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, Abstract—Background: Various sources purport an
association between lumbar puncture and brainstem hernia-
tion in patients with intracranial mass effect lesions. Several
organizations and texts recommend head computed tomogra-
phy (CT) prior to lumbar puncture in selected patients.
Objective: To review the evidence regarding the utility of ob-
taining head CT prior to lumbar puncture in adults with sus-
pected bacterial meningitis. Discussion: Observational
studies report a risk of post-lumbar puncture brainstem her-
niation in the presence of intracranial mass effect (1.5%) that
is significantly lower than that reported among all patients
with bacterial meningitis (up to 13.3%). It is unclear from ex-
isting literature whether identifying patients with intracra-
nial mass effect decreases herniation risk. Up to 80% of
patients with bacterial meningitis experiencing herniation
have no CTabnormalities, and approximately half of patients
with intracranial mass effect not undergoing lumbar punc-
ture herniate. Decision rules to selectively perform CT on
only those individuals most likely to have intracranial mass
effect lesions have not undergone validation. Despite recom-
mendations for immediate antimicrobial therapy prior to
imaging, data indicate an association between pre-lumbar
puncture CT and antibiotic delays. Recent data demonstrate
shortened door-to-antibiotic times and lower mortality from
bacterial meningitis after implementation of new national
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guidelines, which restricted generally accepted CT indica-
tions by removing impaired mental status as imaging crite-
rion. Conclusions: Data supporting routine head CT prior
to lumbar puncture are limited. Physicians should consider
selective CT for those patients at risk for intracranial mass
effect lesions based on decision rules or clinical gestalt.
Patients undergoing head CT must receive immediate
antibiotic therapy. Published by Elsevier Inc.

, Keywords—lumbar puncture; brain computed tomog-
raphy; bacterial meningitis; brainstem herniation;
evidence-based medicine
INTRODUCTION

Bacterial meningitis is a deadly infection of the
meninges. Contemporary estimates of mortality in large
datasets from high-income countries range from
15–21% even in patients receiving antibiotic therapy
(1,2). Time from presentation to antibiotic receipt is a
critically important determinant of patient survival
(3–5). Therefore, emergency physicians must actively
consider this disease and aggressively administer
antibiotics as quickly as possible among patients that
they suspect have this deadly condition.

The reference standard diagnostic study for bacterial
meningitis is analysis of cerebrospinal fluid (CSF) as
l 2017;
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YES NO

Meets criteria for pre-lumbar puncture CT?

Suspected bacterial meningitis

Empiric Antibiotic Therapy Diagnostic Lumbar Puncture

Empiric Antibiotic Therapy Pending Results

Empiric Antibiotic Therapy

Head CT

MASS EFFECT NO MASS EFFECT

No Lumbar Puncture Lumbar Puncture

Figure 1. Diagnostic algorithm for adult patients with sus-
pected bacterial meningitis. CT = computed tomography.
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obtained by lumbar puncture (6). Completion of this pro-
cedure to obtain CSF for cultures early in the course of
patient care is important to confirm the diagnosis and
identify causative organisms to guide antimicrobial ther-
apy (7). However, conventional wisdom holds that there
is a potentially catastrophic consequence to the lumbar
puncture procedure in certain patients. As stated in
Rosen’s Emergency Medicine, ‘‘In most patients with
bacterial meningitis, [lumbar puncture (LP)] may be
safely performed without antecedent neuroimaging
studies. As this may not be the case in other brain dis-
eases, in many circumstances it is advisable to obtain a
CT scan of the head before LP is performed’’ (8). This
claim reflects the concern that patients with brain edema
or lesions causing intracranial mass effect may experi-
ence lumbar puncture-induced brainstem herniation (9).

A discord then exists between the imperative of rapid
diagnosis and a rare but potentially fatal complication of
the diagnostic procedure. Computed tomography (CT) pro-
vides physicians with a tool to identify those patients with
brain lesions causing mass effect (10). The use of pre-
lumbar puncture head imaging implies two importantmyths.

THE MYTHS

First, patients with mass effect lesions represent a group
at significantly higher risk for brainstem herniation
compared with the general population of patients with
bacterial meningitis in whom lumbar puncture is uncon-
troversial. Second, providers may reliably prevent brain-
stem herniation in patients with intracranial lesions
causing mass effect by forgoing lumbar puncture.

