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ABREVIATURES | ACRONIMS

CID — Coagulacid intravascular disseminada
CMI — Concentracié minima inhibitoria
CRO — Ceftriaxona

CTX — Cefotaxima

GOS — Glasgow Outcome Score

GCS — Glasgow Score Scale

10T — Intubacié orotraqueal

LCR — Liquid cefalorraquidi

SNC - Sistema Nervids Central

UCI — Unitat de Cures Intensives



GLOSSARI

Cefalosporines a dosis meningies estandard: ceftriaxona 4 g/dia, cefotaxima 150-200
mg/kg dia (2-3 g/cada 6 hores).

Cefalosporines a dosis molt altes: ceftriaxona 100 mg/kg/dia sense dosi maxima;
cefotaxima 300 mg/kg/dia (dosi maxima de 24 g/dia).

Crisis epiléptiques potencialment evitables: Les que ocorren un cop el pacient ha estat
admes a I'hospital i diagnosticat, per la qual cosa es podria implementar alguna mesura
farmacologica per evitar-les.

Dexametasona, dosi adjuvant recomanada: 10 mg cada 6 hores durant 4 dies.
Dexametasona, dosis adjuvant reduida: 12 mg puntuals i 4 mg cada 6 hores durant 2
dies.

Glasgow Outcome Score: escala creada per valorar les seqlieles després d’una afectacio
greu del sistema nervids. Defineix 5 categories: 1=mort, 2=estat vegetatiu,
3=discapacitat greu, 4=discapacitat moderada, 5=bona recuperacio.

Glasgow Score Scale: escala per valorar el nivell de consciéncia en pacients amb
traumatisme cranioencefalic greu o altres condicions neurologiques. Sobre una
puntuacio total de 15, s’avaluen 3 components: a) la resposta ocular: espontania - 4p, a
ordres verbals — 3p, al dolor — 2p, sense resposta — 1p; b) la resposta verbal: orientat —
5p, confus — 4p; paraules inadequades — 3p, sons incomprensibles — 2p, sense resposta
— 1p; c) la resposta motora: obeeix ordres — 6p, localitza el dolor — 5p, retira al dolor -

4p, flexio al dolor — 3p, extensiod al dolor — 2p, sense resposta -1p.
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RESUM DE LA TESI

Titol: Reptes en el tractament de les meningitis pneumococciques

Introduccio:

Les meningitis pneumococciques causen més de la meitat dels casos de
meningitis bacteriana a Europa (1). Els avencos en el tractament han permés reduir la
mortalitat (2), pero encara ens enfrontem a diferents reptes en el tractament d’aquesta

malaltia.

El tractament antibiotic

L’aparicio de S pneumoniae resistent a penicil-lines (CMI >0.06 mg/L) i/o
cefalosporines (CMI >0.5 mg/L) va replantejar el tractament antibiotic de les meningitis.
A les darreres guies Europees (1) es recomana administrar ceftriaxona (CRO) 4 g/dia o
cefotaxima (CTX) 200 mg/kg/dia per S pneumoniae amb a una CMI < 2 mg/L, malgrat
I’evidencia a la literatura de fracassos amb aquest tractament en soques amb CMI
intermedies (> 0.5 i £ 2 mg/L) (3,4). A més, es recomana |'addicié de vancomicina en
casos de CMI = 2 mg/L, basant-se només en estudis animals (5), si bé dosis altes de CTX

podrien ser una alternativa per tractar S pneumoniae amb CMI fins a 2 mg/L (4).

El tractament adjuvant amb corticoides

L’administracié d’antibiotics betalactamics efectius, podia conduir a un
empitjorament clinic i a una mortalitat preco¢ degut a la lisi bacteriana i a la cascada
inflamatoria secundaria (6). Per controlar aquest efecte col-lateral es va plantejar I'Us
precog¢ d’antiinflamatoris potents. El 2002 es va publicar I'assaig clinic en adults que va
testar, Unicament, dexametasona a una dosi de 10 mg/6 hores durant 96 hores,
demostrant reduccié de la mortalitat del 34 al 14% en les meningitis pneumococciques
(7), confirmada posteriorment en estudis de cohorts (2). En assajos clinics en pacients

pediatrics si que s’havien testat pautes més curtes de dexametasona amb bons resultats

(8).
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Les complicacions

En les meningitis pneumococciques les complicacions neurologiques sén
freqlients (64-75%) (2,9). Entre elles destaquen les crisis epiléptiques, que ocorren a un
27% dels pacients (2,9) amb un probable impacte en el pronodstic (9-12). En una cohort
recent (2) es descriu que fins a un 9% de les crisis epileptiques ocorren abans del
diagnostic, perd un 18% durant l'ingrés hospitalari sent, aquestes, potencialment
evitables. L’administracié de dexametasona ja aconsegueix una reduccio de I'aparicié de
crisis epileptiques d’entre el 7-8% (2,7). Fins al moment no hi ha estudis publicats
avaluant la profilaxi antiepiléptica, estratégia ja avaluada en altres patologies com

I’hemorragia subaracnoidal o el traumatisme cranioencefalic greu (13,14).

Una altra complicacio, amb incidéncia reportada en augment, probablement pels
avencos en diagnostic d’'imatge, és la vasculitis cerebral que en les séries recents
s’estima entre un 2-29% (2, 15-17). Es desconeix exactament la seva patogenia i també
si té alguna relaci6 amb el tractament amb corticoide. La preséncia de certes
metal-loproteases al liquid cefalorraquidi (com MMP-2, MMP-9 i el seu antagonista
TIMP-1) ha estat relacionada amb la inflamacié i el trencament de la barrera
hematoencefalica, podent conduir al desenvolupament de la vasculitis cerebral i pitjor

pronostic neurologic (18, 19).

Hipotesis:

1- Eltractament amb dosis molt altes de cefotaxima (300 mg/kg/dia), tant empiric
com dirigit, per meningitis per S pneumoniae resistents a cefalosporines fins a

una CMI de 2 mg/L, és eficag.

2- La terapia adjuvant amb corticoterapia utilitzant dexametasona a dosis baixes

(12 mg inicials, seguit de 4 mg/6 hores durant 48 hores) disminueix les

complicacions i mortalitat de les meningitis pneumocodcciques.
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3- La profilaxi anticomicial adjuvant evita I'aparicié de crisis epileptiques agudes i

millora el pronostic i la morbiditat de les meningitis pneumococciques.

4- Certs nivells de metal-loproteases al liquid cefalorraquidi o certes

caracteristiques microbiologiques podrien ser marcadors del desenvolupament

de la vasculitis cerebral com a complicacié de les meningitis pneumococciques.
Objectius:

Definim 4 objectius que corresponen a cada un dels estudis presentats a la tesi:

1-

Avaluar I'evolucié dels casos per meningitis deguts a S pneumoniae resistent a
penicil-lina i/o cefalosporines segons diferents pautes antibiotiques i comparar

I’efectivitat pel que fa a curacid, recaiguda i mortalitat.

Avaluar I'impacte en |'evolucid de les meningitis pneumococciques pel que fa a
disminucié de morbiditat i mortalitat de la terapia adjuvant amb dexametasona

reduida de 12 mg en bolus i 4 mg cada 6 hores durant 48 hores.

Avaluar I'efectivitat de la profilaxi anticomicial en les meningitis
pneumococciques pel que fa a la prevencid de les crisis epileptiques agudes i el

seu impacte en les sequeles i mortalitat.

Avaluar els nivells de diferents metal-loproteases al liquid cefalorraquidi de la
puncid lumbar diagnostica de meningitis pneumococcica i les caracteristiques
de les soques de S pneumoniae i la seva relacié amb I'aparicié de complicacié

en forma de vasculitis cerebral.
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Meétodes:
Estudi 1:

Estudi observacional retrospectiu de la cohort de meningitis pneumococciques recollida
a I'Hospital Universitari de Bellvitge de 1977 a 2018. S’hi han inclos tots els pacients de
qui es disposava de dades de susceptibilitat antibiotica segons els criteris EUCAST,

avaluant el seu tractament i evolucio.
Estudi 2:

Estudi observacional i retrospectiu de la cohort de meningitis pneumococciques de
I’'Hospital Universitari de Bellvitge de 1977 a 2018. S’hi han inclos tots els malalts,
comparant 2 grups de pacients, segons si van rebre tractament amb dexametasona de

forma protocol-litzada o no.
Estudi 3:

Estudi observacional i retrospectiu de les meningitis pneumococciques registrades a
I’'Hospital Universitari de Bellvitge des de I'any 2010 fins a I'abril del 2021. El protocol
intern del centre recomana profilaxi antiepileptica. Es realitzen dues comparacions:
entre els pacients que han presentat o no crisis epileptiques i entre els pacients

candidats a profilaxi, els que I’"han rebut o no.
Estudi 4:

Estudi prospectiu multicéntric des del 2019 al 2022, on s’incloien totes les meningitis
pneumococciques amb LCR sobrant disponible de la primera puncié lumbar. Es van
analitzar els nivells de metal-loproteases al LCR i també les caracteristiques dels S
pneumoniae aillats, i es va fer un seguiment clinic, buscant la seva relacié amb I'aparicié

de les vasculitis cerebrals.
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Principals resultats:

Estudi 1:

De 339 soques analitzades 97 (27%) eren resistents a penicil-lines i entre elles 35 també
eren resistents a cefalosporines amb una CMI maxima de 2 mg/L. Dels tractaments
avaluats, la cefotaxima a una dosi de 300mg/kg/dia va permetre la curacio de fracassos
amb ceftriaxona 4 g/dia per resisténcia de baix nivell (CMI d’1 i 2 mg/L). A més, va ser

un bon tractament empiric i dirigit.
Estudi 2:

La dexametasona a dosis baixes (12 mg i després 4 mg cada 6 hores durant 48 hores) va
reduir la mortalitat de la nostra cohort del 35 al 11.5%, percentatge similar a I'assolit per
la dexametasona a dosis altes, en aquest cas acompanyada de mannitol en el 71% dels

casos i de profilaxi antiepileptica en el 76%.
Estudi 3:

Les crisis epiléptiques allarguen I'estada hospitalaria (de 15 a 27 dies), augmenten la
necessitat d’ingrés a UCI (57 a 86%) i la necessitat de IOT (41 a 81%). La profilaxi
antiepileptica disminueix I’aparicio de crisis epileptiques del 40 al 9.4% entre els pacients
gue no han presentat crisis epiléptiques abans del diagnostic. Rebre profilaxi
antiepiléptica no arriba a presentar diferéncies significatives quant a mortalitat o

morbiditat.
Estudi 4:

Un 14.3% dels pacients va presentar vasculitis cerebral. No es van observar diferencies
en les caracteristiques microbiologiques dels pacients que desenvolupaven vasculitis,
perod si una tendencia a nivells més alts de MMP-9 i TIMP-1 i més baixos de MMP-2,

caracteristiques que compartien els pacients amb seqleles.
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Conclusions:

1)

2)

3)

4)

5)

6)

7)

8)

La meningitis comunitaria per Streptococcus pneumoniae al nostre medi, pot ser
deguda a S pneumoniae resistent a penicil-lines (CMI > 0.06 mg/L) i
cefalosporines (CMI > 0.5 mg/L), amb uns nivells de resisténcia intermedis amb
CMI maximes a cefalosporines reportades fins a 2 mg/L.

El tractament empiric amb ceftriaxona a dosi meningia estandard (4 g/dia) pot
ser insuficient en casos de resistéencia a cefalosporines, en canvi, I'Gs de
cefotaxima a dosis molt altes (300 mg/kg/dia) ha demostrat ser segur i eficag per
tractar meningitis pneumococciques en centres amb resistéencies a
cefalosporines fins a CMI de 2 mg/L.

El tractament adjuvant amb dexametasona a dosi reduida (12 mg d’entrada i 4
mg cada 6 hores durant 48 hores) acompanyat de dosi Unica de mannitol i
profilaxi anticomicial redueix la mortalitat de la meningitis pneumococcica del 35
al 11.6%, de forma similar a la dexametasona a dosis més altes.

Les crisis comicials sén una complicacié freqlent de les meningitis
pneumococciques, i impacten en el pronostic allargant I'estada hospitalaria i
augmentant la necessitat d’intubacio orotraqueal i ingrés a la Unitat de Cures
Intensives.

El 12% dels pacients amb meningitis pneumococcica presenten crisis
epileptiqgues com a complicacié abans del diagnostic, per aixo, aquesta
complicaciéd només seria potencialment evitable en la resta de casos.

La profilaxi antiepileptica pot ser eficag prevenint |I’aparicid de les crisis comicials
i reduint estada hospitalaria i la necessitat d’intubacid, sense importants efectes
adversos.

La vasculitis cerebral és una complicacié freqlient de les meningitis
pneumococciques.

En els pacients amb meningitis pneumococcica que desenvolupen vasculitis
cerebral hi ha diferéncies no significatives en els nivells de metal-loproteases al
LCR de la puncié lumbar de I'ingrés amb tendéncia a ser més elevats tant de MPP-

9 com de TIMP-1 i més baixos de MMP-2.
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a.

LES MENINGITIS BACTERIANES
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Definicid, vies de transmissio i patogénia

Les meningitis bacterianes agudes sén infeccions greus del sistema nervids
central on es produeix una inflamacio de les meninges i de I’espai subaracnoidal a causa
d’una infeccié bacteriana. En el cas de les d’adquisicié comunitaria, la via de contagi sol
ser de persona a persona, encara que també es pot adquirir a través d’aliments, com en

el cas de la meningitis causada per Listeria monocytogenes.
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Consideracions anatomiques de la fisiopatologia de les meningitis bacterianes.

(20) van de Beek D, Brouwer M, Hasbun R, Koedel U, Whitney CG, Wijdicks E. Community-acquired
bacterial meningitis. Nat Rev Dis Primers. 2016;2:16074. doi: 10.1038/nrdp.2016.74

Habitualment, el contagi es produeix per la colonitzacié de la mucosa respiratoria

o intestinal per part del bacteri patogen, amb un eventual pas a la via sanguinia i
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disseminacié hematogena, arribant al sistema nervids central a través de la barrera

hematoencefalica.

Tot i que la via hematogena és la patogenia més habitual, també és freqlient la
infeccio per contigliitat, com ara des de focus oOtics o sinusals, per exemple degut a una
otomastoiditis aguda, que predisposa sobretot a infecci6 meningia pneumococcica.
També cal destacar que, en el cas d’una solucid de continuitat a la meninge, com pot ser
una fistula de liquid cefalorraquidi, ja sigui de causa espontania, iatrogénia, o per
antecedent llunya de traumatisme cranioencefalic, aguesta pot servir com una porta

d’entrada directa per a la infeccid.

Imatge axial de TAC amb otomastoiditis aguda dreta.

Adaptat de: (21) Patel KM, Almutairi A, Mafee MF. Acute otomastoiditis and its complications: Role of

imaging. Operative Techniques in Otolaryngology-Head and Neck Surgery. 2014 Mar;25(1):21-8
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Epidemiologia

Aquestes infeccions tenen una distribucié mundial, encara que amb una etiologia
variable, segons I'edat del pacient i I'area geografica. La incidéncia de les meningitis
d’adquisici6 comunitaria difereix segons l'area geografica: mentre que en paisos
desenvolupats la incidencia es baixa, de 0.9 casos per cada 100.000 habitants, en paisos
en vies de desenvolupament o subdesenvolupats, en canvi, la incidéncia es mou entre
10-80 casos per cada 100.000 habitants. Fins i tot, en alguns paisos de I'anomenat
“cinturé de meningitis” de I’Africa subsahariana, com el Sudan del Sud, la incidéncia el
2016 era de més del doble, amb 200 casos per cada 100.000 habitants. Aquesta alta
incidéncia en aquesta zona s’atribueix a un conjunt de factors no completament
identificats, com el clima, les situacions socioeconomiques i la susceptibilitat de la

poblacid (22).

Global decile interval
M <380 [J>86-9 and <100-0
M >38.0and <47:0 21000 and <1250
B >47.0and <577 EH >125-0and <273-0
[2:57.7and <691 M >273-0and <3610
[J269-1and <86-9 1M >361-0

Incidéncia de meningitis per cada 100.000 habitants en menors de 5 anys, el 2019.

Adaptat de: (23) GBD 2019 Meningitis Antimicrobial Resistance Collaborators. Global, region GBD 2019 Meningitis
Antimicrobial Resistance Collaborators. Global, regional, and national burden of meningitis and its aetiologies,
1990-2019: a systematic analysis for the Global Burden of Disease Study 2019.

Lancet Neurol. 2023; 22(8):685-711. doi: 10.1016/5S1474-4422(23)00195-3.
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Entre els patdogens més freqiients causants de meningitis bacterianes agudes en
adults trobem: Streptococcus pneumoniae, Neisseria meningitidis, Listeria
monocytogenes i Haemophilus influenzae. Tot i que |'etiologia també pot ser deguda a
altres microorganismes com ara altres tipus d’estreptococs, Staphyloccus aureus, altres

bacils gramnegatius... (1)

Tant a Europa com als Estats Units d’America, 'etiologia predominant en adults
és la pneumococcica (1,24). No sempre ha estat aixi i I’epidemiologia ha canviat amb els
anys gracies a diferents factors, entre ells la vacunacid. Per aquest motiu, cal estar atents
a possibles canvis en el futur, com per exemple el repunt els darrers anys de meningitis

meningococcica del serotip Y (25).

Una altra mostra de la variabilitat en la incidéncia de casos al llarg de les darreres
decades, és la que tenim recollida amb dades propies, de les meningitis bacterianes
agudes d’adquisicié comunitaria ateses al llarg dels anys a I'Hospital Universitari de
Bellvitge. Des que tenim el registre, dividint en periodes de 10 anys, hem passat de 529
casos de meningitis agudes registrats entre 1977 i 1986, a 223 casos entre el 1987 i el
1996, 178 casos entre 1997 i 2006 i 189 casos entre 2007 i 2016. Al darrer periode a
partir de 2017, amb la meitat dels anys recollits, només s’acumulen 58 casos de

meningitis aguda bacteriana comunitaria.

També en les nostres dades es reflecteix el canvi etioldgic de les meningitis, amb

la gran disminucié de I'etiologia meningococcica i I'augment progressiu del percentatge

a causa de S pneumoniae.

23



600

500

400

300

200

100

0 L
1977-1986 1987-1996 1997-2006 2007-2016 2017-2021

B N. meningitidis B S. pneumoniae L. monocytogenes M Altres estreptococs
B H. influenzae Altres B Desconegut

Etiologia de les meningitis bacterianes d’adquisicié comunitaria ateses a I'Hospital Universitari

de Bellvitge des del 1977 fins al 2021. Dades propies.
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Clinica

Simptomes

Les meningitis bacterianes solen presentar-se de forma aguda, excepte en alguns
casos, com en la meningitis per L. monocytogenes, que poden tenir una aparicié més
lenta i gradual. Poden apareixer simptomes inespecifics com cefalea, febre, nausees i
vomits; i també simptomes neurologics com disminucié del nivell de consciencia,
alteraci6 del comportament, convulsions, focalitat neurologica (parells cranials,

hemiparésia)...

Signes

La inflamacié meningia és el que provoca el signe classic de rigidesa de nuca, tot
i que no sempre esta present (aproximadament en un 50-80% dels casos, pero esta
descrit fins i tot en menor proporcié en adults). Les maniobres especifiques per explorar

la irritacid meningia, com els signes de Kernig i Brudzinsky, son poc sensibles (22.9% i

27.5% respectivament) pero molt especifics (91.2% i 88.8% respectivament) (26)

Kernig Sign
\(\ ' /'{ Flici(s Zain or limited extension
NN/
oL //7
A Qi =

1 Knee is flexed to 90 degrees
2 Hipis flexed to 90 degrees

3 Extension of the knee is painful or limited in extension

Brudzinski Sign '\
/ [\

\ Elicits hip and knee flexion

1 Passive flexion of neck

Esquema que reprodueix les maniobres de
Kernig i Brudzinsky.

(27) The Royal Children's Hospital Melbourne.
Clinical Practice Guidelines : Meningitis and
encephalitis. The Royal Children's Hospital
Melbourne [Internet]. Melbourne: The Royal
Children's Hospital Melbourne. October 2024
[December 2024]. Available from:
https://www.rch.org.au/clinicalguide/guideline_i
ndex/Meningitis_encephalitis/

Com que la clinica sovint és inespecifica, és indispensable recordar aquesta

entitat i tenir-la present en el diagnostic diferencial, sobretot des d’Urgencies.
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Altres simptomes o signes poden guiar-nos a sospitar |'etiologia concreta; per
exemple, la purpura disseminada apunta a una sépsia meningococcica, o el mal d’oida
amb supuracio els dies previs poden suggerir una otitis mitjana aguda que pot precedir

a la meningitis d’etiologia pneumococcica.
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Diagnostic

Per al diagnostic definitiu cal realitzar una puncié lumbar amb estudi de la
cel-lularitat, la bioquimica i la microbiologia del liquid cefalorraquidi. Certes
caracteristiques del liquid poden apuntar a una etiologia bacteriana, com ara, un aspecte
macroscopic purulent o opalescent, la presencia de més de 100 leucocits per camp
(especialment més de 1000) amb predomini de neutrofils, la proteinorraquia superior a
1-5g/Liel consum de la glucosa definit com una ratio de glucosa al LCR/glucosa al serum

menor o igual 0.4.

Exemple de mostra de LCR groc-terbol "

f

(28) Brouwer MC, Thwaites GE, Tunkel AR, van de Beek D.
Dilemmas in the diagnosis of acute community-acquired
bacterial meningitis. Lancet. 2012;380(9854):1684-92. doi:
10.1016/50140-6736(12)61185-4. NG

Altres parametres, com el lactat, també es poden analitzar al liquid cefalorraquidi
per sostenir la sospita d’etiologia bacteriana en lloc de virica, i 'ADA elevat podria

apuntar a una meningitis per micobacteris en lloc de bacteriana.

El resultat de la mostra urgent per tincié de Gram, I'Us de tecniques rapides com
el panell de biologia molecular, o I'antigen de pneumococ en LCR poden revelar-nos a
I’etiologia de la meningitis sense haver d’esperar els resultats del cultiu del LCR o dels

hemocultius en cas de bacteriémia.

Rarament la puncié lumbar pot estar contraindicada, ja sigui per risc de sagnat,
per exemple per coagulacié intravascular disseminada amb esdeveniments trombotics i
hemorragics, o per risc d’herniacioé cerebral en cas d’hidrocefalia greu o lesions ocupants

d’espai amb efecte massa. En aquests casos, s’assumeix el diagnostic si la clinica és
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compatible i es realitzen proves d’'imatge o puncié lumbar diferida per confirmar el

diagnostic.

La realitzacié d’una prova d’imatge, basicament un TAC cranial, préviament a la
puncid lumbar, es fa, precisament, per descartar causes que contraindiquin la puncié
lumbar pel risc d’herniacid cerebral, tot i que també pot servir per diagnostic diferencial
en cas de troballa d’hemorragia subaracnoidal, etc. S’ha demostrat en multiples estudis
que la prova d’imatge no és necessaria en tots els casos, ja que sovint retarda el temps
fins al diagnostic i el tractament de la meningitis bacteriana aguda. Les circumstancies
en qué es recomana prova d’imatge préevia a la puncié lumbar sén: crisis epileptiques de
nova aparicié, immunosupressié greu, antecedents de massa ocupant d’espai o clinica
de més de 48h d’evolucid o signes que suggereixin una lesid ocupant d’espai:
papil-ledema, déficits neurologics focals, disminuci6 moderada o greu del nivell de

consciéncia (29).
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Complicacions

Podem dividir les complicacions de les meningitis bacterianes en dos tipus:

sistémiques o intracranials (9).

Les complicacions sistemiques o septiques inclouen el xoc septic, la coagulacid

intravascular disseminada, la insuficiéncia renal, la insuficiencia respiratoria...

Les complicacions intracranials son degudes a l'efecte local de la inflamacid
meningia amb preséncia de bacteris, com ara la inflamacié del parenquima encefalic
contigu (encefalitis), els acimuls de pus en forma d’abscessos intraparenquimatosos,
epidurals o subdurals, la trombosi intracerebral, la inflamacié en forma de vasculitis, la
hidrocefalia... Aquesta inflamacié també pot provocar crisis epiléptiques, sobretot en
les d’etiologia pneumococcica (30, 10). Les complicacions intracranials poden tenir una

implicacié important en el pronostic de malaltia contribuint a la morbimortalitat en

aguests pacients.

TAC amb hidrocefalia. Adaptat de: (28) Brouwer MC, Thwaites GE,
Tunkel AR, van de Beek D. Dilemmas in the diagnosis of acute
community-acquired bacterial meningitis. Lancet.
2012;380(9854):1684-92. doi: 10.1016/50140-6736(12)61185-4
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Tractament

El temps transcorregut des de I’entrada a Urgencies fins a I'inici de I'antibiotic és
decisiu en el pronostic de la malaltia. Com hem mencionat anteriorment, cal seleccionar
els casos en qué és necessari fer un TAC cranial previ a la puncid lumbar, i no demorar
la puncié lumbar ni I'administracié del tractament. Davant una sospita de meningitis
bacteriana aguda, un cop obtingudes les mostres, cal administrar un tractament empiric
de forma rapida, que cobreixi els microorganismes causals possibles. Fins i tot, si el LCR
té un aspecte macroscopic que és clarament purulent, cal iniciar el tractament abans de

tenir els resultats de I'estudi de cel-lularitat del liquid cefalorraquidi.

