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Abstract

Objective: We investigated demographic, clinical and laboratory 
characteristics of children with ventriculoperitoneal (VP) shunt  infection 
in this study. The aim of this study was to make a comparison between 
the values obtained before and after treatment, and those obtained 
before treatment and of the control groups in terms of platelet count, 
mean platelet volume (MPV) and platelet distribution width (PDW) 
values in the diagnosis of VP shunt infection.

Material and Methods:  In this study, medical records of patients 
diagnosed with VP shunt infection between the years 2015-2018 were 
retrospectively reviewed. Healthy children of similar age groups were 
selected as the control group. The platelet count, MPV and PDW values 
of the patients were compared before and after treatment, and before 
treatment and with the control group.

Results:13 (39.4%) female and 20 (60.6%) male patients who were 
diagnosed with VP shunt infection were included in this study. The 
median age of the patients was 8 months (min-max: 1-106 month). 
The most common complaints were nausea and vomiting (66.7%) 
followed by loss of appetite (57.6%) and fever (51.5%). Growth in the 
cerebrospinal fluid (CSF) culture of 23 (69.7%) patients was detected 
and the most common cause was Staphylococcus epidermidis (57.6%). At 
admission, patients with VP shunt infection had mean follow-up platelet 
counts of 521.969 ± 143.697 µL (min-max: 256.000-854.000 µL) and 25 
patients (75.7%) had thrombocytosis. There was statistically significant 

Özet

Giriş: Bu çalışmada ventriküloperitoneal (VP) şant enfeksiyonu gelişen 
çocuk hastaların demografik, klinik, laboratuvar özellikleri incelenmiştir. 
VP şant enfeksiyonu tanısında trombosit sayısı, ortalama trombosit 
hacmi (OTH), trombosit dağılım aralığı (TDA) değerlerinin tedavi önce-
si, tedavi sonrası ve tedavi öncesi ile kontrol grubunun karşılaştırılması 
amaçlanmıştır.  

Gereç ve Yöntemler:  Bu çalışmada 2015-2018 yılları arasında VP şant 
enfeksiyonu tanısı alan hastaların dosyaları geriye dönük olarak incelen-
di. Benzer yaş grubundan sağlıklı çocuklar kontrol grubu olarak seçildi. 
Hastaların tedavi öncesi, sonrası ve tedavi öncesi ile kontrol grubu trom-
bosit sayısı, OTH ve TDA değerleri karşılaştırıldı. 

Bulgular: Bu çalışmaya VP şant enfeksiyonu tanısı alan 13 (%39.4)’ü kız, 
20 (%60.6)’si erkek 33 hasta dahil edildi. Hastaların median yaşı 8 ay (min-
maks: 1-106 ay) idi. En sık başvuru yakınması bulantı-kusma (%66.7) 
olup bunu iştahsızlık (%57.6) ve ateş (51.5) izlemekte idi. Hastaların 23 
(%69.7)’ünde beyin omurilik sıvısı (BOS) kültüründe üreme tespit edildi 
ve en sık etken Staphylococcus epidermidis (%57.6) idi. Ventriküloperito-
neal şant enfeksiyonu olan hastaların yatışta bakılan ortalama trombosit 
değerleri 521.969 ± 143.697 µL (min-maks: 256.000-854.000 µL) olup 25 
(%75.7)’inde trombositoz mevcut idi. Hastaların tedavi öncesi ve sonrası 
trombosit sayıları arasında anlamlı fark bulundu (p= 0.001). Tedavi önce-
si ve sonrası OTH değerleri karşılaştırıldığında tedavi öncesi ortalama 
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Introduction

In the treatment of hydrocephalus, ventriculoperitoneal 
(VP) shunt application is the main treatment method. Despite 
the positive developments in the treatment of hydrocephalus 
with VP shunt, complications such as infection are the most 
important problems in the treatment. The rate of infection 
development in children with ventriculoperitoneal shunt has 
been reported as 5-18% according to the studies (1-6).  Small 
age, especially prematurity, previous VP shunt infection, shunt 
insertion reason (purulent meningitis, intracranial hemor-
rhage, meningomyelocele), surgeon experience, duration and 
technique of surgery, compliance with sterility and having a 
story of 3 or more shunt changes are risk factors for VP shunt 
infection development (2,3,7). Coagulase-negative staphy-
lococci are the most common cause of ventriculoperitoneal 
shunt infections and infection is usually caused by skin trans-
mission (3,8). In VP shunt infections in children, some patients 
may have no signs or symptoms. As a result of infection-in-
duced shunt dysfunction, headache, nausea and vomiting 
due to intracranial pressure increase may occur. Local signs 
and symptoms may occur due to infection developed at the 
tip of the shunt catheter. Early diagnosis of ventriculoperito-
neal shunt infections is important for prognosis (2). 