WHY IS THIS IMPORTANT?

Brainstem herniation is a devastating event frequently re-
sulting in either death or profound neurologic morbidity
(11). Emergency physicians might therefore consider
pre-lumbar puncture CT in every patient with suspected
bacterial meningitis to be conservative and safe practice.
Yet this diagnostic strategy is not without consequence.
Head imaging carries with it financial cost and patient
exposure to radiation (12,13). More important is the
potential for antibiotic delays associated with imaging.
The Infectious Diseases Society of America (IDSA)
guidelines and Emergency Medicine textbooks
including Rosen’s and Tintinalli’s all recommend
empiric antibiotic administration prior to imaging or
lumbar puncture to avoid delays (Figure 1, an evaluation
and management of meningitis algorithm) (8,14,15). Yet,
despite this consensus, studies nevertheless consistently
demonstrate that many patients undergoing head CT
prior to lumbar puncture experienced antibiotic delays
(4,16–18).
The standard practice to minimize these potential im-
aging consequences is to selectively perform pre-lumbar
puncture CT on only those patients most likely to have
intracranial lesions causing mass effect. Published deci-
sion rule studies, the IDSA guidelines, and the Rosen’s
and Tintinalli’s texts all offer slightly different criteria
for pre-lumbar puncture CT to rule out mass effect lesions
(Table 1) (8,14–17). Regardless, this approach is
controversial and has been subject to repeated criticism
by advocates for fewer head CT scans for these patients
(19). More definitive studies resolving this controversy
are unlikely to be forthcoming given the rarity of bacterial
meningitis and intracranial mass effect lesions and en-
trenched concerns about performing lumbar punctures
in patients with intracranial mass effect lesions. Given
the absence of such studies, this review seeks to provide
emergency physicians an overview of the relevant exist-
ing primary literature so that they may better determine
whether their adult patients with suspected bacterial men-
ingitis should undergo head imaging prior to lumbar
puncture.

LITERATURE REVIEW

We reviewed the peer-reviewed literature for studies re-
porting primary data related to the risk of post-lumbar
puncture brainstem herniation. To this end we searched
the PubMed database from inception through March 15,
2017. We constructed search terms to capture studies of
clinical and imaging correlates with brainstem herniation
risk and impact studies of alternative imaging strategies
(Table 2). We reviewed the abstract of each item identi-
fied by the search strategy for possible inclusion into
the review.We also reviewed the abstracts of studies cited
in the bibliographies of included studies with titles poten-
tially relevant to this review. We excluded nonprimary
literature and case reports or series; studies reporting
only diagnostic yield for lumbar puncture; studies report-
ing only nonherniation procedural complications; studies
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Table 2. Search Strategy

Sequence Search Term* Items

1 ‘‘Lumbar Puncture’’ [ti] 1258
2 ‘‘Intracranial hypertension’’ 6890
3 Papilledema 4269
4 Meningitis 48,258
5 ‘‘Brain Tumor’’ 15,407
6 #2 OR#3 OR#4 OR#5 73,293
7 #1 AND#6 285
8 Pediatrics 361,576
9 Child 1,533,746
10 Infant 822,954
11 #8 OR#9 OR#10 2,037,487
12 #7 NOT#11 144

* Search restricted to English language studies only.
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with pediatric patients; and studies of therapeutic lumbar
puncture. We selected studies for final inclusion into the
review by mutual agreement. In addition to primary liter-
ature, we included selected review articles to provide
some historical context to the evolution of clinical prac-
tice related to screening for patients at high risk for
post-lumbar puncture complications. We ultimately iden-
tified 12 articles reporting primary data relevant to the
clinical question (Figure 2).

RESULTS

Historical Perspective

Contemporary authors generally attribute the first
description of the needle lumbar puncture diagnostic
procedure to Heinriche Quincke in 1891 (20). Studies
published as early as 1896 reported periprocedural deaths
in patients with presumed intracranial lesions while aptly
noting the challenges of distinguishing causation vs. cor-
relation (21).

