Intensive Care Med (2019) 45:1103-1111
https://doi.org/10.1007/5s00134-019-05684-0

: : : ®
Functional outcomes in adult patients G

with herpes simplex encephalitis admitted
to the ICU: a multicenter cohort study

P. Jaquet', E. de Montmollin'?, C. Dupuis'?, C. Sazio®, M. Conrad®, V. Susset®, S. Demeret®, J. M. Tadie’,

L. Argaud®, F. Barbier®, B. Sarton'®, R. Chabane'", D. Daubin'?, N. Brulé'?, N. Lerolle', M. Alves'?,

D. Da Silva'®, A. El Kalioubi', S. Silva'®, P. Bailly'®, M. Wolff', L. Bouadma'?, J. F. Timsit'?, R. Sonneville''"
and ENCEPHALITICA study group

© 2019 Springer-Verlag GmbH Germany, part of Springer Nature

Abstract

Purpose: We aimed to study the association of body temperature and other admission factors with outcomes of
herpes simplex encephalitis (HSE) adult patients requiring ICU admission.

Methods: We conducted a retrospective multicenter study on patients diagnosed with HSE in 47 ICUs in France,
between 2007 and 2017. Fever was defined as a body temperature higher or equal to 38.3 °C. Multivariate logistic
regression analysis was used to identify factors associated with poor outcome at 90 days, defined by a score of 3-6
(indicating moderate-to-severe disability or death) on the modified Rankin scale.

Results: Overall, 259 patients with a score on the Glasgow coma scale of 9 (6-12) and a body temperature of

38.7 (38.1-39.2) °C at admission were studied. At 90 days, 185 (71%) patients had a poor outcome, including 44
(17%) deaths. After adjusting for age, fever (OR=2.21; 95% Cl 1.18-4.16), mechanical ventilation (OR=2.21; 95% Cl
1.21-4.03), and MRI brain lesions > 3 lobes (OR=3.04; 95% Cl 1.35-6.81) were independently associated with poor
outcome. By contrast, a direct ICU admission, as compared to initial admission to the hospital wards (i.e., indirect ICU
admission), was protective (OR=0.52; 95% Cl 0.28-0.95). Sensitivity analyses performed after adjustment for func-
tional status before admission and reason for ICU admission yielded similar results.

Conclusions: In HSE adult patients requiring ICU admission, several admission factors are associated with an
increased risk of poor functional outcome. The identification of potentially modifiable factors, namely, elevated admis-
sion body temperature and indirect ICU admission, provides an opportunity for testing further intervention strategies.
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Introduction

Herpes simplex virus (HSV) remains the most fre-
quent cause of sporadic acute encephalitis [1, 2]. When
untreated, Herpes simplex encephalitis (HSE) carries
extremely high mortality rates, with many survivors left
with severe disability [3]. Use of high-dose intravenous
acyclovir combined with early diagnosis allowed by HSV-
1/2 polymerase chain reaction (PCR) and brain magnetic
resonance imaging (MRI) have dramatically reduced
mortality rates to 10% [4]. However, HSE remains a
severe condition associated with significant disabil-
ity in 29-43% of survivors [5, 6]. Recent studies suggest
that up to 40-70% of HSE patients require admission to
the intensive care unit (ICU) and close to 20% require
mechanical ventilation [4—6]. However, predictors of
functional outcome in patients requiring ICU admission
have not been thoroughly investigated. Together with
early initiation of intravenous acyclovir, ICU admission
may be beneficial for detection and treatment of intrac-
ranial complications (i.e., raised intracranial pressure and
seizures) and management of fever and other systemic
complications [7]. Of note, the relationship between peak
temperature at ICU admission and outcome of patients
with meningitis or encephalitis remains controversial. In
a recent study, increased temperature at admission was
not associated with an increased risk of death [8].

