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Abstract

Purpose:

We aimed to characterize the outcomes of patients with severe meningoencephalitis requiring
intensive care.

Methods:

We conducted a prospective multicenter international cohort study (2017—-2020) in 68 centers
across 7 countries. Eligible patients were adults admitted to the intensive care unit (ICU) with
meningoencephalitis, defined by an acute onset of encephalopathy (Glasgow coma scale
(GCS) score </= 13), a cerebrospinal fluid pleocytosis >/= 5 cells/ mm3, and at least two of
the following criteria: fever, seizures, focal neurological deficit, abnormal neuroimaging, and/
or electroencephalogram. The primary endpoint was poor functional outcome at 3 months,
defined by a score of three to six on the modified Rankin scale. Multivariable analyses
stratified on centers investigated ICU admission variables associated with the primary
endpoint.

Results:

Among 599 patients enrolled, 589 (98.3%) completed the 3-month follow-up and were
included. Overall, 591 etiologies were identified in those patients which were categorized into
five groups: acute bacterial meningitis (n = 247, 41.9%); infectious encephalitis of viral,
subacute bacterial, or fungal/parasitic origin (n = 140, 23.7%); autoimmune encephalitis (n =
38, 6.4%); neoplastic/toxic encephalitis (n = 11, 1.9%); and encephalitis of unknown origin (n
= 155, 26.2%). Overall, 298 patients (50.5%, 95% CI 46.6-54.6%) had a poor functional
outcome, including 152 deaths (25.8%). Variables independently associated with a poor
functional outcome were age > 60 years (OR 1.75, 95% CI 1.22-2.51), immunodepression
(OR 1.98, 95% CI 1.27-3.08), time between hospital and ICU admission > 1 day (OR 2.02,
95% CI 1.44-2.99), a motor component on the GCS </= 3 (OR 2.23, 95% CI 1.49-3.45),
hemiparesis/hemiplegia (OR 2.48, 95% CI 1.47-4.18), respiratory failure (OR 1.76, 95% ClI
1.05-2.94), and cardiovascular failure (OR 1.72, 95% CI 1.07-2.75). In contrast,
administration of a third-generation cephalosporin (OR 0.54, 95% CI 0.37-0.78) and
acyclovir (OR 0.55, 95% CI 0.38-0.80) on ICU admission were protective.

Conclusion:

Meningoencephalitis is a severe neurologic syndrome associated with high mortality and
disability rates at 3 months. Actionable factors for which improvement could be made include
time from hospital to ICU admission, early antimicrobial therapy, and detection of respiratory
and cardiovascular complications at admission.



Introduction

Meningoencephalitis is an inflammatory process involving the brain and meninges, most
often produced by pathogens which invade the central nervous system, and occasionally by
autoimmune disorders, toxins, and other conditions [1]. Traditionally, patients with
meningoencephalitis develop an acute-onset encephalopathy with a combination of fever,
focal signs and/or new-onset seizures, together with cerebrospinal fluid (CSF) pleocytosis,
brain imaging features of inflammation, and/or electroencephalography (EEG) alterations [2].
Epidemiological studies conducted in adult patients suggest that approximately one in two
will require care in an intensive care unit (ICU) [3-5]. In those patients requiring ICU
admission, meningoencephalitis is associated with a poor prognosis, including refractory
seizures, prolonged hospital stay, neurological disability, and death [6-9].

Herpes simplex encephalitis (HSE) remains the most common viral cause of sporadic
meningoencephalitis in immunocompetent adults, and is associated with a poor functional
outcome [5, 10-12]. Patients with acute bacterial meningitis may also develop encephalitis
symptoms, including coma, seizures, and/or focal signs which are, respectively, reported in
13-50%, 7-14%, and 14-22% of adult patients in multicenter cohort studies [13-15].

The etiological profile of meningoencephalitis has changed considerably in recent years, with
the emergence of a wide variety of autoimmune causes (i.e., acute disseminated
encephalomyelitis (ADEM), and anti-N-methyl- d-aspartate receptor (anti-NMDAR)
encephalitis) that may require ICU care and urgent immunomodulatory therapies [16-18].
The development of new diagnostic tools, such as multiplex polymerase chain reaction (PCR)
CSF analysis and metagenomics now permits a better identification of uncommon infectious
causes of meningoencephalitis [19, 20]. However, the proportion of cases with
meningoencephalitis of unknown origin remains high, ranging from 30 to 48% [6-8].