El tractament, com que es tracta d’una infeccié en un compartiment de dificil
accés, i malgrat que la inflamacié de les meninges n’augmenta la permeabilitat,
requereix I'Us de tractaments antibiotics, o bé amb bon pas per la barrera
hematoencefalica, o bé a dosis molt altes. Aquest tractament ha de permetre arribar a
concentracions d’antibiotic al LCR per sobre de la CMI la major part del temps possible
en antibiotics temps-dependents, com per exemple els betalactamics, o a
concentracions maximes de 10-12 vegades la CMI en antibidtics concentracio-

dependents, com per exemple els aminoglicosids.

El tractament empiric de les meningitis sol comprendre una combinacié de
cefalosporines de tercera generaci® més ampicil-lina en majors de 50 anys o
immunodeprimits per cobrir les etiologies més freqlients (1).

A més, cal administrar dexametasona abans de la primera dosi d’antibiotic, ja
gue en cas de confirmar-se etiologia pneumococcica, tindria un benefici en la mortalitat.
Sembla que, en cas de confirmar-se una altra etiologia, no empitjora el pronostic i, fins
i tot, el podria millorar. En el cas de la L. monocytogenes amb estudis contradictoris, els
més recents demostren benefici (31), pero inicialment es recomanava suspendre el

tractament amb dexametasona si aquesta era I'etiologia (32).
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Pel que fa a les terapies osmotiques, com el mannitol o el glicerol, s’utilitzen en
el cas de certes complicacions en diferents tipus de patologies, com I'edema cerebral
difds o hipertensio intracranial, per intentar “deshidratar” el sistema nervids central i
alleujar la pressié intracranial. S’ha avaluat el seu paper en les meningitis bacterianes

agudes sense conclusions clares que afavoreixin el seu Us (33).
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Seqiieles i mortalitat

Una de les escales més utilitzades per avaluar les seqiieles després d’una
afectacié greu del sistema nerviés és la Glasgow Outcome Scale, que defineix 5
categories: 1=mort, 2=estat vegetatiu, 3=discapacitat greu, 4=discapacitat moderada,
5=bona recuperacio (34). La mortalitat, que sovint és conseqiiencia de les complicacions
mencionades en apartats anteriors, es pot classificar en precoc (les primeres 48h) o

tardana i de causa séptica/sistémica o neurologica.

De la mateixa manera que en les diferencies sobre la incidéncia, la mortalitat
d’aquesta malaltia varia segons el pais, des d’aproximadament un 10% en paisos amb
alts recursos economics, fins a un 58% en paisos amb menys recursos. Entre els
supervivents, la morbiditat, sobretot en forma de seqieles neurologiques (com ara
perdua d’audicié, péerdua de memoria, focalitat neurologica...) és del 24% en paisos

pobres i del 9.4% a paisos rics (35).
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Prevencio

El desenvolupament i la implementacié en el calendari vacunal de vacunes
conjugades per als tres principals patdogens que provoquen meningitis aguda -
Streptococcus pneumoniae, Neisseria meningitidis i Haemophilus influenzae - han

permés reduir la incidéncia de la malaltia.

El pneumococ té més de 100 serotips diferents, com detallarem més endavant.
Aix0 suposa una gran dificultat per crear una prevencid universal. Durant els darrers
anys s’han desenvolupat diferents vacunes que permeten la cobertura dels serotips més
freqlients. L’aparicié i aplicacié de les diferents vacunes conjugades al llarg del temps
(PCV-7, PCV-10, PCV-13 i molt recentment PCV-20; a més de la vacuna polisacarida PPSV-
23) que cobreixen només certs serotips, ha conduit a un reemplacament dels serotips

causants de meningitis per un mecanisme no completament aclarit (36).

El meningococ, en canvi, té només 12 serotips, i, d’entre ells, només 6 provoquen
la majoria de casos de malaltia meningococcica invasiva (A, B, C, W, X i Y). El
desenvolupament progressiu de vacunes que cobrien els principals serotips, inicialment
va provocar brots per serotips diferents dels coberts amb la vacunacié. Actualment,
pero, amb I'Us estes de la vacuna combinada contra MenACWY, la incidencia global s’ha
reduit de forma drastica a Europa i Estats Units. Recentment, també ha aparegut una

vacuna pel MenB que encara no s’utilitza a tot arreu (37).

L'Haemophilus influenzae tipus b havia estat un dels patdgens que més
freqlientment causava meningitis, sobretot en nens menors de 5 anys. Gracies al
desenvolupament i aplicacié global de la vacuna conjugada, la incidéncia de la malaltia
invasiva per H influenzae s’ha reduit més d’'un 90% de forma sostinguda en paisos
desenvolupats. L’escas percentatge de casos de malaltia invasiva per H influenzae es deu
a soques no tipificables (no encapsulades) o a altres serotips com el tipus a, a Nord-

Ameérica (38).
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Altres mesures preventives consisteixen en la profilaxi antibiotica a familiars i

contactes estrets en cas de diagnostic de meningitis meningococcica.
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Perspectiva historica

Els avencgos en la prevencio, el diagnostic i el tractament d’aquesta malaltia han
permés reduir-ne la incidencia i la mortalitat. Gracies al descobriment i Us dels

antibiotics es va poder curar una malaltia que podia arribar a tenir el 100% de mortalitat.

Case Fatality Rate (%)

S. pneumoniae

N. meningitidis
H. influenzae
e T T T T T T T T T 1
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(o F 1 & J | e |
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Treatment for antiserum  systemically cephalosporin
S. pneumoniae + intrathecally —_—
b : ' Third-generation
| Sulfonamides Penicillinin “meningeal doses” cephalosporin +
vancomycin
H J L J —_—
Treatmant for H. inﬂuenzae Chloramphenicol Third-generati_on
; antiserum cephalosporin
H. influenzae r . ' :
Sulfonamides Ampicillin
N. meningitidis Penicillin (ampicillin) +third-generation
Treatment for antiserum cephalosporin
N. meningitidis
Sulfonamides

Perspectiva historia de la mortalitat de les meningitis bacterianes agudes al llarg del segle XX
(39) Swartz MN. Bacterial meningitis--a view of the past 90 years. N Engl J Med. 2004;351(18):1826-8.
doi: 10.1056/NEJMp048246.
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En la seglient grafica es descriu el canvi en la mortalitat en les darreres decades,
on es comparen dos periodes d’un any, separats entre ells quasi 30 anys. Com es pot
veure, de forma desglossada per etiologia, en tots els casos hi ha una reduccié dels morts

anuals, tot i que aquesta mortalitat no deixa de ser elevada.
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Morts anuals mundials segons etiologia i edat, comparativa de I’any 1990 i de I'any 2019.
(23) GBD 2019 Meningitis Antimicrobial Resistance Collaborators. Global, regional, and national burden
of meningitis and its aetiologies, 1990-2019: a systematic analysis for the Global Burden of Disease

Study 2019. Lancet Neurol. 2023 Aug;22(8):685-711. doi: 10.1016/5S1474-4422(23)00195-3
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b. LA MENINGITIS PNEUMOCOCCICA
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El microorganisme

Streptococcus pneumoniae és un microorganisme grampositiu que colonitza la
nasofaringe dels humans i pot provocar diferents malalties invasives com la meningitis
pero també la pneumonia, I'otitis mitjana i la bacteriemia. De fet, des del 1890, es coneix
aquest microorganisme també com a pneumococ, pel seu paper com a principal causant

de la pneumonia lobar. A la tinciéd de Gram del LCR es pot visualitzar com a diplococs

grampositius o cocs grampositius en cadena (40).

Visualitzacié de S pneumoniae en forma de cocs grampositius a la tincié de gram d’una mostra

de LCR.
(41) Domachowske J, Suryadevara M. Bacterial Meningitis. Clinical Infectious Diseases Study Guide.

2020;177-85. https://doi.org/10.1007/978-3-030-50873-9_28
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Es diferencien multiples serotips de pneumococ en funcié de les diferencies
antigeniques dels polisacarids capsulars, que provoquen una immunitat humoral
especifica. Actualment, estan descrits més de 100 serotips, la majoria encapsulats, i
alguns d’ells identificats com els més virulents com ara el serotip 3 (42). Clinicament,
coneixer el serotip especific de moment no té una rellevancia en el tractament, pero si
en l'ambit de salut publica pel desenvolupament de vacunes especifiques. Els
pneumococs tenen multiples factors de viruléncia, tant capsulars com no capsulars (com
la pneumolisina) que els permeten sobreviure i adaptar-se, per continuar sent un dels

bacteris més patogens globalment (43).
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Epidemiologia

Actualment, com ja s’ha esmentat, tant a Europa com als Estats Units
d’Ameérica, és la meningitis per S pneumoniae la més freqiient en adults, provocant
més del 50% dels casos (1, 24). La malaltia pneumococcica invasiva té dos pics
d’incidencia, en nens i en adults majors de 65 anys, amb un predomini al periode

hivernal coincidint amb major colonitzacié nasofaringia.
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Incidéncia de malaltia pneumococcica invasiva per cada 100.000 habitants a Europa en 2019
(44) European Centre for Disease Prevention and Control. Invasive pneumococcal disease. Annual
epidemiological report for 2018. ECDC [Internet]. Stockholm: ECDC. 2020 [December 2024]. Available
from: https://www.ecdc.europa.eu/sites/default/files/documents/AER for 2018 IPD.pdf

La implementacié de diferents vacunes ha conduit a un viratge en els serotips més

prevalents en la malaltia pneumocodccica invasiva, en funcid de l'efectivitat de proteccié contra
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certs serotips i del grau de vacunacié en 'ambit poblacional. Destaca, pero, que hi ha diferéncies

geografiques importants per motius no completament aclarits.

Evolucid incidéncia malaltia pneumocodccica invasiva segons serotips
coberts per cada tipus de vacuna a Estats Units d’América i Gran
Bretanya. Adaptat de: (45) Lewnard JA, Hanage WP. Making sense of

differences in pneumococcal serotype replacement. Lancet Infect Dis. 2019
;19(6):€213-e220. doi: 10.1016/51473-3099(18)30660-1.
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Evolucié incidéncia de malaltia pneumocodccica invasiva segons serotips coberts a la vacuna els

anys peri-pandemia covid-19 (2019-2023)

(46) Pérez-Garcia C, Sempere J, de Miguel S, Hita S, Ubeda A, Vidal EJ et al. Surveillance of invasive

pneumococcal disease in Spain exploring the impact of the COVID-19 pandemic (2019-2023). J Infect.
2024;89(2):106204. doi: 10.1016/j.jinf.2024.106204.
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Les mesures no farmacologiques implantades durant la pandémia de la covid-19
també han impactat en la incidéncia de la malaltia pneumocodccica invasiva i la

distribucié dels serotips com es pot veure a la grafica anterior.

Si bé és cert que, tots aquests esforcos en la vacunacio per la prevencio d’aquesta
malaltia han disminuit la incidéncia de la malaltia pneumococcica invasiva i la meningitis
pneumococcica, sobretot dels serotips inclosos en les vacunes, sembla que el descens
global no es manté en el temps ni és igual en tots els paisos, tot esperant els efectes de
la implementacié de les darreres vacunes (36). Tal com es mostra en la grafica seglient,
gue compara la incidencia de meningitis per etiologia de I'any 1990 i la de 2019, la

meningitis per S pneumoniae amb prou feines ha disminuit.
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Incidencia de casos de meningitis segons etiologia i grup d’edat

comparant dos anys, el 1990 i el 2019
(23) GBD 2019 Meningitis Antimicrobial Resistance Collaborators. Global, regional, and national burden
of meningitis and its aetiologies, 1990-2019: a systematic analysis for the Global Burden of Disease

Study 2019. Lancet Neurol. 2023 Aug;22(8):685-711. doi: 10.1016/S1474-4422(23)00195-3.

Tot i aix0, la meningitis pneumococcica es pot considerar una malaltia poc

freqlient. A més, la seva incidéncia presenta una variabilitat estocastica, la qual cosa
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dificulta enormement la realitzacié d’estudis dins d’assajos clinics aleatoritzats de cara

a millorar el tractament d’aquesta malaltia.
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Nombre de casos de meningitis per S pneumoniae atesos a I’'Hospital Universitari de Bellvitge

des de 1977 a 2021. Dades propies.

43



Factors de risc

La meningitis pneumococcica pot ocdrrer en pacients immunocompetents i sans,
perd amb menys freqliiencia que en pacients amb altres factors de risc. Entre els
principals factors de risc per malaltia invasiva per pneumococ hi ha I'edat (edats
extremes: menys de 5 anysi més de 65 anys), la disfuncié esplénica o I'esplenectomia,
I'alteracid de la immunitat tant humoral (sobretot de cél-lules B, encara que també per
afectacié de les cel-lules T) com innata (alteracié del complement), la desnutricid, la

diabetis, viure en condicions de sobreocupacié d’espais, I'alcoholisme... (47,48).
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Diagnostic

Un cop diagnosticada la meningitis, la identificacid de I'etiologia pneumococcica
es pot aconseguir per diferents metodes amb les seglients sensibilitats (en pacients
sense haver rebut antibiotic previ): visualitzacié de microorganismes en forma de
diplococs grampositius a la tincié de gram del LCR (90%), creixement al cultiu
convencional ja sigui al LCR (87%) o a la sang (75%). També darrerament s’ha incorporat
la deteccid per antigen (59-100%) o proves moleculars al LCR (79-100%) tot i que no

permeten realitzar antibiograma (48).
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Tractament

El pilar del tractament de la meningitis bacteriana aguda pneumocodccica sén els
antibiotics, que s’han d’iniciar tan aviat com sigui possible, ja que el seu endarreriment
augmenta la mortalitat (49). Es recomana que el temps des de I’'admissié a I’hospital fins

a 'administracié de I'antibiotic sigui inferior a una hora, sempre que sigui possible.

Inicialment, el tractament recomanat era la penicil-lina. Amb 'aparicié de soques
de S pneumoniae amb sensibilitat disminuida a penicil-lina a partir dels anys 70 i,
posteriorment, també a cefalosporines, els antibidtics que s’iniciin de forma empirica
haurien de tenir en compte I'epidemiologia local i cobrir la possibilitat d’aquestes soques
resistents (1). No esta clar quin és el millor tractament en aquests casos, tal com es

detallara més endavant.

El tractament dirigit s’ha d’ajustar segons sensibilitats i es recomana mantenir el
tractament per a la meningitis d’aquesta etiologia durant 10-14 dies. No hi ha estudis
especifics per escurcar-ne la duracié en adults, en canvi, si en nens (50). En la nostra
experiéncia 10 dies sén suficients si no hi ha complicacions supurades, i és com s’han
tractat la majoria de casos recollits en la nostra cohort. De moment no hi ha prou
evidencia per recomanar si és millor administrar els antibiotics en perfusié continua o

bolus (1).

El tractament adjuvant, administrat abans o simultaniament amb |’antibiotic,
amb dexametasona també ha demostrat ser indispensable. L’administracio d’antibiotics
betalactamics efectius condueix a la lisi bacteriana provocant exposicié de certs
components de la paret cel-lular, que desencadenen una cascada inflamatoria que pot
conduir a complicacions intracerebrals, amb un empitjorament clinic i a una mortalitat
precog. Els corticoides administrats precocment redueixen la mortalitat gracies a frenar
aquesta cascada inflamatoria. La dosi recomanada és la utilitzada en I’assaig clinic de

2002 (10 mg cada 6 hores durant 96 h) (7).
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Pel que fa a la resta de tractaments adjuvants, es mencionen a les darreres guies
europees perdo no estan recomanats per falta d’evidencia. En sén un exemple les
terapies osmotiques, que havien mostrat resultats contradictoris amb el glicerol,
malgrat que una recent revisidé conclou que podria protegir de la discapacitat
neurologica i de la pérdua d’audicio, sense efecte en la mortalitat (33). Manquen estudis
en forma d’assajos clinics amb el mannitol. Tampoc es recomana la profilaxi

antiepiléptica per falta d’assajos clinics (1).
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Complicacions

Les complicacions en la meningitis pneumococcica sén freqlents, tant les
intracranials com les sistemiques i condueixen a pitjor pronostic (12). En els estudis més
antics (9), previs a la introduccidé de la dexametasona adjuvant, es descriuen fins a un
74% de complicacions intracranials (crisis epiléptiques, complicacions arterials o
venoses cerebrals, sagnats intracranials, edema cerebral difus, hidrocefalia, pérdua
d’audicio, etc.) i un 37% presentaven complicacions sistémiques (xoc septic,
insuficiencia renal o respiratoria greu, CID). A més, la mortalitat era del 24% i menys de

la meitat dels pacients presentaven bona recuperacié (GOS=5).

En estudis posteriors, on es comparen dos grups segons |'Us de la dexametasona
adjuvant de forma sistematica (2), s’observa que els pacients en tractament amb
dexametasona presenten menys complicacions: a) sistemiques: menys insuficiencia
cardiorespiratoria (28% vs. 41%) i b) neurologiques: menys crisis epiléptiques (15% vs.
23%) i menys alteracions neurologiques (19% vs. 25%). També es reporta una reduccio
de la mortalitat del 30 al 15%, tant per causa neurologica com sistemica, i una millora
de l'estat funcional assolint bona recuperacié (GOS=5) en un 73% dels pacients (2). El

tipus de complicacions més freqlient canvia segons I'edat del pacient.

A Systemic complications B Generalized brain edema € Cerebrovascular complications

Complication specified . Deaths resulting from the complication specified

50 5 50 4 50 4

40 404 40 4

30 o 30 4 30 o

204 204 204

Percentage of cases (%)
Percentage of cases (%)
Percentage of cases (%)

0 0
16-39 40-59 60-74 75+ 16-39 40-59 60-74 75+ 16-39 40-59 60-74 75+

Complicacions i mortalitat associada segons franja d’edat.
Adaptat de: (2) Koelman DLH, Brouwer MC, Ter Horst L, Bijlsma MW, van der Ende A, van de Beek D.

Pneumococcal Meningitis in Adults: A Prospective Nationwide Cohort Study Over a 20-year Period. Clin

Infect Dis. 2022;74(4):657-667. doi: 10.1093/cid/ciab477
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L’edema cerebral difus com a complicacié de la meningitis es descrivia fins en un
28% dels casos a I'era predexametasona (9) i en menys percentatge en séries posteriors
11-20% (2,12). Com podeu veure en la grafica previa, afecta molt més els pacients més
joves. El tractament d’aquesta complicacié ha estat ampliament estudiat sobretot en
relacio amb altres etiologies. Actualment, en el cas de ser causat per una meningitis
bacteriana es recomana la dexametasona, sense que quedi clar si hi ha un beneficiamb

el tractament amb hipertonic o mannitol (51).

Mereixen també mencid les col-leccions supurades intracranials, com poden ser
els abscessos cerebrals intraparenquimatosos o encara més rarament en l'espai
subdural o epidural. Els abscessos o empiemes estant descrits entre un 1 i un 2%, i si
considerem també les arees de cerebritis, com a pas previ a I'abscessificacid, es
descriuen en un 5-8% de casos (9, 12) i fins a un 77% dels pacients en un estudi

postmortem (52).

De les complicacions cerebrovasculars, una complicacié descrita, pero poc
estudiada abans de l'inici del tractament sistematic amb dexametasona, és la vasculitis
cerebral, també coneguda com a vasculopatia cerebral. Es defineix com un dany vascular
intracerebral que provoca multiples infarts o hemorragies a diferents territoris vasculars
o amb diferents estadis evolutius. Aquesta complicacio presenta una incidéncia actual
molt variable segons les series 1.7-24% (2, 9, 15-17) i esta associada a un mal pronostic.
Es desconeix si pot tenir relacié amb el tractament amb la dexametasona o si aquest
canvi en la incidéncia es deu a la millora de les tecniques d’imatge que permeten el
diagnostic sense necessitat de biopsia o autopsia. Malgrat no conéixer completament
I’etiopatogenia d’aquesta complicacid, el tractament emprat en la seva aparicid solen

ser corticoides.
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C.

ELS REPTES EN EL TRACTAMENT DE LES MENINGITIS PNEUMOCOCCIQUES
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Després de recopilar I'evidencia actual sobre les meningitis, i concretament la
meningitis pneumococcica, ens centrarem en quatre temes que encara sén un repte
en el tractament de la meningitis pneumococcica i que intentarem abordar amb els

estudis inclosos en aquesta tesi.
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La resisténcia antibiotica

A partir de la decada dels 70, es van comencar a aillar soques de S pneumoniae
resistents a la penicil-lina, amb multiples fracassos terapéutics documentats (53). Les
soques resistents a penicil-lines es van estendre a tot el mdén, arribant practicament a
un 40% dels pneumococs aillats en malaltia pneumococcica invasiva a Espanya a finals
dels anys 90 amb descens posterior fins al 22% el 2008 (54). Aquestes soques tenien
també resisténcia a altres antibiotics utilitzats en aquell moment (cotrimoxazol,
cloramfenicol...) i podien tenir o no resistencia a les cefalosporines de tercera generacio
(com la ceftriaxona o cefotaxima). L'aparicié d’aquestes soques es va atribuir en part a

I"augment de consum de betalactamics i a la seleccié de soques (54).

Concretament, les dades publicades de la malaltia pneumococcica invasiva del
nostre centre, I'Hospital Universitari de Bellvitge, mostren un descens de la resistencia
a penicil-lina del 35 al 28% i a la cefotaxima del 19 al 10% del 1994 al 2018 com es pot

veure en la seglient grafica.

(a) 450
== Penicillin (-20%: -37% to 2%)
400 4 Co-trimoxazole (-40%: -53% to -23%)
i Tetracycline (-5%: -27% to 24%)
350 1 ~@- Erythromycin (33%: -1% to 77%)
300 o Clindamycin (10%: -20% to 50%)
a’E ~- Cefotaxime (-45%: -64% to -15%)
g 250 1 —@— Chloramphenicol (-67%: -82% to -39%)
c
; 200 - Levofloxacin (85%: -69% to 1000%)
ki
o
15.0 4
10.0 1
5.0 1
0.0 ~ - + — -
pre-PCV early-PCV7 late-PCV7 early-PCV13 late-PCV13
(1994-2001) 2002-2005) (2006-2010) (2011-2015) (2016-2018)
Evolucié de les resistencies a les soques de S pneumoniae aillades en malaltia
pneumococcica invasiva a I"'Hospital Universitari de Bellvitge.

Adaptat de: (55) Camara J, Grau |, Gonzalez-Diaz A, Tubau F, Calatayud L, Cubero M et al. A historical
perspective of MDR invasive pneumococcal disease in Spanish adults. J Antimicrob Chemother.

2021;76(2):507-515. doi: 10.1093/jac/dkaa465.
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Segons les definicions actuals de 'EUCAST, si es tracta d’un aillament en una
meningitis (56), una soca es considera resistent a la penicil-lina si CMI > 0.06 mg/L i
resistent a cefotaxima si CMI > 0.5 mg/L. Tot i aixi, a escala mundial, ’aparicié de soques
de S pneumoniae altament o verdaderament resistents a cefotaxima, és a dir, amb CMI
> 2, és molt escassa. En canvi, si que hi ha soques amb susceptibilitat reduida amb CMI

de 1i 2, també presents en el nostre medi (54).

En un dels darrers estudis dels programes de vigilancia a escala mundial, es

confirma I'escassa preséncia de pneumococs amb CMI >2, amb només alguns casos a

Asia (57).
(A) Ceftriaxone
40
m Asia
35 F
= Europe
30 i ;‘ m Latin America
‘g’_g 25 B North America
[1+]
g 20 | Oceania
=
2 15 m Africa/ Middle East
Lo L
10 | :
5t 7 |
0
0.015 0.03 0.06 012 0.25 0.5 1 2 4 8
MIC (mg/L)

Percentatge d’aillaments d’Streptococcus pneumoniae de cada continent
segons sensibilitat a ceftriaxona (entre 2016-2021).

Adaptat de: (57) Wang JL, Lai CC, Ko WC, Hsueh PR. Global trends in non-susceptibility rates of

Streptococcus pneumoniae isolates to ceftriaxone: Data from the antimicrobial testing leadership and
surveillance (ATLAS) programme, 2016-21. Int J Antimicrob Agents. 2024;63(2):107072. doi:
10.1016/j.ijantimicag.2023.107072.

L'aparicié de resisténcies i la constatacid de fracassos terapeutics amb la
penicil-lina (58) obligava a replantejar el tractament empiric i dirigit de la meningitis
pneumococcica. S’han avaluat diversos tractaments, tot i que amb pocs estudis clinics.
Per exemple, el fracas de la vancomicina en monoterapia va ser documentat (59) i

atribuit als nivells erratics aconseguits de vancomicina al LCR, en part degut a I'efecte de
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la dexametasona (60). La majoria d’estudis s’han fet a en I'ambit experimental, provant
diversos tractaments com la rifampicina amb vancomicina (61), la ceftriaxona
combinada amb vancomicina o amb rifampicina (5, 62), la fosfomicina sola o combinada

amb vancomicina o ceftriaxona (63), la daptomicina (64)...

