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Background. Early treatment is pivotal for favorable outcome in acute bacterial meningitis (ABM). Lumbar puncture (LP) is
the diagnostic key. The aim was to evaluate the effect on outcome of adherence to European Society of Clinical Microbiology and
Infectious Diseases (ESCMID), Infectious Diseases Society of America (IDSA), and Swedish guidelines regarding neuroimaging

before LP.
Methods.

endpoint was in-hospital
Results ndications

lines, respectively. The adjusted odds ratio
CI, 1.08-2.12) for i

The cohort comprised

existed i

in aOR of- (95% CI, .61-1.95) for and

was- (95% confidence interval [CI], .26-.89) for
guidelines were followed.
(95% CI, .38-1.23) for 95% CI, .75-1.47) for
(95% ClI, .42-.82) for

.adult ABM patients in-registered prospectively between 2008 and 2015. Primary
and secondary endpoint was favorable outcome at 2-6 months of follow-up.

ESCMID, and uide-
and 95%
guideline adherence resulted in of

outcome. Following recommendations resulted
outcome. Performing prompt vs neuro-

according to

imaging-preceded LP was associated with aOR of 0.38 (95% CI, .18-.77) for mortality and 2.11 (95% CI, 1.47-3.00) for favorable

outcome. The beneficial effect of prompt LP was observed regardless of mental status and immunosuppression.
Adherence to Swedish guidelines in ABM is associated with
in contrast to adherence to ESCMID or IDSA recommendations. Our findings

Conclusions.

state should be considered
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in patients with suspected ABM.

Acute bacterial- .} is a life-threatening disease.

Despite modern treatment and intensive care, the is
and the risk of

achieve a favorable outcome [1, 4]. Lumbar puncture (LP) is the
basis of ABM diagnosis and, in clinical practice, LP and cere-
brospinal fluid (CSF) analyses are often decisive to start correct
antibiotics and corticosteroids in meningitis dosages [4, 5].

It is reccommended that, in certain situations with

increased intracranial pressure and cerebral lesion,
the clinician should refrain from prompt LP and instead first
perform computed tomography (CT) of the brain, as it is

argued that LP may increase the risk of brain herniation [6-8].
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However,

and the natural course of ABM or brain abscess may itself
result in herniation [6, 9, 10]. Furthermore, it is shown that
in ABM
[11-13]. Guidelines differ as to when to perform neuroimag-

is-at the.o

ing before LP in patients with suspected bacterial meningitis.
Table 1 shows the recommendations in the current Swedish,
European Society for Clinical Microbiology and Infectious
Diseases (ESCMID), and Infectious Diseases Society of
America (IDSA) guidelines. The

most liberal regarding prompt LP since
before LP after the revision in 2009 [14]. The
lines were revised in 2016 when the level of consciousness indi-

cating CT before LP was lowered from Glasgow Coma Scale

o). B8R
regarding prompt LP by recommending

mental status (ﬂ) is observed
[7]. In recommendations, both the
ESCMID and IDSA guidelines recommend CT before LP in

score

guidelines from 2004 are
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Table 1. _for_of the Brain Before Lumbar Puncture According to Different Guidelines in 815 Patients With Acute Bacterial

Meningitis

[SWedishl Guidelines

[ESEMIB Guidelines [BSA Guidelines

No. (%) No. (%) No. (%)
Impaired mental status  Cerebral [iGmiation| 10 {2 GCS <10 (RLS >3) 124(16.2) GCS <15 (RLS >1) 480 (58.9)
Neurologic deficit (sus-  Arm or leg drift 45 (5.5)  Arm or leg drift 45 (5.5)  Arm or leg drift 45 (5.5)
pected mass lesion) >4 d of neurological symp- NAP Abnormal ocular motility, 9(1.1)
toms or ABM-atypical visual field, dilated pupil
symptoms
New-onset seizures No recommendation Within 1 week of presentation 59 (7.2) Within 1 week of 59 (72)
presentation
Severe immuno-com- No recommendation Transplant recipients, HIV infection, 89 (10.9) Transplant recipients, HIV 89 (10.9)
promised state or severe immunosuppressive infection, or severe
treatment immunosuppressive
treatment
History of CNS disease  No recommendation No recommendation Mass lesion, stroke, focal NAP
infection
Papilledema No recommendation No recommendation Increased intracranial NA®
pressure
Total® 53 (6.5) 250 (30.7) 522 (64.0)