Available data on the epidemiology and outcomes of ICU patients with all-cause acute
meningoencephalitis are mainly based on single-center retrospective cohorts [6-8], whereas
multicenter studies have been conducted in patients with specific infectious or autoimmune
etiologies, such as HSE and anti-NMDAR meningoencephalitis [11, 17]. A previous
prospective multicenter study conducted in patients with severe pneumococcal meningitis
requiring 1CU care reported high mortality rates and disability at 3 months in one-third of
survivors [13].

In the present study, we aimed to characterize the clinical presentation, etiologies, and
outcomes in adult patients with severe meningoencephalitis requiring care in the ICU.
Specifically, we aimed to identify baseline factors independently associated with an increased
risk of poor functional outcome.

Methods

Study design and population

The EURopean study on Encephalitis in intensive Care (EURECA) is a prospective
international multicenter cohort study endorsed by the European Society of Intensive Care
Medicine (ESICM). The study is registered in Clinical Trials (NCT03144570). The entire
protocol has been reviewed and approved by the Comité de protection des personnes sud



méditerranée 2 (ID RCB 2017- A00139-44). National/local approvals at the international
study sites were obtained by the national coordinators and local investigators according to the
local regulations. The study is reported according to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) Statement guidelines. Participating centers
were asked to recruit consecutive patients for a duration of at least 6 months. Eligible patients
were adults admitted to the ICU with symptoms suggestive of meningoencephalitis, defined
by an acute onset of encephalopathy (a score on the Glasgow coma scale (GCS) </= 13), a
CSF pleocytosis >/= 5 cells/mm?®, and at least two of the following criteria: (a) fever (> 38°C
within 72 h before or after admission), (b) generalized or partial seizures non-attributable to
pre-existing epilepsy, (c) new-onset focal neurological deficit, (d) parenchymal abnormalities
on neuroimaging compatible with encephalitis, and (e) EEG alterations compatible with
encephalitis. Therefore, all eligible patients met the Infectious Diseases Society of America
2013 diagnostic criteria for “probable” or “confirmed” encephalitis at inclusion [2]. Patients
with missing core data and those lost-to-follow-up at 3 months were excluded.

Collected data

Epidemiological data were entered prospectively into a password-protected and secured web-
based electronic case record form (CRF), including age, gender, premorbid score on the
modified Rankin Scale (mRS), ethnicity, chronic immunodepression (i.e., HIV infection, solid
organ transplantation recipient, hematology/cancer patient, and long-term use of steroids
and/or immunosuppressant drugs), pre-existing neurologic disease and other comorbidities.
Data collected within the first 24 h following ICU admission included the main reason for
ICU admission, each component of the GCS [21], the Simplified Acute Physiology Score
(SAPS) 11 [22], and of the sequential organ failure assessment (SOFA) score [23]. Coma was
defined by a score on the GCS < 8 [24], and fever was defined by a body temperature
>[=38°C [2]. Acute respiratory failure and cardiovascular failure were defined as a respiratory
and cardiovascular component of the SOFA score > 2, respectively [23].

Meningoencephalitis etiology

Routine investigations (i.e., CSF and serum analyses, imaging, EEG, oriented samples in case
of non-neurological manifestations) were suggested to investigators in patients without an
obvious etiological diagnosis, in accordance with most recent Infectious Diseases Society of
America encephalitis guidelines [2]. Additional investigations were suggested in other
circumstances, such as immunocompromised status, specific clinical presentation (i.e.,
psychiatric signs/abnormal movements), or depending on topography of brain lesions on
neuroimaging. Etiologies of meningoencephalitis were categorized into 5 groups: (1) acute
bacterial meningitis; (2) infectious encephalitis of viral, bacterial, or fungal/parasitic origin;
(3) autoimmune encephalitis; (4) neoplastic/toxic encephalitis; (5) encephalitis of unknown
origin. Definitions of these groups are provided in the Appendix (ESM Table 1).

Patients included in the study were treated according to local guidelines, depending on the
identified etiology. Dose and duration of antimicrobials (i.e., intravenous acyclovir and
antibiotics) and/or immunomodulating agents (i.e., intravenous steroids, intravenous
immunoglobulins, and plasma exchange) were left to the discretion of local investigators.



