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Abstract

Introduction—Comparison of rates of ventriculostomy-related infections (VRI) across 

institutions is difficult due to the lack of a standard definition. We sought to review published 

definitions of VRI and apply them to a test cohort to determine the degree of variability in VRI 

diagnosis.

Materials and Methods—We conducted a PubMed search for definitions of VRI using the 

search strings “ventriculostomy-related infection” and “ventriculostomy-associated infection.” We 

applied these definitions to a test cohort of 18 positive cerebrospinal fluid (CSF) cultures taken 

from ventriculostomies at two institutions to compare the frequency of infection using each 

definition.

Results—We found 16 unique definitions of VRI. When the definitions were applied to the test 

cohort, the frequency of infection ranged from 22–94% (median 61% with interquartile range 

(IQR) 56–74%). The concordance between VRI diagnosis and treatment with VRI-directed 

antibiotics for at least seven days ranged from 56–89% (median 72%, IQR 71–78%).
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Conclusions—The myriad of definitions in the literature produce widely different frequencies 

of infection. In order to compare rates of VRI between institutions for the purposes of qualitative 

metrics and research, a consistent definition of VRI is needed.
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Introduction

External ventricular drain (EVD) placement is one of the most commonly performed 

neurosurgical procedures1. In 2014, the International Multidisciplinary Consensus 

Conference on Multimodality Monitoring declared that incidence of ventriculostomy-related 

infections (VRIs) may be a useful indicator for intensive care unit (ICU) quality of care2.

The Centers for Disease Control (CDC), the preeminent source for infection surveillance 

definitions in the United States, states that a patient greater than one year of age has 

ventriculitis if either of the following are true: 1) organisms are cultured from the 

cerebrospinal fluid (CSF), or 2) the patient has at least one sign or symptom of ventriculitis 

including fever (>38°C), headache/stiff neck/meningeal signs/cranial nerve signs/irritability 

with no other recognized cause and at least one of the following: a. increased white cells, 

elevated protein, and decreased glucose in CSF, b. organisms seen on Gram’s stain of CSF, 

c. organisms cultured from blood, d. positive laboratory test of CSF, blood, or urine, e. 

diagnostic single antibody titer (IgM) or four-fold increase in paired sera (IgG) for the 

pathogen, and if the diagnosis is made antemortem, the physician institutes appropriate 

antimicrobial therapy3.

The frequency of VRI reported in the literature ranges from 0–45%4–8. The CDC definition 

is not widely employed to evaluate frequency of VRI4,9–23, largely because it does not 

include exclusion criteria to eliminate contaminants23 and does not contain specific timing 

criteria to determine when a case of ventriculitis should be attributed to a ventriculostomy. 

As a result, one of the hypothesized reasons for the degree of variation in frequency of VRI 

is the lack of consensus on the definition for VRI 9–12,14,15,19. In order to determine the 

effect that varying definitions of VRI have on frequency of diagnosis, we sought to review 

published definitions for VRI and apply them to a test cohort of positive CSF cultures taken 

from EVDs at two institutions then evaluate the strength of each definition by determining 

how accurately it identified clinically treated cases in the test cohort.

Materials and Methods

1) Collection of Definitions of VRIs

We conducted a PubMed search using the search strings “ventriculostomy-related infection” 

and “ventriculostomy-associated infection.” We reviewed each article to determine whether 

a definition of VRI was included in the manuscript. If a definition was included, we recorded 

the components of the definition in a database. If a previous author’s definition was cited as 

the source of a manuscript’s VRI definition, that definition was not repeated in the database. 
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Manuscripts which modified a previous author’s definition with additional criteria were 

included as unique definitions. We reviewed each definition to see if it included information 

pertaining to timing, clinical signs and symptoms, laboratory results, and exclusion criteria 

to differentiate 1) infections secondary to another source from those that could be attributed 

to the EVD or 2) contaminants from true infections.

2) Acquisition of Test Cohort

We reviewed CSF culture results taken from EVDs at two institutions. Culture results for 

patients at New York University Langone Medical Center (NYU) who underwent EVD 

placement (CPT 02.21) between January 1, 2013 and June 30, 2014 were identified as part 

of an internal retrospective quality assessment project beginning with the hospital’s 

introduction of a new electronic medical record. Data for patients at Massachusetts General 

Hospital (MGH) was extracted from an established retrospective database of patients 

admitted to the MGH neurosurgery service with subarachnoid hemorrhage (SAH) between 

January 1, 2008 and June 30, 2012 which has been described elsewhere24. To be included in 

the test cohort, a CSF culture needed to grow a bacterial organism. Two positive CSF 

cultures from the same patient were included in the cohort separately if they grew different 

organisms at different time points. Cultures were excluded if they were taken from patients 

who were being treated for intracranial infection prior to EVD placement or if antibiotics 

were discontinued because care was withdrawn, as no decision about an antibiotic treatment 

course was made for these patients. This study was approved by the Institutional Review 

Board at both institutions.