In recent years, the diagnostic value of platelet parameters 
has been investigated in many infectious diseases. Platelet ac-
tivation is an important step in the immunopathogenesis of 
inflammatory diseases. Platelet count, mean platelet volume 
(MPV), platelet distribution range (PDR) changes are indica-
tors of platelet activation and function. In cases leading to in-
flammations such as infection, megakaryocytes increase due 
to thrombopoietic stress.  The increase in megakaryocytes is 

usually acompaned by increased platelet count and MPV in 
infectious diseases. Platelet distribution range indicates plate-
let volume difference. Evaluation of mean platelet volume as 
well as PDR provides better definition of platelet volume dis-
tribution. Because platelet counts are measured routinely to-
gether with MPV and PDR values in the complete blood count, 
platelet parameters are very easy and inexpensive (9,10). Al-
though platelet parameters have been used in a number of 
studies, different results can be obtained in some technical 
cases, such as the type of hematology analyzer, anticoagulant 
administered, and time from sampling to analysis. Although 
MPV and PDR have increased due to reactive thrombocytosis 
in infectious diseases, contradictory results have been report-
ed in many studies (11). In this study, we aimed to evaluate 
the demographic, clinical and laboratory features of pediatric 
patients with VP shunt infection and to compare the platelet 
count, MPV, and PDR values   before treatment with the control 
group.  

 
Materials and Methods

This study included children aged 0-18 years who were di-
agnosed with VP shunt infection followed-up at the Pediatric 
Infection Service, General Pediatrics Service, Neurosurgical 
Service, and Brain Surgery Intensive Care Unit between 2015 
and 2018.  None of the patients included in the study had any 
disease affecting platelet function and platelet count. The files 
of the patients were analyzed retrospectively. Age, gender, 
date and cause of VP shunt placement, clinica and laboratory 
features, BSF findings, length of hospitalization, treatment ap-
plied, previous VP shunt infection and VP shunt changes of the 
patients were recorded on the course forms. 

difference between  before and after treatment platelet counts of the 
patients (p= 0.001). When MPW values were compared between before 
and after treatment, the mean MPW value at before treatment was 9.58 
fL and the mean MPW value at after treatment was 9.87 fL, which was 
statistically significant (p= 0.027). The difference between PDW values 
before and after treatment was not statistically significant. When MPW 
and PDW values of the control group and the patients were compared, 
there was no statistical difference.

Conclusion: In our study, there was no statistical difference between 
MPW and PDW values in healthy children and patients with VP shunt 
infection. However, in patients with VP shunt infection, although 
thrombocytosis was present at the beginning of the treatment, the 
values after treatment were within normal limits. At the beginning of 
treatment, MPW values were found to be lower than after the treatment. 
In the case of VP shunt infections, in order to use the platelet parameters 
(MPW, PDW) for diagnosis, prospective studies with more patients are 
needed.

Keywords: Ventriculoperitoneal shunt infection, platelet, mean platelet 
volume, platelet distribution witdh

OTH değeri 9.58 fL iken tedavi sonrası ortalama OTH değeri 9.87 fL idi ve 
fark anlamlı idi (p= 0.027). Tedavi öncesi ve sonrası TDA değerleri açısın-
dan fark anlamlı değildi. Kontrol grubu ile hastaların tedavi öncesi OTH ve 
TDA değerleri karşılaştırıldığında fark anlamlı bulunmadı. 

