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Abstract: Shunt infection is the most common and dreaded complication in patients with hydrocephalus. For the 
purpose of reducing the high morbidity and mortality, how to prevent is a vital step. A retrospective analysis of 384 
CSF cerebrospinal fluid (CSF) shunt procedures was undertaken from 2006 to 2010 in our neurosurgery depart-
ment. Infection diagnosis was established by subjecting the CSF to biochemical and microbiological parameters. 
The patients’ demographic and clinical characteristics, various treatment procedures and outcome were evaluated. 
The infection rate of ventriculoperitoneal (VP) shunt was 12.5% in 2006, which dropped to 2% and stabilized at 
lower level from 2008. The most common causes of hydrocephalus were traumatic injury and brain tumor. Fever 
and consciousness disturbance were the major clinical symptoms. Gram-negative rods episodes was the most 
frequently isolated microorganisms accounting for 58%, followed by S. aureus , S. epidermidis and Staphylococcus 
haemolyticus. With the removal of shunt and intravenous antibiotics therapy, 82% of the patients survived. Majority 
of the isolates were sensitive to the carbopenem antibiotics and vancomycin. The mean length of hospital stay was 
47 days. Prompt shunt removal and perioperative antibiotic prophylaxis seems to be essential for the survival of 
patients with VP shunt infection.
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Introduction

Any variation in the production or sorption of 
CSF leads to hydrocephalus, such as aqueduc-
tal stenosis, spina bifida, intraventricular hem-
orrhage, meningitis, tumors, traumatic head 
injury, or subarachnoid hemorrhage. Surgical 
diversion of hydrocephalus via a ventriculoperi-
toneal (VP) shunt is the preferred method of 
treatment in most patients. Infection was the 
most common shunt complication in patients 
with hydrocephalus, which occurs with a vari-
able rate of 2.2-39% [1, 2]. Several risk factors 
have been recognized, including the age of 
patient, the type of shunt implanted, duration 
of the shunt placement operation, the experi-
ence of the neurosurgeon, and the cause of 
hydrocephalus [3-5]. Shunt associated infec-
tions are most frequently caused by skin bacte-
ria, such as CoNS and Staphylococcus aureus. 

Gram negative bacteria are the next most fre-
quent pathogens, responsible for 19% to 22% 
of cases [6, 7]. Despite the emergence of mod-
ern neurosurgical technology and new antibod-
ies, infection after VP shunt remains enormous-
ly higher than that in other neurosurgical opera-
tions that involve implanted device. Even when 
patients obtain appropriate management strat-
egies, VP infections are related to a vital risk  
of morbidity, including haryencephalia, seizure, 
and neurological deficit [8].

We sought to retrospect and analyze systemati-
cally the epidemiological, clinical, laboratory, 
and microbiological characteristics of VP shunt 
associated infections and treatment outcome 
collected from 2006 to 2010 shunt infection in 
our neurosurgery department. The objectives  
of this study were to evaluate the infection rate 
and mortality associated with VP shunt inser-
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tion and to assess what factors, if any, were the 
essential steps in the prevention of VP shunt 
infection.

Patient and method

A retrospective chart review was performed of 
all patients aged 2 years or older sub mitted to 
VP shunt surgery between January 2006 and 
July 2010 at the Neurosurgery Department of 
Huashan Hospital, Fudan University, which is 
the largest neurosurgical medical center in 
Shanghai, China, where, collectively, approxi-
mately 8,000 neurosurgical procedures are 
performed annually. Clinical and laboratory 
data, the clinical condition requiring shunt pro-
cedure, as well as information on response to 
treatment and outcome were obtained from 
each patient’s medical records. As preopera-
tive antibiotic prophylaxis, a single dose of  
vancomycin was routinely used before 2007.  
It generally consisted of the third-generation 
cephalosporin and vancomycin administered 
prior to skin incision from 2008.

To define the shunt infected group, the criteria 
used in this study were established according 
to previous studies [9, 10]. VP shunt infection 
was defined as at least one of the following cri-
teria was present: (1) isolation of the organism 
from 1 or more cerebrospinal fluid (CSF) cul-
tures or (2) fever (temperature > 38°C), head-
ache, neck stiffness, cranial nerve signs, or 
irritability without another recognized cause;  
a typical CSF findings such as: CSF leuko- 
cyte count > 250×106 cells/L, CSF total protein 
> 450 mg/L, CSF glucose level < 2.5 mmol/L, 

and relative frequencies and as the mean  
and standard deviation. Quantitative variables 
were analyzed with the Student t test or the 
Mann-Whitney test when appropriate. Qualita- 
tive variables were analyzed with the chi-square 
test with the Yates correction or the Fisher 
exact test (2-tailed) when necessary. A P value 
less than .05 was considered statistically sig- 
nificant.

