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Abstract
Meningitis and encephalitis are neurologic emergencies that require immediate management and current guidelines recommend
empiric treatment with broad-spectrum antimicrobials. Cerebrospinal fluid (CSF) testing algorithms are heterogeneous and
largely institution-specific, reflecting a lack of consensus on how to effectively identify CSF pathogens while conserving re-
sources and avoiding false positives. Moreover, many lumbar punctures (LPs) performed in the inpatient setting are done for
noninfectious workups, such as evaluation for leptomeningeal metastasis. As such, tailoring CSF testing to clinical context has
been a focus of multiple prior reports and several healthcare systems have focused on efforts to limit low-yield diagnostic testing
when a positive result is unlikely. To curb ordering viral PCRs when pre-test probability is low, some peer institutions have
implemented pleocytosis criteria for virus-specific polymerase chain reaction (PCR) tests from CSF. In this report, we ret-
rospectively analyzed the diagnostic testing of CSF from patients who had an LP while admitted to a single, large academic
medical center and found that many cases of Herpes Simplex Virus (HSV) meningoencephalitis were diagnosed by non-
neurologists. The rate of positive virus-specific PCR tests was very low, and tests were frequently ordered in duplicate with a
multiplexed meningitis/encephalitis PCR panel (M/E panel, BioFire, Salt Lake City, UT). We designed and implemented a
systems-level intervention to promote a revised stepwise testing algorithm that minimizes unnecessary tests. This intervention
led to a significant reduction in the number of low-yield virus-specific PCR tests ordered without implementing a policy of
cancelling virus-specific PCRs.
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Introduction

CSF testing is essential for the workup of meningitis and
encephalitis, although data suggests that that many virus-
specific PCRs are ordered despite a low pre-test probability
of a positive result.1-3 Unnecessary testing exposes patients
to the risk of false positives and increases the cost of care,
which makes diagnostic stewardship an important focus for
quality improvement (QI) efforts.4 The electronic health
record (EHR) may inadvertently promote low-yield di-
agnostic testing with a la carte choices,5 and one group
noted that introducing an EHR led to a significant increase
in virus-specific PCR tests ordered from CSF.3 Conversely,
optimization of the EHR may provide focused decision
support and limit unnecessary testing,6,7 which justifies an
emphasis on EHR ‘order sets’ for efforts designed to
improve diagnostic stewardship.8 ‘Order sets’ are menus of
lab tests for common clinical scenarios in the EHR that
allow users to select from a prespecified list of tests instead

of requiring users to recall each test and search for it from a
database.

Increasing testing volumes, especially in contexts with a
low pre-test probability, has led several institutions to use
pleocytosis as a necessary condition for virus-specific PCR
testing from CSF.1-3 At our own institution, we noted a high
rate of virus-specific PCR testing from CSF (below), but
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sought an alternative solution to a pleocytosis-based criteria
given the large immunocompromised population at our
center. Virus-specific PCR tests are often ordered twice on the
same specimen: once in a syndromic meningitis/encephalitis
PCR panel (M/E panel, BioFire, Salt Lake City, UT), and
again using a dedicated virus-specific PCR.9 The M/E panel
can potentially result within a few hours after sample col-
lection, whereas virus-specific PCRs are batched and require
days to result. The rapid turnaround time of the M/E panel
may occur at the cost of sensitivity, with meta-analyses de-
scribing sensitivities of 75.5-93.8% for HSV1, HSV2, and
varicella zoster (VZV).10,11 However, we have previously
noted that the positive predictive value of the M/E panel for
HSV and VZV is very high.9

Given the differences between the M/E panel and virus-
specific PCR tests, we designed a CSF testing algorithm
intended to limit the breadth of initial CSF testing. As part of
this algorithm, the CSF specimen is held so that additional
focused tests may be subsequently ordered, guided by initial
test results and clinical suspicion. A similar paradigm for CSF
testing was previously proposed,4 but did not incorporate the
M/E panel. Here we characterize historic ordering practices
for CSF virus-specific PCRs and describe our efforts to limit
duplicative and unnecessary testing.