The previous cohorts which aimed to investigate fac-
tors associated with outcome in HSE had limitations,
including a single-center design, low sample size, and/
or variability in inclusion criteria [5, 6, 9, 10]. In a recent
population-based observational multicenter study, HSE
patients were identified with positive cerebrospinal fluid
(CSF) PCR [11], but not all patients fulfilled recently
accepted standardized case definitions of the encephalitis
consortium criteria [12]. Moreover, data on neurocriti-
cal care and outcomes of the most severe cases of HSE
are limited. To date, only one single-center retrospective
study focused on HSE cases admitted to the ICU [11].

In this large multicenter cohort study, we aimed to
investigate the association of admission body tempera-
ture and other admission factors with outcomes of her-
pes simplex encephalitis (HSE) adult patients requiring
ICU admission.

Methods

Design

We conducted a multicenter retrospective study in 47
ICUs in France, between 2007 and 2017. Patients were
screened through the PMSI database (Programme de
Médicalisation des Systémes d’Information) of each par-
ticipating hospital, using the International Classifica-
tion of Diseases (ICD)-9 code “054.3” and ICD-10 code

Take-home message

In HSE adult patients requiring ICU admission, several admission
factors identify patients at risk for poor functional outcome. The
identification of potentially modifiable factors, namely, elevated
admission body temperature and indirect ICU admission, provides
an opportunity for testing further intervention strategies.

“B00.4” All medical records were reviewed by investiga-
tors, including two neurointensivists (PJ, RS). The ethical
committee of the French society of intensive care medi-
cine (FICS) approved the study and waived the require-
ment for informed consent.

Patients

Patients were included if they fulfilled the two follow-
ing criteria: (1) admission to the ICU with possible acute
encephalitis and (2) a positive CSF PCR for HSV DNA
during hospitalization. Possible acute encephalitis was
defined as an acute change in mental status or behavior
>24 h, with at least 2 of the following manifestations:
fever within 72 h before or after presentation, general-
ized or partial seizures, new onset of focal neurological
findings, lumbar puncture (LP) with CSF white blood
cell count > 5/mm?, neuroimaging, or EEG abnormalities
suggestive of encephalitis [12]. Exclusion criteria were:
(1) missing data on functional outcome at 90 days; (2)
ICU length of stay less than 24 h; (3) multiple pathogen
detection in the CSF; and (4) initial admission to the ICU
in a foreign country.

Collected data

Patients’ history, along with clinical, laboratory, neuroim-
aging, and brain electrophysiologic data were retrieved
from medical records. Data on major initial events were
collected, including date of first neurological symptoms,
date of hospital admission, date of ICU admission, the
start date of intravenous acyclovir, and reason for admis-
sion to the ICU. Type of ICU admission was defined as
“direct” (from the Emergency Room or Emergency Medi-
cal Services) or “indirect” (after initial admission to the
hospital wards). Functional status prior to ICU admis-
sion was graded by the modified Rankin scale (mRS) and
the Knaus score (i.e., a scale used to describe baseline
health status) [13, 14]. The Simplified Acute Physiology
Score (SAPS II) [15] and the SOFA scores [16] were cal-
culated within the first 24 h of admission. Mental status
at baseline was graded using the Glasgow coma scale
(GCS). Coma was defined as a GCS<8 [17]. Immunode-
pression was defined as the use of long term (>3 months)
steroids, use of other immunosuppressant drugs, solid
organ transplantation, solid tumor requiring chemo-
therapy in the last 5 years, hematologic malignancy
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(regardless of time since diagnosis and received treat-
ments) or AIDS. Body temperature measured at ICU
admission was collected and fever was defined as a body
temperature higher or equal to 38.3 °C [18]. Fever treat-
ment was left at the discretion of treating physicians in
each center, according to local practice protocols. Aspira-
tion pneumonia was defined on the day of ICU admission
in patients with greater risk of oropharyngeal aspiration
(e.g., witnessed aspiration event, marked depressed level
of consciousness and/or swallowing disorders) by the fol-
lowing criteria: (1) the presence of symptoms or signs
suggestive of lower respiratory tract infection; (2) a new
radiographic infiltrate compatible with pneumonia, pre-
dominating in the right lower lobe; and (3) the use of
antibiotics. LP was defined as normal if leucocyte count
was <5/mm?, and protein level < 0.5 g/L. For each patient,
brain MRI reports were reviewed, and the number of cer-
ebral lobes affected in both hemispheres was calculated.

