: Ventriculoperitoneal; EVD: Extra ventricular 
drainage; TPN: Total parenteral nutrition; HD: Hemodialysis; USD: United State Dollars.

Table 2. Comparison of the studied variables regarding the presence and absence of NIs
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DISCUSSION

NIs are common complications of more extended hospi-
talizations that result in severe mortality, morbidity, and 
excessive cost [15]. Bloodstream infections caused by 
catheters or related invasive interventions are common 
sources of NIs in patients admitted to PICUs [16]. In 
this study, there was no significant association between 
TBI and NIs in PICU patients. According to the multi-
ple regression analysis, the presence of catheters (central/
venous/arterial) increased the risk of CRBSI in both the 
cases and the control patients.

One study detected a similar result about the inde-
pendent risk factors of NIs and reported that the use of 

multiple central venous and arterial catheters increased 
the risk of catheter-borne bloodstream infections 6-fold. 
Another related study also reported that numerous cen-
tral catheters increased the risk of CRBSI almost 10 fold 
[17]. The same study also stated that the use of TPN 
was another risk factor for CRBSI. However, TPN was 
not a risk factor in our research. On the other hand, most 
related studies declared that NIs were associated with a 
statistically significant increased mortality rate [18, 19]. 
Although there was no apparent influence of NIs on 
mortality in our study, they were associated with a longer 
LOS in the hospital and PICU.

In the present study surprisingly, the logistic regres-
sion model revealed a significantly lower incidence of 

  Study groups

 Control (n=120) Case (n=66) χ2/Z* p

LOS in the hospital (days) 8.18±9.56 11.92±12.33 -2.644 0.008
LOS in the PICU (days) 5.09±7.93 7.70±10.00 -2.494 0.013
Presence of NI (%) 10 7.6 0.165 0.685
PRISM score 5.22±8.63 14.36±26.17 -3.895 <0.001
Invasive intervention (%) 8.3 9.1 0.248 0.618
Surgery (%) 25 15.2 6.408 0.011
Noninvasive ventilation (%) 4.2 0  3.223 0.073
Invasive ventilation (%) 21.7 43.9 15.739 <0.001
TPN (%) 6.7 0  5.735 0.017
Urinary catheter (%) 38.3 74.2 28.444 <0.001
Nasogastric catheter (%) 28.3 66.7 31.961 <0.001
Central/venous/arterial line (%) 25.8 53 21.402 <0.001
Hemodialysis catheter (%) 1.7 0  0.793 0.373
Gastrostomy (%) 0.8 1.5 0.645 0.422
V-P shunt (%) 1.7 0  2.381 0.123
EVD (%) 0.8 0  1.594 0.207
Chest tube (%)  0.8 3 1.645 0.200
Mortality (%) 9.2 18.2 6.402 0.011
Renal dysfunction (%) 3.3 0  2.404 0.121
Hepatic dysfunction (%) 10 6.1 0.604 0.437
Use of steroids (%) 22.5 21.2 0.147 0.702
Use of H2 blockers (%) 49.2 86.4 31.681 <0.001
Additional cost of antimicrobials (USD) 392.07±866.31 668.30±1028.12 -3.148 0.002
Mean cost without antimicrobials (USD) 672.08±717.85 746.66±748.51 -1.874 0.061
Total cost per patient (USD) 842.16±1087.10 1068.08±1342.38 -1.758 0.079

LOS: Length of stay; PICU: Pediatric intensive care unit; GCS: Glasgow coma score; PRISM: Pediatric risk of mortality; V-P: Ventriculoperitoneal; EVD: Extraventricular 
drainage; TPN: Total parenteral nutrition; HD: Hemodialysis; USD: United State Dollars; *: Calculations were done after adjusting by age and GCS.

Table 3. Comparison of the outcome variables between the groups
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NIs in patients with hepatic dysfunction (OR 3.9). We 
attribute this finding to the special attention given to 
these patients concerning their care. These patients re-
ceived medications, including antibiotics, in especially 
adjusted doses, and medications metabolized by the liver 
were avoided. Furthermore, in our study, only one patient 
with NI had hepatic dysfunction. Thus, this interpreta-
tion requires caution from the sample size perspective. 
This apparent discrepancy needs to be studied in future 
investigations.