Charts for patients with positive EVD-related cultures were reviewed for pertinent clinical 

data including: indication for EVD placement, EVD day of positive culture, presence of 

systemic infection, maximum temperature in the 24 hours prior to culture acquisition, 

presence of clinical symptoms that were not attributed to the patient’s primary neurologic 

disease, CSF white blood cell (WBC) count prior to and at the time of the culture and the 

percentage of neutrophils, CSF red blood cell (RBC) count, serum WBC count, CSF 

glucose, serum glucose, CSF protein, Gram stain results, organism type and quantity, 

number of positive cultures, growth medium, treatment, discharge condition and time to 

discharge.

3) Evaluation of the Definitions of VRIs

The definitions were independently reviewed by two neurointensivists (A.L and A.S.L.) who 

determined whether they were subjective or objective. Definitions were classified as 

subjective if they contained vague terms that required clinical judgment and as objective if 

they relied only on discrete numerical laboratory and clinical data and were not open to 

interpretation. Both neurointensivists then independently applied the data from each subject 

to each of the definitions to determine if criteria for VRI were met.

4) Statistical Analysis

For each definition, we calculated the frequency of diagnosis of VRI for each 

neurointensivist (number of patients diagnosed with VRI/total number of positive cultures). 

Interrater reliability was assessed with SPSS Statistics 21 using unweighted κ statistics. For 
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each neurointensivist, we also determined the rate of concordance between diagnosis and 

treatment of VRI for each definition in order to determine the accuracy of the definition. 

Using the decision to treat with greater than seven days of antibiotics as the “gold standard” 

for clinical diagnosis of VRI, we calculated the sensitivity and specificity for each definition. 

An accurate definition was defined as one in which all clinically treated cases in the test 

cohort were correctly identified.

Results

1) Definitions of Ventriculostomy-related infection

Our search yielded 17 unique definitions of VRI published from 1984–2014 4,9–23,25 (see 

Appendix I). One definition was based on quantification of colony forming units20 and this 

type of evaluation is not routinely performed at either hospital, so this definition was 

excluded. Of the remaining 16 definitions, seven definitions (44%) were determined to be 

objective and nine (56%) subjective after neurointensivist review. Criteria for each definition 

are in Table I.

a) Timing—Details about timing were noted in 9/16 (56%) of definitions. The defined time 

at which a positive CSF culture first qualified as a VRI varied from any time after catheter 

insertion9 to 2411,16 to 484 hours after placement. The timeframe at which VRI is diagnosed 

after EVD removal also varied from three days12 to four weeks25 after EVD removal.

b) Clinical Signs and Symptoms—Clinical signs and symptoms are included in 11/16 

(69%) of the definitions. While some used vague terms such as “clinical picture”13 or 

“clinical signs”18,23 of infection, others used a quantitative scale18,19, or specified individual 

clinical signs and symptoms including cranial nerve signs, headache25, photophobia, 

seizures15,21, stiff neck21,25, altered mental status9,15,21, irritability9,25, inflammation at the 

catheter site9, and fever. In some cases fever was undefined15,18,19,21, and in others it was 

defined as 3825, 38.510, and 38.6 degrees Celsius12.

c) Laboratory Results—A positive CSF culture was a necessary component of the 

diagnosis of VRI for 8/16 (50%) of the definitions. Only one definition referred to the 

culture growth medium22. No definitions mandated that more than one culture be positive.

Beyond this requirement, 4/16 (25%) of the definitions did not include any further 

laboratory criteria for diagnosis of VRI11,16,17,22. One definition abstractly referred to 

“abnormal CSF parameters”23 and four definitions mentioned trends in CSF values 

(increased protein, decreased glucose)9,15,21,25. Of the definitions that clearly defined what 

CSF parameters are consistent with infection, there was inconsistency between values. 