Abbreviations: ABM, acute bacterial meningitis; CNS, central nervous system; ESCMID, European Society for Clinical Microbiology and Infectious Diseases; GCS, Glasgow Coma Scale
score; HIV, human immunodeficiency virus; IDSA, Infectious Diseases Society of America; NA, not applicable; RLS, Reaction Level Scale.

“Deep coma With_or- or RLS >5 combined with _ opisthotonus, abnormal breathing pattern, or--- combined with

®Duration of cerebral symptoms before admission or history of CNS disease is not registered in the Swedish quality register.

°Funduscopy is not recommended before lumbar puncture in Sweden.
9More than 1 indication present in some patients.

The aim of the present study was to evaluate the effect on
mortality and favorable outcome of adherence to the Swedish,
ESCMID, and IDSA guidelines, respectively, regarding indica-
tions for neuroimaging before LP. Furthermore, we evaluated
the effect, in itself, of performing prompt vs CT-preceded LP.

METHODS

Study Population

The study comprised adult ABM patients (age >16 years) who
were prospectively registered by Web forms in the national
Swedish quality register for ABM during the period January
2008 to December 2015. Using conventional diagnostic criteria,
ABM diagnoses were defined by specialists in infectious dis-
eases at each of the 29 Swedish infectious disease clinics, where
the vast majority of all patients with ABM in Sweden are treated.
The diagnoses were based on clinical criteria, CSF analysis, and
microbiological tests on blood and CSF as previously described
[4]. ABM was defined as community acquired if the patients
had not been hospitalized or if they had undergone surgery in
the central nervous system within the last 30 days.

In the register sex, age, immunocompromised state, clin-
ical findings and symptoms, mental status, neurological def-
icit, septic shock, antibiotic and corticosteroid treatment, time
from admission to start of antibiotic treatment, intensive care,

etiology, in-hospital mortality, neurological sequelae, and hear-
ing deficits are routinely recorded (Table 2). _ on

admission is recorded as the [15],
the GCS, or both. In cases where the GCS was noted but not
the RLS, the GCS was converted to the RLS for standardized
comparison [16]. Adequate antibiotic treatment was defined
as intravenous P-lactam antibiotics for which the isolated bac-
teria were sensitive and administered in
In patients with
ﬁ plus

considered adequate. Adequate corticosteroid treatment was
defined as
initiated

intravenously,
of antibiotics [17].
Immunocompromised state, new-onset seizures, neurological
deficits, typical symptoms (fever, headache, and neck stiftness),
septic shock, primary focus of infection, and intensive care were
defined as present if recorded as yes in the register and not pres-
ent if recorded as no, or not recorded at all. Data for all other
parameters were defined according to data entry in the register.

Definitions of Guideline Adherence and Outcomes

Adherence to guidelines was defined as (1) LP performed with-
out previous neuroimaging when the guidelines did not rec-
ommend CT before LP, and (2) CT performed before LP when

the guidelines recommended this sequence. Table 1 shows

s recommended according to
, respectively. Abnormal level of consciousness,
where IDSA guidelines recommend CT before LP, was defined
as RLS >1, corresponding to GCS <15. ESCMID guidelines rec-
ommend CT before LP if GCS <10, corresponding to RLS >3.
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Table 2. Baseline Characteristics, Clinical Presentations, Etiologies,
and Time to Adequate Treatment in 815 Adults With Bacterial Meningitis
Stratified Into Groups Where Lumbar Puncture Was Performed Without
Prior, or After, Cerebral Computerized Tomography