The mean duration of stay in the hospital and PICU 
for the cases in our study was 3.9 and 2.0 days longer 
than that of the controls (8.0 and 5.0 days, respec-
tively). These data confirmed the excess LOS in hos-
pitals and ICUs, ranging from 3.1 to 23 days [20–22]. 
There were statistically significant differences between 
both case/control groups and patients with/without 
NIs regarding LOS in hospital and PICU in our study. 
The literature shows that if a patient has a NI in the 
ICU, the length of hospitalization will be longer [23]. 
Besides, an increased mortality rate (up to 35%) was 
detected depending on the excessive LOS in hospitals 
and ICUs [24, 25].

As expected, the excess LOS by NIs leads to an in-
crease in hospital costs and frequency of antibiotic use. 
In developing countries, the expenditure on antibiotics 
constitutes a large part of the cost [26]. We detected that 
only antimicrobial use and related expenses were $474 
(mean per patient) for traumatic PICU patients without 
NIs, while this amount was $3030 (mean per patient) for 
traumatic PICU patients with NIs. On the other hand, 
the mean total cost per control patient was $842, while 
it was $2509 for the patients with NIs. Some similar na-
tional studies support our findings. The additional cost 
for ICU patients was reported as ranging between $1500 
and $5800 [27–30]. However, this range expands consid-
erably ($2500–40000) in international studies, leading to 
a 2–47% of additional cost in ICUs per patient [31–33].

Limitations
Our work has some limitations. First, it is conducted retro-
spectively in a single center. A larger data set may allow more 
accurate sampling and detailed results. Second, we calculated 
costs using the price chart issued by the Turkish Ministry 
of Health, which uses a diagnosis-related grouping. Hence, 
some expense items such as anesthesia fees during surgery, 

Risk factors Beta Wald p 95% CI for Exp (B)

     Lower Upper

GCS 1.469 2.020 0.155 -0.573 32.922
PRISM 0.040 0.392 0.531 0.918 1.181
LOS in hospital 0.123 3.592 0.058 0.996 1.284
LOS in PICU 0.128 1.671 0.196 0.936 1.379
Renal dysfunction (present/absent) -0.225 0.013 0.910 0.016 38.706
Hepatic dysfunction (present/absent) -3.951 3.998 0.046 0.000 0.925
Invasive intervention (present/absent) 3.553 1.194 0.275 0.060 20473.561
Surgery (present/absent) 2.564 2.895 0.089 0.678 249.011
Noninvasive ventilation (present/absent) -1.330 0.071 0.790 0.000 4641.017
Invasive ventilation (present/absent) 2.306 1.958 0.162 0.397 253.562
TPN (present/absent) 0.359 0.039 0.844 0.040 51.326
Catheter (present/absent) -6.177 7.718 0.005 0.000 0.162
HD catheter (present/absent) -6.221 6.890 0.009 0.000 0.207
Urinary catheter (present/absent) 1.812 1.965 0.161 0.486 77.050
Nasogastric catheter (present/absent) 0.455 0.100 0.752 0.093 26.563
Use of steroids (present/absent) -0.617 0.294 0.291 0.058 5.007

CI: Confidence interval; LOS: Length of stay; PICU: Pediatric intensive care unit; GCS: Glasgow coma score; PRISM: Pediatric risk of mortality; TPN: Total parenteral 
nutrition; HD: Hemodialysis; USD: United State Dollars.

Table 4. Risk factors for nosocomial infections in PICU patients
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hospital/PICU standard expenses, and workforce expenses 
were not calculated. At that point, an itemized price list, in-
cluding all interventions, could be obtained from the Hospi-
tal Billing Unit to get more accurate cost data.

Conclusion
In light of the findings, parallel with the current litera-
ture, we detected that NIs had an essential effect on the 
LOS in hospitals and PICU, as well as on additional and 
total costs of both controls and cases. In our study, it can 
be concluded that hospital infections are less common in 
patients followed up with TBI compared to the control 
group, due to the need for a shorter duration of invasive 
ventilation, TPN, and interventions such as invasive 
catheterizations. However, TBI did not have any signif-
icant extra effect on the presence of NIs. On the other 
hand, the NIs caused a substantial burden to both PICU 
patients and the health-care system regarding the treat-
ment and hospitalization costs. In our study, the cost was 
probably underestimated for several reasons. Neverthe-
less, the findings supported our hypothesis about the 
additional burden of NIs on PICU patients. The results 
of this study should help provide evidence on cost-ef-
fectiveness or calculate the cost-benefit ratio of reducing 
nosocomial bloodstream infections in children.
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