A les guies europees (1) es recomana afegir vancomicina o rifampicina al
tractament empiric amb ceftriaxona o cefotaxima a dosis meningies habituals (4 g/dia i
200 mg/kg/dia respectivament), basant-se només en els resultats de sinergia dels
estudis amb models animals (5). Les mateixes guies del 2016 recomanen el tractament
dirigit amb ceftriaxona o cefotaxima a aquestes dosis si la CMI <2 mg/L i, si la CMI és 2
mg/L o més, afegir vancomicina o rifampicina o la combinacié de vancomicina més
rifampicina (1). No es tenen en compte els casos descrits de fracas amb aquest
tractament en soques amb CMI intermédies (3,4) ni I'evidéncia que altes dosis de
cefotaxima (300 mg/kg/dia) podrien ser una alternativa per tractar S pneumoniae amb
una CMI de fins a 2 mg/L (4).

En canvi, les guies franceses del 2009 (65), basades en la mateixa evidéncia, si
que recomanen cefalosporines a dosis altes - cefotaxima (300 mg/kg/dia) o ceftriaxona
(100 mg/kg/dia) - com a tractament empiric de la meningitis pneumococcica descartant

la necessitat d’afegir vancomicina.
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La corticoterapia adjuvant

Un altre dels reptes actuals és definir la dosis necessaria de corticoides adjuvants.
Com s’ha descrit anteriorment, gracies als antibiotics es va poder curar una malaltia que
préviament tenia practicament un 100% de mortalitat. Perd, malgrat I'antibiotic
adequat, els pacients seguien presentant alta mortalitat amb un empitjorament precog
després de I'administracié de I'antibiotic. Aquest efecte es devia a I'exposicié de certes
parts de la paret cel-lular amb la lisi bacteriana provocada pels betalactamics, la qual
conduia a una cascada inflamatoria que provocava empitjorament clinic i fins i tot la

mort (6).

Per controlar aquest efecte col-lateral es va estudiar I'Gs d’antiinflamatoris

potents, com els corticoides.

L'administracié prévia d’aquests corticoides, abans de I'antibiotic, va demostrar
ser beneficiosa en un assaig clinic aleatoritzat el 2002 (7), reduint la mortalitat del 34 al
14% en les meningitis d’etiologia pneumococcica. Les diferencies no van ser
significatives en les meningitis per altres etiologies. En aquest assaig es va testar
Unicament I’Us de dexametasona a dosis altes amb una pauta de 10 mg cada 6 h durant

96h (4 dies).

Estudis de cohorts posteriors, han abonat aquestes troballes amb disminucié de
la mortalitat del 30 al 15% (2). Fins ara, no hi ha estudis publicats que comparin diferents
dosis de corticoterapia, tot i que en alguns assajos clinics més antics en pacients
pediatrics (8), s’havien provat pautes més curtes (dexametasona 0.4 mg/kg/12 h durant

2 dies).
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També es creu que I'administracié de corticoides ha de ser prévia o simultania a
I'antibiotic - a I'assaig clinic (7) s’administrava 15-20 minuts abans que I’antibiotic -
sense una certesa de fins quan continua sent beneficiosa la seva administracié en la
practica clinica, en cas de no haver-ho fet de forma inicial. A les guies europees (1) s’ha
assumit, com a periode raonable per poder administrar els corticoides des de
I"administracié de I’antibiotic, un interval de 4 hores post antibiotic, encara que aquesta
recomanacié no esta basada en estudis especifics sind que es basa en un consens entre

experts.

Al nostre centre, la dexametasona es va comencar a utilitzar de forma
sistematica molts anys abans del 2002, concretament el 1987. Anteriorment, la
dexametasona era utilitzada com a mesura desesperada un cop ja apareixia el
deteriorament clinic postadministracid de betalactamic, sense gaire éxit. Arrel de
diversos casos tragics de meningitis pneumocodcciques amb empitjorament clar
postadministracié d’antibiotic, que no van poder ser rescatats amb I'administracio de
corticoides posterior, es va implantar un protocol de cara a intentar evitar aquesta
mortalitat precog. El protocol incloia 'administracié de dexametasona 12 mg en bolus,

abans o simultaniament a I'administracié d’antibiotic, seguit de 4 mg cada 6 hores
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endovends durant 48 hores, mannitol dosi Unica de 0.5-1 mg/kg si el pacient no
presentava contraindicacié i profilaxis antiepileptica amb fenitoina si no hi havia
alteracions electrocardiografiques. Amb aquestes mesures de forma conjunta es va
aconseguir una reduccio de la mortalitat molt important, tal com es mostra en el segon
estudi de la tesi (66). Davant de resultats molt similars als de I'assaig clinic publicat a
posteriori, es va decidir mantenir la pauta utilitzada al centre i no canviar a les

recomanacions pel que fa a la dosificacié de corticoides.

57



Les complicacions

A més de tot el que s’ha esmentat anteriorment, entre altres grans reptes en el
tractament d’aquesta malaltia hi ha com evitar o prevenir les complicacions, permetent,
no només una reduccié de la mortalitat, sind també de la morbiditat entre els

supervivents i de I'estada hospitalaria.

Les crisis epiléptiques

Concretament, les crisis epileptiques agudes sén una complicacié neurologica
freglient en les meningitis pneumococciques apareixent en un 26-30% dels pacients (2,
9). La infeccié al sistema nervidés central provoca una cascada inflamatoria que
incrementa |’excitabilitat neuronal, podent conduir a crisis epiléptiques. L'aparicié de
lesions corticals com a complicacid de la meningitis bacteriana, com ara abscessos o
infarts cerebrals, també podria contribuir a I'aparicié de les crisis epileptiques (30,10),

tal com succeeix, també, en I'afectacio cortical per altres patologies (67).

La majoria d’aquestes crisis son generalitzades o focals secundariament
generalitzades i apareixen sobretot les primeres 24 hores (30). Aixo fa que una part
d’aquestes crisis les pateixin els pacients abans del diagnostic de meningitis (a domicili,
durant el trasllat, o just en arribar a Urgéncies), i només la resta, les que pateixen un cop
conegut el diagnostic, es podrien considerar crisis potencialment evitables, per exemple,
amb tractament profilactic. En una cohort holandesa recent (2) es descriu un 9% de
casos de crisis epileptiques abans del diagnostic, pero també I'aparicio d’un 18% de crisis

epileptiques durant I’estada hospitalaria.

L'impacte pronodstic de I'aparicié de les crisis epileptiques, malgrat que solen
provocar una afectacié generalitzada amb baix nivell de consciéncia, queda controvertit
a la literatura. Certs estudis (9-11) indiquen una associacié amb pitjor pronostic, mentre

que altres no han aconseguit demostrar aquesta associacié (12).
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El tractament adjuvant amb dexametasona ja disminueix per si sol I'aparicié de
crisis epileptiques entre un 7-8% (2,7). Malgrat que s’ha plantejat la possibilitat de la
profilaxi antiepileptica i, fins i tot, en alguns centres s’havia incorporat de forma
sistematica (68) en la meningitis bacteriana aguda pneumococcica, fins al moment, no
hi ha cap assaig clinic ni estudis publicats que avaluin especificament la profilaxi
antiepiléptica. Per aquest motiu, les guies europees (1) no es posicionen a favor de I'is
rutinari de profilaxi antiepiléptica, sind que recomanen la realitzacié de més estudis al

respecte.

En referéncia als farmacs antiepiléptics utilitzats en I'ambit profilactic,
classicament s’havia utilitzat la fenitoina perqué bloquejava rapidament els canals de
sodi amb un efecte immediat, es podia administrar per via endovenosa i no disminuia el
nivell de consciéncia. Actualment, pero, disposem de nous antiepiléptics més segurs pel

que fa a efectes adversos cardiacs i sense necessitat de monitoratge de nivells.

El 2010 des del nostre centre es va liderar un assaig clinic aleatoritzat multicéntric
que incloia 11 centres espanyols, on es pretenia avaluar la profilaxi antiepileptica amb
fenitoina en pacients majors de 50 anys amb meningitis pneumocodccica.
Malauradament l'estudi no es va poder completar a causa d’un baix ritme de
reclutament que impedia arribar a la mostra necessaria (només es van aleatoritzar 24
pacients en dos anys), tal com es mostra al registre d’assajos clinics

(https://clinicaltrials.gov/study/NCT01478035).
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La vasculitis cerebral

Aguesta complicacid, com hem descrit anteriorment, cada cop s’identifica en un
major nombre de pacients en les séries més recents. El dany vascular sembla que és un
mecanisme clau en la patogénia de la meningitis pneumococcica i les complicacions
cerebrovasculars son més freqiients en les meningitis pneumococciques (29.4%) que en

les meningitis per altres etiologies (69).

La vasculitis cerebral, ara ja definida amb empitjorament neurologic i proves
d’imatge compatibles i sense necessitat de bidpsia, esta associada a mal pronostic:
increment de I'estada hospitalaria, major necessitat d’ingrés a UCI i pitjor recuperacio,
amb dos tercos dels pacients amb GOS<5 a l'alta (17). Aquesta temuda complicacio
apareix entre 4 i 27 dies després de I'ingrés (17), i hi ha multiples publicacions que es
refereixen a una vasculitis cerebral retardada i relacionen I'empitjorament a una
possible suspensié dels corticoides, com si es tractés d’un possible efecte rebot (70-73).
La suma d’aquests casos i la troballa de més incidéncia de vasculitis cerebrals en alguns
estudis de cohorts (74) en pacients tractats amb dexametasona, tot i que no s’ha
reproduit en altres estudis (16,17), ha fet que certs autors suggereixin la hipotesi que un
tractament amb un descens més lent i progressiu de la corticoterapia podria disminuir
la incidéncia d’aquesta complicacié (2). En canvi, també hi ha una altra hipotesi
contraria, que és que dosis més baixes i menys prolongades de corticoterapia puguin
evitar aquesta complicacid, com en I'estudi on presenten menor incidéncia de vasculitis
cerebral els pacients tractats amb la pauta de corticoides a dosis baixa del nostre centre
(17).

Sigui com sigui, comprendre |'etiopatogenia d’aquesta malaltia ens podria guiar
en la seva prevencio, aixi com preveure quin pacient pot presentar aquesta complicacio,

ens permetria personalitzar el tractament.

La matriu extracel-lular és aquesta xarxa o matriu formada per mdultiples

components i que rodeja i sosté les cél-lules, donant forma als teixits.

60



Blood vessel |

Astrocyte-
forming
vascular
endfeet

" | Perineuronal nets

Neural interstitial
matrix

.j.- o ” LMW Typelv © Heparan sul he © Chrondroitin sulph p—
Laminin ~"VAAFibronectin AL, collagen " Hyaluronan 3%95% proteoglycan 3!595% proteoglycan ‘TenascmR

Representacid de la matriu extracel-lular. Adaptat de : (75) Rosenberg GA, Chapter 61 - Matrix
Metalloproteinases and Extracellular Matrix in the Central Nervous System, Primer on Cerebrovascular

Diseases. 2nd Edition. USA. Academic Press; 2017.

Algunes metal-loproteases de la matriu extracel-lular (MMPs) estan implicades
en la patogenia del dany cerebral en la meningitis bacteriana. De fet, els nivells de certes
metal-loproteases al LCR, en concret MMP-2, MMP-9 i el seu antagonista TIMP-1, han
estat relacionats amb la inflamacid i el trencament de la barrera hematoencefalica
conduint al desenvolupament de la vasculitis cerebral i a pitjor pronostic neurologic

(18,19).

Per altra banda, es coneix que la invasivitat i gravetat de la malaltia
pneumococcica esta determinada per certes caracteristiques microbiologiques, com ara
certs serotips o factors de viruléncia, sumades a les caracteristiques de I’'hoste (76,77).
Pero fins on nosaltres sabem, no hi ha publicacions que explorin la possible relacié entre
les caracteristiques microbiologiques del S pneumoniae i el desenvolupament de la

vasculitis cerebral.
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HIPOTESIS

1-

El tractament amb dosis molt altes de cefotaxima (300 mg/kg/dia), tant empiric
com dirigit, per meningitis per S pneumoniae resistents a cefalosporines fins a

una CMI de 2 mg/L, és eficac.

La terapia adjuvant amb corticoterapia utilitzant dexametasona a dosis baixes
(12 mg inicials, seguit de 4 mg/6 hores durant 48 hores) disminueix les

complicacions i mortalitat de les meningitis pneumococciques.

La profilaxi anticomicial adjuvant evita I'aparicié de crisis epileptiques agudes i

millora el pronodstic i la morbiditat de les meningitis pneumococciques.
Certs nivells de metal-loproteases al liquid cefalorraquidi o certes

caracteristiques microbiologiques podrien ser marcadors del desenvolupament

de la vasculitis cerebral com a complicacié de les meningitis pneumococciques.

62



OBJECTIUS

Definim 4 objectius que corresponen a cada un dels estudis presentats a la tesi:

1-

Avaluar I'evolucié dels casos de meningitis deguts a S pneumoniae resistent a
penicil-lina i/o cefalosporines segons diferents pautes antibiotiques i comparar

I’efectivitat pel que fa a curacié, recaiguda i mortalitat.

Avaluar I'impacte en I’evolucié de les meningitis pneumococciques pel que fa a
disminucié de morbiditat i mortalitat de la terapia adjuvant amb dexametasona

reduida de 12 mg en bolus i 4 mg cada 6 hores durant 48 hores.

Avaluar I'efectivitat de la profilaxi anticomicial en les meningitis
pneumococciques pel que fa a la prevencié de les crisis epiléptiques agudes i el

seu impacte en sequeles i mortalitat.

Avaluar els nivells de diferents metal-loproteases al liquid cefalorraquidi de la
puncid lumbar diagnostica de meningitis pneumococcica i les caracteristiques de
les soques de S pneumoniae i la seva relacié amb 'aparicié de complicacié en

forma de vasculitis cerebral.
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Meningitis per pneumococ resistent a penicil-lines i cefalosporines: tractament en la

vida real i a les guies
Introduccid

Els anys 70 van apareixer els primers casos de meningitis per S pneumoniae
resistent a penicil-lines (CMI>0.06 mg/L) i a les cefalosporines (CMI >0.5 mg/L). Aquestes
soques van arribar a representar entre un 20-50% dels casos de meningitis
pneumococciques. Aixd va provocar fracassos del tractament empiric i dirigit,
inicialment amb penicil-lines i després amb cefalosporines de tercera generacié a dosis
meningies estandards (CRO 4 g/dia, CTX 150-200 mg/kg/dia). Malgrat aixo, en les
darreres guies europees (1), les cefalosporines de tercera generacié a dosis meningies
estandards continuen sent la recomanacid de tractament empiric i dirigit si la CMI <2

mg/L, afegint vancomicina o canviant a vancomicina i rifampicina si CMI = a 2 mg/L.
Resultats

Vam analitzar 339 episodis de meningitis pneumococcica del periode 1977 a
2018, dels quals 93 eren per S pneumoniae resistent a penicil-lina i 35 resistent a
cefalosporines (CMI maxima de 2 mg/L). La mortalitat global va ser del 12% en el periode
amb Us de dexametasona adjuvant i similar entre els casos susceptibles i resistents. La
cefotaxima a dosis altes (300 mg/kg/dia) no va experimentar fracassos terapéutics i va
permetre la curacié de fins a 6 casos amb CMI de 2 mg/L. També va permetre rescatar
4 casos amb resistencia a les cefalosporines que havien recaigut i van ser tractats
inicialment amb ceftriaxona 4 g/dia, pero presentaven una CMI d’1 o 2 mg/L, o amb

vancomicina que no presentava nivells adequats en sang, amb rifampicina o sense.
Conclusio

La cefotaxima a dosis altes és un bon tractament empiric en zones amb alta
prevalenca de resisténcia a penicil-lina i cefalosporines fins a CMI de 2 mg/L. També és

un bon tractament dirigit per S pneumoniae amb una CMI > 0.5 mg/Li<a 2 mg/L.
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ABSTRACT To report on the therapy used for penicillin- and cephalosporin-resistant
pneumococcal meningitis, we conducted an observational cohort study of patients admit-
ted to our hospital with pneumococcal meningitis between 1977 and 2018. According to
the European Committee on Antimicrobial Susceptibility Testing (EUCAST) recommenda-
tions, we defined pneumococci as susceptible and resistant to penicillin with MIC values
of =0.06 mg/L and > 0.06 mg/L, respectively; the corresponding values for cefotaxime
(CTX) were =0.5 mg/L and >0.5 mg/L. We treated 363 episodes of pneumococcal men-
ingitis during the study period. Of these, 24 had no viable strain, leaving 339 episodes
with a known MIC for inclusion. Penicillin-susceptible strains accounted for 246 episodes
(73%), penicillin-resistant strains for 93 (27%), CTX susceptible for 58, and CTX resistant
for 35. Nine patients failed or relapsed and 69 died (20%), of whom 22% were among
susceptible cases and 17% were among resistant cases. During the dexamethasone pe-
riod, mortality was equal (12%) in both susceptible and resistant cases. High-dose CTX
(300 mg/Kg/day) helped to treat failed or relapsed cases and protected against failure
when used as empirical therapy (P = 0.02), even in CTX-resistant cases. High-dose CTX is
a good empirical therapy option for pneumococcal meningitis in the presence of a high
prevalence of penicillin and cephalosporin resistance, effectively treating pneumococcal
strains with MICs up to 2 mg/L for either penicillin or CTX.

KEYWORDS antibiotic resistance, cefotaxime, ceftriaxone, bacterial meningitis

treptococcus pneumoniae remains one of the most feared causes of bacterial menin-

gitis, historically showing the highest morbidity and mortality among community-
acquired cases and still presenting as the most frequent cause in Europe (1, 2). Treating
bacterial meningitis has become even more difficult since penicillin-resistant strains
arose as causes of meningitis in the late 1970s (3, 4), with many case reports or case se-
ries in the 1980s and 1990s reporting treatment failures. Crucially, these strains were also
resistant to antibiotics such as cotrimoxazole, tetracycline, and chloramphenicol (5-9)
and may be fully susceptible, intermediate, or resistant to third-generation cephalospo-
rins and other beta-lactams (8). The numbers differed by country and geography, and
although the causes are not clear-cut, the overuse of beta-lactam antibiotics and the
spread of efficient strains have been widely invoked as major contributors (10-16).

Penicillin-resistant pneumococci represent a major threat in terms of both antimi-
crobial resistance and global public health (17, 18). In Spain, the number of resistant
cases had grown to almost40% of pneumococcal meningitis cases by 1997 (11), with
similar growth seen in many other countries (10, 13-15). After confirming penicillin
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Resistant Pneumococcal Meningitis

failure (5), we have several therapeutic options based on research, recommendations,
and clinical assumptions (19-25). Failure has also been reported with standard menin-
geal doses of third-generation cephalosporins (9, 21). However, clinical trials are diffi-
cult to perform due to the low number of cases and dramatic disease course of pneu-
mococcal meningitis, resulting in limited evidence-based knowledge about how to
treat penicillin- and cephalosporin-resistant disease. Animal models have shed some
light (26-34), with guidelines for bacterial meningitis often relying on results from
these studies or expert opinion (35, 36). Current European guidelines recommend
standard meningeal doses of a third-generation cephalosporin to treat cephalosporin-
resistant strains.

Given our near 40-year experience treating penicillin-resistant pneumococcal men-
ingitis, we sought to report on the outcomes of therapy for penicillin- and/or cephalo-
sporin-resistant pneumococcal meningitis in a real-world setting.

RESULTS

Clinical and laboratory characteristics. Between 1977 and 2018, we attended 363
episodes of pneumococcal meningitis, of which 24 were diagnosed by means without
viable strain (pneumococcal antigen, Gram stain, or the strain was not available for
MIC determination), leaving 339 episodes with known susceptibility data. Among these
episodes, 246 (73%) were due to susceptible strains and 93 (27%) were due to resistant
strains. Data on vaccination status prior to the episode are available from 2004 to
2018, corresponding to 128 episodes. Forty-one (32%) had a pneumococcal vaccine
previous to the meningitis episode, and it was the pneumococcal polysaccharide vac-
cine (Pneumovax 23) in all cases.

Fig. 1 and 2 summarizes the evolution over time. Tables 1 to 3 summarize the de-
mographic characteristics, infection source, clinical and laboratory data, therapy and
evolution, and comparison of penicillin-susceptible and penicillin-resistant cases. The
groups had no major differences. However, cases due to resistant strains were associ-
ated with higher prehospital antibiotic use and lower cerebrospinal fluid (CSF) culture
positivity, were more common in cases with solid or hematological neoplasm or with
immunodeficiency, and were less often associated with posttherapy seizures and the
need for antiseizure therapy. Clinical characteristics were similar on admission, with
9.8% presenting with shock, 34% having a Glasgow coma scale score =8, and 13% pre-
senting with seizures before therapy. Patients with cefotaxime (CTX)-resistant strains
had fewer seizures after therapy despite groups receiving antiseizure prophylaxis in
the same proportions. Blood cultures were positive in 79% of episodes, again without
differences between groups.

Since 1987, 220 cases (65%) received corticosteroids and 54% received antiseizure pro-
phylaxis. Sequelae developed in 21% of cases, with hearing loss the most frequent.
Overall, 69/339 patients (20%) died, with neurological causes being more frequent than
systemic. Resistance to penicillin or a third-generation cephalosporin was unrelated to
mortality (P values of 0.344 and 0.742, respectively). Strains with a penicillin MIC > 1 mg/L
or resistance to a third-generation cephalosporin were associated with therapeutic failure
(P values of 0.001 and 0.009, respectively).

Microbiological characteristics. The penicillin MICs were 0.03 mg/L for 173 strains,
0.06 mg/L for 73 strains, 0.12 mg/L for 12 strains, 0.25 mg/L for 12 strains, 0.5 mg/L for
17 strains, 1 mg/L for 13 strains, 2 mg/L for 29 strains, and 4 mg/L for 10 strains. In total,
35 strains were resistant to a third-generation cephalosporin (MICs of 1 mg/L for 29 strains
and 2 mg/L for six strains), but none were both resistant to a third-generation cephalospo-
rin and susceptible to penicillin.

The capsular type could be determined in 241 cases. Nevertheless, for some isolates
collected before 1990, only serogroup data were available. Overall, serotype 3 was
most frequent with 25 isolates, followed by serotype 8 (n = 16), 9V (n = 14), 19A
(n=11),10A (n=9), 23F (n =9), 14, 18C, and 24F and 6B (n = 8, each). Among penicillin
resistant strains (MIC > 0.06 mg/L) serotypes 9V (n = 14), 14, 19A, 23F,and 6B (n = 7,
each) were the most frequent. Furthermore, these five serotypes were also associated
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FIG 1 Evolution of penicillin and cefotaxime resistance and total number of episodes of S. pneumoniae meningitis.

with cefotaxime resistance (MIC > 0.5 mg/L) serotypes 9V (n = 7), 14 (n = 5), 19A
(n=5), 23F (n = 4),0 and 6B (n = 4). Including oldest strains of serogroups 19, 23, and 9,
these five serotypes accounted for 67% and 100% of penicillin- and cefotaxime-resist-
ant strains. Molecular typing (either PFGE or MLST) could be determined for 175 strains,
the most frequent clonal complexes (CC) were: CC156 (n = 20, serotypes 9V, 14, 11A),
ST97 (n = 9, serotype 10A), CC81 (n = 8, serotypes 23F and 19A), CC260 (serotype 3,
n = 8), and CC180 (serotype 3, n = 7). All strains belonging to CC156 and CCT81 were
resistant to penicillin. Mortality was present among patients with strains belonging to
at least 18 serogroups. The most frequent among patients who died was serotype 8
with seven patients followed by serotypes 12, 14, and 19A with three each.

Therapy outcomes. Table 2 shows the role of different antibiotics as initial or final
therapy in penicillin and/or cephalosporin-resistant pneumococcal meningitis. Beta-lac-
tams were used as empirical therapy alone in 75% of episodes and as final therapy in 82%.

Since introducing dexamethasone (1987 to 2018), we used the following therapeu-
tic regimens as empirical therapy in 220 episodes: penicillin (n = 3), third-generation
cephalosporin (n = 163; of these, 135 with high-dose CTX and 28 with meningeal doses
of ceftriaxone (CRO) to a 4 g maximum dose), vancomycin (n = 12), a third-generation
cephalosporin plus vancomycin (n = 12), vancomycin plus rifampin (n = 10), CRO plus
ampicillin (n = 14), and the rest with other antibiotics. Among the cases treated during
the dexamethasone period, 200 patients (90%) received beta-lactam monotherapy as
their final treatment: 36 received high-dose CTX and the rest received meningeal doses
of CRO (usually 4 g). Another eight patients received vancomycin and another nine
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received vancomycin plus rifampin as part of different studies (19), while three received
vancomycin plus CRO.

Table 3 shows the evolution of the different episodes by penicillin and cephalosporin
susceptibility. Global mortality was similar between penicillin-susceptible (53/246; 22%)
and penicillin-resistant (16/93; 17%) cases and between cephalosporin-susceptible (9/58;
16%) and cephalosporin-resistant (7/35; 20%) cases. Among the cephalosporin-resistant
cases, mortality was 24% (7/29) in cases with an MIC of 1 mg/L (six received high-dose
CTX and one received CRO). Six cases with an MIC of 2 mg/L survived after receiving
high-dose CTX (n = 4), high-dose CTX plus vancomycin (n = 1), or vancomycin plus rifam-
picin (n = 1). Concerning early mortality, penicillin-resistant cases (7/93; 8%) tended to
have lower mortality than penicillin-susceptible cases (36/246; 15%) (P = 0.081), includ-
ing mortality due to early sepsis (1 [<1%] versus 9 [4%)] cases, respectively).