LP Done LP Done
Total Patients Without Prior CT ~ After CT

Characteristic (n =815) (n =323) (n=378) PValue
Age,y

Median 62 61 64 .03

Range 17-95 17-95 18-92

Interquartile range 48-70 47-70 49-72
Male/female sex 417/398 156/167 204/174 13
Immunocompromised state

Severe® 87 (10.7) 30(9.3) 44 (11.6) .51

Moderate® 225 (27.6) 94 (29.1) 100 (26.5) .43

Total 312 (38.3) 124 (38.4) 144 (38.1) .94
Primary focus of infection

[E&R SIS, orfiings 397 {@8%) 140 (43.3) 174 (46.0) .48

Pharynx 54 (6.6) 23 (71) 21 (5.6) .39

Other/URKnOWH 364 (44.7) 160 (49.5) 183 (48.4) .77
Triad of fever, head- 232 (28.5) 86 (26.6) 109 (28.8) .52

ache, and neck

stiffness
Mental status (n = 780) (n=310) (n =362)

RLS 1 300 (38.5) 136 (43.9) 117 (32.3) .002

RLS 2-3 356 (45.6) 139 (44.8) 171 (472) .53

RLS 4-8 124 (15.9) 35 (11.3) 74 (20.4)  .001
New-onset seizures 59 . 24 (74) 31(8.2) 29
Neurological deficit

Arm/leg drift 45 (5.5) 16 (5.0) 26 (6.9) .28

Cranial nerve palsy 37 (4.5) 10 (3.1) 22 (5.8) .09
Septic shock 64 [79) 26 (8.1) 28(74) .75
Etiology

Streitococcus 420 [E15) 144 (44.6) 216 (571) <.001

Neisseria 87 (10.7) 52 (16.1) 24 (6.4) <.001

meningitidis

[GTR&E bacteria 232 (28.5) 93 (28.8) 113(29.9) .75

Unidentified etiology 76 (9.3) 34 (10.5) 25 (6.6) .06

(n = 700) (n=277) (n=328)
treatment

<1h 168 (24.0) 80 (28.9) 60 (18.3) .002

2R 252 [§610) 113 (40.8) 98(29.9) .005

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: CT, computed tomography; LP lumbar puncture; RLS, Reaction Level Scale.
“Human immunodeficiency virus infection, transplant recipient, malignancy with chemo-
therapy, or severe immunosuppressive treatment such as tumor necrosis factor—a inhibi-
tors or corresponding for autoimmune disease.

°Cortisone treatment irrespective of dose, diabetes, intravenous drug abuse, alcoholism,
asplenia, cerebrospinal fluid leakage, or severe liver or kidney failure.

Signs of cerebral herniation, where Swedish guidelines rec-
ommend CT before LP, were defined as previously described
[14]. ESCMID and IDSA recommend CT-preceded LP if severe
immunocompromised state, defined as human immunodefi-
ciency virus infection, transplant recipient, or severe immuno-
suppressive treatment for malignancy or autoimmune disease.
Moderate immunocompromised state was defined as corti-
sone treatment irrespective of dose, diabetes, intravenous drug

abuse, alcoholism, asplenia, CSF leakage, or severe liver or kid-
ney failure.

Primary endpoint was mortality during hospital stay and sec-
ondary endpoint favorable outcome at follow-up 2-6 months
after discharge. Favorable outcome was defined as Glasgow
Outcome Score (GOS) 5 and no neurological sequelae or hear-
ing deficits. Neurological sequelae were specified as cognitive
dysfunction/dementia, vertigo, epileptic seizures, ataxia, or
persistent neurological deficits as defined by the clinician at the
follow-up visit. Hearing disability was defined by the patient as
new-onset of impairment and audiometry was performed when
appropriate.