Results

During the study period, 28 VP shunt infections 
resulted from 384 shunt procedures, giving  
an overall infection rate of 7.3%. The infection 
rate of VP shunt was 12.5% (12/96) and 10% 
(12/97) in 2006 and 2007, which significantly 
dropped to 2% and stabilized at lower level 
from 2008. The 28 patients with VP shunt 
infections including 3 pediatric patients and 25 
adult patients (mean age: 38 years old) (Table 
1). 89% of infections (25 episodes) involved 
male patients.

The duration of symptoms before diagnosis 
occurred within 6 months of the procedure, 
ranging from 1 day to 158 days (mean, 18.8 
days). Of the 28 infections, up to two-thirds 
(85%), the shunt infection occurred within 30 
days post-operation, which was either the pri-
mary shunt insertions or shunt revisions. Late 
infections occurred in 4 cases, about two 
months, three months and five months after 
shunt revision, respectively.

The clinical features of shunt infection were 
similar in children and adult (Table 2). Nearly  

Table 1. Demographic and epidemiological characteris-
tics of patients with VP shunt insertion

VP infection (%)
(n = 28)

Non-infection (%)
(n = 356)

Age (median and range) 38 (6-76) 43 (5-82)
Gender
    Male 25 (89)* 220 (62)
    Female 3 (11) 136 (38)
Reason for shunt insertion
    Head trauma 11 (39) 51 (14)
    Brain tumor 9 (32) 165 (46)
    Intracranial hemorrahage 5 (18) 38 (11)
    Other 3 (11) 102 (29)
Length of hospital stay 47 (6-148)* 22 (5-271)
*P < 0.05.

organisms seen on CSF Gram stain,  
or organisms found in blood culture. 
Excluded from the study were patients 
with ventriculoatrial shunt, lumboperi-
toneal shunt, pre-existent CSF infec-
tion, incomplete infection and micro- 
biological data, and patients whose 
shunt was removed before a diagnosis 
of infection was determined. CSF was 
obtained through needle aspiration of 
the shunt reservoir.

Statistical analysis

Statistical analysis was performed us- 
ing the SPSS 10.0 software package 
(Version 11.5; SPSS, Chicago, IL, USA). 
The variables are reported as absolute 
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all patients (96%) presented with fever > 
38.0°C. Although consciousness disturbances 
was noted in 71% of cases, only 9 (32%) of 28 
cases was found neck stiffness, and 21% of 
cases complained of headache. The cranial  
CT scan showed signs of shunt infection in 3 
(11%) of 28 patients. Pneumonia was the most 
frequent associated infection (39%), followed 
for intra-abdominal infection (18%), and urinary 
tract infection (14%). In addition, 9 (32%) pati- 
ents had other severe underlying diseases 
such as diabetes, cardiovascular disease, 
tuberculosis or hypokalemia. CSF studies re- 
vealed leukocytosis, elevated total protein and 
decreased glucose levels. CSF leucocytes were 
more than 250×106 in 75% of shunt infections, 
and 21 of 28 (75%) CSF samples displayed 
neutrophil predominance. CSF total protein  
levels were abnormal in 57% (16 of 28), with  
a median of 982.48±743.91 mg/L (range, 
106±3530 mg/d). CSF glucose level were < 2.5 
mmol/L in 23 patients (82%), with a median of 
1.98±0.86 mmol/L (range, 0.56-3.6 mmol/L).

The pathogens causing shunt infection were 
determined in 26 episodes (93%, Table 3). In 

es). When the diagnosis of gram-negative rods 
meningitis was established, carbopenem anti-
biotics (meropenem or imipenem) was used  
in 9 (64%) of 14 cases, with or without amika-
cin; the rest of cases were treated with a third-
generation cephalosporin and rifampin. Five 
patients with Staphylococcus aureus and co- 
agulase-negative staphylococci infection were 
treated with vancomycin. In addition, 3 patients 
received intrathecal therapy with gentamicin 
and vancomycin. The response was successful 
in 23 cases. Overall mortality was 18% (5/28). 
Three of the five expired patients died in septic 
shock, whereas the remaining patient died 
from disseminated intravascular coagulation 
and multiple organ dysfunction syndromes.