Outcome

Two neurointensivists (PJ, RS) assessed functional out-
comes by reviewing the medical charts and or by contact-
ing the physician in charge of the patient. The outcome
was graded at ICU discharge and 90 days after ICU
admission using the modified Rankin scale (mRS) [14]. A
systematic evaluation with key criteria was made, based
on available follow-up consultation records and/or infor-
mation given by physicians [19, 20]. A poor functional
outcome at 90 days was defined by a score on the mRS
of 3-6 (indicating moderate to severe disability or death)
[6]. Patients who were discharged home with functional
independence before day 90 were considered to have a
good functional outcome at 90 days. Data on persistent
cognitive changes (i.e., cognitive impairment, aphasia, or
behavioral changes) mentioned in the medical records
after ICU discharge were collected.

Statistical analysis

Patients’ characteristics were described as counts and
frequencies for categorical variables and median (inter-
quartile range) for quantitative variables. Univariate
comparisons between subgroups were performed using
Fisher exact test for categorical variables and Wilcoxon
rank sum test for continuous variables. Univariate and
multivariate analyses were used to identify predictors of
poor outcome at day 90. Log linearity of continuous vari-
ables was tested and, if necessary, variables were catego-
rized according to clinically relevant cutoffs or at median
values. Then, variables associated with the outcome in
univariate analysis (p<0.1) were entered into the multi-
variate model. Collinearity between variables and 2-by-2
interactions was tested. The final model was determined
after a backward selection procedure. The magnitude of

association with outcome was expressed as Odds ratio
(OR) and 95% confidence intervals (95% CI). We per-
formed internal validation by using a bootstrapping
procedure, which was done by taking a large number
of samples of the original one. This technique provides
nearly unbiased estimates of the confidence intervals of
the odds ratio (OR) of the independent covariates. An
additional exploratory analysis according to body tem-
perature quartiles was performed. Two sensitivity analy-
ses were conducted with the reason for ICU admission
and mRS before ICU admission added to the multivari-
ate model. Missing data were imputed with the median
and the mode for quantitative and qualitative variables,
respectively. All tests were two-sided, and p<0.05 was
considered statistically significant. All analyses were per-
formed using the SAS software, version 9.4 (SAS Insti-
tute Inc., Cary, North Carolina) and R, Version 3.5.2 (R
Project for Statistical Computing, https://www.r-proje
ct.org).

Results

A total of 314 patients were identified in 47 centers
through the PMSI database with a diagnosis of HSE.
Among them, 20 did not fulfill at least one inclusion
criterion, and 35 patients had to be excluded because
of missing outcome data or another exclusion criterion.
(Electronic supplemental material, Figure S1). The final
cohort consisted of 259 patients [age 64 (54—73) years],
of whom 132 (51%) were males. Encephalitis was caused
by HSV type 1 in 205/215 (95%) patients. Overall, 49/256
(19%) patients were immunocompromised, 33/256 (13%)
had chronic alcohol abuse and 245/257 (95%) had a good
functional status before admission.

The time between first neurological symptoms and ICU
admission was 2 (1-4) days. At ICU admission, the score
on the GCS was 9 (6—12) and 89/243 (34%) were coma-
tose. Ninety-two (36%) patients had convulsive seizures.
Admission body temperature was 38.7 (38.1-39.2) °C
and a body temperature higher or equal to 38.3 °C was
observed in 165/241 (69%) cases. Overall, 72/258 (29%)
patients had aspiration pneumonia and 166 (62%)
required invasive mechanical ventilation (Table 1).

The time between first neurological symptoms and LP
was 1 (0-3) days. Patients presented with moderately ele-
vated CSF leucocyte counts [50 (12—140) cells/mm?] with
predominance of lymphocytes [86 (61-96) %] and mildly
elevated protein levels [0.7 (0.5-1.1) g/L]. The initial LP
was normal in 16 (6%) patients.