Statistical Analysis

Categorical variables were analyzed using x” or Fisher exact test
as appropriate. Mann-Whitney U test was used for continuous
data. Logistic regression analyses were performed to assess the
effect of adherence to the different guidelines with adjustments
for sex, age, typical symptom triad (fever, headache, and neck
stiffness), septic shock, and etiology. In logistic regression anal-
yses comparing the outcomes and time to start of adequate anti-
biotics and corticosteroids related to prompt LP vs CT-preceded
LP, adjustments were made for sex, age, immunocompromised
state, typical symptom triad, mental status (3 categories; reac-
tion level scale 1, 2-3, and >3), new-onset seizures, cranial
nerve palsy, septic shock, and etiology.

Ethical Considerations
The study was approved by the ethics committee at Karolinska
Institutet (Dnr 2015/756-32).

RESULTS

Baseline characteristics in the 815 patients are described in
Table 2. The overall mortalisz was 8% (68/815), and [favorable
outcome was noticed in 50% (336/677) of patients with avail-
able follow-up data.

Guideline Adherence of Lumbar Puncture and Neuroimaging

The diagnostic management with LP and neuroimaging, indi-
cations for CT before LP, and adherence to the 3 guidelines are
presented in Figure 1. Data for prompt LP vs CT-preceded LP
were available in 701 patients. Eleven of these were excluded
when evaluating guideline adherence regarding the LP-CT
sequence because LP was delayed due to coagulopathy and not
because of neuroimaging. Hence, guideline adherence was eval-
uated in 690 patients. Of these, indications for |[CT before LP
were observed in 45 (7%), 219 (32%), and 447 (65%) patients
according to Swedish,?SCMID, and IDSA| guidelines, respec-
tively. Adherence to the Swedish guidelines was observed in 334
(48%), to ESCMID guidelines in 364 (53%), and to IDSA guide-
lines in 394 (57%) patients. Adherence to the 3 guidelines was
stable during the study period (Supplementary Figure 1).
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Adult patients with LP not performed; n=38
acute bacterial meningitis Coagulopathy; n=7
n=815 Technical problems; n=5
Brain herniation; n=5
Data not CcT f.intfiings; rT=2
available for CT LP performed Pallla'c.We patlent.; n=1
n=36 n=777 Infection at LP-site; n=1
Unknown reason; n=17
Data not available LPand CT No LP but No LP and no No LP and data not
for LP-CT-sequence performed CT performed CT performed available for CT
n=40 n=611 n=29 n=7 n=2
LP performed LP performed LP performed
but no CT before CT after CT
n=130 n=193 n=378
LP performed and data available for CT including sequence LP delayed due to coagulopathy
n=701 n=11

A

Evaluation of guideline adherence regarding indication of CT before LP

n=690
Swedish guidelines ESCMID guidelines IDSA guidelines
Indication of CT before LP Indication of CT before LP Indication of CT before LP
n=45 (7%) n=219 (32%) n=447 (65%)
Management: LP-CT-sequence Management: LP-CT-sequence Management: LP-CT-sequence
Correct; n=334 (48%) Correct; n=364 (53%) Correct; n=394 (57%)
Not correct; n=356 (52%) Not correct; n=326 (47%) Not correct; n=296 (43%)

Figure 1. Management with lumbar puncture (LP) and computed tomography (CT) of the brain, the number of patients with indication for CT before LP according to the
different guidelines, and the number of patients with correct and incorrect management according to the guidelines. 'LP was not performed because CT indicated a subdural
empyema and increased intracranial pressure in 1 patient and in another because signs of meningitis were observed on CT which, together with the clinical picture, set
the diagnosis. Abbreviations: CT, computed tomography; ESCMID, European Saciety of Clinical Microbiology and Infectious Diseases; IDSA, Infectious Diseases Society of
America; LP, lumbar puncture.