Sonuç: Çalışmamızda sağlıklı çocuklar ile VP şant enfeksiyonu olan hasta-
larda OTH ve TDA değerleri arasında anlamlı fark bulunmadı. Ancak VP 
şant enfeksiyonu olan hastalarda tedavi başlangıcında trombositoz 
mevcut iken tedavi sonrası değerlerin normal sınırlara geldiği görüldü. 
Tedavi başlangıcında OTH değerlerinin tedavi sonrasına göre daha düşük 
olduğu saptandı. VP şant enfeksiyonlarında trombosit parametrelerinin 
(OTH, TDA) tanıda kullanımı için daha fazla hasta ile yapılan prospektif 
çalışmalara ihtiyaç vardır. 

Anahtar Kelimeler: Vetriküloperitoneal şant enfeksiyonu, trombosit,  or-
talama trombosit hacmi, trombosit dağılım aralığı
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The diagnosis of VP was achieved with symptom (head-
ache, nausea, vomiting, seizure, change of consciousness, fe-
ver) and findings (fever, change of consciousness, redness of 
the shunt, meningeal irritation sign) or with BOS taken from 
the shunt reservoir or with direct puncture from the ventricle 
of the patient with possible shunt infection. If there is repro-
duction in the cerebrospinal fluid or there is no reproduction 
in BOS, > 10/mm3 WBC and low glucose levels (< 45 mg/dL) 
and high protein levels (> 100 mg/dL) in BOS direct examina-
tion were considered as VP shunt infection (12). The patient 
with possible VP shunt infection according to the clinical and 
laboratory results was diagnosed wit VP shunt infection by 
the pediatric infection specialist, excluding the other infec-
tion diseases. In patients who were diagnosed with ventric-
ulopretoneal shunt infection, infected shunt was removed, 
appropriate antibiotic treatment was started and reservoir 
was inserted into the ventricle and BSF was discharged. Com-
plete blood count, C-reactive protein (CRP) levels, erythrocyte 
sedimentation rate (ESR), serum procalcitonin levels, BSF cell 
count, BSF glucose, BSF protein levels and BSF culture repro-
duction of the patients at the time of admission were record-
ed. Platelet values   of the patients before discharge (before VP 
shunt insertion) were recorded. The platelet count, MPV and 
PDR values   of the patients were compared in two groups: be-
fore hospitalization and before discharge.

Thirty-three healthy children who were not diagnosed 
with infection or inflammatory disease from a similar age 
group who applied to the General Polyclinic were selected as 
the control group and the complete blood count of the con-
trol group children was recorded. The platelet count, MPV and 
PDR values   of children with VP shunt infection and the ones 
of the control group were compared. Platelet counts over 
450.000 mm3 value   were accepted as thrombocytosis (13). 

Statistical Analysis

Data were evaluated using SPSS version 20.0 (SPSS, Inc., 
Chicago, IL, USA). Data were analyzed in terms of distribution 
normality. Descriptive statistics of the variables with normal 
distribution were expressed as mean ± standard deviation, 
and the ones with abnormal distribution were expressed as 
median (minimum-maximum). When the group amount was 
two, independent sample t test was applied for the variables 
complying with the normal distribution and the dependent 
sample t-test was applied to the dependent groups. Statistical 
significance was accepted as p< 0.05 in all data.

Results
The study included thirty-three patients with VP shunt in-

fection of which 13 (39.4%) were female and 20 (60.6%) were 
male. The median age of the patients was 8 months (min-max: 
1-106 months). 93.3% of the patients included the ones with 

intracranial hemorrhage related to prematurity and hydro-
cephalus due to congenital anomalie and these patients were 
found to have VP shunt in the first 6 months. The most com-
mon complaint was nausea and vomiting (66.7%), followed by 
anorexia (57.6%) and fever (51.5). The most frequent finding 
in the physical examination was fever (51.5%) and in 18.2% 
of the patients, there was a change in consciousness and only 
one patient (3%) had meningeal irritation. The clinical and de-
mographic characteristics of patients with VP shunt infection 
were shown in Table 1. In our study, median values   of CRP, ESR, 
procalcitonin and white blood cell counts of patients with VP 
shunt infection were within normal limits. Laboratory data of 

Table 1. Demographic and clinical characteristics of patients with 
ventriculoperitoneal (VP) shunt infection

Characteristics

Number of 
patients (n) 
Percent (%)

Gender 
Female
Male

13 
20

39.4
60.6

VP shunt indications
Intracranial hemorrhage due to prematurity
Congenital anomaly
Intracranial mass
Unknown