Regarding glucose, the upper threshold of CSF glucose consistent with VRI was defined 

alternately as 15mg/dl13, 25mg/dl4, 40mg/dl or 50% of serum glucose10, and 50mg/dl or 

50% of serum glucose12. Definitions of CSF WBC values consistent with diagnosis of VRI 

included the following: nonspecific increase in WBC15,21,25, neutrophilic pleocytosis greater 

than or equal to 10 cells per cubic millimiter4, increase of 100% or more in WBC18,19, WBC 

greater than 50 cells per cubic millimiter with greater than 50% neutrophils, and greater than 
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100 cells per cubic millimeter10. Only one definition included mention of the ratio of WBC 

to RBC14 and only one definition referred to elevated blood WBC21.

d) Criteria to Exclude Contaminants or Infections Due to Other Sources—
Application of exclusion criteria was noted in 8/ 16 (50%) of the definitions such that all 

positive CSF cultures were not considered to be consistent with VRI. The necessity to rule 

out another source of CSF infection prior to attributing ventriculitis to a complication of 

ventriculostomy placement by screening for other foci of infection16,21, CSF leak, or 

penetrating injury of the central nervous system16 was included in 2/16 (13%) of definitions. 

Only 5/16 (31%) of definitions referred to specific criteria to diagnose CSFcontaminants as 

a separate entity from VRI which do not warrant treatment4,9,10,15,19.

2) Characteristics of the Test Cohort

We identified 18 positive CSF bacterial cultures to be included in the test cohort. Nine 

cultures were sent from eight different patients with EVDs at NYU (two intracranial 

hemorrhages, three tumors, three SAH) and nine cultures were sent from eight different 

patients at MGH (all SAH).

VRI-directed antibiotics were administered to patients the treating team felt had clinical 

evidence of ventriculitis (based on signs/symptoms and laboratory findings) for greater than 

seven days to 67% (n=12) of the cohort. The treating teams did not feel that the remaining 

33% (n=6) of positive cultures represented true infections and thus treated them with less 

than seven days of antibiotics (range 0–2 days), so we classified these cultures as 

contaminants. 5/6 cultures that were deemed to be contaminants grew in liquid medium 

only.

The clinical and laboratory findings associated with the cultures are in Table II. The most 

common organism was coagulase negative staphylococcus (n=5, 28%) followed by 

propionibacterium (n=4, 22%). Fever of at least 38.3 degrees Celsius was recorded in 56% 

(n=10) of the patients in the 24 hours prior to the positive culture. Clinical symptoms that 

were felt to not be related to the admission diagnosis were noted in 17% (n=3) of the 

patients on the day of the culture. In terms of CSF findings, 61% (n=11) of patients had a 

WBC greater than 100 cells per millimeter, 61% (n=11) had protein greater than 50 mg/dL, 

39% (n=7) had glucose less than half the serum glucose, 22% (n=4) had organisms on their 

Gram stain, and 22% (n=4) had more than one positive culture.

All patients in the test cohort were discharged alive. Patients whose cultures were treated as 

true infections were discharged at a median of 16.5 days (IQR 10–21) after their positive 

culture. Patients whose cultures were considered contaminants were discharged at a median 

of five days (IQR 4.25–8) after their positive culture.

3) Application of VRI Definitions to the Test Cohort

After application of the sixteen different definitions, the percentage of positive cultures 

diagnosed as VRI ranged from 22–94% (median of 61% with IQR 56–74%), as shown in 

Figure I. The objective definitions yielded a range of 22–94% of VRI diagnoses (median of 
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61% and IQR 61–74%) while the subjective definitions produced a range of 33–78% of VRI 

diagnoses (median of 59% and IQR 56–62%). No definition was 100% accurate at 

identifying cases that were clinically treated as VRI. Concordance rates between diagnosis 

and treatment ranged from 56–89% (median of 72% IQR of 71–78%). Three definitions 

demonstrated 100% sensitivity, but all of them had very low specificities (17% each).11,13,16 

See Table III.

Discussion

Despite the high risk of infection associated with EVDs, the CDC does not have a device-

related infection definition for EVDs as it does for ventilators, Foley catheters, and central 

venous catheters3. Therefore, a wide variety of definitions are employed and there is no 

universal definition for VRI4,9–23,25. In fact, of the seventeen different definitions of VRI we 

found in the literature4,9–23,25, only McLaughlin et al.’s25 is grossly similar to the CDC’s 

definition (it differs only in that it stipulates an infection is consistent with VRI up to four 

weeks after EVD removal). We found that application of sixteen different definitions taken 

from the literature to eighteen positive CSF cultures yielded a wide range of VRI frequency 

(22–94%) and a wide degree of variation in concordance rates between diagnosis and 

treatment (56–89%) which likely contributes to the large variation in reported VRI rates in 

the literature4–8. The necessity for a uniform definition is clear, as this would allow for 

comparison of infection rates between institutions as a metric of ICU quality of care2 and for 

research.