Figure 2 shows that adherence to the Prompt or Computed Tomography-Preceded Lumbar Puncture

associated with and increased was done in 323 .) and

No significant differences were observed by fol-
lowing the ESCMID guidelines. Regarding the - guidelines,

similar mortality was found whether there was adherence or not,

and significantl were observe

Adjusted for sex, age, typical symptoms,
septic shock, and etiology, the odds ratio (OR) forﬂwas
i(%% confidence interval [CI], .26-.89) and the OR for favor-
able outcome was 1.52 (95% CI, 1.08-2.12) when guide- state, typical symptoms, mental status, new-onset seizures, cranial
lines were followed (Supplementary Table 1 and 2). Adherence to ~ nerve palsy, septic shock, and etiology, were-(95% CL,.18-.77)
guidelines resulted in an adjusted OR of- (95% CI, and (95% CI, 1.47 to 3.00), respectively. Figure 3 shows mor-
.38-1.23) for and 1.05 (95% CI, .75-1.47) for favorable tality and favorable outcomes related to if LP was done promptly
outcome. Following the recommendations resulted in an or after neuroimaging, stratified into groups where immediate
adjusted OR o (95% CI, .61-1.95) for and 0.59 (95% LP and CT-preceded LP, respectively, were recommended in the
CI, .42-.82) for favorable outcome. The results were similar when

P<.001)
outcome,

for sex, age, immunocompromised

different guidelines.

restricted to 14-day in-hospital mortality (Supplementary Table 3).
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P=0.011 P=0.15 P=0.80

10

%
m Adherence

 Not adherence

n= 334 356 364 326 394 296
Swedish guidelines ESCMID guidelines IDSA guidelines
ESCMID = European Society for Clinical Microbiology and Infectious Diseases
IDSA = Infectious Diseases Society of America

70
P=0.003 P=0.56 P=0.002

B Adherence

B Not adherence

Tn= 285 300 311 274 337 248
Swedish guidelines ESCMID guidelines IDSA guidelines

ESCMID = European Society for Clinical Microbiology and Infectious Diseases
IDSA = Infectious Diseases Society of America

Figure 2. Mortality during hospital stay (A) and favorable outcome at follow-up
after 26 months (B) related to adherence or not to different guidelines for neu-
roimaging before lumbar puncture. Abbreviations: ESCMID, European Society of
Clinical Microbiology and Infectious Diseases; IDSA, Infectious Diseases Society
of America.

vs after CT scan in all groups, regardless of indications for CT
before LP. A reduced mortality and increased favorable outcome
in patients who underwent prompt LP was observed also in anal-

yses stratified according to impaired mental status (RLS 2-3 and
L 2 Nevonset s ocuredin 7% il

3 of 24 (13%) cases with prompt LP vs 3 of 31 (10%;
P =.74) if CT preceded LP, and in patients with available data a
favorable outcome was observed in 13 of 22 (59%) vs 13 of 25
(52%), respectively (P = .63). Severe immunocompromised state
was noticed in 11%. The mortality if prompt LP was performed
was 1 of 30 (3%) vs 5 of 44 (11%) in cases with CT-preceded LP
(P = .21). In those with available data, a favorable outcome was
noticed in 18 of 25 (72%) if prompt LP was done vs 13 of 36 (36%)
if CT was performed before LP (P = .006).

Prompt or Computed Tomography-Preceded Lumbar Puncture Related to
Time to Treatment

and available data,
investigation in 170

Among 362 patients with

A
P=0.03
P=0.007
10 P=0.01 P=0.16
P=0.03
8
% P=032
6 uLP done without prior CT
uLP done after CT
4
2
0 7=307 346 16 234 244 89 134 134 113 189 265
Prompt P CT before Lp Prompt P CT before LP Prompt LP CT before LP
Recommendations in
Swedish guidelines ESCMID guldellnes IDSA guidelines
ESCMID = European Society for Clinical Microbiology and Infectious Diseases
IDSA = Infectious Diseases Society of America
B 90