11
20
1
1

33.3
60.6
3.0
3.0

VP shunt change frequency  
No VP shunt change
Number of patients with one VP shunt change  
Number of patients with 2 or more VP shunt 
changes

16
6

11

48.5
18.2
33.3

Number of patients with previous history of VP 
Shunt infection, 

12 36.4

Period after last inserted VP shunt (month)
Number of patients with VP shunt in the last 1 
month
The number of patients with VP shunt in the last 
1-3 months
Number of patients with VP shunt in the last  
3-6 months
Number of patients with VP shunt in the last 6 and 
more months

12

11

2

8

36.4

33.3

6.1

24.2

Admission Complaint of Patients*
Nausea and vomiting
Loss of appetite
Fever
Growth around the head
Uneasiness
Change of consciousness
Seizure
Redness at the shunt site
Swelling at the shunt site
No suction
Headache
BSF leak

22
19
17
13
10
6
5
5
4
4
1
1

66.7
57.6
51.5
39.4
30.3
18.2
15.2
15.2
12.1
12.1
6.1
3.0

* Multiple complaints were present in the same patient.
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patients is shown in Table 2. The mean platelet counts of pa-
tients with ventriculoperitoneal shunt infection before treat-
ment were 521.969 ± 143.697 µL (min-max: 256.000-854.000 
µL) and thrombocytosis was present in 25 (75.7%) patients. 
The difference between thrombocyte values before and after 
treatment and pretreatment and control group thrombocyte 
values   was significant (p= 0.001). When MPV values    before and 
after treatment of patients with ventriculoperitoneal shunt 
infection were compared, mean MPV value before treatment 
was 9.58 fL, mean MPV after treatment was 9.87 fL and the 
difference was significant (p= 0.027). There was no significant 
difference between pre- and post-treatment PDR values. No 
significant difference was found between the control group 
and the MPV and PDR values   of the patients before treatment. 
Thrombocyte, MPA, and PDR values   of the patients before and 
after treatment and thrombocyte, MPA, and PDR values   of the 
control group were shown in Table 3. 

In 23 (69.7%) of the patients with VP shunt infection, repro-
duction was detected in the BSF culture and the most com-
mon factor was Staphylococcus epidermidis (57.6%). Distribu-
tion of microorganisms reproducing in BSF culture is shown in 
Table 4. It was determined that the shunt of all patients diag-
nosed with VP shunt infection was removed and the patients 

had a reservoir inserted into the ventricle for the removal of 
BSF. It was determined that intravenous antibiotic treatment 
was started and intrathecal antibiotic treatment through the 
reservoir was administrated to all patients. The mean length 
of hospitalization was 43.3 ± 23.1 days. After the treatment, all 
patients were discharged with healing and 4 (12.1%) patients 
developed VP shunt infection during follow-up. 

 
Discussion

In the present study, 93.9% of 33 patients examined had 
intracranial hemorrhage due to prematurity and hydroceph-
alus due to congenital anomalies. The median age of the pa-
tients was 8 months and VP shunt was inserted during the first 
6 months of their life. One of the most important factors that 
increase the risk of VP shunt infection in children is age. VP 
shunt insertion prior to six months was considered a risk for 
VP shunt infection development. The smaller the age of ven-
triculoperitoneal shunt insertion, the higher the infection rate 
is monitored, especially in premature infants and even in low 
birth weight premature infants (< 1500 g). It has also been 
shown that the risk of VP shunt infection increases more in 
premature cases with hydrocephalus after intracranial hemor-
rhage (1,14-16).  It was determined that 69.6% of the patients 
had shunt change in the last 3 months and 36.4% in the last 
month. Ventriculoperitoneal shunt is most commonly infect-
ed with skin colonization and therefore, the risk of develop-
ing VP shunt infection is reported to be higher in the first few 
months after VP shunt insertion. It has been reported that 70% 
of ventriculoperitoneal shunt infections developed in the first 
two months, but 10% developed after the first year (17-21). 
In a 6-year cohort study in Korea, it was reported that 91.4% 
of VP shunt infections developed within the first 3 months 
after shunt insertion (22). According to the studies in Turkey, 
71.4% of the  VP shunt infections developed during the first 
4 months after the insertion and 49,8% developed in the first 
following month (23,24). These findings reveal the importance 
of sterility, which is a preventable risk factor. Previous shunt 
infection and recurrent shunt changes are another risk factor 
for VP shunt infection. It was stated that 84.5% of patients who 
had been followed up for approximately 20 years after ventric-
uloperitoneal shunt insertion required one or more VP shunt 
changes, and VP shunt infection was the cause of VP shunt 
failure in 9% of the patients and 4.7% of the patients had 10 or 
more shunt changes (25). In our study, 36.4% of patients had 
a history of VP shunt infection. 51.5% of patients had a history 
of one or more VP shunt changes. The most common cause 
of ventriculoperitoneal shunt infections is coagulase negative 
staphylococci found in the normal flora of the skin and the 
most common microorganisms isolated are S. epidermidis and 
Staphylococcus aureus. Propionibacterium types in the nor-