CT-scan studies performed at ICU admission showed
abnormalities in 73/214 (34%) cases. Two hundred and
twenty-five (87%) patients underwent brain MRI, with
parenchymal lesions noted in 221/223 (98%) cases.
The time between hospital admission and the first MRI
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Table 1 Patients’ characteristics at ICU admission

Age (years) 64 (54-73) 60 (44-69) 65 (57-75) <0.01
Male sex 132 (51) 38(51) 94 (51) 0.94
Diabetes 36/256 (14) 79 29/182 (16) 0.18
Alcohol abuse 33/256 (13) 5(7) 28/182 (15) 0.06
Epilepsy 9/257 (4) 3(4) 6/183 (3) 0.76
Immunocompromised 49/256 (19) 10 (14) 39(21) 0.16
Knaus score A or B? 245/257 (95) 74 (100) 171/183 (93) 0.02
mRS>2 13/257 (5) 1/74 (1) 12/183 (7) 0.08
Altered mental status 128 (49.4) 36 (48.6) 92 (49.7) 0.06
Seizure 65 (25.1) 25(33.8) 40 (21.6)

Other® 66 (25.5) 13(17.6) 53 (28.6)

Glasgow coma scale

Score® 9(6-12) 10 (6-13) 8(6-12) 0.11

<8, indicating coma 89/243 (34) 22/72 (31) 67/171 (39) 0.11
Temperature

Degrees (°C)¢ 38.7(38.1-39.2) 38.4(38-39) 38.9(38.2-39.2) 0.02

> 3823 °C, indicating fever 165/241 (69) 41/69 (60) 124/172 (72) 0.06
Convulsive seizures 92 (36) 28 (38) 64 (35) 0.62

Uncomplicated seizure(s) 66 (26) 20 (27) 46 (25)

Status epilepticus 26 (10) 8(11) 18 (10)
Focal signs 68/258 (15) 11 (15) 57/184 (31) <0.01
Aspiration pneumonia 72/258 (29) 16 (22) 56/184 (30) 0.16
Invasive mechanical ventilation 166 (62) 35 (47) 131 (71) <0.01
SF
HSV 1 genotype 205/215 (95) 55/59 (93) 149/155 (96) 037
Leucocytes (/ mm?3) 50 (12-140) 83 (15-200) 42 (10-120) 0.08
Lymphocytes (%) 86 (61-96) 80 (55-97) 87.8 (63.8-95) 0.65
Protein level (/1) 0.7 (0.5-1.1) 0.7 (0.5-1) 0.7 (0.5-1.3) 098

Abnormal EEG 218/226 (96) 52/62 (92) 161/164 (98) 0.024
Brainimaging
CT-scan performed 215/250 (83) 58/72 (78) 157/178 (85) 021
Abnormal CT-scan 73/214 (34) 21/58 (36) 52/156 (33) 0.69
MRI performed 225 (87) 67 (91) 158 (85) 027
Abnormal MRI 221/223 (98) 64/67 (96) 155/156 (99) 0.04
MRI brain lesions > 3 lobes" 60/214 (33) 9/64 (14) 51/150 (34) <0.01
Initialmanagement
Time between onset of symptoms and ICU 2(1-4) 2 (0-4) 2(1-4) 045
admission (days)'
Time between ICU admission and initiation of 0 (0-1) 0(0-1) 0(0-1) 0.17
acyclovir (days)

Direct ICU admission® 136/257 (53) 49 (66) 87/183 (48) <0.01




Table 1 (continued)

Results expressed as median (quartiles) or numbers (%)

mRS modified Rankin Scale, ICU intensive care unit, GCS Glasgow Coma Scale, SAPS simplified acute physiology score, CSF cerebrospinal fluid, HSV herpes simplex
virus, EEG electroencephalogram, CT computed tomography, MRl magnetic resonance imaging