Table 1 Baseline characteristics

Demographics and comorbidities
Age. years 61 [44—71] 57 [3%—67] 65 [s0—74] <001
Male sex 346 (587} 167 (57 4} 179 (60.7) 056
Diabetes 111 (188) 50{17.2) 61(205) 034
Chronic heart failure 3458 5(1.7 2987 <001
Preatious stroke 25(49) 12441} 17{57) 045
Epllepsy 25(49) 14(48) 1545) 100
Immunodepeession 137 (233} 52{175) 85(285) <001
HIY infection 33(556) 20165) 13(4.4) <00
Solid organ trarsplantation 21 (356) 5(1.7) 16(5.4) 022
Hematology/cancer 6 (112 18{(6.2) 48{16.1} 001
Steroid or Immunosuppressant therapy 31(53) 14{4.8) 17(57) 040
Characteristics at ICU admission
Time from hospital to KU admission, days 1[1—3] 11—3] 1[1—4] <001
Reason for ICU admission 003
Altered mental status® 431 (732) 217 (746) 214 (71.8)
Selzures / status eplieptious B3(145) 42 (16.5) 40(134)
Sepsk / respiratory fallure 43(73) 12(4.0) 31(104)
Other 27 (45) 14 (48} 13(4.4)
SAPS 1, points 42 [30—57] 37 [26—350] 46 [35—64] <001
GCS sooee < 8, Indicating coma 202 (34 3) 78(26.8) 124 (41.6) <001
Non-newologic organ fatlure
Respiratory SOFA » 28 97 (16.5) 33(113) 64 (215) <001
Cardiovascular SOFA » 2° s0(172) 86(289) <001
Renal SOFA = 2¢ 21(7.2) 27{9.0) 045
Liver SOFA » 2° 1(03) 6(2) 0.12
Coagulation SOFA > 2 4(1.4) 19(64) <001

Data are median (XQR) or n (%)

mfts modified Rankin Scale, HIV human immunodeficiency vinus, ICU intensive care unit, GCS Glasgow Coma Scale, SAPS Smpified Acute Physiology Score, SOFA
Sequential Organ Failure Assessment

* Altered mental status is defined by a GCS score < 132

A respiratory SOFA score > 2 indicates a Pa0,Fi0; ratic < 200 with respiratory support

© A cardiovascular SOFA score » 2 indicates the use of norepinaphrine or epinephrine (any dose)
¢ A renal SOFA score » 2 ndicates a serum creatinine » 300 umoll

* Aliver SOFA score > 2 indicates a bilirubin concentration = 100 pmol/L

' A coagulation SOFA score » 2 indicates 3 platelet count < 50 platelets » 107/l

Endpoints

Local investigators prospectively entered all study endpoints into the electronic CRF. The
primary endpoint was poor functional outcome 3 months after ICU admission, defined by a
score on the modified Rankin scale (mRS) of 3 to 6, indicating moderate-to-severe disability
or death. Causes of death were divided into two categories, i.e., Systemic causes
(cardiovascular failure, multiple organ failure) or neurological causes (withdrawal of care
because of diffuse neurological injury or brain death). Secondary endpoints included need for
organ support (i.e., mechanical ventilation, tracheostomy, vasopressors, renal replacement
therapy), neurosurgery (i.e., intracranial pressure monitoring, external ventricular drainage,
brain biopsy), development of systemic complications (i.e., septic shock, nosocomial
pneumonia, pulmonary embolism, overt gastrointestinal bleeding), neurological complications
(i.e., status epilepticus, empyema/cerebral abscess, cerebral ischemia, intracranial bleeding,
and brain death), and hospital outcomes (i.e., ICU and hospital lengths of stay).