Overall mortality was also lower in the dexamethasone period (27/220; 12%), and we
found no differences among penicillin-susceptible (18/147; 12%), penicillin-resistant
cephalosporin-susceptible (4/42; 10%), and cephalosporin-resistant (5/31, 16%) cases. No
major differences in mortality existed among the different empirical therapy groups.

Therapeutic failures and case analysis. Among the nine therapeutic failures (2.6%),
four had penicillin-susceptible disease (4/246; 2%), two relapsed after penicillin therapy
due to unresolved otic pathology (cases 1 and 2; Table 4), and two received vancomycin
(cases 5 and 6; Table 4). In the penicillin-resistant cephalosporin-susceptible group, one
patient (1/58 2.2%) with a penicillin MIC of 4 mg/L experienced penicillin treatment fail-
ure (case 3, Table 4). In the cephalosporin-resistant group, four cases failed (4/35, 14%
P =0.001): two receiving vancomycin (alone or with rifampicin) with low vancomycin lev-
els (cases 4 and 9) and two receiving CRO with MICs of 1 and 2 mg/L. Ultimately, all four
cases had good outcomes with high doses of CTX.

Due to the relapses in these cases, we use high-dose CTX (300 mg/Kg/d) routinely as
both empirical therapy and for highly resistant cases. No patients treated with high
doses of CTX failed or relapsed and its use appeared to protect against treatment failure
(P = 0.02). Vancomycin alone as initial therapy was statistically significantly related to
treatment failure (P = 0.002). Among patients in the dexamethasone era, six out of 220
(2.7%) experienced therapeutic failure, with a higher frequency among cephalosporin-
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TABLE 1 Clinical and laboratory characteristics and outcomes of patients with meningitis due to penicillin-susceptible and -resistant

S. pneumoniae

Susceptible® Resistant® P value® Total
Characteristics N =246 (73%) N =93 (27%) N =339
Age median (IQR) 58 (42 68) 56 (40 66) 58 (42 67)
Gender (female) 104 (43%) 47 (51%) 0.184 151 (45%)
Hospital acquired 11 (4%) 8(9%) 0.138 19 (6%)
Recurrent episode 31(13%) 13 (14%) 0.710 44 (13%)
Any underlying disease 99 (40%) 40 (43%) 0.624 139 (41%)
Solid or hematologic neoplasm 10 (4%) 9 (10%) 0.044 19 (6%)
Immunodeficiency 1 (0.4%) 4 (4%) 0.021 5(1.5%)
Previous antibiotic 49 (20%) 31 (33%) 0.010 80 (24%)
Source of infection
Unknown 41 (17%) 14 (15%) 0.719 55 (16%)
Pericranial fistula 73 (30%) 30 (32%) 0.644 103 (30%)
Sinusitis 8 (3%) 5 (5%) 0.103 13 (4%)
Otitis 96 (39%) 32 (34%) 0.446 128 (38%)
Pneumonia 24 (10%) 8 (9%) 0.746 32 (9%)
Endocarditis 2 (1%) 2 (2%) 0.308 4 (1%)
Other 2 (1%) 2 (2%) 0.308 4 (1%)
Other clinical characteristics
Fever 209 (87%) 81 (88%) 0.814 290 (87%)
Shock 24 (10%) 9 (10%) 0.988 33 (10%)
Headache 168 (72%) 66 (74%) 0.632 234 (72%)
Nuchal stiffness 209 (85) 77 (84% 0.530 286 (85%)
Nausea/vomiting 135 (63%) 53 (64%) 0.939 188 (64%)
Coma admission (Glasgow = 8) 88 (36%) 25 (27%) 0.130 113 (34%)
Cranial nerve palsy 25 (10%) 6 (6%) 31 (9%)
Hemiparesis 40 (16.5%) 9 (9.8%) 0.123 49 (14.6%)
Seizures 75 (30.7%) 23 (25.3%) 0.328 98 (29.3%)
Before therapy 30 (12%) 1515 (17%) 0.340 45 45 (13%)
Seizures after therapy 44 (18.4%) 8 (8.8%) 0.031 52 (15.8%)
Laboratory test
CSF cloudy/purulent 205 (88%) 39 (91%) 284 (89%)
Median CSF WBC (IQR) 2435 (504 5798) 2168 (509 6900) 2400 (530 5800)
CSF hypoglycorrhachia 189 (83%) 82 (91%) 0.076 271 (86%)
CSF proteinorrhachia >5g 86 (39%) 39 (44%) 0.452 125 (41%)
Positive CSF Gram's stain 187 (82%) 73 (81%) 0.837 260 (82%)
Positive CSF culture 216 (92%) 73 (81%) 0.008 289 (89%)
Positive blood culture 177 (79%) 66 (79%) 0.918 243 (79%)
Thrombocytopenia 23 (10%) 5 (6%) 0.208 28 (9%)
CT scan on admission 149 (61%) 61 (66%) 210 (62%)
Abnormal CT scan on admission 66 (44%) 26 (43%) 92 (44%)
Median total hospital days (IQR) 17 (11 25) 18(1229) 17 (11 26)
Relapse or failure 4 (1.6%) 5 (6.6%) 0.041 9 (2.6%)
Sequelae 46 (24%) 11 (14%) 0.231 57 (21%)
Epilepsy 5 (3%) 2 (3%) 7 (3%)
Cranial nerve palsy 7 (4%) 3 (4%) 10 (4%)
Hearing impairment 13 (7%) 1(1%) 0.082 14 (5%)
Hemiparesis 3 (2%) 2 (3%) 5(2%)
Hydrocephalus shunt 4 (2%) 0 4 (1%)
Combination/other 14 (7%) 3 (4%) 13 (5%)
Total mortality 53 (22%) 16 (17%) 0.344 69 (20%)

aP < 0.05 was considered significant.

bSusceptible MIC =0.06 mg/L, range <0.03 to 0.06 mg/L.

Resistant MIC >0.06 mg/L, range 0.12 to 4 mg/L.
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TABLE 2 Therapy for S. pneumoniae meningitis both susceptible and resistant to penicillin

Initial antibiotic therapy Susceptible? N = 246 Resistant® N = 93 P value© Total N =339
Penicillin 79 7 86
Ampicillin 2 2 4
Total penicillins 81 9 920
Failure or relapse 2 1 3
Cured 52 59 55
Dead 27 3 30
Cefotaxime/HDCTX 105/99 50/47 155/146
Failure or relapse 0 0 0
Cured 89/86 41/39 130/125
Dead 16/13 9/8 25/21
Ceftriaxone 26 9 35
Failure or relapse 0 26 2
Cured 22 5 27
Dead 4 2 6
Total 3rdG cephalosporins 132 59 191
Ceftriaxone + ampicillin 12 2 14
Total beta-lactams 225 (91%) 70 (75%) 0.00 295 (87%)
Chloramphenicol 1 1 2
Vancomycin 7 8 15
Failure or relapse 3 10 4
Cured 3 7 10
Dead 1 0 1
Vancomycin + rifampicin 5 5 10
Failure or relapse 0 10 1
Cured 4 4 8
Dead 1 0 1
CRO/CTX + vancomycin 5 7 12
Failure or relapse 0 0 0
Cured 5 7 12
Dead 0 0 0
Other 4 2 6
Final antibiotic therapy
Penicillin 86 3 89
Ampicillin 3 2 5
Total penicillins 89 5 94
Cefotaxime 18 39 57
Ceftriaxone 130 32 162
Total 3rdG cephalosporins 148 71 219
Total Beta-lactams 238 (97%) 76 (82%) 0.00 313 (92%)
Chloramphenicol 0 2 2
Vancomycin 4 8 12
Vancomycin + rifampicin 5 4 9
CRO/CTX + vancomycin 0 3 3
Median antibiotic days (IQR) 10(10 14) 10 (10 14) 10 (10 14)
Other therapies
Dexamethasone *+ mannitol 147 (125) (60%) 74 (50) (80%) 0.00 221 (175) (65%)
Antiseizures therapy 73 (30.8%) 18 (20%) 0.051 91 (27.9 %)
Antiseizures prophylaxis 118 (49.2%) 59 (66.3%) 0.006 177 (53.8%)
Mechanical ventilation 84 (35.3%) 30 (33.7%) NS 114 (34.8%)

9Three increasing doses of penicillin and two switching to third-generation (3rdG) cephalosporin when MIC was known.
bAll cured switching to high dose of cefotaxime (300 mg/Kg/d).

P < 0.05 was considered significant.

dSusceptible MIC = 0.06mg/L, range <0.03 to 0.06 mg/L.

¢Resistant MIC >0.06 mg/L, range 0.12 to 4 mg/L.
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TABLE 5 Recommendations for definitive therapy by the MIC of cefotaxime

Cefotaxime

MIC Therapy“

<1mg/L  Ceftriaxone 100 mg/Kg with 4 g as maximum dose

1to2mg/L Cefotaxime 300 mg/Kg/d in 4 divided doses

>2mg/L  Cefotaxime 300 mg/Kg/d in 4 divided doses + vancomycin 30 mg/Kg/12 h

Allergy Vancomycin 30 mg/Kg/12 h + rifampicin15 mg/Kg/24 h 900 mg/24 h maximum dose

aAlways check serum vancomycin levels when using vancomycin. Avoid penicillin, ampicillin, and vancomycin as
monotherapy.

resistant cases (4/31; 15%) (P = 0.005). In fact, cephalosporin resistance was significantly
associated with therapeutic failure (P = 0.002).

Analysis of sequelae. The number of sequelae varied between groups, occurring in 46
of 193 (24%) survivors with susceptible strains and six of 28 (22.2%) survivors with CTX resist-
ance, and both being higher than the five of 49 (11%) with penicillin-resistant strains suscep-
tible to CTX. The numbers were similar in the dexamethasone period, with 28 of 129 (22%)
susceptible cases, six of 26 (24%) cephalosporin-resistant cases, and three of 38 (8%) penicil-
lin-resistant but cephalosporin-susceptible cases experiencing sequelae (P = 0.04). Hearing
loss was 13/246 (5%) in susceptible cases and 1/93 (2.2%) in resistant cases (P = 0.082).
Globally, we observed a pattern of less mortality, less early mortality, fewer sequelae, and
less hearing loss among patients with penicillin-resistant CTX-susceptible strains.

DISCUSSION

This study included a large series of patients with beta-lactam-resistant pneumo-
coccal meningitis and covered the evolution of resistance and therapy in a real-world
setting over 3 decades. This revealed that patients with penicillin resistance and sus-
ceptibility are similar except for the former having more comorbidities and/or contact
with the health system. However, patients with strains resistant to penicillin but sus-
ceptible to cephalosporins seemed to have better outcomes, with a clear tendency to
have less mortality, less early mortality, and fewer sequelae, including hearing loss.

Our experience also revealed that penicillin and ampicillin should be avoided due
to the high prevalence of therapeutic failure from the beginning of the resistance era
(5). In addition, vancomycin monotherapy appeared unsafe and produced multiple
therapeutic failures, usually due to erratic CSF vancomycin levels (19). Using dexameth-
asone may contribute to erratic CSF levels (27, 28, 37), but given that this treatment is
mandatory in pneumococcal meningitis, vancomycin monotherapy should be avoided.
An alternative is to use vancomycin plus rifampin, which has superior efficacy to vanco-
mycin monotherapy despite concomitant dexamethasone use. Only one therapeutic
failure occurred due to low serum vancomycin levels when using this approach, but
this was readily cured with high doses of CTX. The short experience with the other
nine patients, all cured without major problems, may suggest that vancomycin plus
rifampin might be a good alternative in cases with true allergy or toxicity associated
with beta-lactam use. Experience in an animal model corroborates our experience (28).

Standard meningeal doses of CRO (50 mg/Kg/d) or CTX (200 mg/Kg/d) were useful for
treating pneumococcal meningitis due to penicillin-resistant strains fully susceptible to
third-generation cephalosporins (MIC = 0.5 mg/L); however, our experience revealed that
they could fail in cases with higher MICs. This experience prompted us to use high-dose
CTX (300 mg/Kg/d) as empirical therapy in all cases until the MIC was known and to main-
tain this therapy in cases due to strains with MICs of 1 or 2 mg/L. Our experience with this
practice has been very good, with no cases of therapeutic failure when used for empirical
therapy and evidence that it was a good final therapy option. Consistent with this, doses
of 300 mg/Kg/d are recommended in French guidelines (38) for empirical therapy. The
equivalent dose of CRO (100 mg/Kg/d) has not been used by us because the manufacturer
advised against using doses exceeding 49/24 h, which makes the 100 mg/Kg/d option
available only to people weighing =40kg. Recent experience in France, where high doses
of CRO are recommended for empirical therapy (39), has revealed excellent evolution and
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a very low number of adverse events. The high doses of CTX we use have also proven to
be safe with the concomitant use of dexamethasone, and in cases resistant to CTX/CRO,
without adding vancomycin. Current European guidelines (36) recommend standard me-
ningeal doses in cases with MICs <2mg/L to third-generation cephalosporins, which may
be not enough according to our experience, and also recommend adding vancomycin in
cases with an MIC of 2 mg/L, which may not be necessary.

Based on our experience, we have proposed some updates to treatment recom-
mendations, as shown in Table 5. Using high-dose CTX, and possibly CRO given the ex-
perience in both this study and in French settings, and especially if confirmed by wider
experience, might require considering S. pneumoniae with MICs of 1 and 2 mg/L to
CTX/CRO as “susceptible at increased doses” rather than “resistant.” Vancomycin plus a
third-generation cephalosporin might be another good option for empirical and defini-
tive therapy, consistent with recommendations in several guidelines (36). We use
vancomycin with a third-generation cephalosporin (high-dose CTX) because standard
meningeal doses of third-generations cephalosporin represent a more dangerous
option in this context. Using high-dose CTX then makes concomitant vancomycin
unnecessary, at least up to an MIC of 2 mg/L for CTX. In cases with higher MICs, it
would be safe to add the second antibiotic later. Despite these informative results, our
study is limited by the cohort design and a long study period that has seen many im-
portant changes in medical practice; however, this is also a major strength of the study,
showing how penicillin and cephalosporin resistance can be handled effectively.

In conclusion, high-dose CTX (300 mg/Kg/d) is a good empirical therapy option for
pneumococcal meningitis in settings with high levels of penicillin and cephalosporin
resistance. It is also a good option for treating cases where the MIC is =2mg/L for peni-
cillin or CTX/CRO. Care should be taken to avoid penicillin, ampicillin, or vancomycin
monotherapy.

MATERIALS AND METHODS

This is an observational cohort study of patients admitted with pneumococcal meningitis to a large
university hospital in Barcelona between 1977 and 2018, where all cases of bacterial meningitis have
been routinely recorded using a 120-variable protocol. Our hospital admitted patients as young as
7 years old between 1977 and 1994, but since then, it has only admitted patients aged =14 years. For
analysis, we included all episodes of meningitis due to S. pneumoniae, defined as follows: (i) clinical find-
ings of meningitis with S. pneumoniae isolated in the blood or CSF; (ii) in the absence of positive cul-
tures, detecting Gram-positive diplococci in the CSF Gram stain; or (i) the detection of pneumococcal
antigen in the CSF or PCR determination in the CSF.

Meningitis was diagnosed by inflammatory parameters in the CSF, as the presence of at least 5 white
blood cells (WBC)/mm? or positive CSF culture. Pneumococcal isolates were identified and serotyped at
the Spanish Pneumococcal Reference Laboratory. Antibiotic susceptibility was determined systemati-
cally. MICs for penicillin, CTX, and other antibiotics were determined by microdilution, using commercial
panels from the Sensititre system (TREK Diagnostic Systems Ltd.) according to the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) recommendations and criteria (40). We therefore con-
sidered S. pneumoniae strains penicillin-susceptible with MICs =0.06 mg/L, penicillin-resistant with
MICs >0.06 mg/L, CTX-susceptible with MICs =0.5 mg/L, and CTX-resistant with MICs >0.5 mg/L.

Since 1987, all patients with either suspected pneumococcal meningitis or a CSF pressure =30cmH,0
received dexamethasone (4 mg every 6 h for 48 h, started before or with the first antibiotic dose) and seiz-
ures prophylaxis with phenytoin.

Patients admitted between March 1988 and January 1989 have been included in a clinical trial of intra-
venous (IV) vancomycin (19), while patients admitted between March 1993 and March 1996 were included
in a trial of vancomycin plus rifampin versus high-dose CTX. Otherwise, empirical and final therapy con-
sisted of beta-lactams in all remaining periods: IV penicillin (150 to 180 mg/Kg/day), high-dose IV penicillin
(300 mg/Kg/day), or a third-generation cephalosporin, which usually involved 4 g CRO or a standard me-
ningeal dose (200 mg/Kg/day) or a high dose of CTX (300 mg/Kg/day). Between 1977 and 1986, patients
received 14 days of therapy, but between 1987 and 2018, they received 10 days of therapy.

All patients were evaluated daily and underwent complete hematological and biochemical tests. All
patients surviving pneumococcal meningitis were monitored as outpatients and followed to resolution
of all symptoms or consideration of sequelae 3 months after the initial infection. Neurological sequelae
included epilepsy, hearing loss, cranial nerve palsy, hydrocephalus needing a shunt, and/or hemiparesis.

Mortality during hospitalization was recorded and the mechanism of death was classified as early
sepsis or neurological (first 48 h), late neurological, or not neurological. Therapeutic failure was consid-
ered if the illness recurred, which we defined as a rise in fever and meningeal signs and symptoms after
a clear initial improvement or after symptom resolution and therapy completion.
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Statistical analysis. Continuous variables are expressed as means * standard deviations or as me-
dian with interquartile ranges (Q1 to Q3). For descriptive analysis, categorical data were compared using
the chi-square test or Fisher exact test, and continuous data with the t test or Mann-Whitney U test.

Ethics. The Ethics Committee of our center approved this study (EOM016/21) and waived the neces-
sity of informed consent due to the observational nature of the study with the guarantee of anonymous
data collection.
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Impacte de dosi baixa de dexametasona, dosis unica de mannitol i profilaxi

antiepiléptica en el pronostic de la meningitis pneumococcica: perspectiva de 30 anys
Introduccid

En els pacients amb meningitis pneumococcica s’observava un deteriorament
clinic i mortalitat precog després de I'administracié d’antibiotic betalactamic efectiu pel
pneumococ. Els estudis experimentals van demostrar que la lisi del bacteri exposava
parts de la paret cel-lular que provocaven una gran cascada inflamatoria amb efectes
deleteris. La mortalitat en aquell moment era del 35%. Per evitar aquest efecte, des del
1987 al nostre centre es va implementar un protocol que incloia I'administracio de
forma previa o simultania a I'antibiotic de dexametasona 12 mg inicials seguits de 4 mg
cada 6 hores durant 48 h, aixi com una dosi Unica de mannitol i profilaxi antiepileptica.
Un assaig clinic el 2002 (7) va demostrar beneficis de la dexametasona en pauta de 10

mg cada 6 hores durant 96 h en la mortalitat, reduint la mortalitat al 12%.
Resultats

S’analitzen un total de 363 episodis de meningitis pneumococcica des de 1977 a
2018 amb 242 casos tractats amb dexametasona de forma sistematica i 121 sense. Hi ha
una disminucio de la mortalitat de 35% al 11.5% clarament significativa, sobretot per
disminucié de la mortalitat preco¢ (abans de 48 h) i també de la mortalitat de causa
neurologica. No s’observen diferéncies significatives en pacients que a més van rebre
mannitol (n=173), pero si en els pacients que van rebre profilaxi antiepiléptica (n=184)

amb menys mortalitat i millor recuperacio.
Conclusié

La dexametasona a dosis reduida, acompanyada de mannitol i profilaxi
antiepiléptica, és almenys igual d’efectiva per reduir la mortalitat que la dosi de
dexametasona actualment recomanada. No s’ha observat un efecte independent del
mannitol, perd si que caldria avaluar especificament l'impacte de la profilaxi

antiepiléptica per separat.
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ABSTRACT

Objectives: This study details the accumulated experience of more than 31years using a low-dose systematic dexa-
methasone protocol with mannitol and antiseizure prophylaxis for the treatment of suspected pneumococcal meningitis.
Methods: Data have been prospectively collected for the period1977-2018. From 1987, patients with suspected
pneumococcal meningitis received 12 mg dexamethasone followed by 4 mg/6 h for 48 h, started before or with the first
antibiotic dose. They also received (1) a single intravenous dose of 0.5-1g/Kg mannitol, and (2) antiseizure prophylaxis
with phenytoin.

Results: In total, 363 episodes of pneumococcal meningitis were recorded. Of these, 242 were treated with the dexa-
methasone protocol after 1987 and 121 were treated without the protocol. Overall mortality was 11.6% (28/242) among
patients treated with dexamethasone and 35% (43/121) among those treated without dexamethasone (p =0.000). Early
mortality was significantly lower at 5.8% (14/242) with dexamethasone and 24% (29/121) without dexamethasone
(p=0.000). Finally, neurological mortality was significantly lower at 7.4% (18/242) with dexamethasone and 23% (28/
121) without dexamethasone (p = 0.000).

Conclusions: A low dose of dexamethasone along with a single dose of mannitol and antiseizures prophylaxis might be
useful for reducing both overall and early mortality in pneumococcal meningitis in adult patients.
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Introduction

Pneumococcal meningitis is the most common cause of
bacterial meningitis among adults in Europe and is traditio-
nallyassociated with higher morbidity and mortality [1,2].
In-hospital mortality in the 1980s was around 30% in most
hospitalsand it was frequently observed that patients deter-
iorated after starting antibiotic therapy [3,4]. Sometimes
patients needed intubation due to reduced consciousness,
and starting corticosteroid therapy was of no benefit at
this point. This led tocontroversy around the utility of dexa-
methasone in the setting of pneumococcal meningitis
[5-7]. However, several studies in animal modelsreported
an inflammatory cascade that started with antibiotic treat-
ment, usually beta lactam antibiotics. They demonstrated
that a lytic mechanism exposed parts of the cell wall, trig-
gered the inflammatory response, and multiplied its dele-
terious effects [8,9]. The idea of preventingthese effectswith
prophylactic dexamethasone began to gain traction.

In late eighties, clinical deterioration and high mortality
after starting antibiotic therapy for pneumococcal meningi-
tis led our hospital to introduce a dexamethasone proto-
col, starting with a loading dose of 12 mg (either before or
with the antibiotic), followed by 4mg doses every 6 h for
48h. The protocol includeda single dose of mannitol and
seizure prophylaxis with phenytoin [10,11] since acute
symptomatic seizures may occur shortly after an insult to
the brain because infection cause inflammatory responses
increasing neuronal excitability that could lead to seizures.

After its implementation in 1987, mortality dropped
from 35% to 12% and the protocol became standard
care. In 2002, a Dutch randomised clinical trial confirmed
the utility of dexamethasone in a similar protocol (10 mg
every 6h for 4days), achieving a drop in mortality to
12% [12]. The use of dexamethasone for bacterial men-
ingitis has since been implemented worldwide, with its
place in the armamentarium for pneumococcal meningi-
tis firmly established. Nevertheless, because we achieved
a similar drop in mortality, we decided to continue with
the lower 4mg dose every 6 hoursfor just 2 days.

This study detailsour accumulated experience for over
31years with theroutine use of low-dose dexametha-
sone, mannitol, and antiseizure prophylaxis for pneumo-
coccal meningitis.

Material and methods
Study design and participants

We conducted an observational cohort study of patients
admitted with pneumococcal meningitis to a large

university hospital in south metropolitan Barcelona
between 1977 and 2018. Since 1977 all cases of bacterial
meningitis have been routinely recorded using a 120-
variable protocol. The hospital admitted patients as
young as 7 years old between 1977 and 1994, but since
then, has only admitted patients aged >14years.

Treatment protocol

Diagnosis of meningitis

For analysis, we included all episodes of meningitis due
to S. pneumoniae, defined as follows: (1) clinical findings
of meningitis, with S. pneumoniae isolated in the blood
or cerebrospinal fluid (CSF); (2) in the absence of posi-
tive cultures, detecting gram-positive diplococci in the
CSF Gram stain; or (3) pneumococcal detection in CSF
by antigen (Binax) or PCR.

Meningitis was diagnosed by inflammatory parameters
in the CSF, as the presence of at least 5 white blood cells
(WBC)/mm? or positive CSF culture. Pneumococcal isolates
were identified by standard procedureand serotyped at
the Spanish Pneumococcal Reference Laboratory. Antibiotic
susceptibility was determined systematically. Minimum
inhibitory concentrations (MIC) for penicillin, cefotaxime/
ceftriaxone, and other antibiotics were determined by
microdilution, using commercial panels from the Sensititre
system (TREK Diagnostic Systems Ltd), according to the
European Committee on Antimicrobial Susceptibility Test-
ing (EUCAST) criteria [13]. We considered S. pneumoniae
strains penicillin-susceptible for MICs <0.06 mg/L, penicil-
lin-resistant for MICs > 0.06 mg/L, cefotaxime-susceptible
for MICs <0.5mg/L, and cefotaxime-resistant for MICs
>0.5mg/L.

Management of meningitis
From 1987, all patients with either suspected pneumococ-
cal meningitis or a CSF pressure >30 c¢cmH,O received
dexamethasone as follows: a first dose of 12 mg followed
by 4mg every 6h for 48 h, started before or with the first
antibiotic dose. Patients also received a single 0.5-1g/Kg
intravenous (IV) dose of mannitol over 10min and anti-
seizure prophylaxis with phenytoin at an initial dose of
18 mg/Kg/day, followed for the duration of antibiotic ther-
apy by 2mg/Kg every 8 hoursafter the first 24 h. Patients
with renal or heart failure did not receive mannitol, and
patients with electrocardiographic abnormalities did not
receive phenytoin.