@ A good functional status prior admission was defined by a KNAUS score of A or B

b Mainly respiratory failure

€ GCS was determined in 243 patients

4 Temperature was determined in 241 patients

¢ Leukocyte count was determined in 245 patients

f Lymphocyte count was determined in 228 patients

9 Protein level was determined in 219 patients

P The number of lobes involved on MRI was determined in 180 patients

I Time between onset of symptoms and ICU admission was determined in 253 patients

J Time between ICU admission and initiation of acyclovir was determined in 256 patients

K vs. initial admission to hospital wards

study and the time between ICU admission and the first
MRI study were 3 (1-9) and 1 (0-7) days, respectively.
Extensive lesions in more than three cerebral lobes
were documented on MRI reports in 60/214 (33%)
patients.

All patients received intravenous acyclovir for 21 (21—
21) days, at an initial dose of 10 mg/kg/8 h for the first
24 h, secondarily adjusted to renal function. The time
between hospital admission and acyclovir initiation and
the time between ICU admission and acyclovir initiation
were 1 (0-2) days and 0 (0—1) days, respectively. The time
between the onset of neurological symptoms and acyclo-
vir therapy was 2 (0-3) days.

Table 2 Treatments during ICU stay

EEG abnormalities (i.e., diffuse or focal slowing) were
noted in 214/226 (96%) cases. Lateralized periodic dis-
charges were noted in 66/223 (30%) patients, electro-
graphic seizures in 29/225 (13%) patients, and triphasic
waves in 23/223 (10%) patients.

Treatments during ICU stay are reported in Table 2.
Overall, 177/258 (69%) patients required invasive
mechanical ventilation, for a duration 10 (6-21) days and
40/258 (16%) patients required a tracheostomy. Forty-
five/258 (17%) patients required vasopressors and 8/258
(3%) required renal replacement therapy. Intracranial
pressure (ICP) monitoring and ICP-targeted therapies
were used in less than 5% of cases.

Invasive mechanical ventilation 177/258 (69) 37 (50) 140/184 (76) <001
Tracheostomy 40/258 (16) 6(8) 34/184 (18) 0.04
Renal replacement therapy 8/258 (3) 2(3) 6/184 (3) 0.82
Vasopressors 45/258 (17) 12(16) 33/184 (18) 0.76

Anticonvulsant therapy 187/257 (73) 48/73 (66) 139/184 (75) 0.10

Antioedematous treatment 13/255 (5.3) 3/73 (4) 10/182 (5) 0.13
Osmotherapy® 7/255 (3) 0/73 (1) 7/182 (4)
Steroids® 6/255 (2) 3/73 (4) 3/182(2)

1/258 (0.5) 000
4/258 (2) 1(1)

17184 (1) 0.53
3/184(2) 0.87

External ventricular drainage
Decompressive craniectomy

Results expressed as numbers (%)
mRS Simplified modified Rankin Scale, ICU intensive care unit, ICP intracranial pressure
# Mannitol or hypertonic saline solution

b Adjunctive steroids for management of raised intracranial pressure
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At 90 days, 185 (71%) patients had a poor functional
outcome, including 44 (17%) deaths.

Univariate analysis of factors associated with poor
functional outcome is presented in the electronic sup-
plemental material (Table S1). Variables associated with
outcome in univariate analysis entered in the multivariate
model were age, the reason for ICU admission, alcohol-
ism, admission body temperature, invasive mechanical
ventilation, MRI brain lesions >3 lobes, and direct ICU
admission.

Multivariate analysis of factors associated with poor
functional outcome is presented in Table 3.

After adjusting for age, admission body tempera-
ture >38.3 °C (OR=2.21; 95% CI 1.18-4.16), invasive
mechanical ventilation (OR=2.21; 95% CI 1.21-4.03),
and MRI brain lesions >3 lobes (OR=3.04; 95% CI
1.35-6.81) were independently associated with poor out-
come. By contrast, a direct ICU admission, as compared
to initial admission to the hospital wards, was protec-
tive (OR=0.52; 95% CI 0.28-0.95). Bootstrap confidence
intervals are presented in the electronic supplemen-
tal material, Table S2. Distribution of the mRS scores
according to independent predictors of poor outcome
identified in the model is presented in Fig. 1. Among
survivors, persistent cognitive impairment, aphasia,
or behavioral changes were reported in 159/215 (84%)
patients and persistent motor deficits in 53/215 (25%)
patients.

