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Abstract 

Introduction - Central Nervous System (CNS) shunts used for treating hydrocephalus are associated with 

infection. Various risk factors such as age, preterm delivery, revision of shunts for various reasons are among 

the risk factors that contribute to shunt infection. The present study was undertaken to evaluate various risk 

factors associated with CNS shunt infections.  

Materials and Methods - A total of 86 patients admitted in Neurosurgery and Paediatric Surgery units over a 

period of 19 months were evaluated for development of shunt infections. Demographic details such as age and 

gender, along with other variables such as preterm delivery, clinical condition requiring CNS shunt surgery, 

previous CNS shunt surgery and prophylactic antibiotic coverage, if any, was recorded. A total of 176 CSF 

samples and 44 shunt tips from 86 patients were processed for culture and sensitivity. 

Results – Overall infection rate was 23%, with highest in paediatric age group (75%). Infection rate was highest 

in the subgroup who underwent multiple shunt revisions (60%) followed by those with a single shunt revision 

(48%). Gram positive cocci were the predominant isolates. Methicillin resistance was recorded in 90% of 

Coagulase Negative Staphylococci and 73% of Staphylococcus aureus strains. Mortality rate was 15%, all in 

preterm babies. 

Discussion/Conclusion – Age, preterm delivery, single/ multiple shunt revision were important risk factors. 

Majority of the bacterial isolates, both gram positive and gram negative were drug resistant, thus influencing the 

outcome of infection. Identification of risk factors along with appropriate antimicrobial therapy would reduce 

the morbidity and mortality. 

 

Keywords: Shunt infections, preterm deliveries, shunt revision 
 

Introduction 

Central Nervous System (CNS) shunts are inserted 

for treating hydrocephalus resulting from a variety of 

reasons. It is a common surgical procedure and life-

saving treatment for many patients. The shunt system 

drains excess fluid from the brain to another part of 

the body where the CSF is absorbed [1].  The CSF 

shunts vary in their appearance but essentially consist 

of a ventricular tube, a second tube to drain the CSF 

to another cavity, and a one-way Spitz-Holter valve 

to control the direction and rate of flow. Some may 

have a reservoir to allow easy access, sampling of the 

ventricular CSF and administration of drugs, while 

others have an inbuilt pressure-sensing device. 
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Ventriculoperitoneal (VP) shunts are more commonly 

used than the ventriculoatrial (VA) type [2].  

However, CSF shunts are liable to malfunction or 

infection. Rate of infection of the CSF shunts varies 

widely in different clinical settings. However, certain 

important variables play an important role in its 

development. Of these the age of the patient is 

considered the most significant host factor. Patients 

undergoing shunt revision are at an increased risk of 

infection. In addition, Premature low birth weight 

infants have been found to be more prone for shunt 

infections after shunt surgery [3, 4]. 

Despite advances in the surgical techniques and 

availability of newer antibiotics, infection continues 

to be one of the most serious complications of CNS 

shunts. The present study was therefore undertaken to 

evaluate various risk factors associated with the 

development of CNS shunt infections. 

Materials & Methods 

The prospective study, approved by Institutional 

Ethics Committee, was conducted on patients 

admitted for shunt insertion or shunt revision surgery 

in neurosurgery and paediatric surgery units of a 

tertiary care teaching hospital. A total of 86 patients 

with informed consent, admitted in the two surgical 

units over a period of 19 months were included in the 

study. Demographic details (age and gender) along 

with other variables such as preterm delivery was 

recorded. Clinical condition requiring CNS shunt 

surgery, previous CNS shunt surgery and 

prophylactic antibiotic coverage, if any, was also 

recorded. A total of 86 patients during the study 

period were included in the study.  A total of 176 

CSF specimens were collected from 86 patients either 

by lumbar puncture or percutaneous tapping of the 

fluid from shunt reservoir. CSF specimen was 

collected at the time of surgery and an additional 

specimen of CSF was collected as and when infection 

was suspected clinically. 44 shunt tips (ventricular or 

peritoneal end) from 39 patients who underwent 

shunt revision were also received. Both CSF and 

shunt tips were processed and standard 

microbiological protocol applied for isolation and 

species level identification of the bacteria [5, 6, 7]. 