Table 2 Meningoencephalitis characteristics at ICU admission

Clinical characteristics
Glasgow coma scale
Score gl6—11] 10[7—12] 8{6—11] <00
Eye component <3 439 (745) 212(285) 27(762) 034
Verbal component <3 462 (78.4) 214 (735) 2 5) <001
Motor component =3 156 (26.5) 54{186) 102(34.2) <00
Temperature
Degrees, °C 384 [37.5;39.1] 384[37.7;393] 383 [37.5;39] 0.04
= 38 °C_ Indicating fever 379 (64.5) 189 (65.2) 150(633) 079
Hermiparesis’hemiplegla 91 (154} 31 (107 60(20.1) <001
Cranlal nesve involverment 84(143) 370027 47 (158) 035
Selnures 217 (368) 105 (361} 112(376) 073
o S2 ({1536} 3231 34(181) a1
Generallzed 143(243) 76{26.1) 67 (225) 034
Status epfapticus 66(11.2} 32(11) 34 (11.4) 050
Psychiatric symptoms 134/588 (22.8) 88/291(30.2) 46/297 (15.5) <001
Paraclinical tests
CSF
Time from KU admission to LP, days 1[1—1] 1{1—1] 11—2] Q.10
Laucocytes, cells/mm? 142 [26—839] 150 [36—810] 116 [20—839) 0.10
Proten leved, g/l 13 [06—33] 1.3j06—3.1] 13 [06—35] 086
CSF glucesa/blood glucose ratlo 05 [e.1—06] 05 jo2—08] 04 [01—086] 0.10
Brain Imaging
CT scan performed 455 (34) 244 (B33 251(842) (+1: )]
Time from }CU admission to CT scan, days 1[1—1] 11— 1[1—1] 033
Normal CT scan 317/455 (64) 181/244 (74.2) 1367251 (54.2) <0.01
MH performesd 356(604) 177 (©02) 179(60.1) )37
Tirme from ICU admission to MRI, days 2[1—4] 21—4] 2[1—4] 024
Norrmal ME 94/356 (26.5) 647177 (364) \] «0.01
EEG
EEG performed 404 (68.7) 193 (863} 211(71) 0.25
Tine from ICU admission to BEG, days 2[1—2] 2{1—3] 2[1—73] 039
Antimicroblal therapy and sterolds
Acydiovir onday 1 2847588 (483) 158/290 (54.5) 126 {423) <001
Third-generation cephalosporin onday 1 324/588(55.1} 180/290 (62.1) 144 (483) <001
Adjunctive steroids on day 1 168 (28.5) 95 (32.6) 73(245) 003

Data are median (QR) or n (%)

mAS modified Rankin Scale, (SF cerebrospinal fluid, ICU intensave care uni, LP lumbar puncture, (T computed tomography, MAI magnetic resonance imaging, EEG
electroencephalogram

Statistical analysis

Data management and statistical analysis were performed by independent statisticians (QS,
SR, ICUREsearch). Data are presented as numbers (interquartile range) or numbers
(percentage), as appropriate. Multivariable logistic regression analysis stratified on centers
explored the association between baseline characteristics and the primary endpoint. Clinically
relevant variables associated with the primary endpoint (p < 0.2) in univariate analysis were
entered into the multivariable analysis. Two-by-two interactions and collinearity between
selected variables were tested. Missing values were imputed to the median or mode for
quantitative and qualitative variables, respectively. Statistics were performed using SAS 9.4
software (SAS Institute Inc.). A p value < 0.05 was considered significant. Based on a
syndromic approach, sensitivity analyses were performed to investigate two a priori defined
subgroups of patients, namely patients diagnosed with bacterial meningitis, and patients with
primary encephalitis of any cause, after adjustment for main etiologies (e.g., infectious,
autoimmune, and unknown origin).



A. Total population

Total Bacterlal Infectious Autolmmune  Encephalitis of
n=589 meningitis encephalitis encephalitis  unknown origin
ne247 ne138 ne38 n=155
B. Bacterial meningitis

Yotal Strep Neisseri Listerio Other causes
n=247 p nive ingitidis Ptog n=68
n=148 n=17 n=14

mRS
Do
[ B!
w2
O3
(=
m,s
s

Total Viral Bacterial Fungal/parasitic
n=137 n=39 n=24 n=14

Fig. 1 Distribution of scores on the modified Rankin scale (mRS) at 3 months. Panel A shows the distribution of
mRS scores in the total study population and in the principal different etiological categories. Two patients with
more than one infectious etiology are not shown. Panel B shows the distribution of mRS scores in patients with
bacterial meningitis overall and according to the main bacterial causes. Panel C shows the distribution of mRS
score in patients with infectious encephalitis overall and according to the main viral causes. Two patients with
more than one infectious etiology are not shown



Role of the funding source

The European Society of Intensive Care Medicine (ESICM) played no role in study design,
data collection, data analysis, data interpretation, or in the writing of the report. The
corresponding author had full access to all the data in the study and had final responsibility
for the decision to submit for publication.