On the basis of case series with autopsy data, in 1938
Geoffrey Jefferson proposed a mechanism by which
lumbar puncture might precipitate brainstem hernia-
tion (22). He argued that in patients with intracranial
lesions specifically causing mass effect, the CSF exerts
a protective upward buoying effect on the brainstem.
Should CSF removal occur in such a patient, he sug-
gested the brainstem might herniate downward through
the foramen magnum, resulting in devastating neuro-
logic injury (22). This study marked an important mile-
stone in the literature by positing a causative
relationship between lumbar puncture and brainstem
herniation.

Our literature review identified six observational
studies subsequently published through the 1950s that
examined outcomes among patients with presumed intra-
cranial hypertension undergoing lumbar puncture
(Table 3) (23–28). Although frequently cited as part of



41 review, commentary, or editorial articles 

23 studies of lumbar puncture diagnostic yield 

22 studies of non-herniation lumbar puncture complications

14 studies without denominator data (e.g., case reports or series)

10 pediatric studies

9 therapeutic lumbar puncture studies

14 other studies not reporting lumbar puncture-induced herniation

144 references screened

11 studies included +1 reference 
identified by study citations

6 historical studies of post-lumbar puncture herniation in patients 
with mass effect lesions

3 studies of herniation risk and imaging correlates in patients with 
bacterial meningitis

2 decision rule derivation studies to predict intracranial mass effect

1 impact study of revised imaging guidelines on meningitis patient 
outcomes

Figure 2. Literature review results.
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discussions of the potential risks of lumbar puncture in
patients with intracranial mass effect lesions,
interpretation of these studies is difficult for several
reasons (9). First, these studies predated the CT era.
Consequently, authors relied upon a combination of clin-
ical suspicion for brain tumor, subsequent histological
verification of brain tumor by CSF analysis or autopsy,
or papilledema in selecting their patients for these studies
(23–28). These alternative inclusion criteria may yield
dramatically different patient populations in terms of
intracranial findings. Presuming intracranial mass
effect lesions in patients with papilledema alone is
particularly problematic as papilledema may occur in
conditions without any mass effect lesions (e.g.,
idiopathic intracranial hypertension – a disease for
which lumbar puncture is actually therapeutic) (29).
Table 3. Risk of Post-Lumbar Puncture Neurologic Deterioration i

Author Year Cases

Masson (23) 1927 200 Presumed b
Schaller (24) 1933 103 Papilledema
Hepburn (25) 1938 25 Papilledema
Lubic & Marotta (26) 1954 401 Verified tum
Sencer (27) 1956 87 Papilledema
Korein et al. (28) 1959 129 Papilledema

pressure
Total 945

LP = lumbar puncture; CSF = cerebrospinal fluid.
Regardless, the risk of post-lumbar puncture neurologic
deterioration attributed to brainstem herniation reported by
these studies was variable, ranging from 0–6.2%
(25,27,28). Taken in aggregate, these data suggest an
overall herniation risk of 1.5%. A single publication
reported a case of rapid neurologic decline within 5 min
of lumbar puncture (28). All other cases experienced
decline hours after the procedure (range 3–24 h), which
casts some doubt on a causative relationship between the
lumbar puncture and patient outcome (23,24,26,28).
Moreover, at least one study further reported experience
with patients with presumed intracranial mass effect
lesions who experienced neurologic deterioration despite
forgoing lumbar puncture (24).

It is difficult to extrapolate from these data the risk
of lumbar puncture-induced brainstem herniation
n Patients with Presumed Intracranial Mass Effect Lesions

Inclusion Criteria Post-LP Complications (%)

rain tumor 1 (0.5%)
or presumed brain tumor 4 (3.9%)

0 (0%)
or 1 (0.2%)

0 (0%)
or opening CSF
> 25 cm H2O

8 (6.2%)

14 (1.5%)
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attributable to intracranial mass effect lesions as diag-
nosed in the contemporary era (i.e., head CT), given
that these studies predated the availability of advanced
head imaging techniques. By the time CT became widely
available, the medical community had largely granted the
premise that patients with these intracranial lesions were
at higher risk for procedure-related complications. This
premise precluded more definitive study. Indeed, data
regarding the risk of lumbar-puncture-induced brainstem
herniation in the presence of intracranial mass effect le-
sions as confirmed by head imaging is largely limited to
case series (10).