Antimicrobial susceptibility testing was performed as 

per the CLSI guidelines [8]. All Staphylococcal 

isolates were also tested for methicillin resistance. 

Minimum Inhibitory Concentration (MIC) for 

Vancomycin was determined for all methicillin 

resistant Staphylococci by performing broth 

macrodilution method [8]. Gram negative isolates of 

Escherichia coli, Klebsiella and Proteus mirabilis 

were tested for production of extended spectrum beta 

lactamases(ESBL) by performing the screening and  

confirmatory test for ESBL production [8]. 

Results 

20 out of 86 patients developed shunt infection, the 

infection rate being 23%. Rate of infection in 

paediatric age group (1-15 years) was 75% (15/20). 

40% (9/15) infected paediatric patients were 

newborns or infants less than one year of age (Table 

1).  

Of the total 86 patients who underwent the procedure, 

39 underwent shunt revision surgery, of which shunt 

of 29 patients were revised once while remaining, 

that is, 10 patients had to undergo multiple shunt 

revisions. It was found that 60% (6/10) of the patients 

with multiple shunt revisions were infected compared 

to 48% (14/29) patients with one shunt revision 

(Table 2).  

From 20 infected patients, total 46 isolates were 

recovered from CSF specimen and shunt tips. Of 

these 46 isolates, 33 were Gram positive cocci and 13 

were Gram negative bacilli (Table 3). Of the 33 

Gram positive cocci, Coagulase negative 

Staphylococci (CoNS) was the commonest isolate 

(64%) followed by Staphylococcus aureus (33%). 

One strain was of Enterococcus faecalis. Methicillin 

resistance (MRCoNS) was detected in 90% (19/21) 

of the CoNS isolates. 73% of the strains of 

Staphylococcus aureus were also found to be 

methicillin resistant. Out of 13 Gram negative bacilli 

isolated, the most common were Acinetobacter 

baumannii (31%) and Pseudomonas aeruginosa 

(31%). 5 were enteric gram-negative bacilli (EGNB) 

which included two isolates of Klebsiella 

pneumoniae and one each of Escherichia coli, 

Citrobacter koseri and Proteus mirabilis. ESBL 

production was detected in 100% of the strains of 

EGNB (5/13). All the four isolates of Acinetobacter 

baumannii were multidrug resistant strains i.e. were 

resistant to aminoglycosides and all beta lactams and 

beta lactam-beta lactamase inhibitor (BLBI) 

combinations (100%). All four isolates of 

Pseudomonas aeruginosa were resistant to 

piperacillin, third generation cephalosporins and 
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aztreonam (100%). One strain was also found to be 

resistant to cefepime (25%). 

Of the 20 patients with shunt infection, 3 died. All 3 

patients were pre-term infants. Death in one of them 

was attributed to septic shock secondary to MRCoNS 

shunt infection. The cause of death in the second 

infant was shunt extrusion in rectum followed by 

septicaemia where shunt was found to be infected 

with Enterococcus faecalis and Proteus mirabilis. The 

cause of death in the third infant was underlying 

congenital heart disease (associated with 

hydrocephalus). However, methicillin resistant 

Staphylococcus aureus (MRSA) was isolated from 

the shunt of this patient. 

 

Tables 

Table 1 - Age-wise distribution of patients with shunt infections 

Age group 

(years) 

Number of 

patients 

[n=86]  

Number 

infected 

[n=20] 

Number not 

infected 

[n=66] 

% infected  

< 1  25  6 19 24 

1-15  33 9 24 27.27 

16-50   23 4 19 17.39 

> 50   5 1 4 20 

TOTAL 86 20 66 23.26 

 

Table no. 2 – Distribution of patients according to the nature of shunt surgery 

Shunt revision 

Total number 

of patients 

[n=39] 

Number of 

patients 

infected 

[n=20] 

Number of 

patients not 

infected [n=19] 

 

% infected  

1 shunt 

revision 
29 14 15 48.28 

> 1 shunt 

revision 
10 6 4 60.00  

 

Table 3 – Organisms isolated from shunt infections 

Organism Isolated 
Total Number 

[n=46] 

Percentage 

(%) 

CoNS 21 

72 Staphylococcus aureus 11 

Enterococcus faecalis 1 

Acinetobacter baumannii 4 

28 
Pseudomonas aeruginosa 4 

Klebsiella pneumoniae 2 

Escherichia coli 1 
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Proteus mirabilis 1 

Citrobacter koseri 1 

Total 46 100 

 

Discussion 

Although CSF shunts contribute significantly to the 

management of hydrocephalus, the procedure is 

associated with complications such as infections [9]. 