Patients admitted between March 1988 and January
1989 were included in a trial of IV vancomycin [14], and
patients admitted between March 1993 and March 1996



were included in a trial of vancomycin plus rifampin versus
high-dose cefotaxime. Otherwise, patients received beta-
lactams: IV penicillin (250-300,000 U/Kg/day), high-dose IV
penicillin (500,000 U/Kg/day), or a third-generation cephalo-
sporin, which usually involved4 g of ceftriaxone or a stand-
ard meningeal dose (200 mg/kg/day) or a high dose of
300 mg/Kg/day of cefotaxime [11]. Between 1977 and
1986, patients received 14days of antibiotic therapy, but
between 1987 and 2018, they received 10 days of therapy.

Outcomes

All patients were evaluated daily and underwent compre-
hensive hematological and biochemical testing. An electro-
encephalogram was also performed, regardless of the
presence or absence of seizures. Clinical outcomes were
assessed at the time of hospital discharge using the Glas-
gow Outcome Score (GOS): 1=death, 2 = persistent vege-
tative state, 3=severe disability, 4= moderate disability,
and 5=good recovery. A GOS of 5 was considered a good
clinical outcome and a GOS of 1-4 was considered an
unfavourable outcome.All patients surviving pneumococcal
meningitis were monitored as outpatients and followed to
resolution of all symptoms or consideration of sequalae
3months after the initial infection. Relevant neurological
sequalae included epilepsy, hearing loss, cranial nerve palsy,
hydrocephalus needing a shunt, and hemiparesis.

Mortality during hospitalisation was recorded and the
mechanism of death was classified as early sepsis or
neurological (first 48 h), late neurological, or not neuro-
logical. Therapeutic failure was considered if the illness
recurred, which we defined as increased fever and men-
ingeal signs and symptoms after a clear initial improve-
ment or symptom resolution and therapy completion.

Statistical analysis

Continuous variables are expressed as means and stand-
ard deviations or as median and interquartile ranges
(Q1-Q3). For descriptive analysis, categorical data are
compared using the chi-square test or Fisher exact test.
Continuous data are assessed with the t-test or Mann-
Whitney U test. Logistic regression was performed to
assess factors associated with mortality and good clinical
outcomes.

Ethics

The Ethics Committee of our centre approved this study
(EOM016/21) and waived the necessity of informed
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consent due to the observational nature of the study
with the guarantee of anonymous data collection.

Results
Descriptive statistics

In total, 363 episodes of pneumococcal meningitis were
recorded at our hospital between 1977 and 2018. Of
these, 106 were reported from 1977 to 1986, before the
routine use of dexamethasone, and 257were reported-
from1987 to 2018, when the triple therapy was in use.
However, dexamethasone was only used in 242 patients
(94%) anda single dose of mannitol was given to 173
patients (71%). Another 33 patients presented seizures
before hospital arrival and needed seizure treatment
rather than prophylaxis; thus, 209 were eligible for
prophylaxis, which was administered in 184 (88%) and
dismissed in 25 (12%).

The study comprised 121 patients (mostly before
1987) who did not receive dexamethasone per protocol,
and 242 who did. Among the 121 who did not receive
dexamethasone per protocol 55 (45%) received it as
standard practice if clinical deterioration occurred(18
and 37 with and without mannitol, respectively).

Among the 242 patients receiving dexamethasone
per protocol, the exact time of dexamethasone adminis-
tration was recorded in the last 10years for 69 patients:
19 patients received it before the antibiotic and 33
received it with the antibiotic, meaning that 52 patients
(75%) received dexamethasone at the correct time.
Another 17 patients received dexamethasone 29 min to
19 h later (7 patients within 1 hour, 6 patients between 1
and 4h, and 2 patients between 4 and 6h, and 2
patients after 6 h). Overall, dexamethasone was adminis-
tered late, but within 4 hoursafter the antibiotic, in 76%
of these patients.

Clinical and laboratory parameters in patients with
and without dexamethasone

Table 1 shows the clinical and laboratory characteristics
of patients with and withoutdexamethasone given per
protocol. There were no differences in length of disease
on arrival atthe emergency room for early arrival (<12h
of disease onset), but late arrival was 14% in thegroup
without the protocol and 7% in the group with the
protocol (p =0.031). In general, both groups were similar
on admission: the protocol group were significantly
older (p =0.034) and had more cancer (p =0.074), while
the group without the protocol had significantly more
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Table 1. Clinical and laboratory characteristics of episodes of meningitis due to strains of S. pneumoniae according
to dexamethasone use.

No dexamethasone Dexamethasone P value Total
N=121 (33 %) N=242 (67 %) N =363
Age Median (IQR) 51(35 65) 59 (45 69) 0.034 58 (4267)
Mean 49 +20 57+17 0.000 55+18
Gender (Female) 53 (44 %) 110 (46 %) 0.765 163 (45 %)
Hospital -acquired 9 (7 %) 9 (4 %) 18 (5 %)
Recurrent episode 12 (10 %) 33 (14 %) 45 (13 %)
Any underlying disease 41 (39 %) 101 (42 %) 0.597 148 (41%)
Solid or haematologic neoplasm 3 (3%) 17 (7 %) 0.074 20 (6%)
Diabetes 25 (21 %) 47 (19 %) 0.780 72 (20 %)
Hepatopathy 4 (3 %) 13 (5%) 0.380 17 (5%)
alcoholism 15 (12 %) 28 (12 %) 0.829 43 (12 %)
Immunodeficiency 0 (0 %) 5(1 %) 0.130 5 (1.4 %)
Splenectomy 7 (6 %) 8 (3%) 0.263 15 (4%)
Myeloma 1 (1%) 7 (3%) 0.192 8 (2%)
Previous antibiotic 34 (28 %) 63 (26 %) 0.658 97 (27 %)
Source of infection
Unknown 25 (21 %) 33 (14 %) 58 (16 %)
Pericranial fistula 37 (31 %) 68 (28%) 105 (29 %)
Sinusitis 101 %) 13(5%) 14 (4%)
Otitis 41 (34 %) 105 (43 %) 146 (40 %)
Pneumonia 17(24%) 15 (6%) 32 (9 %)
Endocarditis 0 (0 %) 4 (2 %) 4 (1 %)
Other 0 (0 %) 4(2%) 4 (1 %)
Other clinical characteristics
Fever 104 (90 %) 203 (85 %) 0.131 307 (87 %)
shock 18 (15 %) 17(7 %) 0.017 35 (10 %)
Headache 78 (68 %) 172 (74 %) 0.293 250 (72 %)
Nuchal stiffness 100 (88) 202 (86% 0.718 302 (87 %)
Nausea/vomiting 64 (65 %) 136 (62 %) 0.629 200 (63 %)
Coma admission (Glasgow < 8) 58 (48 %) 60(25 %) 0.000 118(32 %)
Arreactive coma 7 (6 %) 7 (3 %) 0.161 14 (4%)
Altered mental status 113 (96 %) 214 (88 %) 0.024 327 (91 %)
Cranial nerve palsy 12 (10 %) 20 (8 %) 0.600 32 (9%)
Hemiparesis 27 (23 %) 5 (10 %) 0.001 52 (15 %)
Seizures 40 (34 %) 59 (25%) 0.064 99 (28 %)
Before therapy 4 (12 %) 3 (14 %) 0.340 57 (13 %)
Seizures after therapy 6 (22 %) 26(11 %) 0.005 42 (15 %)
Laboratory test
CSF cloudy/purulent 98 (88 %) 206 (89 %) 304 (89 %)
Median CSF WBC (IQR) 1800(4004788) 2633(587 6030) 0.045 2400(530 5800)
Mean 4694 5260 0.574 5084
CSF hypoglycorrhachia 85 (81 %) 205 (87 %) 0.158 290 (85 %)
CSF proteinorrhachia > 5g 86 (39%) 39 (44%) 0.452 125 (41%)
Positive CSF Gram'’s stain 88 (79 %) 181 (77%) 269 (78 %)
Positive CSF culture 110 (94 %) 181 (78%) 0.000 291 (83 %)
Positive Blood culture 73 (69 %) 172 (78 %) 0.093 245 (75 %)
Thrombocytopenia 10 (11 %) 19 (8 %) 0.464 29 (9 %)
Penicillin resistance 19 (16 %) 74 (34 %) 0.001 93 (27 %)
Cefotaxime resistance 4 (5 %) 29 (14 %) 0.036 33 (12%)
CT scan on admission 41(34 %) 189 (78 %) 230 (63 %)
Abnormal CT scan on admission 20 (17 %) 80 (33 %) 100(27 %)
Brain edoema 2(2%) 8(3%) 10(3%)
Cerebritis/abscess 1 (2%) 3 (1%) 4 (1%)
Hydrocephaly 2 (2%) 7 (3%) 9(2%)
Infarct 2(2 %) 0 (0%) 2(1 %)
Haemorrhage 101 %) 3 (1 %) 4 (1 %)
Old findings 12(10%) 57 (24%) 69 (19%)
Antibiotic therapy
Penicillin 87 (72 %) 8 (3%) 95 (26%)
CTX/CRO 28 (23 %) 2 (88 %) 240 (66%)
Vancomycincontainingregimens 4 (3 %) 2 (9 %) 26 (7%)
Chloramfenicol 2 (2 %) 0 1 (0.5%)

CTX/CRO: cefotaxime/ceftriaxone.

shock (p=0.017) and coma (p =0.024) on admission. No and more diagnosis using antigen detection or PCR.
differences were apparent in the presence of seizures or Serotypes and multilocus sequence typing of the strains
focal deficits before therapy. Other differences inclu- in this cohort have been published elsewhere [11].

dedthe dexamethasone group showing more penicillin Final antibiotic therapy in the dexamethasone protocol
and cefotaxime resistance, fewer positive CSF cultures, group included penicillin(8 patients), a third-generation
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Table 2. Outcome of episodes of meningitis due to strains of S. pneumoniae treated with or without dexamethasone.

No dexamethasone Dexamethasone Total
N=121 (33 %) N =242 (67 %) P value N=363
Median Improvement in consciousness days (range) 214 2(1 3) 2(13)
Mean 3.6 2.6 0.028 29
Median Fever bellow 38 ° days (range) 214 1(13) 2(13)
36 2.5 0.034 2.8

Heart failure 8 (7 %) 11 (5 %) 0.298 19 (5 %)
Renal failure 12 (11 %) 23 (10 %) 0.690 35 (10 %)
Liver function impairment 8 (8 %) 37 (16 %) 0.037 45 (13 %)
Herpes 29 (28 %) 79 (39 %) 0.072 108 (35 %)
Catheter phlebitis 21 (19 %) 39 (17 %) 0.567 60 (18 %)
Gastrointestinal 11 (10 %) 12 (5 %) 0.080 23 (7%)
Hemiparesis after antibiotic therapy 15 (13 %) 10 (4 %) 0.003 25 (7 %)
Median total therapy days (IQR) 0.000 10 (10 14)
Median total hospital days (IQR) 18 (6 26) 16 (11 26) 17 (11 26)
Relapse or failure 3 (4 %) 6 (3%) 0.652 9 (3 %)
Sequelae 22 (29 %) 41 (19 %) 0.076 63 (22 %)
Epilepsy 2 (3%) 6 (3%) 8 (3%)
Cranial nerve palsy 4 (5%) 7 (3%) 11 (4%)
Hearing impairment 5 (7%) 9 (4%) 0.847 14 (5%)
Hemiparesis 2 (3%) 3 (1%) 5 (2%)
Hydrocephaly-shunt 2 (3%) 2 (1 %) 4 (1%)
Combination 3 (4%) 11 (5%) 14 (5%)
Median total control days (IQR) 120 (45 365) 90 (35 120)
Total mortality 43 (36 %) 28 (12 %) 0.000 71 (20 %)
Early neurological 21 (17%) 12 (5%) 33 (9%)
Late neurological 7 (6%) 6 (2.5%) 13 (4%)
Early sepsis 8 (7%) 2 (1%) 10 (3%)
Late non neurological 7 (6%) 8 (3%) 15 (4%)
Early mortality 29 (24 %) 14(6 %) 0.000 43 (12 %)
Neurological mortality 28 (23 %) 18 (7 %) 0.000 46 (13 %)
Intractable seizures 9(7 %) 4 (2%) 13 (4%)
Stroke 3(2%) 52 %) 8 (2%)
Brain herniation/arreactive coma 20 (17%) 9 (4%) 29 (8%)

cephalosporin (212 patients; standard meningeal dose in
168 and high dose in 44 patients), and vancomycin-
containing regimens (22 patients; alone, with rifampin, or
with a third-generation cephalosporin).

Outcome of patients with and without dexamethasone

Table 2 shows the outcomes for patients treated with or
without dexamethasone. There were statistically significant
differences favouring the dexamethasone protocol group,
which showed a shorter time to lower the fever and
improve consciousness, a lower presence of in-hospital
hemiparesis after starting antibiotic therapy, and fewer
patients with seizures after therapy (11% vs 22%;
p < 0.005). By contrast, impaired liver functionwas signifi-
cantly more common in the dexamethasone group. The
presence of global sequelae approachedsignificance favour-
ing the dexamethasone group (29% vs 19%; p = 0.076).

Mortality

Overall mortality in the dexamethasoneper protocol
group was 11.6% (28/242) compared with 35.5% (43/
121) in the other group (p =0.000), with significant dif-
ference also apparent in early mortality (5.8% [14/242]
vs 24% [29/121]; p=0.000) and neurological mortality

(7.4% [18/242] vs 23.1% [28/121]; p=0.0000) (Figures 1
and 2). Among the 15 patients treated in the period
with the dexamethasone protocol (after 1986), but in
whom it was not implemented, mortality was compar-
able to that in the group that did not receive the dexa-
methasone protocol (33%; 5 patients) despite the global
improvements in other therapies over time.

The evolution of mortality related to the different
serotype groups is shown in Supplementary material
(Table S5). The changes in mortality are present in all
the serotype groups.

Univariate analysis of the 363 patients with pneumo-
coccal meningitis indicated that mortality was related to
age, diabetes mellitus, underlying disease, late or very
late consultation, shock, GCS < 8 on admission, seizures
at any time, positive blood cultures, positive CSF cul-
tures, thrombocytopenia, respiratory, heart, or renal fail-
ure; gastrointestinal complications; andthe presence of
disseminated intravascular coagulation. Dexamethasone
and use of antiseizures prophylaxis were protective in
the univariate analysis.

Multivariate analysis confirmed that age, presence of
shock, presence of a GCS < 8 on admission, and very
late consultation (>4days of disease) were related to
mortality, whereas dexamethasone protocol use was
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Mortality in pneumococcal meningitis before and after implementation of dexamethasone
in 1987
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Figure 1. Mortality in pneumococcal meningitis before and after the implementation of dexamethasone.

protective (multivariate OR, 0.195; 95% confidence inter-
val, 0.102-0.373). Factors related to mortality differed
between the two periods: before 1987, these were age,
shock, Glasgow coma score (GCS) < 8 on admission,
and seizures after therapy; from 1987 onward, these
were age, shock, and underlying disease.

Sequelae

The percentage of patients with good clinical outcome
(GOS = 5) was statistically different between the two
periods (Table 3). Better outcomes were seen after 1987
with the introduction of the dexamethasone protocol,
with the percentage with GOS 5 improving from 57%
(68/121) to 79% (191/242) (p=0.000). Using the dexa-
methasone protocol was an independent factor associ-
ated with good outcomes (multivariate OR, 2.679;
95%confidence interval, 1.302-5.514). Considering the
whole group (363 patients), antiseizure prophylaxis was
statistically significantly associated with a good clinical
evolution (p =0.000) and fewer sequelae (p =0.021).

Outcome of patients treated with the dexamethasone
protocol

The roles of mannitol and antiseizure prophylaxis could
have an important impact on outcomes in the group
treated with the dexamethasone protocol.

Role of mannitol

Among patients receiving the dexamethasone protocol,
173 (71%) simultaneously received a single dose of man-
nitol and 69 (28.5%) received dexamethasone alone.
Mortality was 11% (19/173) among patients receiving
dexamethasone plus mannitol and 13% (9/69) among

patients receiving dexamethasone alone (no statistical
significance). Good evolution (GOS = 5) was observed in
80% receiving both agents and in 78% receiving dexa-
methasone alone (Supplementary material Figure S1 and
Table 4).

Role of antiseizure prophylaxis

Supplementary material Figure 2 shows the mortality
distribution by antiseizure prophylaxis use in both
groups. Among the 184 patients receiving antiseizure
prophylaxis, 10% (19 patients) developed seizures;
among the 25 patients who did not receive prophylaxis,
28% (7 patients) developed seizures (p=0.0011).
Mortality was 11% (20/184) among patients receiving
antiseizure prophylaxis: 26% (5/19) among those with
seizuresand 9% (15/165) among those without seizures.
Mortality was 20% (5/25) among patients without anti-
seizureprophylaxis: 28% (2/7) among those with seizures
and 17% (3/18) among those without seizures. Overall
mortality among patients with seizures after therapy
was 27% (7/26), compared with 9.8% (18/183)
(p=0.0019).

The GOS was5 in 83% of patients without seizures
and 50% of patients with seizures (p=0.000) and anti-
seizure prophylaxis was also statistically significant
(p=0.047) with respect to good clinical outcome.
Supplementary Figures 1 and 2 show the evolution with
the different situations.

Discussion

This report describes 31 years’ experiencewith the routine
use of dexamethasone, before or with antibiotic therapy,
mannitol and antiseizures prophylaxisand confirms the
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Figure 2. Kaplan-Meier survival estimates of patients treated with or without the protocol.

Table 3. Glasgow Outcome scale of patients in the different

groups.
GOS No dexamethasone Dexamethasone Total

1 43 (35.5 %) 28 (11.6 %) 71 (19.5 %)
2 0 1 (0.4 %) 1

3 4 (4 %) 10 (4 %) 14 (4 %)

4 4 (4 %) 12 (5 %) 16 (4 %)

5 68 (57 %) 191 (79 %) 259 (71%)

utility of dexamethasone for reducing mortality and com-
plications. Ourdexamethasone dosing strategy (an initial
higher dose of 12 mg followed by a lower dose of 4 mg/6
hfor 2days) resulted in comparable mortality to that
reported in a clinical trial underpinning the usual
accepted dose (10mg every 6h for 4days) [12].
Therefore, our lower dose and shorter durationmay be
sufficient for clinical efficacy in most cases. Aprospective
randomised study in a paediatric population in Greece,
comparing 2-day with 4-day dexamethasone therapy for
childhood bacterial meningitis, also found similar clinical
courses and outcomes when comparing the two regi-
mens [15]. An old metanalysis has also shownthe efficacy
of 2 days compared with 4 days of treatment [16].
Dexamethasone has important benefits. As reported
in the series by Buchholz et al. our data indicate that
the neurological effects of dexamethasone are key [17].
Van de Beek et al. [18] have also reported thatdexame-
thasone use has systemic benefits when comparing
cohorts before and after therapy. However, treatment is
not without risk, and dose reduction may reduce the
adverse effects associated with steroid therapy. For
example, dexamethasone has been associated with delayed

Table 4. Patients receiving the diferent therapy components.

Dexamethasone 242
With mannitol 173 (71 %)
Without mannitol 69 (29 %)

Dexamethasone 242
With phenytoin prophylaxis 184 (76 %)
Without phenytoin prophylaxis 25 (10 %)
With antiseizures therapy 33 (14 %)

vasculopathy [19,20], and we experienced fewer cases of
delayed thrombosis than was reported for patients using
dexamethasone 10mg per 6h [21]. Experimental data
have also suggestedthat dexamethasoneinduced an
increase in apoptotic cell death in the hippocampal den-
tate gyrus of infant rats with pneumococcal meningitis
and that this was associated with reduced learning cap-
acity [22]. A lower dexamethasone dosewith comparable
efficacy should benefit from a more favourable side
effect profile.

Our protocol also included the use of mannitol and
antiseizure prophylaxis with phenytoin. According to our
results, it is unlikely that a single dose of mannitol pro-
vides importantsurvival benefits over dexamethasone
alone. By contrast, antiseizure prophylaxis with pheny-
toinmay resultin fewer seizures and reduced mortality,
consistent with established associations. The window of
opportunity for antiseizures prophylaxis is restricted to
patients who do not present seizures before diagnosis.
Other studies have shown an increased mortality rate in
patients with bacterial meningitis of all aetiologies who
develop seizures [23,24]. Acute seizures are a problem in
other causes of acute brain injury such as subarachnoid
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haemorrhage, traumatic brain injury or intracerebral
haemorrhage and several attempts to prevent with anti-
seizures prophylaxis has been performed and there are
recommendations regarding subaranchnoidal haemor-
rhage and severe traumatic brain injury [25,26]

The study design employed in this research precludes
determination of whether this advantagereflects a bene-
ficial effect of dexamethasone or the antiseizure prophy-
laxis. Indeed, Koelman et al. [27] also reported fewer
seizures in groups receiving dexamethasone without
antiseizures prophylaxis. A more detailed study of the
need forantiseizure prophylaxis isongoing.

Animal models [28-30] and clinical practice [14] sug-
gest that dexamethasone use is closely related to lower
CSF antibiotic levels and these low levels might com-
promise antibiotic efficacy in some instances. The low
dose of dexamethasone may also contribute cause less
trouble with CSF antibiotic levels.

The long study period has been associated with
numerous changes to clinical practice in emergency and
critical care departments. Therefore, improvementsob-
served in this study could reflect general improvements
over time. Although this is possible, we believe that the
clear and impressive decrease in mortality was achieved
with dexamethasone, mannitol and antiseizures prophy-
laxis (Figure 1). The 15 patients in which dexamethasone
was not used had comparable mortality to that reported
before 1987 despite benefitingfrom the generaladvances
in medical care.

Also, the long study period has included the imple-
mentation of pneumococcal conjugate vaccine to the
paediatric population with the subsequent replacement
of serotypes. The change in mortality seems to be unre-
lated to the serotype changes.

Other studies have shown clear benefits of dexa-
methasone use at 10mg/6h, especially the Dutch
[18,31-33] and Germanworks [17]. This paper of
Buchholz et al. showed a very low mortality in patients
with pneumococcal meningitis in the dexamethasone
use era, however they also reported a worse GOS in
survivors.In our experience, patients had a good evolu-
tion in terms of number of patients with GOS =5 but it
is not clear if dose of dexamethasone has a role in this
outcome.

In conclusion, a lower dexamethasonedose (a single
12 mg dose followed by 4mg/6 h for 2 days) along with
a single dose of mannitol and antiseizures prophylaxis
might be useful for reducing mortality in adult patients
with pneumococcal meningitis. Further research is
required to confirm these findings.
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Profilaxi antiepiléptica en la meningitis pneumococcica, estudi de cohorts
Introduccié

Les crisis epileptiques sén una complicacié freqient de les meningitis
pneumococciques, afectant un terg dels pacients (2,9). La profilaxi antiepileptica s’ha
considerat en altres malalties neurologiques agudes (13,14) pero fins al moment no hi
ha cap assaig clinic per avaluar la seva efectivitat en la meningitis pneumococcica. Al
nostre centre des de 1987 es va protocol-litzar un conjunt de mesures adjuvants
(dexametasona, mannitol i profilaxi antiepiléptica) amb reduccié de la mortalitat. En
aquest estudi pretenem analitzar I'impacte de les crisis epileptiques en el pronostic de

la malaltia i avaluar I'efectivitat de la profilaxi antiepileptica.
Resultats

El 27,9% (24/86) de pacients va presentar crisis epiléptiques, el 52.4%
previament a l'atencié hospitalaria, i el 47,6% restant, després del diagnostic, sent
Unicament aquestes potencialment evitables. El fet de patir una crisi epiléptica aguda
com a complicacié de les meningitis es relaciona amb més risc d’ingrés a UCI (85,7 vs.
56,9%), intubacid orotraqueal (81 vs. 41,3%) i estada hospitalaria més perllongada (27,5
vs. 15 dies) de forma significativa. Les crisis apareixen majoritariament els primers dies
d’ingrés, amb una proporcié menor en els pacients amb profilaxi antiepileptica (9.4 vs.
40%), sobretot administrada les primeres 4 h d’ingrés. La mida mostral del grup sense

profilaxi (n=10) ha limitat la poténcia estadistica de I'estudi.
Conclusio

Les crisis epileptiques sén una complicacié freqlient de les meningitis
pneumococciques associades a major necessitat d’ingrés a UCI i 10T, aixi com
prolongacid de I'estada hospitalaria. La profilaxi antiepiléptica sembla efectiva prevenint
I’aparicié de crisis sobretot administrada abans de les 4 h des de I'admissid. Els casos en
gue han aparegut crisis malgrat la profilaxi antiepileptica podrien estar relacionats amb
complicacions intracranials tardanes. Calen nous estudis amb una mostra més gran per

confirmar les nostres troballes.
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1 | INTRODUCTION

Streptococcus pneumoniae is the main cause of
community-acquired bacterial meningitis in developed
countries’ with an estimated annual incidence of around
0.7/100000.>* Before 2002, 30% of patients with pneu-
mococcal bacterial meningitis died,* while another 30%
developed neurological sequelae.’ Adjunctive treatment
with dexamethasone proved to be useful in reducing
mortality and also certain morbidities.>*” In the cur-
rent European guidelines,' other adjunctive treatments
such as osmotic therapies and antiseizure prophylaxis
are not recommended due to the lack of scientific evi-
dence supporting their use."®

Seizure is a common complication in pneumococcal
meningitis, affecting 26%-30% of cases.”” It remains a con-
cern for clinicians and may be associated with worse prog-
nosis. However, the evidence in the literature is conflicting.