Results

Study population

Between June 21, 2017, and April 6, 2020, we identified 599 eligible patients from 68 centers
across 7 countries, with a median number of patients per center of 7 (IQR 5-11). Among
them, 589 (98%) patients were included, and all completed the 3-month follow-up. The study
flowchart is presented in the Appendix (ESM Fig. 1). Baseline characteristics of included
patients are shown in Table 1. The median age of the study population was 66 years (IQR 44—
71) and 346 (58.7%) were male. The most frequent comorbidities were diabetes (n = 111,
18.8%) and immunodepression (n = 137, 23.3%). The time from hospital admission to ICU
transfer was 1 (IQR 1-3) day. At ICU admission, the SAPS Il score was 42 (IQR 30-57), and
202 (34.3%) patients were comatose. Respiratory and cardiovascular failures were observed
in 97 (16.5%) and 136 (23.1%) cases, respectively.

Meningoencephalitis characteristics at ICU admission are shown in Table 2. Patients had a
severe clinical presentation with a median score on the GCS of 9 (IQR 6-11), convulsive
seizures (n = 217, 36.8%), and hemiparesis/ hemiplegia (n = 91, 15.4%). Altered verbal and
motor responses on the GCS, and hemiparesis/hemiplegia were associated with poor outcome.
The body temperature was 38.4°C (IQR 37.5-39.1), with fever present in 379 (64.5%)
patients. A lumbar puncture was performed in all patients, at a median time from ICU
admission of one (IQR 1-1) day. Neuroimaging was also performed in all patients, including
CT scans in 495 (84%) cases and MRI in 365 (60.4%) cases. The time from ICU admission to
the first CT scan and MRI were one (IQR 1-1) and one (IQR 0-7) days, respectively. A
normal CT scan and MRI were observed in 317/495 (64%) and 94/365 (25.7%) cases,
respectively, and associated with better outcomes in univariate analysis. EEG was performed
in 404 (68.7%) cases, with a median time from ICU admission of two (IQR 1-2) days.

The 591 etiologies of meningoencephalitis diagnosed in the 589 included patients are
presented in Table 3. The detailed causes of bacterial meningitis and infectious encephalitis
are presented in the Appendix (ESM Tables 2, 3). The bacterial meningitis category mainly
consisted of community-acquired infections (n = 220/247, 89%).

Intravenous acyclovir and third-generation cephalosporins were started at admission in
284/588 (48.3%) patients, and 324/588 (55.1%) patients, respectively. Acyclovir, and third-
generation cephalosporin prescriptions differed significantly between etiological groups (p <
0.01), being more frequently prescribed in infectious encephalitis and bacterial meningitis
categories, respectively (Appendix, ESM Table 4).

Adjunctive steroids were given at admission in 202 (34.3%) patients (dexamethasone: n =
189; other steroids: n = 13). Specifically, 167/247 (67.6%) bacterial meningitis patients
received adjunctive steroids (dexamethasone: n = 165; other steroids: n = 2). Intravenous
methylprednisolone pulses were given during ICU stay in 90 (15.3%) patients, including
33/38 (86.8%) cases of autoimmune encephalitis, 26/247 (10.5%) cases of bacterial



meningitis, 9/138 (6.5%) cases of infectious encephalitis, and 19/155 (12.3%) cases of
encephalitis of unknown origin, and 3/11 (27.2%) cases of toxic/neoplastic encephalitis.

o N
A. Total population OR [95% CI] i
Age > 60 years —— 1.75[1.22-251) 0.003
Immunodepression - —— 1.98[1.27-3.08] 0.003
Hospital to ICU admission > 1 day . 2,02 [1.44-299) <0.001
Motor GCS = 3 —— 2.23(1.45-3.45) <0.001
Hemiparesis/hemiplegia — 248 (147 -4.18) <0.001
Respiratory failure . 1.76 [1.05 - 2.94 003
Cardiovascular failure = . 1.72(1.07-2.75) 0.025
3% gen. cephalosporin on day 1 of ICU —y— 0.54 (0.37 -0.78] 0.001
Acyclovir on day 1 of ICU . 0.55 [0.38 - 0.80] 0.002
L] L)
01 1 10
Odds Ratio
B. Bacterial meningitis OR [95% €] P
Age > 60 years — 1.58 [0.88 - 2.85] 013
Immunodepression —— 1.60 [0.80-3.21] 019
Hospital to ICU admission > 1 day -t 1.54[0.80-2.97] 0.20
Motor GCS <3 —— 2.56[1.32-497] 0.006
Hemiparesis/hemiplegia ———e——— 3.53[143-8.70] 0.006
Respiratory failure - —_— 1.85[0.85-4.03] 0.12
Cardlovascular fallure s 1.55[0.79 - 3.05] 0.21
3" gen. cephalosporin on day 1 of ICU T 0.39[0.19-0.79] 0.009
Acyclovir on day 1 of ICU —— gt 0.54 [0.25-1.14] 0.10
¥ ¥ T rrevy
0.1 1 10
Odds Ratio
C. Encephalitis OR [95% C1] P
Age > 60 yoars — 2.15[1.29 - 3.60] 0.004
Immunadepression - —_—— 216[1.14-4.10] 0019
Hospital to ICU admission > 1 day ~ yr—p— 223[130-3.82] 0.004
Motor GCS £ 3 + - 1.8E(1.03-3.41) 0.04
Hemiparesis/hemiplegia < — 1.82 [0.50 - 3.70] 0,10
Respiratory failure S 1.7710.85 -3.%0] 013
Cardlovascular fallure —— 2000056 -417] 0.07
3" gen. caphalosporin on day 1 of KU —or— 0.87{0.51-1.50] 0.62
Acyclovir on day 1 of ICU _—— 0.47(0.27 -0.83] 0.01
Etiology: Infectious (Ref.} . 1 Ref 0.04
Ettology: autoimmune ————a—— 353 [1.31-9.49]
Etialogy: unknown cause - . 1.07(0.61-1.86)
v L 1
0.1 1 10
Oeldds Ratia