Herniation Risk and Imaging Correlates in Patients with
Bacterial Meningitis

The literature reports a significant incidence of brainstem
herniation among patients with bacterial meningitis,
which may exceed that among patients with intracranial
mass effect lesions undergoing lumbar puncture. Our
literature review identified three studies with denomina-
tor data reporting the risk of brainstem herniation in pa-
tients with bacterial meningitis. First, a pre-CT-era
study from Massachusetts General Hospital spanning
1956–1962 reported autopsy-confirmed brainstem herni-
ation in 9 (5.1%) of 175 patients undergoing lumbar
puncture (30). Whereas 4 of these patients had wide-
spread cerebral edema, the authors report no anatomic ab-
normalities for the other patients.

Two additional studies from the CT era in Germany
report cases of patients experiencing post-lumbar punc-
ture herniation despite an absence of intracranial radio-
graphic mass effect lesions. First, a prospective German
cohort of 86 patients with bacterial meningitis undergo-
ing lumbar puncture reported periprocedural herniation
in 7 patients (8.1%), of whom 3 (42.9%) had no CT evi-
dence of brain edema causing mass effect (31). Second,
an analysis of 75 patients with proven pneumococcal
meningitis reported 10 (13.3%) patients experiencing
brainstem herniation. Eight (80%) of these patients had
no associated head CTabnormalities (32). Based on these
results, it is unclear whether head imaging can reliably
identify those patients with bacterial meningitis at great-
est risk for post-lumbar puncture herniation.

Another vexing question is whether reliable identifica-
tion of these patients could prevent brainstem herniation
through the deferral of lumbar puncture. Although it
seems intuitive that this should be possible, data from
several studies further undermine the presumed causal
relationship between this procedure and outcome. One
patient in the Massachusetts General Hospital case series
experienced brainstem herniation preceding lumbar
puncture (30). In a Yale-based head imaging decision
rule-derivation study (discussed further below), 4 patients
had head imaging results suggestive of mass effect le-
sions; though none of these patients underwent lumbar
puncture, 2 (50%) nevertheless herniated (17).

On the basis of these data, patients with bacterial men-
ingitis seem to be at particularly high risk for brainstem
herniation. However, it remains questionable whether
head imaging can identify within this population a sub-
group in whom providers may attenuate this risk by
forgoing lumbar puncture. Of course, bacterial meningitis
is rare (diagnosed in 1.7% of ED patients undergoing
lumbar puncture in one study) and becoming more so
given the advent of the pneumococcal conjugate vaccine
(17,33). As such, the impact of diagnostic approach to
patients with suspected bacterial meningitis will be
driven in greater part by outcomes among the majority
of patients without meningitis. Nevertheless, we believe
the data from patients with bacterial meningitis is
instructive in highlighting the limited evidence base
supporting the notion that providers may prevent
brainstem herniation in patients undergoing lumbar
puncture by screening out individuals with particular
head CT abnormalities.

Decision Rule Studies

Despite the limitations in data linking lumbar puncture to
brainstem herniation, at the turn of the millennium many
authors and professional societies continued to advocate
for pre-lumbar puncture CT imaging to rule out mass ef-
fect lesions. The presumed benefit of this approach is to
prevent brainstem herniation by forgoing lumbar punc-
ture in patients with intracranial mass effect lesions and
to identify any alternative neurologic abnormalities
(10,34,35). Our literature review identified two
decision-rule derivation studies seeking to balance the
competing priorities of limiting radiation exposure and
antibiotic delays associated with imaging vs. identifying
patients with intracranial lesions potentially placing them
at higher risk for post-lumbar puncture herniation. The
aim of these decision rules is to selectively image only
those patients with clinical features associated with
head CT abnormalities.