Discussion

Shunt-associated infection is a severe compli-
cation of VP shunt therapy for hydrocephalus. 
Despite the appropriate care received by pati- 
ents, VP shunt infection remains a major cause 
of morbidity and even mortality [11, 12]. An 
infection rate of 6.98% was observed in the 
present study. Multiple factors have been 

Table 2. Clinical features of VP shunt infection of 28 patients

Parameters No. of patients 
(%)

Clinical symptom
    Temperature > 38°C 27 (96)
    Consciousness disturbances 20 (71)
    Neck stiffness 9 (32)
    Headache 6 (21)
    Infection signal by CT scan 3 (11)
Associated infection
    Pneumonia 11 (39)
    Intra-abdominal infection 5 (18)
    Urinary tract infection 4 (14)
Underlying diseases
    Diabetes 4 (14)
    Cardiovascular disease 3 (11)
    Tuberculosis 1 (4)
    Hypokalemia 1 (4)
CSF
    Leucocytes > 250×106 21 (75)
    Glucose level were < 2.5 mmol/L 23 (82)
    Protein > 450 mg/L 16 (57)
Time between shunt insertion and diagnosis of infection
    < 30 days 24 (86)
    > 30 days 4 (14)

two patients, no causative 
pathogen was identified. The 
most prevalent organisms were 
gram-negative rods episodes 
(15), S. aureus (4), S. epidermi-
dis (3), Staphylococcus haemo-
lyticus (2), coagulase-negative 
staphylococci (1), enterococcus 
faecium (1). Of the 15 gram-
negative rods episodes, 5 (33%) 
were due to acinetobacter bau-
mannii, 4 (27%) were due to 
klebsiella pneumoniae, 2 (13%) 
were due to Pseudomonas 
aeruginosa and Pseudomonas 
maltophilia, respectively, and 
one each by enterobacter cloa-
cae and ent. agglomerans.

All the patients received appro-
priate antibiotic treatments. VP 
devices were promptly removed 
from the 15 patients. In 13 epi-
sodes (46%), neurosurgical de- 
vices was not removed because 
of good response to antibiotic 
treatment alone (10 episodes), 
or the deterioration of the pati- 
ent’s complications (3 episod- 
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brought up as predisposing to infection after  
VP shunt, in particular the age at shunt inser-
tion, cause of hydrocephalus, the experience  
of the neurosurgeon, the cause of hydrocepha-
lus, operative room traffic and perioperative 
antibiotics [4-6]. In accordance with other stud-
ies, the majority of shunt-associated infections 
in the present study occurred within 30 days 
after shunt insertions. Fever and conscious-
ness disturbances were the primary clinical 
symptoms among the patients, whereas typical 
neurological signs-such as neck stiffness or 
headache-were present in less than one-half  
of the episodes. This phenomenon reveals the 
characteristics of implant-associated infect- 
ions are typically caused by low-virulence and 
slowly replicating organisms growing on the 
shunt surface in biofilms [13]. Early detection 
of shunt infection is usually difficult because  
of its nonspecific clinical signs, once patients 

with fever and delayed recovery of conscious-
ness after a VP procedure, the occurrence of 
central nervous system infection should be 
suspected.

The main causative agents of shunt infections 
are gram-negative rods episodes in our study. 
This is contrary to other studies, which have 
shown the most common episodes to be gram-
positive bacterium [4, 6, 7]. The infection rate 
of gram-negative bacterium was higher rela-
tively in our study, it can be speculated that  
the routine use of antacids leads to bacterial 
colonization of the stomach with Gram-negative 
strains may figure out why a high percentage of 
the infection are caused by gram-negative rods 
in our study [14, 15].

In a recent study reported in our hospital the 
results are similar to ours that the most fre-