Table 2. Laboratory values   of patients with ventriculoperitoneal 
shunt infection

Laboratory values
Number of 

patients 
examined (n)

Number of white blood cell 
count (/mm³)

Median
Min-max

33
13160

5560-36490

**CRP (mg/dL)
Median
Min-max

28
1.18

0.1-8.7

Procalcitonin (ng/dL)
Median
Min-max

16
0.1

0.05-23.1

*ESR rate (mm/h)
Median
Min-max

24
8.5

2-88

*** BSF glucose (mg/dL)
Mean ± SD

33 33.9 ± 21.3

BSF protein (mg/dL)
Median
Min-max

33
181

8.3-2743

BOSWBC (/mm³)
Median
Min-max

33 50
0-1000

  * ESR: Erythrocyte sedimentation rate.
 ** CRP: C-Reactive protein.
*** BSF: Brain spinal fluid.
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mal flora of the skin may be involved in VP shunt infections. 
Except for gram-positive bacteria, especially Escherichia coli 
and other enteric rods are gram-negative bacteria that may 
be involved in the etiology of VP shunt infection (3). In our 
study, the active microorganism was detected in BSF of 69.6% 
of the patients and the most common microorganism was  
S. epidermidis (82.6%). The active microorganism in 8.6% of our 
patients was Enterococcus types, in 4.3% was E. coli and in 4.3% 
was Pseudomonas aeruginosa. In a multicentre study conduct-
ed in our country, the active microorganism was isolated in 
51% of the patients. The most common isolated agent in this 
study was 42.5% coagulase negative staphylococci and 14.9% 
P. aeruginosa and 10.1% Klebsiella pneumoniae, followed by 
10.1% S. aureus (24). 

The clinical findings of patients with VP shunt infections 
vary according to the patient’s age, virulence of the microor-
ganism and the type of shunt. In ventriculoperitoneal shunt 
infections, complaints such as headache, nausea, vomiting, 
change in consciousness and seizures may develop due to 
increased intracranial pressure as a result of blockage of the 
shunt. Fever may not be observed in every patient.  Local or 
systemic signs and symptoms secondary to the site of the dis-
tal end of the shunt (peritoneum, pleura, and atrium) may de-
velop (12). Nausea and vomiting in our patients were the most 
common complaint (66.7%). Fever was present in 51.5% of the 
patients. VP shunt infection was more prominent due to the 
local findings on the skin in the region where the shunt was 
localized (15.2%), growth around the head as a result of shunt 
failure (39.4%) and seizures (15.2%), change in consciousness 
(18.2%). Since the circulation of the BSF between the ventricles 

and the meninges continues, the signs of meningeal irritation 
are not usually seen. In our study, only one patient had signs 
of meningeal irritation on physical examination. In the stud-
ies, it was reported that the most common sign of VP shunt 
infections was fever in the rate of 37.2-95%. In these studies, 
local inflammation findings were reported to be 3.4-34.3%, 
vomiting was 6.5-82.5%, consciousness change was 4.1-55%, 
seizure rate was reported as 17.1-47.5% (22,24,26,27). There 
is less inflammation in ventriculoperitoneal shunt infections 
than in bacterial meningitis. Therefore, the number of white 
blood cells in BSF is less than that of bacterial meningitis and 
may not be pleocytosis. It is difficult to evaluate the parame-
ters of the cerebrospinal fluid. There is no culture reproduc-
tion at all times. Normal phase of acute phase reactants does 
not exclude the diagnosis of VP shunt infection (12,28). In our 
study, the median values   of CRP, procalcitonin and ESR levels 
of the patients investigated were within normal limits.