When an exploratory analysis was performed accord-
ing to temperature quartiles, only the third (OR=2.95;
95% CI 1.29-6.76) and the fourth quartiles (OR=3.07
95%CI 1.25-7.56) were independently associated with

Table 3 Multivariate analysis of factors associated

with poor functional outcome (mRS > 2)

Age, years
<50 1 - 0.03
> 50and <65 2.00 [092;436] -
>65and<75 2.06 [0.89;4.78] -
>75 481 [1.72;135] -
Body temperature >38.3 °C 2.21 [1.18;4.16] 0.01
Invasive mechanical ventilation 221 [1.21;4.03] 0.01
MRI brain lesions > 3 lobes 3.04 [1.35;6.81] <0.01
Direct ICU admission (versus initial ~ 0.52 [0.28;0.95] 0.03

admission to the hospital wards)

The variables tested in multivariate analysis were: age, a direct ICU admission,
the reason for ICU admission, Alcohol abuse, a body temperature > 38.3 °C, more
than 3 lobes on brain MR, Invasive mechanical ventilation. The final model was
obtained after a backward selection of the covariates. AUC for the model was
0.74

mRS modified Rankin Scale, CI confidence Interval; ICU Intensive Care Unit

outcome (electronic supplemental material, Figure S1).
Sensitivity analyses conducted with the reason for ICU
admission and mRS before ICU admission added as
covariables are described in the electronic supplemental
material, Table S3 and Table S4, respectively. An alluvial
diagram of mRS scores at ICU discharge and at 90 days is
presented in the electronic supplemental material, Figure
S3.

A table comparing directly vs. indirectly admitted
patients is provided in the electronic supplemental mate-
rial, Table S5. Indirectly admitted patients had more
respiratory complications at admission, i.e., aspiration
pneumonia and need for mechanical ventilation, than
their counterparts.

Discussion

In this large multicenter study of 259 HSE adult patients
requiring ICU admission, we found that a poor func-
tional outcome (i.e., moderate-to-severe disability or
death) at 90 days was observed in more than two-thirds
of cases. We identified several demographic factors and
medical characteristics associated with poor outcome,
including potentially modifiable factors, namely, elevated
admission body temperature and indirect ICU admis-
sion. Non-modifiable factors included older age, need
for mechanical ventilation, and extensive lesions to more
than three lobes on MRI

In our study, we observed a high disability burden,
with almost three out of four patients not reaching func-
tional independence at 90 days, and persistent cognitive
changes (i.e., cognitive impairment, aphasia, or behavio-
ral changes) being noted in most survivors. Because we
focused on the most severe cases of HSE admitted to
the ICU, we observed a higher mortality rate (17%) than
that reported in the previous studies conducted mainly
in non-ICU settings, ranging from 5 to 16% [4-6, 11,
21-23].

We identified elevated admission body temperature as
an independent predictor of poor functional outcome,
with our exploratory analysis performed according to
body temperature quartiles suggesting a “threshold”
effect. Although fever is known to be a hallmark of acute
encephalitis [12], this independent association has never
been reported in HSE [24]. Recent French guidelines on
acute encephalitis recommend fever control to achieve
normothermia, irrespective of etiology or severity [25].
Unfortunately, data on fever time course and data on
potential interventions to control fever during the ICU
stay were not collected. Therefore, it remains unclear
from our study whether fever control to achieve normo-
thermia as part of the initial management of severe HSE
is beneficial for patients.
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Score on the modified Rankin Scale
0-2 3-5 M 6
Involvement > 3 lobes 12 72 17
(N=60) | (N=7) (n=43) (N=10)
Involvement < 3 lobes 27 ] 56 17
(N=199) (N=54) (N=111) (N=34)
Invasive mechanical ventilation 16 61 22
(N=166) (N=27) (N=102) (N=37)
No invasive mechanical ventilation 37 56 8
(N=93) (N=34) (N=52) (N=7)
Temperature > 38.3°C 21 63 16
(N=190) (N=40) (N=119) (N=31)
Temperature < 38.3°C 30 - 51 19
(N=69) (N=21) (N=35) (N=13)
Initial admission from ward 18 63 19
(N=121) (N=22) (N=76) (N=23)
Direct ICU admission 28 57 15
(N=138) (N=39) (N=78) (N=21)
0 20 40 60 80 100
Percentage of patients
Fig. 1 Distribution of modified Rankin scale scores according to independent predictors of poor outcome