The first study, by Gopal et al., examined consecutive
ED patients requiring lumbar puncture while in the ED
for any indication (e.g., diagnostic work-up for subarach-
noid hemorrhage or bacterial meningitis) (16). Providers
completed data collection forms regarding 10 variables
related to patient presentation, medical history, and exam-
ination characteristics. They captured 111 of 113 consecu-
tive patients, all of whom underwent preceding head CT.
They identified three significant predictors of any head
CTabnormality: alteredmental status, focal neurologic ex-
amination abnormality, and papilledema (Table 1). The au-
thors note their belief that no single one of these
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characteristics has sufficient accuracy to adequately pre-
dict CTabnormalities, but in aggregate, the three screening
items may serve as an effective screening tool. Patients
with none of the three characteristics have a negative likeli-
hood ratio (LR�) for any CTabnormality (not mass effect
lesions specifically – see discussion below) of 0.0, 95%
confidence interval (CI) 0–0.6. Presence of one or more
characteristics yielded a positive likelihood ratio (LR+)
of 1.6, 95% CI 1.2–1.9. Of note, the investigators also
asked physicians to predict based on clinical level of sus-
picion whether the patient would have an intracranial
lesion contraindicating lumbar puncture, which demon-
strated similar diagnostic accuracy for any CT abnormal-
ity: LR+ 18.8, 95% CI 4.8–43, and LR� 0.0, 95% CI
0.0–0.7 (16). These results suggest that clinical gestalt
may outperform this decision rule in determining which
patients most need head imaging.

The second study, by Hasbun et al., is arguably more
relevant to our clinical question, as their focus was solely
upon ED patients undergoing evaluation for suspected
bacterial meningitis (17). This study prospectively
enrolled 301 patients regardless of whether they ulti-
mately underwent head imaging or lumbar puncture.
They collected data on a range of variables including de-
mographics, comorbidities, and physical examination. Of
these patients, 235 (78.1%) underwent head CT, and it is
from this group that the authors derived their decision
rule. They determined significant associations between
any head CT abnormality (once again, not specific to
mass effect lesions) and the following characteristics:
age > 59 years, immunocompromised state, history of
central nervous system disease, seizures in the past
week, and various neurologic examination abnormalities
(Table 1). Taken together to serve as a decision rule, the
absence of any of these criteria results is LR� 0.1. The
presence of one or more criteria yields LR+ 2.0 (17).

A decision rule-based diagnostic approach to patients
with suspected bacterial meningitis has found widespread
support in the literature (8,15,35,36). The IDSA
guidelines for the management of bacterial meningitis
specifically advocate that clinicians utilize criteria
largely based upon the decision rule derived by Hasbun
et al. in determining which patients should undergo
head CT prior to lumbar puncture (14,17). Yet the
Hasbun and Gopal studies alike have important
limitations, even if granting the questionable premise
that patients with intracranial mass effect lesions should
not undergo lumbar puncture (16,17).

First, the Hasbun et al. study calculated test character-
istics including only those patients who underwent head
CT (17). In fact, providers will apply this decision rule
to the broader population of all patients with suspected
bacterial meningitis, including those not undergoing
any imaging. Although it is likely that these patients
who did not undergo CT appeared clinically well and
may well not have met any decision rule criteria (so re-
sulting in higher decision rule accuracy), it is impossible
to know based on the data reported.

Second, the Hasbun and Gopal studies are both deriva-
tion studies (16,17). To our knowledge, neither decision
rule has undergone validation. Prior to widespread use
and acceptance, these rules should have undergone
validation in settings external to the sites of derivation.
Moreover, such validation studies ideally would have
relied upon measurements of the efficacy by clinicians
rather than investigators (37). The literature discusses ex-
pectations of rigorous external clinical validation studies
extensively for other disease processes in emergency
medicine (e.g., subarachnoid hemorrhage) (38). Yet this
major limitation of the bacterial meningitis imaging deci-
sion rules has gone largely unchallenged.

Data exploring the impact of decision rule use on
definitive patient outcomes are limited. Studies directly
comparing decision rule-based imaging against strategies
of either routine CT or lumbar puncture without CT are
unlikely to be forthcoming. Such studies would be pro-
hibitively expensive given the infrequency of occurrence
of many of the outcomes of interest. Yet the existing data
from both Gopal et al. and Hasbun et al. suggest that a
serious potential consequence of pre-lumbar puncture
CT is prolonged time to receipt of antibiotics (16,17).

Gopal et al. reported that 2 of 3 patients with positive
CSF cultures did not receive antibiotics prior to lumbar
puncture while awaiting head CT (mean delay 2.8 h)
(16). Similarly, Hasbun et al. reported a trend toward pro-
longed time from ED arrival to antibiotic receipt for those
patients undergoing head CT vs. no head CT (mean 3.8
vs. 2.9 h) (17). Thus, despite consistent recommendations
across textbooks and guidelines for immediate antibiotic
administration prior to CT, an association nevertheless
persists between pre-lumbar puncture imaging and pro-
longed door-to-antibiotic time. These differences are
significant given data suggesting that each hour of delay
in antibiotic administration may result in a 30% rise in
mortality (5).