In the present study, the infection rate was observed 

to be 23% (20/86). The highest rate was observed in 

paediatric age group (75%). 40% infected paediatric 

patients were newborns or infants less than one year 

of age (Table 1). The higher incidence in this age 

group, especially in newborns and infants less than 1 

year, highlights the importance of age as a risk factor 

in the development of CSF shunt infections. This can 

be attributed to the lack of a mature immune 

response, especially early in life [11, 12, 13]. 

Of the total 58 paediatric patients undergoing CNS 

shunt procedure, 25 (43%) were infants (<1 year). 

Among the 25 infants, 13 (52%) were premature at 

the time of birth of whom 6 (46%) went on to 

develop shunt infection, thus underlining the role of 

prematurity in shunt infections, which again can be 

attributed to a weaker immune system in these 

preterm babies [14]. 

Of the 86 patients operated for shunt insertion 

surgery, 39 (45.34%) underwent shunt revision 

surgery. Of these 25.64% (10/39) needed a revision 

surgery more than once.  All patients who had 

undergone only shunt insertion surgery (47/86) 

without any revision were not observed to be 

infected. Of the 39 patients who had undergone shunt 

revision surgery, 51.28 % (20/39) were found to be 

infected (Table 2). The infection rate was 60% (6/10) 

in those who underwent shunt revision more than 

once. Repeat procedure thus increases the risk of 

infection manyfold [15]. The major indications of 

shunt revision surgery were found to be mechanical 

failure of device (44%) and shunt migration (36%). 

Others associated were shunt obstruction (10%), 

shunt infection (8%) and formation of abdominal 

pseudocyst (3%). 

A high degree of drug resistance was observed in 

both, gram positive as well as gram negative isolates. 

Methicillin resistance (90% MRCoNS and 73% 

MRSA) in Staphylococci was high. Similarly, high 

rate of ESBL production in EGNB (100%), multi-

drug resistance in Acinetobacter baumannii (100%) 

and Pseudomonas aeruginosa (100%) was observed. 

All these are hospital acquired strains. They prevail 

in the hospital environment and are known to 

colonise the skin and respiratory tracts of admitted 

patients. Additionally, a breach in infection control 

practices can lead to patients getting colonised and 

infected with one or more of these drug resistant 

strains.  

Thus, the health care providers and hospital 

environment, along with the underlying condition of 

the patient play an important role in influencing the 

outcome of these patients [16]. In the present study 

mortality was exclusively observed in patients with 

infected CSF shunts (15%). On the other hand, 66 

non-infected patients of the total of 86 patients who 

underwent CNS shunt procedure were discharged in a 

satisfactory condition. Mortality in one case could be 

directly attributed septic shock secondary to 

MRCoNS shunt infection in a pre-term. Cause of 

death in second case was mechanical (shunt extrusion 

into rectum) followed by shunt infection caused by 

Enterococcus faecalis and Proteus mirabilis. This 

suggests that shunt infection plays a significant role 

along with the underlying condition (pre-term at 

birth) in the mortality of patients undergoing shunt 

surgery for hydrocephalus and outcomes of the 

patient could better if shunt infections are identified 

early and managed with appropriate antibiotics. Also, 

prevention, early detection and immediate treatment 

of shunt infection, which includes removal of 

infected shunt, can reduce the morbidity and 

mortality in patients diagnosed with shunt infection. 

[17]. 

Conclusion 

CNS shunt infections play a significant role in the 

outcome of patients with hydrocephalus. 

Identification of risk factors along with appropriate 

antimicrobial therapy and strict adherence to 

infection control practices would reduce the 

morbidity and mortality in this category of patients. 
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Developing a tool for surveillance of shunt infections 

will help in proper management of these infections. 
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