80 P=0.002

P<0.001
70
P<0.001
P<0.001
0 P=0.002 0.
50
% W LP done without prior CT

40 P done after CT
30
20
10

4

n=260 292 ' 14 28 2l ' 116 96 ' 158 224
Prompt [P CT before LP Prompt (3 CT efore s Prompt LP CT before LP

Recommendations in i dati in
Swedish guidelines

ESCMID guldelmes IDSA guidelines

ESCMID = European Society for Clinical Microbiology and Infectious Diseases
IDSA = Infectious Diseases Society of America

Figure 3. Mortality during hospital stay (A) and favorable outcome at follow-up
after 2-6 months (B) related to if lumbar puncture (LP) was performed without prior,
or after, computed tomography (CT) of the brain stratified into groups where prompt
LP is recommended vs where CT is recommended before LP, according to different
guidelines. Abbreviations: CT, computed tomography; ESCMID, European Society of
Clinical Microbiology and Infectious Diseases; IDSA, Infectious Diseases Society of
America; LP, lumbar puncture.

. with antibiotics and corticosteroids
<1 hour, and <2 hours, from admission were observed in 80 of

277 (.) and 113 of 277

prompt LP vs 60 of 328
=.005), respectively, in cases with

, respectively, in patients with
= 002) and 98 of 328 (30%{ P
The OR for
adequate treatment <1 hour from admission if the LP was done
promptly vs after CT was 2.46 (95% CI, 1.60-3.79) adjusted for
sex, age, immunocompromised state, typical symptoms, men-

tal status, new-onset seizures, cranial nerve palsy, septic shock,
and etiology. The corresponding adjusted OR for treatment <2
hours was 2.12 (95% CI, 1.45-3.10).

DISCUSSION

This is, to our knowledge, the first study evaluating different
guidelines regarding early management with LP and neuroim-
aging. The Swedish, ESCMID, and IDSA
stantially in their recommendations to
such that

sub-

respectively, of the patients in the
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14

P=0.12

M LP without prior CT
B LP after CT

O 7n= 136 117 139 171 35 74
RLS 1 RLS 2.3 RLS 4-8
B so
2 P=0.003
0 P=0.036 P<0.001

M LP without prior CT
M LP after CT

117 144
RLS 2-3

27 66
RLS 4-8

Figure 4. -during hospital stay (4) and favorable outcome at follow-up
after 2-6 months (B), stratified according to mental status on admission, related to
if lumbar puncture was performed without prior computed tomography (CT) of the
brain vs after CT. Abbreviations: CT, computed tomography; LP, lumbar puncture;
RLS, Reaction Level Scale.

present study had -to
the 3 ‘was about which is comparable with ear-

lier findings [18-20]. Importantl

to adherence to

IDSA guidelines. Following IDSA recommendations resulted in

significantly decreased favorable outcomes at follow-up.
_ of the

patients, which is more frequent than in the Netherlands (26%)
and Canada (29%) [5, 19].
and
regardless of guideline indications for CT before LP.
These findings are in study where
CT before LP was
outcome at discharge (mortality was not assessed) [19]. This
discrepancy could possibly be explained by earlier CT manage-

ment resulting in less delay in the Netherlands compared with

associated with increased

Sweden. In line with earlier reports,
(RLS 2-3) was noticed in

of cerebral

state was noticed in which is in line with earlier

studies [2, 13]. If was performed,
were observed in those with

comes in those with state to
if _ The obviously positive effect of prompt LP
in ABM, shown in the present and an earlier study [5], should
be weighed against a potential risk if the patient suffers from
a cerebral mass lesion. Clinical findings, other than seizure or
immunocompromised state, should decide whether-a

-is primarily suspected. A should be done
if the clinical picture is with than with