Fig. 2 Multivariable logistic regression of factors associated with poor neurological outcome at 3 months. Panel
A shows results in the total population. Panel B shows results in patients with bacterial meningitis. Panel C
shows results in patients with encephalitis, of infectious, immune-mediated, or unknown origin.
Immunodepression: HIV infection, solid organ transplant recipient, hematology/cancer patient, and long-term
use of steroids and/or immunosuppressant drugs. Respiratory failure: respiration SOFA score 3-4.
Cardiovascular failure: cardiovascular SOFA score 34



Study endpoints

Overall, 298 patients (50.5%, 95% CI 46.6-54.6%) had poor functional outcome at 3 months,
including 152 deaths (25.8%). Causes of death included neurologic (102/152 (67.1%) deaths,
including n = 29/152 (19.1%) brain deaths) and systemic causes (50/152 (32.8%) deaths).
Decisions to withdraw care during ICU stay were reported in 103/152 (67.8%) deaths and
were more frequent in neurologic causes of death than in systemic causes of death (71/102
(69.6%) deaths versus 15/50 (30%) deaths, p < 0.01). The distribution of mRS scores at 3
months in the entire cohort and in the different etiologic groups are presented in Fig. 1 (panel
A). Patients with an autoimmune cause of encephalitis had the worst functional outcomes.
The distribution of mRS score at 3 months in patients with bacterial meningitis and infectious
encephalitis are presented in Fig. 1, panels B and C, respectively. Among patients with
infectious encephalitis, those with fungal/parasitic causes had the worst outcomes.

Secondary endpoints are reported in Appendix (ESM Table 5). Overall, 426 (72.3%) required
invasive mechanical ventilation during ICU stay, for a duration of eight (4-17) days, and 61
(10.4%) underwent tracheostomy. ICU and hospital lengths of stay were nine (5-19) and 23
(14-46) days, respectively.

Variables independently associated with the primary endpoint were age > 60 years (OR 1.75,
95% CI 1.22-2.51), immunodepression (OR 1.98, 95% CI 1.27-3.08), time between hospital
and ICU admission > 1 day (OR 2.02, 95% CI 1.44-2.99), a motor component on the
GCS</=3 (OR 2.23, 95% CI 1.49-3.45), hemiparesis/hemiplegia (OR 2.48, 95% CI 1.47—
4.18), respiratory failure (OR 1.76, 95% CI 1.05-2.94), and cardiovascular failure (OR 1.72,
95% CI 1.07-2.75). In contrast, administration of a third-generation cephalosporin (OR 0.54,
95% CI 0.37-0.78) and acyclovir (OR 0.55, 95% CI 0.38-0.80) on ICU admission were
protective (Fig. 2, panel A).