Central nervous system (CNS) infections trigger in-
flammatory responses and increase neuronal excitability,
which may lead to seizures.'’ Seizure onset may occur
shortly or even 7days after a CNS infection if clinical
meningeal signs or high levels of inflammation markers
persist."!

Also, cortical lesions detected by neuroimaging have
been associated with an increased risk of epilepsy,'*"*
such as intracranial complications of bacterial meningi-
tis, detected either at admission or later.” Their relation-
ship with seizure development has not been completely
clarified.

Other possible risk factors for seizure development in
bacterial meningitis are a pneumococcal etiology, immu-
nocompromise, abnormal cranial imaging, high erythro-
cyte sedimentation rate, presence of certain cerebrospinal
fluid (CSF) characteristics (leucocytes <1000/mL and CSF
protein >3g/L),'"*"” and advanced age.'

Most seizures in bacterial meningitis are bilateral or
focal-to-bilateral tonic—clonic'’ and appear within 24 h of
symptom onset."*'>” Zoons et al."* reported that 5% of
patients with bacterial meningitis presented pre-hospital
seizures, while 16% presented in-hospital seizures.

Phenytoin used to be the preferred antiseizure medica-
tion (ASM) for prophylaxis. It rapidly blocks Na+ chan-
nels, can be administered intravenously, and does not

verity and hospital stay.

they might be prevented by using antiseizure drugs which may reduce both se-

meningitis, pneumococcal , prophylaxis, seizures

Key points

« Seizures are a common complication of pneu-
mococcal meningitis

« Seizure development entails longer admis-
sions and increases the need for mechanical
ventilation

« Half of seizure episodes are potentially prevent-
able, with onset after admission and diagnosis

« Prophylaxis seems effective in preventing sei-
zure development

decrease consciousness.'® It is now being replaced by
newer and safer ASMs that have fewer cardiac adverse ef-
fects and do not require level monitoring.

To our knowledge, there have been no randomized
controlled trials assessing ASM prophylaxis in acute bac-
terial meningitis other than our multicentric attempt in
Spain in 2010 (https://clinicaltrials.gov/ct2/show/NCTO01
478035), which was interrupted due to a low recruitment
rate.

The unpredictable seasonality and the low incidence
of pneumococcal meningitis led us to perform the pres-
ent cohort study. Since 1987, our internal protocol has
recommended a bundle of adjunctive treatment measures
that include dexamethasone, prophylactic ASM, and in
some circumstances mannitol (a detailed posology of the
adjunctive treatment is shown in Figure S1). Since the
implementation of these measures, the overall mortality
in our cohort has fallen drastically, as we have reported
elsewhere.'®"’

However, the relationship between adjunctive dexa-
methasone treatment and the reduction in seizures® as
well as the amelioration of life support measures has made
it difficult to determine the impact of a single measure.

The aim of this study was to assess the impact of acute
symptomatic seizures on the prognosis of pneumococcal
bacterial meningitis and the effectiveness of ASM pro-
phylaxis in preventing them. We also wanted to identify
possible risk factors for seizures that might guide the im-
plementation of the prophylactic treatment.
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2 | METHODS

2.1 | Design, setting and period

We performed a retrospective cohort study at a single
center, a 700-bed teaching hospital, and tertiary reference
hospital for neurocritical diseases. The study period was
from January 2010 to April 2021.

2.2 | Inclusion criteria

We included all patients admitted to our center for
community-acquired pneumococcal meningitis. The pa-
tients who developed meningitis during admission for
other conditions were excluded.

2.3 | Development

Epidemiological, clinical, and microbiological informa-
tion on the cases was recorded prospectively in our rou-
tine meningitis database. Clinical outcome was assessed at
discharge and at a 3-month follow-up, using the Glasgow
Outcome Scale (GOS).”” We performed an expanded ret-
rospective review of the medication administration record
and electronic clinical history in search of detailed infor-
mation on seizure semiology and ASM treatment details
such as loading dose, administration time, plasma ASM
levels, and adverse effects. In addition, a neurologist re-
vised all the EEGs and neuroimaging tests performed dur-
ing admission.

EEG studies were performed in all patients at the bed-
side using 32-channel Deltamed, 64-channel XLTEK, or
32-channel Neuronic devices. The EEG findings were
described according to the glossary of the International
Federation of Clinical Neurophysiology and the American
Clinical Neurophysiology Society's Standardized Critical
Care EEG Terminology.*"**

This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) report-
ing guideline.

2.4 | Definitions

The diagnosis of pneumococcal bacterial meningitis was
based on the clinical signs and symptoms of meningitis
and a compatible lumbar puncture, as well as microbio-
logical confirmation obtained from CSF cultures, antigen
or molecular tests, or S. pneumoniae isolated from blood
cultures.

Epilepsia Open®
prep P

Seizures were defined using the definitions of the 2017
International League Against Epilepsy.”® Only bilateral
tonic—clonic seizures were considered as symptomatic;
possible focal motor seizures were disregarded due to wit-
ness subjectivity. Electrographic seizures were also con-
sidered, including non-convulsive status epilepticus as
defined by the Salzburg Consensus Criteria.**

Potentially preventable seizures (referred to as prevent-
able seizures throughout the manuscript) were defined as
those with in-hospital onset after the diagnosis of menin-
gitis and potentially preventable with ASM prophylactic
treatment. Patients already undergoing chronic treatment
with ASM due to known epilepsy or who had developed
seizures before diagnosis (e.g., at home or during transfer)
were excluded.

2.5 | Statistical analysis
Data analysis was performed using Stata Statistical Software:
Release 14 (StataCorp LP, College Station). Univariate and
multivariate logistic regression analyses were conducted to
determine the risk factors for seizures and estimate differ-
ences in mortality and sequelae at discharge and 90days
after discharge. In the adjusted analysis, covariables that
reached statistical significance were included in addition to
sex and age. The level of significance was fixed at an o of
5%, using 95% confidence intervals for differences.
Furthermore, a univariate sub-analysis was carried
out to compare ASM prophylaxis groups for the devel-
opment of acute symptomatic seizures, mortality, and
sequelae.

2.6 | Ethics

The ethics committee of our center approved this study
(EOMO016/21) and waived the need for informed consent
due to the observational nature of the study and the guar-
antee of anonymous data collection.

3 | RESULTS

Eighty-six cases of community-acquired pneumococ-
cal meningitis were included in the analysis (Figure 1).
Of the 21 (24.4%) who developed acute symptomatic
seizures, half (11/21; 52.4%) did so before hospital
admission.

Table 1 summarizes the main characteristics of the
cohort and compares the groups according to seizure de-
velopment. Patients who developed seizures were slightly
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97 of pneumococcal
meningitis episodes

4-{ 8 missing clinical history

3 admitted for other reason:
pancreatitis, congestive heart
failure, pneumonia

86 community-acquired
pneumococcal bacterial
meningitis episodes

FIGURE 1 Case selection.

older, had higher CSF protein contents, and had impaired
renal function at admission. There were no differences in
the neuroimaging results. No independent risk factors for
seizure development were detected.

The need for ICU admission and orotracheal intuba-
tion was significantly higher in the patients who devel-
oped acute symptomatic seizures than in those who did
not: 18/21 (85.7%) vs. 37/65 (56.9%) and 17/21 (81.0%) vs.
26/63 (41.3%), respectively. Similarly, hospital stay was
longer in the patients who developed seizures than in
those who did not (27.5 (15.5-39.5) vs. 15 (10-23) days), as
well as the time until consciousness improvement.

To assess the risk of death during admission if seizures
developed, independent mortality risk factors were evalu-
ated (see Table S1). The only risk factor that remained sta-
tistically significant when included in the adjusted model
was creatinine serum levels at admission [aOR, 1.03 (95%
CI: 1.01-1.05) with each increasing umol/L]. Thus, the risk
of death during admission if seizures developed had an OR
of 2.31(95% CI: 0.63-8.65) and an aOR of 1.75 (95% CI: 0.29-
10.36), though without achieving statistical significance.

The same process was repeated to assess the risk of any
disability at discharge (defined as a GOS score of 1-4) and
on the 90th day after discharge. The independent risk fac-
tors identified are displayed in Table S2 , which shows that
only mannitol adjunctive treatment remained significant
in the adjusted analysis. The risk of death or disability at
discharge (GOS 1-4) was clearly higher in the crude anal-
ysis (OR, 4.19; 95% CI: 1.50-11.65) and almost remained
significant in the adjusted analysis (aOR, 3.13; 95% CI:
1-9.8). Regarding the risk of death or disability on the 90th
day after discharge, there was a trend although without
statistical significance (OR was 3.18 (95% CI: 0.98-10.45)
and aOR was 2.34 (95% CI: 0.64-8.63)).

Overall, 65 of the 86 patients (75.6%) received ASM pro-
phylaxis, while the remaining 21 (24.4%) did not. In the
sub-analysis regarding ASM prophylaxis, only 74 patients

with preventable seizures were selected; one patient who
had been receiving chronic ASM treatment was excluded,
as were 11 others who had suffered pre-hospital seizures.
Thus, 64 of the 74 patients (86.5%) eligible for ASM prophy-
laxis received the prophylactic treatment and 10 (13.5%)
did not (Figure 2). A comparison of the two groups (ASM
prophylaxis vs. no ASM prophylaxis) showed no signifi-
cant differences (Table 2) except for seizure development,
which occurred in six out of 64 patients with ASM prophy-
laxis (9.4%) and in four out of 10 without (40%). Mortality
at discharge was 5/64 (7.8%) vs. 3/10 (30%), though the
result did not reach statistical significance.

Detailed characteristics of the ten cases who presented
potentially preventable seizures are shown in Table 3.
Figure 3 presents the time of acute seizure onset. Patients
without seizures before hospital admission developed sei-
zures on (median) day 2 (IQR, 0-4). Seizures developed
earlier in the patients who did not receive ASM prophy-
laxis than in those who did [0days (IQR, 0-2.5) vs. 3days
(IQR, 1-4)], although the difference was not significant
(p=0.225).

The exact time of ASM treatment administration was
available in 42/64 patients. The median time from hospital
admission to emergency room until ASM administration
was 6.1h (IQR, 2.8-9.3); this period tended to be shorter
in patients who did not develop seizures [5.9h (IQR, 2.7-
9.2) vs. 7.3h (IQR, 3.7-20.6), p=0.622]. The 42 patients on
ASM prophylaxis were categorized into two groups: those
who received the prophylactic treatment within 4 h of ad-
mission and those who received it later (between the four
and 24h after admission). None of the 17 who received
ASM prophylaxis within 4h compared with three out of
25 who received it later developed seizures, the difference
reaching statistical significance (p =0.018). The exact time
of ASM administration in 3 patients in whom ASM pro-
phylaxis failed was unknown.

The median duration of prophylactic treatment in pa-
tients who did not develop seizures was 9days (IQR, 6-10).
Phenytoin was the most frequently administered ASM
(49/64; 76.6%), followed by levetiracetam (8/64; 12.5%), val-
proate (5/64; 7.8%), and lacosamide (2/64; 3.1%). In almost
75% of these patients, plasma drug levels were assessed so
as to guide treatment. Adverse effects were rare, but five
patients presented possible side effects, most of which
were mild (rash, low platelet count, elevation of transami-
nases, or nystagmus) but required treatment to be stopped.
Moreover, one patient developed possible valproate-
induced hyperammonemic encephalopathy, which was
reversed after treatment cessation. One of the patients on
phenytoin treatment suffered a sudden cardiac arrest of un-
known cause.

EEG recordings were performed in 70/86 of patients
(81.4%), that is, in all the patients who had seizures and
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TABLE 1

Patient characteristics
Man (n, %)

Age (median, IQR)
Known epilepsy (1, %)
Any comorbidity (n, %)

Clinical features on admission
Admission before 12h of symptoms onset (n, %)
Antibiotic therapy before meningitis diagnostic
(n, %)

Level of consciousness (1,%)
Alert

Obnubilated

Pain reactive coma

No reactive coma

Fever at any moment (n, %)
Hypotension on admission (n, %)
Headache (n, %)

Nuchal stiffness (n, %)

Cranial pair palsy (n, %)
Hemiparesis on admission (n, %)

CSF analytics
CSF Leucocytes (median, IQR)
% of CSF neutrophils (median, IQR)
CSF proteins (n, %)

<1g/L

1-5g/L

5-10g/L

>10g/L
Low CSF glucose® (n, %)
CSF positive gram stain (1, %)
CSF positive culture (n, %)

Blood tests

Creatinine on admission (umol/L) (median, IQR)

Leukocytosis on admission® (n, %)
Positive blood culture (n, %)
Hyponatremia® (n, %)

Radiolog findings

Abnormal imalged on admission (n, %)

Abnormal image® control during admission (1, %)

Adjunctive treatment
Adjunctive dexamethasone (n, %)
Adjunctive mannitol (n, %)
Electroencephalogram (EEG) characteristics
EEG performed during admission (n, %)

EEG suggesting epileptic activity® (n, %)

Total (N =386)

43/86 (50)
60 (50-69)
1/86

71/86 (81,6)

36/85 (42,4%)
21/85 (24,7)

9/86 (10,5)
60/86 (69,8)
14/86 (16,3)
3/86(3,5)
68/85 (80)
14/86 (16,3)
53/82 (64,6)
52/80 (65)
8/85 (9,4)
5/86 (5,8)

2500 (720-6900)
93,5 (87-97)

5/80 (6,3)
36/80 (45)
33/80 (41,3)
6/80 (7,5)
72/82 (87,8)
59/81(72,8)
61/81(75,3)

76 (62-102)
74/86 (86,1)
62/83 (74,7)
22/85(25,9)

22/84(26,2)
29/41 (70,7)

83/84 (98,8)
48/83 (57,8)

70 (86)
12/70 (7,1)

Patients who developed Patients without

seizures (n=21)

8/21(38,1)
67 (58-78)
1/21

18/21 (85,7)

12/21 (57,1%)
4/21 (19,1)

0/21 (0)
14/21 (66,7)
6/21 (28,6)
1/21 (4.8)
15/20 (75)
2/21(9,5)
9/18 (50)
11/20 (55)
2/20 (10)
2/21(9,5)

1500 (900-3000)
93 (88-95)

3/20 (15)
4/20 (20)
11/20 (55)
2(10)
17/21(80,1)
15/21 (71,4)
16/21 (76,2)

89 (77-119)
18/21 (85,7)
18/21 (85,7)
5/21 (23,8)

6/21 (28,6)
11/13 (84,6)

19/20 (95)
10/20 (50)

21 (100)
7/21 (33,3)

Epilepsia Open®

s

Cohort main characteristics and comparison of the groups according to seizure development.

seizures (n=65)

35/65 (53,9)
59 (49-67)
0/65

53/65 (81,5)

24/64 (37,5%)
17/64 (26,6)

9/65 (13,9)
46/65 (70,8)
8/65 (12,3)
2/65 (3,1)
53/65 (81,5)
12/65 (18,5)
44/64 (68,8)
41/60 (68,3)
6/65 (9,2)
3/65 (4.6)

3010 (695-10550)
94 (86-97)

2/60 (3,3)
32/60 (53,3)
22/60 (36,7)
4/60 (6,7)
55/61 (90,2)
44/60 (73,3)
45/60 (75)

72 (60-95)

56/65 (86,2)
44/62 (71,0)
17/64 (26,6)

16/63 (25,4)
18/28 (64,3)

64/64 (100)
38/63 (60,3)

49 (75,4)
5/49 (10,2)

p

0.209
0.032
0.244
1

0.133
0.572

0.086

0.533
0.502
0.169
0.279

0.592
0.126

0.670
0.023

0.269

0.866

0.025

0.249

0.774

0.276

0.238
0.416

0.009
0.034

(Continues)
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TABLE 1 (Continued)

Clinical course and complications

GUILLEM ET AL.

Intensive Care Unit admission (n, %)

Orotracheal intubation (n, %)

Days until consciousness level amelioration

(median, IQR)

Admission days (median, IQR)

Clinical outcomes

Death during admission (n, %)

Glasgow Outcome Scale on discharge (1, %)

1
2
3
4
5

Glasgow Outcome Scale’ 90 days after discharge

(N=66) (n, %)

v AW N =

CSF glucose/Plasma glucose <0.4.

®Leucocyte blood count >10.000/mm>.

‘Plasma sodium <135mmol/L.

4Any abnormality except for non-cortical lesions.

Total (N=86)

55/86 (64,0)
43/84 (51,2)
2(1-5)

16 (11-26)

10/86 (11,6)

10 (11,6)
0
9(10,5)
16 (18,6)
51(59,3)

1(1,5)

0

3:3(4,6)
4:14(21,2)
5:48 (72,7)

Patients who developed
seizures (n=21)

18/21 (85,7)
17/21 (81,0)
5.5(2-11)

27,5 (15,5-39,5)

4/21(19,1)

4(19,1)
0

4(19,1)
6 (28,6)
7(33,3)

1/15(6,7)
0

1/15 (6,7)
5/15 (33,3)
8/15(53,3)

°EEG with electrical discharges or focal activity; DIC, disseminated intravascular coagulation.

Patients without
seizures (n=65) P
37/65 (56,9) 0.019
26/63 (41,3) 0.002
1(1-4) 0.007
15 (10-23) 0.001
6/65(9,2) 0.250
0.031
6 (9,2)
0
5(7,7)
10 (15,4)
44.(67,7)
0.087
0
0
2/51(3,9)
9/51(17,7)

40/51 (78,4)

fGlasgow outcome scale: 1 Death, 2 Neurovegetative state (unresponsive and speechless), 3 Severe disability (dependent for daily support), 4 Moderate
disability (independent in daily life), 5 Good recovery (resumption of normal life with minor neurological and psychological deficits).

Bold values are statistical significance p <0.05

86 community- 11

acquired .

pre-hospital
pneumococcal .
. L seizures or pre-
bacterial meningitis . .
. diagnosis
episodes

FIGURE 2

l

1 patient with
chronic ASM
treatment

64'pat1ents 6 patients
with ASM > developed
prophylactic seizures
treatment
A
74 patients with
pneumococcal
meningitis
electable for
prophylaxis
10 patients
without ASM 4 patients
prophylactic devgloped
treatment seizures

Patient flow chart of seizures and ASM prophylactic treatment. ASM, Antiseizure drug.
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GUILLEM ET AL. Epilepsia Open®
TABLE 2 Main characteristics of the patients with potentially preventable seizures and comparing ASM prophylaxis use.
All patients with ASMs No ASMs
preventable seizures prophylaxis  prophylaxis
(N=174) (n=64) (n=10)
Patient characteristics

Man (1, %) 38/74 (51,4) 35/64 (54,7) 3/10 (30)

Age (median, IQR) 59 (50-67) 58.5(49-68) 65 (56-67)

Any comorbidity (n, %) 61/74 (82,4) 53/64 (82,8) 8/10(80)

Clinical features on admission

Admission before 12h of symptoms onset (n, %) 30/73 (41,1) 26/63 (41,3) 4 (40,0)

Antibiotic therapy before meningitis diagnostic (n, %) 17/73 (23,3) 16/63 (25,4) 1/10 (10)

Level of consciousness (1, %)

Alert 9/74 (12,2) 9/64 (14,1) 0/10 (0)
Obnubilated 51/74 (68,9) 41/64 (64,1) 10/10 (100)
Pain reactive coma 11/74 (14,9) 11/64 (17,2) 0(0)

No reactive coma 3/74 (4,1) 3/64(4,7) 0(0)

Fever at any moment (1, %) 60/74 (81,1) 52/64 (82,8) 7/10 (70)

Hypotension on admission (n, %) 12/74 (16,2) 10/64 (15,6) 2/10 (20)

Headache (n, %) 47/71 (66,2) 42/61 (68,9) 5/10 (50)

Nuchal stiffness (n, %) 47/69 (68,1) 40/59 (67,8) 7/10 (70)

Cranial pair palsy (1, %) 7/74(9,5) 5/64 (7,8) 2/10 (20)

Hemiparesis on admission (n, %) 3/74 (4,1) 2/64 (3,1) 1/10 (10)

CSF analytics
CSF Leucocytes (median, IQR) 2600 (720-6900) 2550 2600
(735-6510) (720-12000)

% of CSF neutrophils (median, IQR) 92,5 (86-96,5) 92,5 (86-95) 93 (68,5-97,5)

CSF proteins (n, %)

<lg/L 3/68 (4,4) 1/59 (1,7) 2/9 (22,2)

1-5g/L 34/68 (50) 31/59 (52,5) 3/9(33,3)

5-10g/L 25/68 (36,8) 22/59 (37,3) 3/9 (33,3)

>10g/L 6/68 (8,8) 5/59 (8,5) 1/9 (11,1)

Low CSF glucose® (1, %) 62/70 (88,6) 54/61 (88,5) 8/9 (88,9)

CSF positive gram stain (n, %) 52/69 (75,4) 44/60 (73,3) 8/9 (88,9)

CSF positive culture (n,%) 53/69 (76,8) 45/60 (75) 8/9 (88,9)

Blood tests

Creatinine on admission (umol/L) (median, IQR) 75 (62-100) 71 (59-97) 87 (75-134)

Leukocytosis on admission® (n, %) 62/74 (83,8) 55/64 (85,9) 7/10 (70)

Positive blood culture (n, %) 52/71(73,2) 42/61 (68,9) 10/10 (100)

Hyponatremia® (n, %) 20/73 (27,4) 18/64 (28,1) 2/9 (22,2)

Radiology findings
Abnormal imaged on admission (n, %) 17/72 (23,6) 13/62 (21,0) 4/10 (40,0)
Abnormal imaged control during admission (n, %) 22/34 (64,7) 18/29 (62,1) 4/5 (80)
Adjunctive treatment
Adjunctive dexamethasone (n, %) 73/73 (100) 63/63 (100) 10/10 (100)
Adjunctive mannitol (n, %) 43/72(59,7) 38/63 (60,3) 5/9 (55,6)
Electroencephalogram (EEG) characteristics
EEG performed during admission (n, %) 58/74 (78,4) 51/64 (79,7) 7/10 (70,0)
EEG with epileptiform discharges® (n, %) 9/58 (15,5) 8/51 (15,7) 1/7 (14,3)

L

p

0.185
0.315

0.435
0.233

0.388
0.661
0.289

0.238
0.357

0.972

0.968

0.062

0.435
0.674

0.062

0.351
0.053

0.232
0.635

0.443
0.325

(Continues)
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TABLE 2

(Continued)

Clinical course and complications
Intensive Care Unit admission (n, %)
Orothraqueal intubation (n, %)
Days until consciousness level amelioration (median, IQR)
Admission days (median, IQR)
Clinical outcomes
Acute clinical seizures (n, %)
Death during admission (n, %)
Glasgow Outcome Scale’ on discharge (1, %)
1
2
3
4
5
Glasgow Outcome Scale’ 90 days after discharge (N=57) (n, %)
1

2
3
4
5

Abbreviation: ASM, Antiseizure medication.
CSF glucose/Plasma glucose <0.4.

®Leucocyte blood count >10.000/mm>.

“Plasma sodium <135mmol/L.

dAny abnormality except for non-cortical lesions.

All patients with ASMs No ASMs
preventable seizures prophylaxis  prophylaxis
(N=74) (n=64) (n=10) p
45/74 (60,8) 37/64 (57,8) 8(80) 0.298
33/72 (45,8) 28/63 (44,4) 5/9 (55,6) 0.723
2(1-4,5) 2(1-4) 4(1-6) 0.386
74 (11-25) 15 (10,5-27) 16,5 (14-21) 0.775
10/74 (13,5) 6/64 (9,4) 4/10 (40) 0.025
8/74 (10,8) 5/64 (7,8) 3/10 (30) 0.070

0.183
8(10,8) 5(7,8) 3(30)
0 0 0
6(8,1) 6 (9,4) 1(10)
15(20,3) 14 (21,9) 1(10)
45 (60,8) 39 (60,9) 6 (60)

1
0 0 0
0 0 0
2(3,5) 2(3,9) 0(0)
13 (22,8) 12(23,5) 1(16,7)
42 (73,7) 37(72,6) 5(83,3)

°EEG with focal epileptiform discharges periodic or not or focal seizures; DIC, disseminated intravascular coagulation.

fGlasgow outcome scale: 1 Death, 2 Neurovegetative state (unresponsive and speechless), 3 Severe disability (dependent for daily support), 4 Moderate
disability (independent in daily life), 5 Good recovery (resumption of normal life with minor neurological and psychological deficits).

Bold values are statistical significance p <0.05

in 49/65 (75.4%) of those who did not, on (median) day
2 (IQR, 1-4). The EEG findings and their relationship
with seizures are detailed in the corresponding tables
above (Tables 1-3). It should be noted that 30% of the pa-
tients who developed seizures presented epileptiform dis-
charges, but also in 10% of those who did not.