« mass lesion,
Significantly - treatment with and
ﬁ was achieved by performing

concordant with earlier findings [3, 5, 21, 22]. The decreased

which is

mortality and increased favorable outcomes that were observed
by performing prompt LP were most probably associated with

ement. The

and there is
(eg, due

to neuroimaging),

on clinical suspicion, even if the diagnosis has not been
established. Yet in line with earlier findings, were

LP was done after the CT scan [5, 19]. Among these patients,
was associated withh

but similar outcomes at fol-

of the patients where

low-up compared with if antibiotics were started after the CT
(data not shown). Thus, in clinical practice

the well-known of antibiotics

before CT. Furthermore, recent reports indicate that

IDSA or ESCMID

[19, 20]. In the present study, similar
was observed. This is alarming as 61% of the patients
were treated at an intensive care unit and 18% were adminis-
tered ICP-targeted therapy and a highly plausible diagnosis of
ABM, accomplished only by LP, is usually required to rapidly
reach the decision to administer these advanced treatment
modalities.

In aggregate, our findings indicate tha
which is in agree-

ment with earlier reports 2, 4, 9]. Furthermore, the
that is, in
patients for whom a CT scan is often recommended before LP
[20]. Thus, adherence to IDSA and, to a lesser degree, ESCMID
guidelines may be associated with delayed treatment in many
patients with ABM with increased risk of unfavorable outcomes.
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The strengths of the study are the large sample size with
well-characterized patients enabling identification of indi-
cations for CT before LP. Comprehensive clinical and man-
agement data enabled evaluation of guideline adherence by
multivariate analyses with adjustment for all important risk fac-
tors [23] except low cell count in CSE which is not available in
the register. The time from admission to start of adequate treat-
ment was registered, which made it possible to determine delays
associated with performing CT scan before LP. Furthermore,
because a large number of patients collected from multiple sites
from all over Sweden were included, based on clinical as well as
laboratory findings, the generalizability from the present study
to clinical practice is high.

A limitation is that the present study is based on confirmed
ABM, whereas guidelines should be applicable to patients with
suspected ABM where other diagnoses such as mass lesions
exist. ESCMID and IDSA guidelines are based on the study of
Hasbun et al from 2001 of 301 patients with suspected men-
ingitis where certain clinical findings were associated with
abnormalities on cerebral CT, but not with risks of performing
LP [22]. It is stated that LP can be hazardous if “brain shift " is
present due to space-occupying lesions [7, 8]. However, o our
knowledge, evidence from human or animal studies support-
ing this hypothesis is very limited. It has been stated that LP
may cause fatal herniation in cases with brain/abscess, although
the potential risk has been estimated to be small, about 1% [7,
24]. However, LP is usually not beneficial in the diagnosis of

brain abscess or mass lesion. Thus, in patients with suspected
brain |abscess or other mass lesion, a cerebral CT should be
performed initially mainly because this is the Qdiagnostie
{ool. A mass lesion should be suspected in patients with a l_g
(>4 days) or ABM-atypical history of cerebral symptoms and if
arm or leg drift is noticed [25]. These clinical findings should
be indications for initial CT scan. Another limitation is the lack

of randomization for the comparison of efficacy of the different
guidelines. However, multivariate analyses were performed to
compensate for bias. Furthermore, data for LP and CT manage-
ment were missing in 14% of the patients.

In conclusion, the present study indicates that adherence
to Swedish guidelines regarding LP and neuroimaging is
associated with decreased mortality and increased favorable
outcome in contrast to adherence to ESCMID or IDSA rec-
ommendations where no beneficial effect was found. CT per-
formed before LP causes significant delay and is a risk factor
for increased mortality and unfavorable outcome irrespective
of mental status. In patients with clinical findings indicating
a mass lesion or impending herniation, a cerebral CT should
be performed initially. Otherwise, guidelines should promote
prompt LP liberally and impaired mental status, new-onset sei-
zures, and immunocompromised state should not be consid-
ered indications for neuroimaging before LP in patients with
suspected ABM.
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