Predefined subgroup analyses are presented in Fig. 2 (panel B and C). Among acute bacterial
meningitis patients, a motor response on the GCS </= 3 (OR 2.56, 95% CI 1.32— 4.97),
hemiparesis/hemiplegia (OR 3.53, 95% CI 1.43-8.70), and third-generation cephalosporin on
day one of ICU admission (OR 0.39, 95% CI 0.19-0.79) remained independently associated
with the primary endpoint (Fig. 2, panel B). Among patients with encephalitis, age > 60 years
(OR 2.15, 95% CI 1.29-3.60), immunodepression (OR 2.16, 95% CI 1.14-4.10), hospital to
ICU admission > 1 day (OR 2.23, 95% CI 1.30-3.82), a motor response on the GCS</= 3
(OR 1.88, 95% CI 1.03-3.41), acyclovir on day one of ICU admission (OR 0.47, 95% CI
0.27-0.83), and autoimmune etiology (OR 3.53, 95% CI 1.31-9.49) remained independently
associated with the primary endpoint (Fig. 2, panel C).

Kaplan Meier survival curves are presented in Fig. 3 (panel A and B).

Characteristics of patients according to meningoencephalitis etiologies (post hoc analyses) are
presented in the Appendix (ESM Tables 4, 6, 7). Characteristics of patients with delayed ICU
admission (post hoc analysis) are presented in the Appendix (ESM Table 8).

Post hoc analyses investigating the association between adjunctive steroids on day 1 and
outcomes are presented in the Appendix (ESM Table 9).



Table 3 Etiologies of meningoencephalitis (n =591)

tegories n (%)
Acute bacterial meningitis 247 (41.8)
Streptococcus pregmoniae. 148(25)
Nelsseria meningutics 1729)
Othet causes® &8 (1.9
Infectious encephalitis 140(23.7)
Viral causes 101 (17.7)
Hapessimpler s 1/2 6@
Varicella zoster s 21{36)
Entesovirus 3(05)
Other causes™ 78 (47)
Mycobacterium tubercuiosis 16{27)
Other causes™ 9(15)
Fungal/parasttic causes 14 (24)
Taxaplasima gondly 702
Cryptococeus neoforrmans 309
A pp. 209
Other causes™ 2(0.5)
AntiN-methyd-p-aspartate Receptor antibody 16 (27)
Acute dsseminated encephalomyeliis 702
Other causes 1525)
Neoplastic/toxic 1019
Unknown origin 155(26.2}

The sum of aetiologies equals 551 because one patient was classified as having
both a viral (Varicella zoster virus) and a sub bacteral cause (Mycob C
tuberculosis) and one patient had 2 itant viral aetiolog

" Other causes of bacteris! meningitis are isted in the appendix (ESM Table 2)
= Other causes of infectious encephalitis are §sted in the appendix (ESM
Table 3)
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Discussion

EURECA is the largest prospective international multicenter cohort study to investigate
outcomes of adult patients with meningoencephalitis requiring intensive care. We observed a
poor functional outcome at 3 months in about half of patients, in the form of moderate-to-
severe functional disability or death. We identified patient characteristics, time to ICU
admission, neurologic presentation, antimicrobial therapy, and respiratory and cardiovascular
complications at admission as independent indicators of outcome.

Patients with meningoencephalitis often require ICU admission to ensure oxygenation, airway
protection, circulatory support, and prevention and treatment of secondary complications that
might impact outcomes. These include cerebral edema [6], seizures/status epilepticus [6, 9],
and systemic complications, such as fever [11], aspiration pneumonia [8], respiratory failure
requiring mechanical ventilation [6, 7, 11], and thrombocytopenia/disseminated intravascular
coagulopathy [6, 7]. Due to the lack of prospective studies, there is currently no high-quality
evidence suggesting that prevention of secondary complications is associated with improved
outcomes. However, early ICU admission for monitoring and prevention of secondary insults
has been proposed in encephalitis patients with altered mental status, seizures and/or non-
neurologic organ failure(s) [25].