The association between direct ICU admission and
outcome is consistent with previously published data on
patients with all-cause encephalitis admitted to the ICU
[26]. Of note, recent guidelines recommend early ICU
admission for patients with all-cause encephalitis pre-
senting with a score on the GCS inferior or equal to 13,
seizure(s) and/or non-neurological organ failure [25]. We
hypothesize that direct ICU admission, as compared to
initial admission to the hospital wards, enables for faster
diagnosis (i.e., CSF analysis, EEG, and brain MRI), early
initiation of intravenous acyclovir, and management of
major intracranial complications that are associated with
outcome, i.e., cerebral edema, hydrocephalus, and refrac-
tory seizures [27, 28]. Moreover, ICU admission may
facilitate the use of non-invasive neuromonitoring (e.g.,
continuous EEG) for detection of seizures. Interestingly,
the use of invasive monitoring and ICP-targeted thera-
pies was infrequent in our study, reflecting the current
practice that most patients with encephalitis are man-
aged in general ICUs [11].

Brain MRI is recommended for the management of
patients with suspected encephalitis, irrespective of
severity [12, 25]. It enables for faster diagnosis in atypical
cases and may have a prognostic value. In line with a pre-
vious smaller study conducted in non-ICU patients with
probable or confirmed HSE [29], our study shows that
extensive brain lesions to more than three cerebral lobes
on initial MRI were associated with a worse outcome.
Another study reported that restricted diffusion on brain
MRI portends poor outcome in HSE [6], but unfortu-
nately, this information was not collected for the present
study. Finally, mechanical ventilation at admission was
also associated with outcome, likely simply reflecting the
severity of patients included in our cohort [5].

Atypical clinical and biological findings were not infre-
quent in our study. Overall, 6% of patients presented
with strictly normal CSF analysis (i.e., leucocyte count
<5/mm? and proteins levels <0.5 g/L) at admission, sug-
gesting that normal CSF analysis on the first LP does
not rule out HSE diagnosis. Hence, acyclovir treatment
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should not be discontinued until the results of a second
CSF PCR for HSV. We also found in our study a higher
prevalence of immunocompromised patients (19%) than
that reported in other studies [1], suggesting that those
patients have more severe presentation than their coun-
terparts. It has been shown that these patients have
atypical clinical presentation leading to a delay in diag-
nosis, and more extensive brain lesions that could explain
higher morbidity and mortality [30].

Our study has limitations, including those inherent to
its retrospective design. We collected functional outcome
at 90 days with the use of the mRS based on the review
of the medical charts and follow-up consultations, as a
direct interview with patients or their relatives was not
feasible. Moreover, the present study did not accurately
evaluate patients for other important outcomes, includ-
ing cognitive changes and post-encephalitic epilepsy.
Finally, the primary outcome measure was performed at
90 days, which might be a too short timeframe for such
a severe disease. Indeed, many patients may continue
to improve after this period and an evaluation of longer
term outcomes is warranted.

Conclusion

In HSE adult patients requiring ICU admission, several
admission factors are associated with an increased risk
of poor functional outcome. The identification of poten-
tially modifiable factors, namely, elevated admission body
temperature and indirect ICU admission, provides an
opportunity for testing further intervention strategies.
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