Impact Study

We identified a single study with data supporting the
notion that these decisions regarding diagnostic pathways
have a material impact on patient outcomes at the popu-
lation level. In 2009, Swedish guidelines were revised
by removing ‘‘impaired mental status’’ as a decision
rule criterion precluding lumbar puncture. Subsequently,
official statistics demonstrated a reduction in door-to-
antibiotic times and a concomitant reduction in mortality
from 11.7% to 6.9% (19,39). Although further data and
replication of these results are necessary, they highlight
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the potential survival benefits of more restrictive use of
head CT among patients with suspected bacterial
meningitis.

BOTTOM LINE AND CONCLUSIONS

In patients with intracranial lesions causing mass effect,
there is a theoretical concern that the CSF exerts a protec-
tive buoying effect and that its removal will precipitate
brainstem herniation. However, observational data indi-
cate that the risk of brainstem herniation attributable to
intracranial mass effect lesions is low (�1.5%). Indeed,
the herniation risk seems far greater among patients
with bacterial meningitis (up to 13.3%), the very disease
process requiring lumbar puncture for diagnosis and not
considered to be a contraindication to this procedure.

It is unclear whether CT is an effective screening tool,
as studies report that up to 80% of patients with bacterial
meningitis experiencing brainstem herniation have no ev-
idence of mass effect on head imaging. The clinical utility
of identifying those patients with intracranial mass effect
is similarly questionable, as the existing literature sug-
gests that up to half of these patients may herniate despite
providers forgoing lumbar puncture. Finally, whereas the
Hasbun et al. decision aid endorsed by most emergency
medicine textbooks and the IDSA guidelines helps to
rule out intracranial mass effect without imaging (LR�
0.1), it has never undergone any validation (17).

The central issue with CT prior to lumbar puncture re-
lates to prolonged door-to-antibiotic time. Emergency
medicine texts and the IDSA guidelines alike recommend
immediate antibiotic therapy prior to lumbar puncture.
However, multiple observational studies nevertheless
report delays in antibiotic administration among patients
undergoing CT prior to lumbar puncture. The reasons for
and mechanisms to mitigate these delays are an important
area for future research. However, data from Sweden indi-
cate that one such effective mechanism may be alterations
to imaging indications, as they report shortened door-to-
antibiotic times and improved survival after removal of
‘‘impaired mental status’’ from the list of criteria
mandating pre-lumbar puncture imaging. Pending the re-
sults of additional studies refining and validating changes
to these criteria, emergency physicians should continue
to focus on ensuring immediate antibiotic administration
in those patients with suspected bacterial meningitis in
whom they plan to obtain CT imaging.
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ARTICLE SUMMARY

1. Why is this topic important?
A theoretical concern exists that lumbar puncture per-

formed in patients with intracranial mass effect lesions
can result in brainstem herniation. This procedure is com-
mon in the emergency department setting, and several au-
thors and guidelines recommend that some patients
undergo preprocedure brain computed tomography (CT)
to identify those patients with intracranial abnormalities
who should not undergo lumbar puncture.
2. What does this review attempt to show?

This review evaluates the literature supporting head CT
prior to lumbar puncture in adults with suspected bacterial
meningitis.
3. What are the key findings?

Historic data suggest a small risk (�1.5%) of post-
lumbar puncture herniation in patients with intracranial
mass effect lesions. The literature suggests that many of
these patients will experience herniation even if physi-
cians forgo lumbar puncture. Decisions rules recommen-
ded by many to minimize to selectively perform CT on
only those patients most likely to benefit from forgoing
lumbar puncture do not detect mass effect lesions specif-
ically but rather any head CT abnormality. Meanwhile,
despite guideline and textbook recommendations to
administer immediate antibiotics prior to CT, multiple
observational studies report an association between pre-
lumbar puncture imaging and prolonged door-to-
antibiotic time.
4. How is patient care impacted?

Physicians should order pre-lumbar puncture head CT
imaging judiciously based on decision rules or clinical
gestalt to identify those patients at risk for intracranial
mass effect lesions. Patients undergoing head CT should
receive immediate antimicrobial therapy in accordance
with guidelines.
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