Table 3. Summary of clinical data in 28 patients with VP shunt infection

Case Shunt 
removal Causative pathogen Antibody treatment

(mg/kg/day)
Intrathecal 

therapy Outcomes

1 No klebsiella pneumoniae Imipenem Amikacin No Died
2 Yes klebsiella pneumoniae Meropenem Yes Survival
3 Yes klebsiella pneumoniae Meropenem No Survival
4 Yes S. epidermidis Vancomycin Teicoplanin Yes Survival
5 No S. aureus Vancomycin Teicoplanin No Died
6 Yes Pseudomonas aeruginosa Rifampin No Survival
7 Yes Pseudomonas maltophilia Ceftazidime No Survival
8 Yes acinetobacter baumannii Imipenem Amikacin No Survival
9 Yes enterobacter cloacae Meropenem No Survival
10 Yes S. aureus Vancomycin No Survival
11 Yes acinetobacter baumannii Amikacin Fosfomycin No Died
12 No acinetobacter baumannii Meropenem Yes Survival
13 Yes acinetobacter baumannii Ceftazidime No Survival
14 Yes coagulase-negative staphylococci Vancomycin Gentamicin Yes Survival
15 Yes S. epidermidis Vancomycin No Survival
16 Yes staphylococcus haemolyticus Vancomycin Fosfomycin No Survival
17 Yes S. aureus Vancomycin No Survival
18 No Pseudomonas maltophilia Teicoplanin Rifampin No Died
19 Yes Pseudomonas aeruginosa Imipenem No Survival
20 No negtive Ceftazidime No Survival
21 Yes enterococcus faecium Gentamicin Yes Survival
22 Yes staphylococcus haemolyticus Vancomycin Amikacin No Died
23 Yes S. epidermidis Teicoplanin No Survival
24 Yes ent.agglomerans Imipenem Amikacin No Survival
25 Yes klebsiella pneumoniae Meropenem No Survival
26 Yes S. aureus Vancomycin Yes Survival
27 No negtive Vancomycin No Survival
28 Yes acinetobacter baumannii Imipenem Amikacin No Survival
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quent isolated organism of nosocomial infec-
tions is Gram-negative microorganisms.

This finding supports the contention that simul-
taneous infections in other parts of the body 
which were caused by the same gram negat- 
ive microorganisms may be relevant to that 
higher incidence. S. epidermidis, S. aureus, and 
Staphylococcus haemolyticus were the most 
frequent isolate encountered in our gram-posi-
tive series. Some patients have received intra-
thecal therapy with amikacin and vancomycin. 
A successful outcome was observed in 3 cases 
receiving intrathecal therapy, but there were 
not enough cases to draw reliable conclusions.

The goal of antibiotic prophylaxis in shunt sur-
gery is to prevent the shunt hardware with 
organisms, with particular lay stress on Gram-
positive bacteria. Historically, the organisms 
most frequently causing infections of VP shunt 
are the Staphylococcus species. The causat- 
ive episodes are coagulase-negative staphylo-
cocci in 80% of cases, and most of the organ-
isms isolated are methicillin resistant Staphy- 
lococcus epidermidis (MRSE) [16-19]. Antibio- 
tics appropriate for prophylaxis is based on the 
above-mentioned literature, vancomycin was 
as used routinely antibody prophylaxis theory. 
However, the infection rate of VP shunt was 
higher (12.4% and 10%) in 2006 and 2007. 
When administrated alone, intra-ventricular 
vancomycin was associated with the incre- 
asing Gram-positive bacteria shunt infection. 
Thus, clinicians consider the initial antibiotic 
treatment with both Norvancomycin and Cef- 
triaxone may provide the satisfactory prophy-
lactic effect. After this change in protocol, only 
7 infections occurred in the next year and 2 
cases found after that. VP shunt infections was 
broken down into 2% and stabilized at lower 
level from 2008. Of note, short-term periopera-
tive antibiotic prophylaxis may be of benefit in 
preventing shunt infections.

Despite satisfactory sensitivity of antimicro- 
bial therapy, an overall mortality of 18% was 
observed. In postoperative cases, the removal 
of the infected CSF shunt is considered one of 
the most important parts of therapy [4, 6, 8]. 
We found that CSF shunt removal was associ-
ated with a lower mortality rate in patients with 
VP shunt-related infections, and, therefore, the 
diagnosis of bacterial meningitis in patients 
with CSF shunts should remind the neurosur-
geon to remove foreign body devices.

Conclusion

In conclusion, although gram positive organ-
isms were the most frequently seen nosoco- 
mial VP bacterial infection in neurosurgical 
patients, our data show that infections with 
gram-negative bacteria form a significant epi-
sodes percentage in the shunt infection in our 
center. In the absence of controlled trials, the 
result of this study may suggest that manage-
ment option of infected shunts, which consists 
of perioperative antibiotic prophylaxis (in our 
survey vancomycin and a third generation 
cephalosporin) plus removal of the infected 
shunt, seems to be essential for the survival of 
patients with VP shunt infection.
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