Methods

Ethics

Per our Institutional Review Board (IRB), this project con-
stituted a quality improvement project and was exempt from
IRB approval.

Study Design

We performed 3 key analyses using adult inpatient data. For
Analysis 1, we performed a retrospective cohort study of
inpatients who underwent a lumbar puncture (LP) with di-
agnostic tests ordered from the inpatient LP orderset from 6/
14/2021-9/16/2021, a three-month convenience sample at the
beginning of the project. Data collected included the service
performing the LP and the number of CSF tests ordered per
LP. We defined neurology providers as neurology residents,
fellows, and neuro-ICU advanced practice providers (APPs).

In Analysis 2, we completed a retrospective chart review
using a database of all positive M/E panel results spanning 6/
2017-9/2021. This analysis included service performing the
LP and the M/E panel result.

For Analysis 3, we prospectively monitored the effect of
our intervention on ordering practices using Epic (Epic
Systems, Verona, WI) informatics tools. Historic data from 1/
1/2019 onwards is included for context and data from 3/1/
2022 onwards was collected prospectively (Figure 2). This
data included the test result (positive/negative) and the other
diagnostic tests ordered contemporaneously.

Intervention

We revised the inpatient LP order set to include specific
recommendations intended to reduce the breadth of initial
CSF testing and encourage subsequent focused testing based
on initial results and clinical suspicion (Figure 1D). To ed-
ucate Neurology trainees about the recommended workflow
for ordering CSF tests, a department-wide ‘Grand Rounds’
presentation was given in March 2022 by one author (KL).

Statistical Analyses

The chi-square test was used to compare differences in or-
dering rates. All statistical tests were computed for a two-
sided type I error rate of 5%. The difference in observed and
expected tests for each of the 3 significantly different tests
(HSV, VZV, CMV) was extrapolated over one year to esti-
mate total tests avoided.

Results

Analysis 1: Of the 82 LPs documented from 6/14/2021-9/16/
2021 and performed using the inpatient LP order set, 67%
were completed by neurology providers (Figure 1A), 25% by
hematology/oncology providers, and 9% were ‘other’
(medicine residents, anesthesia residents, and medical ICU
APPs). There were no emergency department or neurosur-
gery providers, indicating they do not use the inpatient LP
order set. In addition to performing the most LPs using this
order set, neurology providers ordered the most tests per LP
(Figure 1B).

We next examined the number of virus-specific PCRs
ordered from the inpatient LP order set (Figure 2A) and the
rate at which these virus-specific PCRs returned positive. The
HSV PCRwas positive 2% of the time (2/125), the VZV PCR
was positive 0% of the time (0/108), the CMV PCR was
positive 0% of the time (0/63), and the EBV PCR was
positive 6% of the time (3/53), similar to other reports.1-3

Analysis 2: In our prior report, we observed more cases of
HSV encephalitis than were being captured in our current
analysis.9We reviewed positiveM/E PCR panels and identified
14 cases of HSV encephalitis diagnosed using the M/E PCR.
Given that we observed just 2/125 HSV PCRs that were
positive, we investigated these 14 cases identified with theM/E
panel further by reviewing the EHR for each case. Just 2 of the
14 cases were diagnosed on tests ordered by neurology team
members (who often use the inpatient LP order set) whereas the
remaining cases were diagnosed by other services (8 by
emergency department providers, 3 by medical ICU providers,
and 1 by an internal medicine provider). In 7 of the 14 cases, the
neurology service was involved in the patient’s care prior to LP,
either as a consulting service or the primary admitting team. In
the remaining 7 cases the LP was completed prior to neurology
being consulted (2 cases) or the patient was managed without
neurology input (5 cases). In 13 of the 14 cases, the HSV PCR

174 The Neurohospitalist 13(2)



was ordered on the same CSF specimen. In 8 cases it was
ordered simultaneous with the M/E PCR and in 5 cases it was
ordered afterwards, presumably to ‘confirm’ the M/E PCR
result.