It would seem that the ideal definition for VRI would be as objective as possible such that 

there would be no confusion as to whether a patient meets criteria. However, of the sixteen 

definitions we evaluated, seven (44%) were objective. In comparison to the percentage of 

patients treated for VRI, the objective definitions were only 56–72% consistent. In some 

cases, use of the strict objective criteria led to underdiagnosis of VRI in comparison to the 

number of patients who were treated22, and in other cases, it led to overdiagnosis11,13,16, and 

application of some definitions led to a combination of patients who were not treated who 

met criteria and patients who were treated who did not meet criteria4,10,12. No definition was 

100% accurate. This degree of variation is related to the fact that patients who are treated for 

VRI are not a homogeneous population in terms of laboratory or clinical findings. While 

patients without EVDs routinely present with CSF pleocytosis, elevated protein, and 

decreased glucose in the setting of meningitis/ventriculitis, the composition of the CSF in 

patients with EVDs varies depending on the underlying pathology, so reliance on CSF 

findings to diagnose VRI is difficult12,15,26.

Schade et al. compared CSF findings in patients with EVDs who had positive CSF cultures 

and clinical signs of ventriculitis (fever, headache, nuchal rigidity, altered mental status) and 

control patients with EVDs with negative cultures and no signs of ventriculitis and found no 

significant difference in CSF leukocyte count, protein, IL-6, or CSF to blood glucose ratio26. 

Although the clinical symptoms and signs typically associated with ventriculitis include 

headache, nuchal rigidity, altered mental status, and fever, these symptoms are often present 

in the neurosurgical population so it can be difficult to attribute them to VRI, and the 

presence of systemic infections or the need for intubation and sedation may further 

Lewis et al. Page 6

Br J Neurosurg. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



complicate recognition of clinical changes27,28. Thus, we do not believe the ideal definition 

for VRI should include explicit requirements regarding clinical and laboratory data. 

However, in the setting of a positive CSF culture, worsening fever trends, increasing WBC 

in CSF or blood, or other worsening markers of inflammation such as c-reactive protein or 

erythrocyte sedimentation rate, may aid the clinician in arriving to a diagnosis of infection. 

The growth of multiple positive cultures may be associated with increased likelihood that a 

patient has an infection.

The definition of VRI cannot be so basic, though, that a positive CSF culture is reflexively 

diagnosed as a VRI, because cultures can be contaminated with skin flora, and the definition 

of VRI should only encompass positive cultures that are clinically relevant4,9,10,15,19. It is 

interesting to note that only one definition mentioned culture media, but amplification of an 

organism in liquid media is more likely to be a contaminant than that on solid media22,29. 

Skin flora are notably the most common source of VRI10,15,26,28, so the criteria applied to 

identify whether an organism is a contaminant or a true infection should not be so stringent 

that patients who are treated with antibiotics due to the possibility of infection are not 

diagnosed as infected. A liberal definition of VRI that allows for interpretation by the 

physician under individual clinical circumstances needs to be applied in order for a 

definition to achieve 100% accuracy at identifying clinically treated cases of VRI27. In fact, 

the definition that showed the greatest degree of concordance with treatment (83%) and the 

highest sensitivity (75–83%) and specificity (83–100%) stated that in the setting of a 

positive CSF culture, the diagnosis of VRI is made if there is a clinical picture of 

infection14.

This definition is actually quite simplistic and other than a reference to the clinical picture 

(which encompasses clinical signs, symptoms, and laboratory findings) it does not include 

mention of timing of the culture or exclusion criteria. In terms of timing, we believe it is 

reasonable to allow passage of a full 24 hours after EVD insertion before a positive culture 

from the EVD is attributed to the EVD itself11,13,16, similar to the manner in which the CDC 

requires a Foley catheter to be in place for 48 hours before calling a urinary tract infection a 

catheter associated urinary tract infections (CAUTI)3. The definitions we found had cutoffs 

for diagnosis of VRI after EVD removal ranging from three days to four weeks4,9,12,17,25. It 

is interesting to note that the CDC criteria for ventriculoperitoneal shunt related infection are 

applicable for ninety days after shunt placement3. The appropriate length of time after EVD 

removal to consider ventriculitis to be EVD-related is unclear, but it is necessary to exclude 

clearly identified cases of community-acquired meningitis when defining VRI.

In terms of exclusion criteria, we believe it is important that the definition of VRI exclude: 

1) patients who are diagnosed with intracranial infection prior to or at the time of EVD 

placement, as these infections cannot be attributed to the EVD, and 2) patients who have 

other sources of intracranial infection or systemic infection with the same organism found in 

the CSF11,13,16.