Cranial CT scans were performed at admission in
almost all patients (84/86; 98%) and were completely
normal in 62/84 (74%). The most common abnormali-
ties were: a cerebral abscess or cerebritis (2), an infarct
(4), hemorrhage (1), or other (15). Abnormal images
at admission were present in the same proportion in
patients who developed seizures (6/21, 29%) and pa-
tients who did not (16/63, 25%) (p=0.774). Patients
who developed seizures were more likely to present
abnormal control images (11/13, 85%) vs. (18/28, 64%)
(p=0.246).

4 |

DISCUSSION

Our study is the first of its kind designed to evaluate the im-
pact of ASM prophylactic treatment on the outcome of adults
with pneumococcal meningitis. As such, it offers a more
complete detailed analysis of seizures than previous reports.
In our series, acute symptomatic seizures were still fre-
quent, affecting at least one in every four patients. Overall,
these figures are similar to those reported in a recent na-
tional cohort study in the Netherlands® but differ markedly
with regard to the development of potentially preventable
(in-hospital) seizures-9.4% in our study vs. 18% in the Dutch
report-supporting the effectiveness of ASM prophylaxis.
Other studies have reported increased mortality rates in pa-
tients with bacterial meningitis of all etiologies who develop
seizures."*'® Similar results were observed in a series of pneu-
mococcal meningitis™ and in elderly adults.'® However, other
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TABLE 3 Detailed characteristics of the 10 cases who presented potentially preventable seizures.
Neuroimaging at Control Control Clinical outcome
Age (sex) ASM arrival 1st EEG EEG neuroimaging (GOS at discharge)
Patients with anti-seizure prophylaxis
70 (F) PHT Normal Symmetric generalized =~ GPDs N/A 5
slowing NCSE
71 (M) PHT Normal Electroclinical seizures  N/A Acute stroke 4
left-MCA
87 (F) PHT Ancient left frontal Right intermittent delta ~ Slowed Ancient left 4*
stroke activity frontal stroke
58 (F) PHT Normal Asymmetric left Slowed Acute frontal 3
slowing stroke Vasculitis
52 (F) PHT Normal Right hemisphere N/A Subdural 4
theta-delta activity empyema, frontal
right cerebritis
78 (M) LEV Normal Occasional anterior ED ~ Normal Normal 3
Patients without anti-seizure prophylaxis
16 (F) Normal Symmetric generalized  Slowed Right subdural 2
slowing hemorrhage
67 (F) Calcified frontal Symmetric generalized  Bilateral N/A 2
meningioma slowing spike-waves
78 (F) Tentorial left Occasional central left Tentorial left 5
meningioma ED meningioma
66 (F) Normal Symmetric generalized  Normal N/A 3
slowing

Abbreviations: ASM, anti-seizure medication; ED, epileptiform discharges; F, female; GPDs, generalized periodic discharges; LEV, levetiracetam; M, male;
MCA, middle cerebral artery; N/A, not available; NCSE, non-convulsive status epilepticus; PHT, phenytoin.

*Patient dependent for daily support before meningitis episode.
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period.

studies have failed to demonstrate statistically significant as-
sociation with worse outcome,” albeit reporting that seizures
were a prognostic factor for intracranial complications’ or
attributed 5% of deaths to seizures.” Our results showed that
seizure development was clearly associated with a greater
need for ICU admission and orotracheal intubation, as well as
more days until improvements in consciousness, all of which
are surrogate variables for morbidity and mortality. There was
also an association between seizure development and poor
prognosis, but this narrowly failed to achieve statistical sig-
nificance. The extensive use of dexamethasone, which itself
reduces mortality,’ may have influenced these results.

Our study was not designed to identify the risk factors
for seizures because many of the patients were receiving

9,
PJO

7
J'(r

Timeline of acute clinical seizures onset during meningitis episode. n/N=21/86; % cumulative absolute frequency per

prophylactic treatment. However, in accordance with
previous reports,'*'° older age and higher CSF protein
contents were more frequent in the group that developed
seizures. We did not observe an association between ab-
normal neuroimaging findings at admission and seizure
development, an issue that remains controversial in the
literature.'*'” In fact, ASM prophylaxis was the only in-
dependent factor associated with seizure development, a
finding that reflects its potential for preventing seizures.

Regarding prophylactic ASM treatment, a balance is
needed between the expected potential benefit and pos-
sible adverse effects. Other challenges, such as drug in-
teractions and pharmacokinetics, must be taken into
consideration. Acute seizures are a concern in several
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other causes of acute brain injury, and different strategies
have been recommended®*’; the conclusions drawn from
prophylactic treatments with different ASMs are inconsis-
tent,” leading to the proposal of more developed and non-
universal prophylactic strategies.*”

The window of opportunity for ASM prophylaxis is re-
stricted to patients who do not present seizures before di-
agnosis. The treatment appears to be more effective when
administered within 4h of admission. When choosing an
ASM for the prophylactic treatment, intravenous posology
that allows rapid titration and low pharmaceutical inter-
actions are required. New ASMs such as levetiracetam and
lacosamide are indicated for the treatment of focal onset
seizures and have a good profile, presenting fewer cardiac
adverse events and interactions than phenytoin.”>**

The duration of ASM prophylaxis has not been assessed.
Since acute symptomatic seizures are the result of an active
brain injury, we propose a 10-day period, as it is the same
interval for which antibiotic is prescribed to heal infections.

EEG is currently highly recommended for diagnosing
seizures or epileptiform discharges.” Despite our extensive
review of the EEG findings, the retrospective nature of the
study and the number of patients included did not allow us
to make clinical recommendations based on the neurophys-
iological findings. We agree that this procedure is useful in
the cases of altered levels of consciousness or confusional
states, which may be due to ongoing seizures.*

The development of late intracranial complications
involving cortical lesions may have facilitated the devel-
opment of seizures and led to the failure of ASM prophy-
laxis, as they were present in 50% of the cases in which
ASM prophylaxis had failed.

Our study had some limitations. First, it was an obser-
vational cohort study without treatment randomization.
Furthermore, the limited sample size, especially in the
arm of patients that did not receive prophylaxis, could
have affected our results, particularly in terms of reaching
statistical significance. Another limitation is the partially
retrospective review of some of the data.

5 | CONCLUSIONS

Seizure development is a frequent complication of pneu-
mococcal meningitis and is associated with an increased
need for ICU admission and orotracheal intubation. It is
also associated with longer hospital stays.

No independent risk factors were detected for seizure
development, although patients with seizures were older
and presented higher CSF protein contents. Neuroimaging
at admission was not able to predict the risk of seizure
development.

ASM prophylaxis seemed to be effective in preventing
seizure development in patients with preventable seizures,
especially when administered within 4h of admission.
ASM prophylaxis failure may be due to late intracranial
complications.

Adjunctive treatment with ASM prophylaxis should be
considered and assessed in further studies, in view of the
low rate of adverse effects associated with the newer ASMs
and the potential benefits of avoiding ICU admission and
orotracheal intubation and reducing hospital stay.
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Explorant marcadors predictors vasculitis cerebral com a complicacié de la meningitis
pneumococcica. Nivells de metal-loproteases al liquid cefalorraquidi i serotips

microbiologics.
Introduccié

Les complicacions cerebrovasculars sén freqlients en les meningitis
pneumococciques i es relacionen amb pitjor pronostic. Entre elles destaca la vasculitis
cerebral, reportada cada vegada amb una incidencia major (16,17), probablement a
causa de la millora en els metodes d’imatge diagnostics, pero sense poder descartar un
paper en la seva patogénia de I'Us sistematic de la dexametasona. Preveure aquesta
complicacié permetria personalitzar el tractament dels pacients. Els nivells de certes
metal-loproteases (MMPs) al LCR s’han relacionat amb dany cerebral i vasculitis (MMP-
2, MMP-9 i el seu antagonista TIMP-1) (18,19). Fins ara no hi ha estudis publicats
estudiant caracteristiques microbiologiques dels S pneumoniae que es puguin relacionar
amb l'aparicié d’aquesta complicacié. L'objectiu de I'estudi és detectar possibles
marcadors precocos de la complicacid, sigui per nivells de metal-loproteases o per

caracteristiques microbioldgiques en les soques causants d’aquesta complicacio.
Resultats

Tres de 21 pacients (14.3%) van presentar vasculitis cerebral. Els serotips
causants van ser el 3, 9N i 35F sense diferencies microbiologiques identificables amb la
resta de soques. Els pacients amb vasculitis cerebral tenien nivells més alts de MMP-9 i
de TIMP-1 i nivells més baixos de MMP-2 comparat amb els pacients que no van
presentar aquesta complicacié. Cap dels pacients amb vasculitis cerebral va morir pero
si que van presentar pitjor resultat funcional que els pacients sense aquesta complicacio.

La mida de la mostra no permet detectar diferéncies significatives.
Conclusio

La vasculitis cerebral és una complicacié freqlient que es pot associar a pitjor
pronostic. No es va poder associar la seva aparicid a caracteristiques microbiologiques.
Cal realitzar més estudis per confirmar si els valors de MMPs al LCR poden ser marcadors

de desenvolupament de vasculitis cerebral.
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Abstract

Introduction. Cerebrovascular complications are frequent in pneumococcal meningitis and lead
to worse functional outcomes. Among these, the incidence of cerebral vasculitis (CV) appears to
be increasing, but neither its pathogenesis nor its relationship with cortisone treatment has been
completely elucidated. Cerebrospinal fluid (CSF) metalloproteases (MMPs) that are linked to
cerebral damage and vasculitis (MMP-2, MMP-9, and the antagonist TIMP-1) or microbiological

differences could be early markers of this complication and could help to prevent its effects.

Methods. A prospective multicenter cohort study was performed from January 2019 to August
2022. All patients diagnosed with pneumococcal meningitis and who had available CSF samples
from the initial lumbar puncture were included and followed up for 6 months after discharge.
Streptococcus pneumoniae strains isolated from CSF or blood were assessed including whole

genome sequencing and CSF levels of MMP-2, MMP-9, and TIMP-1 were measured.

Results. CV developed in 3 of 21 patients (14.3%). The serotypes of those who developed CV
were 3, 9N, and 35F, with no microbiological differences compared to the non-CV group. The CV
group had higher CSF levels of MMP-9 (13.2 vs 9.8 ng/L) and TIMP-1 (699 vs 318 ng/L), but lower
CSF levels of MMP-2 (5689 vs 10,484 ng/L) compared with the non-CV group. Although no

patients with CV died, they had worse clinical outcomes than the non-CV group.

Conclusion. CV is a frequent complication that could be associated with worse outcomes. No
microbiological differences were detected. Further analysis should confirm whether CSF MMPs

could be markers of CV development.
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Introduction

Streptococcus pneumoniae meningitis is the main causative pathogen of bacterial meningitis in
Europe (53%) [1]. Dexamethasone as an adjunctive treatment before antibiotic administration
has been shown to reduce mortality [2], probably by diminishing the inflammation provoked by
bacterial lysis in CSF. Despite controversy about possible reductions in global [3] or neurologic-
specific [4] mortality, the use of dexamethasone has been extended with multiple cohort studies
showing a 15% reduction in global mortality, including that from neurological causes [5,6,7]. In
spite of this improvement, morbidity remains high and leads to worse functional conditions at
discharge in more than half of survivors. This was classically related to intracranial complications,
such as seizures, abscesses, hydrocephalus, and cerebrovascular, but advances in supportive care

and techniques have led to reduction in their contribution to morbidity [6,8].

Vascular damage remains a key mechanism of brain damage in pneumococcal meningitis, being
present in 97% of histopathological studies after death [9]. Likewise, cerebral vasculopathy
assessed by eco-doppler is shown in 40% of the patients with pneumococcal meningitis [6].
Cerebrovascular complications also remain more common in pneumococcal meningitis than in

other etiologies (29.4%) [10].

In more recent series, the most common cerebrovascular complications are reported to be focal
ischemia (12%-19%), intracranial hemorrhage (3.6%), venous thrombosis (1%—3.6%) and
cerebrovascular vasculopathy, which is also called cerebral vasculitis (CV) (1.7%—24%) [5-6,11-
12]. The wider variability in the incidence of CV is explained by the recent recognition of this
complication and the indirect method of diagnosis, being defined by clinical worsening and
compatible imaging results (multiple infarcts) without cerebral histopathology. Recent studies
not only show a higher incidence of CV but also an association with a worse prognosis [6,11-12],
yet many questions about the pathogenesis of CV remain unsolved. Presumed risk factors

include a higher bacterial load, longer disease duration, less cerebrospinal fluid (CSF)



inflammation, and corticosteroid treatment [11].

Information regarding the role of corticosteroids on CV development is controversial. Concern
regarding corticosteroid treatment was first raised after histopathological evidence of higher
vascular damage in the brains of patients with meningitis treated with corticosteroids [9] and
clinical reports of cases with delayed cerebral vasculopathy after corticosteroid withdrawal [13-
16]. These led to the hypothesis of a rebound vascular inflammation and the recommendation
for an intensified and prolonged corticosteroid treatment regimen [5]. However, uncertainty
continues to surround this approach, with some cohort studies finding a higher incidence of CV
in the dexamethasone group [5,17] and others finding no increase in the incidence [11, 12].
Other authors have also pointed to low doses and a reduced duration of corticosteroids as
protective factors [7,11], but no clinical trials have compared different doses of corticosteroids.
Moreover, there is no consensus about the preferred treatment for CV related to pneumococcal

meningitis, but corticosteroids are one of the most used in this scenario [18-21].

To date, no data are available about the relation of bacterial serotypes or virulence factors to CV,
yet these characteristics determine pneumococcal invasiveness and virulence when combined
with host characteristics [22-23]. Some extracellular matrix metalloproteases (MMPs)
participate in the pathogenesis of brain damage in bacterial meningitis. In clinical and animal
studies, MMP-2, MMP-9, and the antagonist metallopeptidase inhibitor 1 (TIMP-1) have been
shown to cause inflammation and breakdown of the blood—brain barrier, leading to vasculitis
and a worse neurological outcome [24-26]. Experimental studies in animal models have
demonstrated the relationship between MMP-9 and inflammatory activity in the CSF, as well as
its down-regulation by adjuvant dexamethasone treatment [27]. Similarly, in clinical studies of
tuberculous meningitis where MMP-9 has been linked to brain damage, a broken blood—brain
barrier [28], and a higher CSF neutrophil count; dexhamethasone treatment decreased CSF
MMP-9 concentration. [29]. In rat models of either pneumococcal [30] or meningococcal [31]

meningitis, inflammation, brain injury, and mortality were reduced with inhibitors of these
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MMPs and higher levels of MMP-9 were associated with vasculitis in coccidioidal meningitis [32].
Finally, other studies have evaluated the predictive value of those markers; for example, in
childhood bacterial meningitis, a higher MMP-9 concentration predicted mortality whereas a
higher TIMP-1 concentration correlated with sequelae but not mortality [33]. The concentrations
of MMP-9 and TIMP-1 in the CSF even pointed to their potential as new markers of bacterial

meningitis [34].

This study aimed to detect possible predictors of CV as a complication of pneumococcal
meningitis based on the initial lumbar puncture, focusing on MMP levels in the CSF and the

microbiological characteristics of S. pneumoniae isolates.

Material and methods

Setting and participants

We designed a multicenter, prospective, observational cohort study in three university hospitals
from Catalunya (Spain). All patients aged over 16 years old, diagnosed with pneumococcal
meningitis, and admitted from January 2019 to August 2022 were evaluated for inclusion. Only
patients with sufficient remaining CSF after confirmation of a pneumococcal etiology were

included.

Definitions

Compatible clinical signs and elevated inflammatory markers in the CSF defined meningitis.
Pneumococcal etiology was defined by CSF gram stain or culture, blood culture, CSF

pneumococcal antigen, polymerase chain reaction positive for S. pneumoniae in CSF or

pneumococcal antigen in other sterile samples.

Cases of CV were defined as clinical worsening with new-onset neurological symptoms and/or

fever or lack of improvement after 72 h of adequate antimicrobial and corticosteroid treatment.



Diagnosis also required compatible radiological signs on cranial computed tomography or
magnetic resonance imaging with angiography (CTA/MRA) or without (CT/MRI), such as multiple

infarctions or hemorrhages in different vascular territories or different states of evolution.

Clinical outcomes were assessed using the Glasgow Outcome Score (GOS) [35] at discharge and
after 3 and 6 months, using the following ratings: 5, good recovery; 4, moderate disability; 3,
severe disability; 2, persistent vegetative state; and 1, death. Mortality was classified as early
neurological (before 48 hours of admission) or late neurological or as early skeptical cause

(before 48 hours) or as late by any cause.

Informed consent and ethics

We asked the patient or a direct relative (if it was not possible to ask the patient) for written
informed consent to be included in the study. The Ethics Committee of each center approved
this study, with expedient number PR158/18 in the main center. The research adhered to the

ethical standards of the Declaration of Helsinki.

Data collection and follow-up

CSF samples were obtained routinely by lumbar puncture in patients with suspected meningitis.
The excess CSF not used for these determinations was saved for further analysis when required.
The research team collected all epidemiological, laboratory, and clinical data prospectively;
however, they did not interfere with diagnostic examinations or treatment. Patients were treated
following the existing standard of care, using dexamethasone and antibiotic at the discretion of
the treating doctor. If CV was suspected as a complication cranial image with or without
angiography by CT/CTA or MRI/MRA was performed according to regular practice. The patient

was followed for up to 6 months after discharge or until death.

Sample analysis

To perform MMPs determinations, the research team collected CSF remaining from the initial

lumbar puncture, which was preserved at -80°C until biochemical analysis at the reference
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laboratory at the end of the study. CSF concentrations of the different markers were measured
using commercially available enzyme-linked immunosorbent assays (ELISA) kits obtained from

R&D systems for TIMP-1 and from ElabScience for MMP-2 and MMP-9.

Regarding microbiological tests, clinical samples were processed following standard procedures.
Strains of S. pneumoniae were identified by matrix-assisted laser desorption/ionization time-of-
flight (MALDI-TOF) and optochin susceptibility. Antibiotic susceptibility was tested by
microdilution following the European Committee on Antimicrobial Susceptibility Testing
(EUCAST) guidelines [36]. Serotype was determined by Quellung reaction, dot blot, and/or
capsular sequence typing at the Spanish Pneumococcal Reference Laboratory. All available
isolates underwent whole genome sequencing on the Illlumina platform. DNA was extracted
using the QlAamp DNA Mini Kit (Qiagen) and quantified with the QuantiFluor dsDNA System
(Promega). Libraries were prepared with the Nextera XT kit and paired-end sequenced (2 x 300
base-pairs) on the MiSeq platform (lllumina). Read quality analysis and assembly was performed
with the INNUca v4.2 pipeline (github.com/B-UMMI/INNUca). Multilocus sequence typing
(MLST), in silico serotyping, and antibiotic resistance were determined using Pathogenwatch

(pathogen.watch/) and reads were deposited at the European Nucleotide Archive (PRJEB61664).

Statistical analysis

We used an electronic case report form in REDCap, a secure web-based software platform, to
collect and to store study data [37]. Cohort characteristics are presented as the number of cases
and percentages for categorical variables or as the median and interquartile range (IQR) for
continuous variables. All analyses were performed with a two-sided significance level of 0.05 in

R software version 4.1.0 [38].

Results

A total of 22 patients from two centers were included, as shown in Figure 1.



Hospital A

Hospital B

27 pneumococcal
meningitis episodes

2 pneumococcal
meningitis episodes

6 cases without available
CSF from the lumbar
puncture

* 1 episode with no lumbar

puncture performed due to
contraindication

Informed consent
Follow-up

22 patients included

Figure 1. Inclusion flow-chart

Patient characteristics are summarized in Table 1.

Table 1. Cohort main characteristics (N=22)

Basal characteristics

Age, years (median, IQR)
Male (n/N, %)

Any pneumococcal vaccination before episode (n/N, %)

60.5 (53.0-68.5)

15/22 (68.2%)
12/22 (54,1%)

Charlson score (median, IQR) 0 (0-2)
Previous meningitis episode (n/N, %) 2/22 (9.1%)
Immunosuppression® (n/N, %) 5/22 (22,7%)
Known predisposing factor? (n/N, %) 13/22 (59,1%)
Clinical characteristics at admission

Time since symptoms onset, hours (median, IQR) 30 (12-72)
Antibiotic treatment before admission (n/N, %) 8/22 (36,4%)
Duration, days (median, IQR) 1.5 (1-2.25)
Fever at any time (n/N, %) 15/22 (68,2%)
Hypotension (n/N, %) 2/22 (18,2%)
Shock (n/N, %) 4/22 (14,3%)
Headache (n/N, %) 11/21 (52,4%)
Nuchal rigidity (n/N, %) 9/22 (52,9%)
Nausea or vomiting (n/N, %) 7/22 (31,8%)
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Altered consciousness (n/N, %) 20/22 (90,9%)

Glasgow score (median, IQR) 10 (8-14)
Seizures before admission (n/N, %) 4/22 (18,2%)
Focal neurological deficit at admission (n/N, %) 5/22(22,7%)

Laboratory test at admission

Blood leucocytes, cel/mm3 (median, IQR) 18900 (13875-23600)
Lactat, mmol/L (median, IQR) 2.76 (1.88-5.73)
CRP, mg/L (median, IQR) 179 (84.8-369)
Creatinine, pmol/L (median, IQR) 75.6 (59-114)
CSF leucocytes, cel/mm3 (median, IQR) 3550 (800-6426)
% neutrophiles (median, IQR) 90.5 % (87-95)
CSF glucose, mmol/L (median, IQR) 0.11 (0.11-2)

CSF proteins, g/L (median, IQR) 5.2 (4-8.1)

Metalloproteases levels

MMP-2, ng/mL (median, IQR) 11.5(8.04-15.1)
MMP-9, ng/mL (median, IQR) 9482 (3734-13515)
TIMP-1, ng/mL (median, IQR) 430 (284-966)
Microbiology

Positive blood cultures (n/N, %) 16/21 (72,7%)
CSF positive gram stain (n/N, %) 15/21 (68,2%)
CSF positive culture (n/N, %) 14/20 (63,6%)
CSF positive antigen (n/N, %) 20/22 (90,9%)
CSF positive protein chain reaction (n/N, %) 4/21 (19%)
Susceptibility to penicillin® (n/N, %) 16/18 (83,3%)
Susceptibility to cefotaxime? (n/N, %) 16/18 (83,3%)

S pneumoniae serotype, (n) (N=17) 3 (4); 9N (2); 19A (2), 22F (2), 35F (2);

7C (1) 15A (1), 15B (1), 19F (1), 35B (1)

Radiology at admission

Cranial CT scan before lumbar puncture (n/N, %) 19/22 (86,4%)
Abnormal cranial CT scan® (n/N, %) 4/19 (21,1%)

CRP: protein C reactive, CSF: cerebrospinal fluid, CT scan: computed tomography scan, EUCAST: European
Committee on Antimicrobial Susceptibility Testing

IImmunosupresion was splenectomy in 3 cases, biological treatment in 1 case and corticoid treatment in another.
2The identified predisposing factors were: 7 cases of acute otitis media, 2 cases of CSF leakage, 2 pneumonia, 1
chronic otitis media and 1 chronic sinusitis

3According to the EUCAST defintion, S. pneumoniae strains were considered penicillin susceptible with MICs <0.06

mg/L
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4According to the EUCAST definition S. pneumoniae strains were considered cefotaxime susceptible with MICs
<0.5mg/L
5The CT scan abdnormalities were 3 cases of old strokes and 1 cerebral oedema.

Although the cohort had few comorbidities, almost a quarter had immunosuppression. Both
centers provided similar treatment with appropriate and targeted empirical antibiotics that
included third-generation cephalosporins. All patients received adjunctive dexamethasone,
except for one who was admitted with pneumococcal pneumonia and received a late diagnosis
of meningitis. Dexamethasone treatment comprised an initial bolus of 12 mg followed by 4 mg
every 6 hours for 48 hours in 20/21 (95.2%) patients, with 1 patient receiving 10 mg every 6
hours for 96 hours. Of the 18 patients without seizures until admission, 16 (88.9%) received

antiseizure drug prophylaxis.

Overall, 15 of the 22 patients (68.2%) needed admission to the intensive care unitand 13 (59.1%)
required orotracheal intubation. The level of consciousness improved at a median of 1 day (IQR
1-2.75). Fever resolved in almost all patients (95.5%) after a mean of 1 day, but one patient had

a persistent fever after 72 hours and the fever reappeared in one patient.

Neurological and non-neurological complications during admission are described in Table 2.

Table 2. Complications during admission

Non-neurologic complications (n/N, %) 15/22 (68,2%)
Septic shock 4/22 (18,2%)
Respiratory failure 7/22 (31,8%)
Heart failure 5/22(22,7%)
Renal failure 5/22(22,7%)
Worsening liver function 2/22(9,1%)
Multiorganic failure 3/22 (13,6%)
Arthritis 1/22 (4,6%)
Phlebitis 1/22 (4,6%)
Urinary tract nosocomial infection 1/22 (4,6%)
Neurologic symptoms! (n/N, %) 12/22 (54,5%)
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Headache 3/22 (13,6%)

Hemiparesis 3/22 (13,6%)
Cranial palsy 1/22 (4,6%)
Seizure 3/22 (13,6%)
Deterioration of level of consciousness to GCS< 8 5/22 (22,7%)
Another focal neurological deficit (n/N, %) 3/22 (13,6%)

GCS: Glasgow Coma Score

10nly for new onset of symptoms not present on admission

Neurological complications occurred from day 1 to day 14 of admission, with half developing
after dexamethasone discontinuation and only one developing after antibiotic discontinuation.
Diagnostic imaging was performed in all but one case of neurological complication (11/12), with
the omission due to therapeutic/diagnostic effort limitation of the patient. Simple CT scan,
performed in 7 patients at a median of day 8 (IQR 7.5-8.5) after admission, did not detect CV;
however, CTA performed in 2 patients at a median of day 19.5 (IQR 16.8-22.2) detected 1 case
with stenosis/ectasia at vessels. MRl was the most sensitive imaging technique. It was performed
in 8 patients at a median of day 8 (IQR 6.5-12.5), finding punctate white matter hyperintense
lesions on T2 and FLAIR sequences in 3 patients and infarcts in 5 patients; 3 of whom had multiple
lesions and in different vascular territories (2 bilateral) and 1 showed different states of
evolution. Other findings were cerebral edema and meningeal reinforce. No hemorrhages were
found. Based on the diagnostic clinical and radiological criteria, 3 of 21 patients (14.3%) were

diagnosed with CV.