Analysis 3: Based on the results outlined above, we added
specific recommendations to the inpatient LP order set
(Figure 1D) and educated the neurology providers on the
rationale for this approach in a department-wide presentation.
Six months after our intervention, we found a statistically
significant reduction in the frequency of HSV, VZV, and
CMV PCRs ordered (Table 1). Extrapolated over 1 year, this
translates into 86 fewer virus-specific PCRs ordered.

Discussion

In this QI project, we aimed to foster diagnostic stewardship
by reducing the number of duplicative and unnecessary virus-
specific PCRs ordered on CSF without implementing a
pleocytosis-based cutoff.8,12 Our EHR-based intervention
changed ordering patterns and highlights the importance of
the EHR in providing decision support, guiding ‘default’
ordering behavior, and conserving resources.

Many groups have employed pleocytosis criteria to pre-
vent providers from ordering virus-specific PCRs in clinical
contexts with a low pre-test probability.1-3 Our results indi-
cate these PCRs are rarely positive, consistent with work from
other groups.1-3 The approach we tested capitalizes on the fast
turnaround time of the M/E panel and the high diagnostic
value of a positive test for HSV and VZV (treatable and
common causes of CNS infections).9 Moreover, our inter-
vention does not delay care because the recommended ‘first-
pass’ studies all result within hours whereas the virus-specific
PCRs are run 2-3 times per week. Clinicians remain able to
order virus-specific PCR tests if their suspicion for an in-
fection is high despite negative results on the first round of
test results (ie an immunocompromised patient, though we
suggest ‘adding on’ these tests).

These results may not inform de-escalation of empiric
antimicrobial coverage. Although deescalating acyclovir after a
negative M/E panel may be reasonable if clinical suspicion is
low (or another cause is identified),9 theM/E panel is likely less
sensitive for HSV comparedwith virus-specific PCRs.10,11 One
disadvantage of a limited workup is that patients with 2 in-
fectious etiologies may have one missed, although

Figure 1. A) Usage of the inpatient LP order set by each service represented as a pie chart during a 3-month span. B) Fraction of the total
orders placed in the same 3-month span that were placed by each service. C) Number of tests ordered per usage of the inpatient LP order
set by each service. D) Graphic showing the language introduced to the inpatient LP order set that constituted our intervention and which
was visible by all users of the inpatient LP order set.
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Figure 2. Raw number of LPs and virus-specific PCRs performed with the inpatient LP order set on a month-to-month basis (A) and scaled as
a function of number of LPs (B). Month of inpatient LP revision shown with a vertical dashed line marked ‘Intervention’. (C-F) Plots of the
proportion of LPs performed with the test in question ordered. Each month is represented by a dot such that ‘50%’ denotes that half of the
LPs performed in that month had the quest ordered. Note that 12 months pre-intervention and 6 months post-intervention are shown with a
black line denoting the mean. *denotes P < .05 by Chi-Square testing, see Table 1 for comparisons.

Table 1. 2 × 2 tables highlighting the number of times each virus-specific PCR was ordered in the 12-month period prior to the intervention
in comparison with the 6-month period after the intervention. The results of Chi square testing are shown to the right for each comparison.

VZV LPs with Test Ordered LPs without Test Ordered

Pre-Intervention 52 148 X2 P value
Post-Intervention 19 116 6.863 .008

HSV LPs with test ordered LPs without test ordered
Pre-Intervention 62 138 X2 P value
Post-Intervention 25 110 6.530 .010

EBV LPs with test ordered LPs without test ordered
Pre-Intervention 20 180 X2 P value
Post-Intervention 12 123 .115 .734

CMV LPs with test ordered LPs without test ordered
Pre-Intervention 28 172 X2 P value
Post-Intervention 9 126 4.411 .035
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epidemiologic data indicate that patients with 2 simultaneous
causes of meningitis or encephalitis are rare.13,14

We found that most LPs performed using the inpatient LP
order set were performed by neurology providers although
many cases of HSV were diagnosed by non-neurological
services. This observation underscores the relevance of pre-
test probability in guiding test selection, as Emergency
Department personnel are often performing the LP in acute
cases of meningitis and encephalitis.
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