Due to the great degree of variability we found in VRI diagnosis using the available 

definitions in the literature, it is important for there to be discussion amongst infectious 

disease specialists, neurointensivists, and neurosurgeons regarding the ideal definition for 
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VRI. Such discussion should include mention of timing from EVD placement and removal, 

clinical scenario, and exclusion of patients with prior or systemic infections.

Limitations

Our search for VRI definitions was not meant to be all-encompassing, rather to provide a 

sample of the variety of interpretations of the term in the literature. We are certain that if we 

used other search strings (such as the term “external ventricular drainage”) or search 

engines, we would find additional definitions.

Although the CDC does not necessitate a positive CSF culture to make the diagnosis of 

ventriculitis3, we chose to limit our cohort to patients who had positive CSF cultures. We 

recognize that there are times that clinicians may feel that a patient warrants treatment for 

ventriculitis based on clinical and laboratory features despite having negative 

cultures9,13–15,18,19,23,25, but our specific goal was to evaluate the variant interpretations of a 

positive CSF culture using different definitions of VRI. Of note, the CDC’s definitions for 

CAUTIs and central line associated bloodstream infections (CLABSIs) both require a 

positive culture3.

Our test cohort contained samples from two different time periods at two institutions with 

multiple treating physicians and varying underlying pathology, but this provided variability 

in CSF flora and mimicked the subjectivity regarding decision to treat that is sometimes 

associated with the art of medicine, and we do not feel it adversely affected our findings. 

Unfortunately, neither institution’s microbiology laboratory routinely quantifies culture 

results, so we were not able to evaluate the utility of colony counts for distinguishing 

contaminants from true infections.20

When clinical signs or symptoms and laboratory data are employed to define ventriculitis by 

CDC criteria, the definition also requires a physician institute “appropriate antimicrobial 

therapy.” We chose to make this criterion more specific by indicating the need for treatment 

with antibiotics for greater than seven days, and applied this stipulation to patients with 

positive CSF cultures. We used the seven day rule as our “gold standard” for diagnosis of 

VRI by the treatment team, but of course, this is in some ways a self-fulfilling prophecy. 

Due to the frequency of contaminants found in CSF taken from EVDs4,9,10,15,19,23, we felt 

that application of the seven day rule distinguished between patients the clinical team 

believed had positive cultures due to true ventriculitis from those who merely had 

contaminated CSF. Inclusion of this criterion in a formal definition of VRI would of course 

render the definition applicable only to surveillance reporting, not to clinical diagnosis and 

treatment, given that it relies in part on knowing whether the treatment team elected to 

administer antibiotics. We acknowledge that there may be variability between physicians as 

to what clinical circumstances warrant treatment with a full course of antibiotics, as has been 

noted with respect to discordance in physician preference regarding administration of 

antimicrobials in patients with pneumonia27,30. However, we believe that treatment teams 

regularly weigh the risks of antibiotics (development of Clostridium difficile 31, adverse 

drug reactions including anaphylaxis or systemic toxicity 32,33, and development of 

infections due to resistant pathogens 32,34–36) against the degree of clinical concern for 
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infection when assessing a positive culture. As such, if a treatment team feels a patient 

warrants administration of at least seven days of antibiotics, provided that there is robust 

clinical data to support this, the patient should be categorized as having a VRI, and if a 

treatment team feels a positive culture should be treated as a contaminant, the patient should 

not be classified as having a VRI. Whether or not a positive CSF culture or a specified 

antibiotic course should be mandated as part of a universal definition of VRI needs to be 

debated by a committee of specialists.

Conclusion

The CDC does not have a distinct definition for VRI apart from its general definition of 

hospital-acquired meningitis, so there are a myriad of varied definitions in the literature. In 

order to facilitate congruous evaluation of infection rates for both quality metrics and 

research, a universal definition of VRI would be of great value.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations

CAUTI catheter associated urinary tract infection

CDC Centers for Disease Control

CLABSI central line associated bloodstream infection

CSF cerebrospinal fluid

EVD external ventricular drain

ICU intensive care unit

IQR interquartile range

MGH Massachusetts General Hospital

NYU New York University

RBC red blood cells

SAH subarachnoid hemorrhage

VRI ventriculostomy-related infection

WBC white blood cells
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Figure I. 
Diagnosis of Ventriculostomy-Related Infection (VRI)

This bar graph demonstrates the variation in percentage of cultures in the test cohort 

diagnosed as ventriculostomy-related infections.
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