Non-specific signs and symptoms in ventriculoperitoneal 
shunt infections, especially in children, often delay the diag-
nosis and require high suspicion for diagnosis. In our study, 
we examined the changes in platelet parameters in the diag-
nosis of VP shunt infection. There was significant thrombo-
cytosis in the patients when the values of the patient at the 
time of admission were compared with post-treatment values. 
Thrombocyte count was significantly higher in patients with 
VP shunt infection compared to the control group. Thrombo-
cytosis can be seen in many infectious diseases in children, 
especially in closed area infections such as bones, joints and 
pleura. In previous studies, it has been shown that reactive 
larger platelets are generated by cytokines such as IL3-IL6 re-
leased secondary to inflammation (29,30).  We thought that 
there might be reactive thrombocytosis due to infection in 
our patients. Reactive thrombocytosis is generally expect-
ed to cause an increase in platelet parameters. In our study, 
the initial MPV values   of our patients were found to be lower 
than those observed before discharge and this difference was 
significant. There was no difference between the PDR values   
of the patients before and after discharge. Also, there was no 
significant difference between the control group consisting of 

Table 3. Thrombocyte, MPV, and TDA values   of patients with ventriculoperitoneal shunt infection before and after treatment and the 
control group

Platelet parameter Pretreatment Post-treatment Control p* p**

Platelet count (µL)
Average ± SD

521.969 ± 143.697 390.000 ± 98.636 363.031 ± 82.506 0.001 0.001

MPV (fL) 
Average ± SD

9.58 ± 1.08  9.87 ± 1.0  9.23 ± 1.37  0.027 0.25

PDR (%)  
Average ± SD  

11.34 ± 2.77  11.8 ± 2.2  12.43 ± 3.26  0.12 0.24

  * Comparison of platelet parameters before and after treatment of patients with ventriculoperitoneal shunt infection, p value.
** Comparison of platelet parameters of patients with ventriculoperitoneal shunt infection before treatment with control group, p value.
MPV: Mean platelet volume, PDR: Platelet distribution.

Table 4. Microorganisms produced in cerebrospinal fluid of 
patients

Microorganism reproducing Number (n) Percent (%)

Staphylococcus epidermidis 19 82.6

Enterococcus types 2 8.6

Escherichia coli 1 4.3

Pseudomonas aeruginosa 1 4.3
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healthy children of similar age group in term os MPV and PDR 
values. In the literature, we found only one study that exam-
ined the platelet parameters in VP shunt infection. Çelik and 
colleagues, as in our study similar, have found that despite the 
increased platelet count, MPV was found to be lower than the 
control group (31).

In a study evaluating adult patients with bacterial men-
ingitis and tuberculosis meningitis, platelet count was low-
er and MPV was higher in patients with bacterial meningi-
tis compared to patients with tuberculous meningitis and 
healthy control group (32). MPV was found to be high in bac-
terial bloodstream infections and sepsis and it was shown to 
be important for prognosis (33-35). In a study evaluating 196 
children diagnosed with acute community-acquired pneumo-
nia, MPV values   were found to be higher in the hospitalized 
patients with severe pneumonia than in outpatients. Patients 
with acute community-acquired pneumonia had lower MPV 
values   than healthy control group (36). In patients who were 
followed up with peritonsillar abscess diagnosis, MPV values 
before treatment   were found to be higher than those after 
treatment and control group (37). In studies evaluating plate-
let parameters in acute infections, quite different results have 
been obtained. However, these studies were generally per-
formed retrospectively and with a small number of patients. 
The limitation of our study was the retrospective nature and a 
small number of patients. 

Conclusion

There are no specific clinical signs and laboratory investi-
gations in the diagnosis of VP shunt infections, but early diag-
nosis and treatment are essential for prognosis. Since platelet 
parameters can be measured via complete blood count, they 
are very cheap and easy to obtain. Platelet count and MPV val-
ue can be used as a laboratory sign in early diagnosis of VP 
shunt infections, but prospective studies are needed on this 
subject. 
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