The prognostic variables identified in EURECA are critical to delineate goals of care at ICU
admission and to identify patients who may benefit from prolonged aggressive care in the
ICU and rehabilitation. We identified older age, and immunodepression as non-modifiable
factors associated with a poor functional outcome. Of note, atypical presentations of HSV
encephalitis have been described in these populations, which may result in delays in diagnosis
and appropriate treatment, and worse outcomes [26—28]. We also identified actionable factors
for which improvement could be made in future interventional studies, including time from
hospital to ICU admission, time to antimicrobial therapy, and the presence of secondary
complications at admission. These findings reinforce the fact that in patients who eventually
required intensive care, a delayed ICU admission was an independent marker of poor
prognosis [8, 11]. However, decisions of ICU admission depend on many factors and may
significantly differ among centers. Although this remains speculative, delayed ICU admission
might reflect inappropriate triage at hospital admission or early deterioration because of
secondary complications. As such, respiratory failure identified in the multivariable analysis
might be a consequence of aspiration pneumonia, frequently observed in patients with acute
meningoencephalitis [8], and cardiovascular failure might reflect other complications such as
septic shock, stunned myocardium or myocarditis, and dysautonomia. Use of early
antimicrobial treatment (i.e., within 1 day of ICU admission) is also strongly associated with a
better outcome, consistent with previously published literature for both community-acquired
bacterial meningitis [13, 29], and herpes simplex encephalitis [26, 30]. While time to adequate
treatment is paramount in patients with allcause meningoencephalitis, it is interesting to note
that early antibacterial and antiviral treatment are associated with better outcomes in the total
population, including patients with etiologies not requiring such treatments. Early
antimicrobial treatment could be considered as a proxy for early identification of
meningoencephalitis in the ICU, leading to an implementation of an adequate bundle of care,
including an aggressive diagnostic workup and prevention of secondary brain insults.

We observed a relatively low rate of prescription of adjunctive steroids in patients with
bacterial meningitis, reflecting uncertainty around their utility in the ICU setting, and a poor
compliance to current guidelines [31]. Although we could not find an independent association



between adjunctive steroids and outcome in our post hoc analyses, ancillary studies using
appropriate matching methods would be of interest, especially in bacterial meningitis patients.

We detected substantial heterogeneity among etiologies, with the worst outcomes observed in
patients with encephalitis of autoimmune origin, compared to patients with acute bacterial
meningitis and encephalitis of infectious or unknown origin. These results emphasize that an
early etiological diagnosis may not only have important therapeutic implications but may also
represent key information for appropriate prognostication [32]. In EURECA, the distribution
of etiologies of bacterial meningitis and infectious encephalitis was comparable to current
epidemiology in the general population. The prognosis of patients with bacterial meningitis
appeared relatively similar to that observed in a recent large nationwide study conducted on
patients with pneumococcal meningitis [24]. By contrast, we observed a more severe
prognosis in patients with infectious encephalitis, as compared to a recent multicenter cohort
study which reported a much lower mortality rate < 10% [5]. Previous single-center
retrospective studies conducted in adult ICU patients with all-cause encephalitis, reported
poor outcomes in 25 to 50% of cases, with mortality rates ranging from 6 to 17%, depending
on the etiology [6-8]. We observed the worst prognosis in patients with autoimmune
encephalitis, with higher morbidity but similar mortality compared to other etiological groups.
Of note, meaningful delayed post ICU-recovery has been observed in these patients, and it is
possible that the 90-day outcome chosen in EURECA may not reflect the final functional
outcome in this etiological category [17].

The main strengths of EURECA include a large sample of consecutive patients from 68
centers in 7 countries. Patients were included prospectively based on an internationally
accepted definition for probable or confirmed encephalitis. We recorded prospectively major
complications and interventions during ICU stay, and we evaluated functional outcomes at 3
months with a validated functional scale.

EURECA also has limitations, including the study’s observational nature, with a possible
heterogeneity in patient management among centers, notably for antimicrobial therapies,
adjunctive therapies, and indication and timing of decisions to withhold/withdraw care in
patients with an expected unfavorable outcome. Second, because we did not use a
standardized diagnostic protocol among participating centers, it is possible that some patients
from the unknown etiology encephalitis group were in fact culture-negative bacterial
meningitis patients. Third, many physicians would not consider a mRS score of three at 3
months as an unfavorable outcome, given the high severity of illness at admission. It is not
known to what extent moderately to severely disabled patients eventually improved and
regained functional independence in the long term. Fourth, we mainly identified clinical
indicators of outcome and the additional value of neuroimaging or EEG variables should be
investigated [33, 34]. Finally, other important patient-centered endpoints, such as cognitive
impairment, psychological problems and post-encephalitic epilepsy were not recorded.

In conclusion, we observed that half of patients with meningoencephalitis requiring intensive
care had poor functional outcomes at 3 months, in the form of moderate- to-severe disability
or death. We identified several admission variables and the etiology of meningoencephalitis
as independent indicators of outcome. While further research aiming at a better
characterization of 1-year outcomes in these patients is currently ongoing (Clinical- Trials.gov
Identifier: NCT02906631), the findings from this study are critical for better identification of
patients who might benefit from prolonged aggressive care in the ICU and rehabilitation.
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