During admission, 3 of 22 patients (13.6%) died: 1 due to early sepsis (< 48h of admission) and 2
attributed to late neurological complications. At discharge, 6 of 19 survivors presented sequelae,
including 1 with cranial nerve palsy, 3 with deafness, 2 with neurological focal deficits, and 1 with
a change in character. GOS at discharge was 5 in 12 of the 22 patients (54.6%). Follow up was
completed in 18 of 19 survivors; at 1 month after discharge, one more patient had a GOS of 5

points (13/18; 72.2%), while at 6 months 15/18 (83.3%) achieved full recovery .
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Differences in the main risk factors for CV and non-CV cases are shown in Table 3; however, none

of them achieved statistical significance.

Table 3. Possible cerebral vasculitis risk factors

Time since symptoms onset to
admission, hours (median, IQR)
MMP-9 ng/mL (median, IQR)
MMP-2 ng/mL (median, IQR)
TIMP-1 ng/mL (median, IQR)
CSF proteins (median, IQR)

CSF positive gram stain (n/N, %)
CSF leucocytes (median, IQR)

% neutrophiles in CSF (median, IQR)
Adjuvant dexamethasone treatment
(n/N, %)

No CV (18/21) CV (3/21)
24 (12-72) 30 (21-39)
9.8 (7.95-15.4) 13.2 (11.4-13.3)

10484 (4139-13515)
318 (284-966)

3668 (1496-7846)
91,1% (88,2-95)

5,2 (4-7)
11/17 (64,7%) 3/3 (100%)

5689 (4354-7666)
699 (488-1944)
4,4 (3,7-6,7)

1058 (831-1285)
74,8% (64,4-85,1)

17/18 (94,4%) 3/3 (100%)

CV: cerebral vasculitis, CSF: cerebroespinal fluid.

None of the items achieved statistical significance.

Figure 2 summarizes the phylogenetic tree and associated metadata of sequenced isolates,

including antibiotic susceptibility and acquired resistant genes.
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Figure 2. Phylogenetic tree of isolates causing pneumococcal meningitis in Hospital Universitari de Bellvitge (2019-
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represented in green (susceptible), yellow (intermediate) and red (resistance) under EUCAST meningeal breakpoints.
PEN; Penicillin, AMX; Amoxicillin, CTX; Cefotaxime, TET; Tetracycline, ERY; Erythromycin, CLI; Clindamycin and CHL;
Chloramphenicol. Acquired resistance genes for tetracycline and erythromycin is indicated. (*) In this isolate vasculitis

could not be determined. (**) New ST profile.

Although there was a high diversity of serotypes among pneumococci causing meningitis.
However, serotype 3 accounted for 5 cases (29.4%), with most related to the globally
disseminated CC180 that is associated with the rise of this serotype in Europe. Cases that
developed CV had serotype 3, 9N, and 35F, but the small number meant that no differences

could be evaluated between the CV and non-CV groups.

More than half (12/22) of the patients had received at least one dose of the pneumococcal
vaccine. Almost all had received at least one dose of the 23V-polysaccharide, which covered all
but 5 of the 17 isolated serotypes. Two out of the 12 had previously received the 13V-conjugated
vaccine in the sequential protocol. Only 4 patients had received the last dose of the vaccine

within the last 5 years.

Treatment for the CV cases mainly involved extending the dexamethasone regimen to a median
of 14 days (IQR 8-17.5) compared with the 2 days (IQR 2-3) required for the non-CV cases.
Although none of the patients with CV died, their GOS at discharge was worse (2 with GOS 4 and
1 with GOS 2) compared with the non-CV group (12/16 [75%)] survivors with GOS 5). After 6

months, 1 patient with CV achieved a GOS of 5, but there was no change in the other 2 patients.

Comparing MMPs levels between survivors, MMP-9 and TIMP-1 were higher in patients with
sequelae (13.3 [IQR 10.5-14.7] ng/mL and 853 [IQR 389-2644] ng/mlL, respectively) than in those
without (10.6 [IQR 7.95-15.4] and 331 [IQR 294-844] ng/mL, respectively), but without achieving
statistical significance (p=0.687 and p=0.182, respectively). Also, MMP-2 levels were lower in
patients with sequelae (7666 [IQR 3686-11,800] ng/mL) than in those without (11,648 [IQR

7308-13,630] ng/mL) again without achieving statistical significance (p=0.687).
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Discussion

Neurological complications were frequent and affected more than 50% of patients in our cohort,
with a significant frequency of CV in more than 14%. Although the sample size was inadequate
to detect statistically significant risk factors, these results are consistent with previous
publications suggesting that risk is increased with a longer time from symptom onset to

admission, a lower neutrophil CSF count, and a more positive CSF gram stain [11].

MMPs levels were also concordant with the existing literature, showing higher MMP-9 and TIMP-
2 levels with lower MMP-2 levels in patients with sequelae. We cannot conclude that differences
in MMP levels are associated with CV, but our preliminary results should encourage further
research in this field. A larger cohort could detect early markers of this severe complication and

allow the design of treatments aimed at reducing its severity and frequency.

Microbiological analysis did not find any pattern in meningitis complicated with CV. No
phylogenetic relationship, serotype predominance, virulence factor, or antibiotic susceptibility
was related to CV. The high genetic diversity of pneumococci, together with a small sample size,
precluded the rejection of any role for microbial characteristics in the genesis of CV as a

complication. Serotype 3 is well known to be the dominant cause of severe meningitis.

Most physicians followed the dexamethasone regimen proposed by Cabellos et al. [7], using a
lower and shorter dose than proposed in a clinical trial [2] with a lower incidence of CV than
other cohorts recently published with conventional doses of dexamethasone (14.3% vs 29.2%)
[12]. Further analysis regarding different doses of dexamethasone and the incidence of CV are

warranted.

The main limitation of our study is the small sample size and the low number of CV cases. During
the SARS-CoV-2 pandemic, there was an unexpectedly lower incidence of pneumococcal

meningitis due to lock-down and mask-wearing precautions; therefore, despite extending the
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study period, it was not possible to include more patients and achieve statistical power.
Nevertheless, the study was the first to include MMPs levels in adults with bacterial
pneumococcal meningitis and to assess their relationship with CV based on previous experiences
in other etiologies of meningitis [28, 29, 31, 32], experimental models [24, 25, 27, 30], children
[26, 33], or with scarce representation of pneumococcal etiology [34]. To our knowledge, there
has been no previous attempt to assess the microbiological phylogenetic relationships or

virulence factors related to CV.

Conclusions

CV is a frequent complication of pneumococcal meningitis, occurring in 14.3% of cases in this
series. The effect of corticosteroid treatment on the incidence of CV is not well determined and
should be clarified, including the impact of different doses of dexamethasone. MMPs levels in
the CSF could represent a potential marker of this complication, but further studies with a larger
sample size are needed. Indeed, the small sample in the current study precludes any conclusions

about the relation between CV and either pneumococcal serotypes or virulence factors.
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DISCUSSIO

Interpretacid dels resultats

En referéncia al primer objectiu, que pretenia avaluar el tractament antibiotic
adequat per la meningitis pel pneumococ resistent a penicil-lina i cefalosporina, el
nostre estudi inclou una gran mostra de fins a 339 episodis de meningitis. Entre aquests,
hi havia una proporcié important de microorganismes resistents: 93 eren per soques

resistents a penicil-lina i 35 resistents a cefotaxima.

Amb l'experiencia d’una mostra tan gran, el tractament amb dosis altes de
cefotaxima (300 mg/kg/24h) amb una dosi maxima diaria de 24 g en adults, ha
demostrat ser un bon tractament empiric i també dirigit, permetent la curacié i el rescat
de meningitis amb fracas terapéutic amb pauta estandard meningia de ceftriaxona o
vancomicina. Es molt rellevant que aquesta dosi de cefotaxima va permetre la curacié
de 6 pacients amb soques que presentaven una CMI de 2 mg/L. Aquests resultats sén
congruents amb un estudi publicat pel grup frances (78) on s’analitzen nivells al LCR i
tolerancia de la cefotaxima, observant que en pacients amb una dosi > 280 mg/kg/dia
s’arribava a una mediana de concentracié al LCR de 18.3 mg/L (IQR 3 — 43.4), arribant
practicament a estar 10 vegades per sobre la CMI de 2 mg/L sense grans efectes
adversos. El mateix grup frances ha publicat dos estudis on s’avaluava |’Us de ceftriaxona
a dosis altes (75-100 mg/kg/dia) sense limit superior — tot i que no tenien gaire
representacié de pacients obesos-, amb una mitjana de 7 g/dia, per infeccions del
sistema nervids central, reportant efectivitat i seguretat d’aquestes dosis (79). Si bé és
cert que no han pogut demostrar que aquest tractament sigui eficag fins a CMI de 2, ja
gue no s’han trobat amb el cas, refereixen que presenten escassos aillaments de
pneumococs resistents a cefalosporines i la CMI maxima registrada és d’1 mg/L (80). Els
mateixos autors han escrit una carta a I'editor (80) en referéncia al nostre estudi,
congratulant-se dels resultats obtinguts de cara a seguir defensant i aplicant les
cefalosporines a dosis altes en monoterapia per al tractament de meningitis

pneumococciques, tal com recomanen les guies franceses del 2009 (65) i del 2018 (81).
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Es ben probable, doncs, donades aquestes noves evidéncies, que canviin les

recomanacions actuals en la proxima edicié de les guies europees.

Pel que fa a la resta de tractaments utilitzats, els casos tractats amb vancomicina
en monoterapia ja van ser publicats (59) reflectint el seu fracas. Els casos tractats amb
vancomicina més rifampicina, tot i ser només 10 pacients, presenten una taxa d’exit del
90%, per la qual cosa també reforcen resultats previs en I'ambit experimental (61) i es
considera la millor pauta alternativa si hi ha toxicitat, resisténcia d’alt grau o al-lérgia a

betalactamics.

El segon estudi responia a l|'objectiu d’avaluar la terapia adjuvant amb
dexametasona a dosis més baixes de les recomanades per les guies: exactament, una
dosi de 12 mg en bolus i 4 mg cada 6 h durant només 48 hores, en lloc dels 10 mg cada
6 h durant 96 hores actualment recomanat. Aixd suposa una reduccié de més de la

meitat de la dosi.

L'estudi, que recull I'observacié d’una mostra també molt gran, confirma
I'eficacia pel que fa a reduccid de mortalitat (comparant amb la mateixa cohort els anys
previs a la implementacié de la dexametasona per protocol) del 35 a I’'11%, un resultat
gue equival o finsi tot supera lleument la reduccié de mortalitat publicada amb les dosis
més altes: de 34 a 14% en assaig clinic (7) i del 30 a 15% en estudi de cohorts (2). La
possibilitat d’'una pauta curta efectiva també es recolza en altres estudis més antics amb
pacients pediatrics, on es demostrava |'eficacia de només 48 h de tractament amb
corticoides (8, 82). En adults, no hi ha estudis publicats recentment amb comparacié de

dosis ni una dosi més baixa de dexametasona de la recomanada actualment.

Es congruent amb el mecanisme d’accié proposat de la dexametasona, que la
mortalitat neurologica i la mortalitat precog, fossin les que es redueixen més
significativament (del 23 al 7.4% i del 24 al 5.8%). També la reduccié de I'aparicié
d’hemiparesia post inici de tractament i el menor nombre de crisis epileptiques
postantibiotic, donen suport a aquests resultats. A més sembla que tinguin millor
recuperacié funcional els pacients tractats amb dexametasona (GOS=5 79% vs. 57%)

encara que no va arribar a tenir significacio estadistica.
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La limitacié ja mencionada de I'administracié de diversos tractaments alhora
(dexametasona, mannitol i profilaxi antiepileptica) es va intentar corregir amb la
subanalisi de la cohort que va utilitzar dexametasona, que era de 242 malalts, dels quals
2/3 parts també van rebre mannitol (173), sense trobar diferéncies significatives ni en
mortalitat ni en seqlieles. Tot i que el percentatge és lleugerament més baix en el grup
de mannitol, s’ha de tenir en compte el possible biaix de gravetat. El biaix consistiria en
el fet que I'administracid de mannitol esta contraindicada en certs casos que poden
representar probablement pacients més greus (insuficiencia renal, cardiaca o xoc). Per
aixo, concloem que el nostre estudi no demostra un clar efecte del mannitol afegit al

benefici que aporta la dexametasona.

En canvi, en aquest estudi ja s’observa un possible efecte beneficiés de la
profilaxi antiepileptica administrada a 184 pacients que també reben dexametasona,
presentant menys crisis epileptiques (10 vs. 28%) i menor mortalitat (26 vs. 20%) i
morbiditat (GOS=5 83% vs. 50%) de forma significativa. També es confirma que les crisis
epileptiques agudes comporten més mortalitat i morbiditat per se i de forma
significativa. Aquests resultats recolzen la nostra hipotesi per desenvolupar el seglient

estudi, centrat Unicament en la profilaxi antiepiléptica de forma detallada (83).

Si que és cert que hi ha algunes diferencies entre el grup que va rebre
dexametasona i el que no: el que va rebre dexametasona té més edat i més cancer; en
canvi, el grup que no va rebre dexametasona arriba més greu: amb més xoc i més baix
nivell de consciéncia (GSC <8). Aquestes diferéncies podrien donar-se perqué en realitat
es tracta gairebé d’una cohort historica, amb els pacients més recents beneficiant-se de
I"aplicaciéd del protocol. Probablement, les diferéncies tenen a veure amb el canvi
poblacional i I'envelliment de la societat les darreres decades, i també amb més accés al
sistema sanitari, arribant “abans” d’estar tan greus a Urgencies o rebent alguna dosi
d’antibiotic previament. Tot i aixi, la dexametasona mostra un clar efecte beneficiés, no
només atribuible a les millores en el sistema sanitari, ja que els 15 malalts que no van
rebre dexametasona després de la implantacié del protocol mostren la mateixa
mortalitat (33%) tot i ser pacients tractats després de 1986 amb els mateixos avencos

medics que els pacients tractats amb dexametasona per protocol.
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Els bons resultats amb dosis inferiors de dexametasona haurien de provocar un
canvi en les recomanacions, valorant la dosi inferior com a possible opcio de tractament,
no només perque caldria emprar la dosis minima eficag, siné perque la possible reduccié
de dosis pot estalviar efectes secundaris com el descens de dosis d’antibiotic que
penetra al LCR o I'aparicié de vasculitis cerebral retardada. Complicacié de la qual no
s’acaba de coneéixer la patogénia ni el paper dels corticoides en la seva aparicié, i en que

també centrem el nostre darrer estudi.

Pel que fa al moment real en que els pacients reben I'administracié de
dexametasona, dels 69 pacients en que es va poder analitzar el 75% van rebre la
dexametasona prévia o simultaniament a I'antibiotic. La resta van rebre la
dexametasona tard, un 18.8% dins de les 4 hores posteriors a I'administracio de
I'antibiotic i la resta més tard. Només 4 dels pacients la van rebre passades 4 hores des
de I'administracié de I'antibiotic. Si bé és cert que les recomanacions sén clares
d’administrar la dexametasona d’inici i no amb el deteriorament clinic, i aixi s’ha
d’insistir que es faci, en la vida real és dificil que aixd es compleixi de forma estricta en
tots els casos. Considerem adequada la recomanacié que en cas de no haver-se fet,
almenys es faci en les 4 hores posteriors, malgrat que el nombre de malalts del nostre
estudi no va permetre fer una subanalisi amb els pacients que I’havien rebut més tard.
Com que no és etic fer un estudi intervencionista per veure fins quan té benefici
administrar-la, per tenir més evidencia al respecte només es podria realitzar una
avaluacio en un estudi de cohorts observacional, amb les dificultats que suposa, recollir
de forma retrospectiva des de registres o des de la historia clinica electronica, el

moment exacte d’administracio de farmacs.

El tercer objectiu contemplava avaluar I'efectivitat de la profilaxi anticomicial en
les meningitis pneumococciques. Aixo va requerir seleccionar Unicament els pacients
que no havien presentat crisis epileptiques abans del diagnostic (ja que aquestes no sén
potencialment evitables). En aquesta seleccié de malalts, la profilaxi antiepiléptica
demostra que és eficag amb una menor aparicié de crisis epileptiques, i a la vegada

segura, amb escassos efectes secundaris. Tot i aixi, com que la mostra del grup sense
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tractament profilactic era petita, caldria confirmar aquestes troballes amb nous estudis
que permetin aplicar aquests resultats a la practica clinica amb seguretat. La profilaxi
antiepiléptica no s’havia avaluat en aquest tipus d’afectacié al sistema nervids central,
perod, en canvi, si en altres tipus de patologies neurologiques amb una incidéncia similar
o0 més baixa de complicacions en forma de crisis epileptiques com I’hemorragia

subaracnoidal (10-26%) o el traumatisme cranioencefalic (4-25%) (13,14).

Probablement concretar els factors de risc de crisis epiléptiques, com podria ser
I'edat o certs parametres al LCR com s’havia descrit anteriorment — més proteines i
menys leucocits — (10, 30, 68) podria suggerir valorar una profilaxi no universal, sind

adequada al risc.

Pel que fa a I'impacte en seqieles i mortalitat pel fet de rebre profilaxis i no
presentar aquesta complicacid, si bé I'estudi, probablement degut a la mida de la
mostra, no mostra beneficis significatius; si que demostra beneficis en variables
subrogades com la menor estada hospitalaria i la menor necessitat d’ingrés a I’'UCI i
intubacié orotraqueal. Els resultats en aquestes variables no només assoleixen
significacié estadistica sind que presenten canvis percentuals significatius en I'ambit
clinic: d’una necessitat d’ingrés a UCI del 86% baixa al 57% i la necessitat d’intubacio del
81 al 41%. A més, la reduccio d’estada hospitalaria també és molt significativa amb una

reduccio de més de 10 dies, passant de 27.5 a 15 dies d’ingrés.

Davant la possibilitat d’evitar una complicacio greu i permetre la curacié més
rapida, els nostres resultats condueixen seguir investigant aquest tractament,
probablement requerint un nou intent d’assaig clinic aleatoritzat amb col-laboracié

internacional.

També cal destacar la temporalitat de les crisis, habitualment les primeres 48 h
pero més tardanes en els pacients que prenien profilaxi antiepileptica. Tot i que no vam
trobar diferencies significatives, sembla que hi ha una tendencia a major alteracio a la
neuroimatge de control i no la d’admissié, en els pacients que van presentar crisis (85
vs. 64%). D’aquest fet, sumat que el 50% de pacients que van fracassar amb la profilaxi
antiepiléptica presentaven alteracions a la neuroimatge de control, s’infereix que en les

crisis tardanes probablement tenen un paper important les complicacions intracranials.
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Aquests resultats caldria confirmar-los amb nous estudis, i es podria avaluar, per
exemple, suspendre la profilaxi antiepileptica al cap de 3 o 5 dies si no hi ha
complicacions intracranials, ja que aquestes rarament es presenten més tard i, si és aixi,

igualment poden provocar un fracas de la profilaxi.

El quart objectiu era explorar la relaci6 de les metal-loproteases al liquid
cefalorraquidi i les caracteristiques microbiologiques de S pneumoniae amb |'aparicid
d’una complicacié en concret, la vasculitis cerebral. Els resultats obtinguts no permeten
realitzar analisis estadistiques donat el baix nombre d’esdeveniments en forma de
vasculitis cerebral (n=3). Malgrat disposar d’'una mostra tan escassa els nivells de
metal-loproteases presenten una tendéncia com la descrita en la literatura amb nivells
de MMP-9 o TIMP-1 més alts en pacients amb sequeles (18,19) i també nivells de MMP-
9 més alts en pacients amb vasculitis cerebral (84). L’estudi microbiologic no va reportar
diferencies en les soques de pacients amb vasculitis cerebrals, pero és possible que tal
associacio estigui present, pero no s’hagi pogut detectar per la mida de la mostra i el
nombre d’esdeveniments. L'amplia varietat de serotips de S pneumoniae que
provoquen malaltia invasiva, dificulta la deteccié de tendéncies. L'estudi tampoc va
permetre aclarir la relacio de la corticoterapia amb I'aparicié de la vasculitis cerebral.
Cal tenir en compte que un factor que pot confondre a I'hora d’interpretar una vasculitis
cerebral retardada, després de retirar els corticoides, és que aquesta complicacio se
sospita amb una falta de millora o empitjorament després de 72 h de tractament dirigit.
Aquest moment coincideix temporalment amb el final del tractament corticoideu
adjuvant segons la pauta utilitzada; amb la pauta de dexametasona proposada per
nosaltres probablement ja I'hagi finalitzat, i amb la pauta estandard, estigui a punt. Aixo
sumat al possible retard diagnostic degut a la programacié de técniques d’imatge
especifiques com la ressonancia magnetica o I'angio-TC cranial, pot fer que hi hagi una
coincidencia temporal amb la suspensié de corticoides i I’aparicié de la complicacié i que

no sigui una relacio causa-efecte.
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Implicacions dels resultats

Els nostres resultats tracten temes innovadors, sobre els quals hi ha escassa
evidéencia cientifica i, fins i tot, apunten en una direccid contraria a algunes
recomanacions de les guies actuals. A més, posen en qliestié tant la pauta antibiotica
empirica com la dirigida recomanada pel S pneumoniae amb resisténcia a penicil-lina i
cefalosporines. Fins i tot considerem que es podria arribar a plantejar ajustar els punts
de tall de 'EUCAST, reclassificant els S pneumoniae amb CMI a cefotaxima d’1i 2 mg/L,
en lloc de resistents, susceptibles a dosis incrementades; com en el cas dels S

pneumoniae en infeccions no meningies.

A més, es presenten resultats molt solids amb I'Us d’una pauta alternativa de
corticoides a dosis més baixes i durant menys dies que la pauta estandard recomanada,

obrint la porta a un canvi en les recomanacions per donar la dosi minima necessaria.

Els resultats amb la profilaxi antiepiléptica, rebutjada també a les guies per falta
d’estudis, tot i no arribar a demostrar una millora significativa en la mortalitat, si que
suggereixen eficacia i disminucié de I'estada hospitalaria i I'ingrés a UCI, a més de
presentar escassos efectes adversos. Caldra fer estudis amb una mostra més gran per

confirmar les nostres troballes i poder fer una recomanacio clara al respecte.

La possibilitat de preveure certes complicacions, com la vasculitis cerebral amb
els nivells de certes metal-loproteases a la puncid lumbar inicial, és esperancadora.
Seran necessaris més estudis que confirmin que sén un possible marcador que ens

podria guiar a fer un tractament personalitzat.

En global, els resultats presentats intenten respondre a algunes de les preguntes
a que ens enfrontem els clinics dia a dia, com a metges assistencials que tractem
pacients amb meningitis pneumococciques: quin tractament antibiotic i adjuvant hem
de posar als pacients i en quin pacient cal sospitar complicacions en forma de vasculitis
cerebral. Pel fet de respondre preguntes tan cliniques, els estudis presentats tenen una

elevada aplicabilitat i poden definir canvis en la practica clinica.
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Fortaleses i limitacions

Una de les fortaleses dels nostres resultats és que tots els estudis es basen en la
vida real, i aix0 permet observar |'eficacia dels tractaments malgrat les diferéncies
inherents en I'aplicacié practica, que no es reflecteixen de la mateixa manera en cas
d’estudis aleatoritzats. Aixo inclou dubtes diagnostics amb retards en el tractament
empiric o adjuvant recomanat, la major o menor adherencia al tractament
protocol-litzat, I’heterogeneitat de pacients amb representacié real dels pacients més
greus i comorbids... Aixo fa que, la principal limitacid, que és precisament el fet que tots
els estudis sén observacionals, no resti for¢ca a les conclusions sobre I'aplicacié del

tractament.

En I'estudi del tractament de les meningitis per S pneumoniae resistents a
penicil-lines i/o cefalosporines, una limitacié és que no disposem de certs detalls dels
pacients amb fracassos terapeutics (si tenien persisténcia de cultius positius al LCR,
nivells d’antibiotic al liquid cefalorraquidi). Si que a la taula 4 de I'article es mencionen
certes dades i la dosi d’antibiotic per kg, perd si haguéssim disposat a més d’aquests
detalls podrien haver aportat més arguments cientifics a les nostres conclusions, com es

reflecteix en la carta I’editor en resposta a 'article escrita pel grup francés (80).

Una limitacié important en I'estudi sobre la dexametasona, com el mateix titol
diu, és I'administracio simultania d’altres tractaments adjuvants dificultant I'impacte de
cada un d’ells per separat. Aquesta limitacid s’ha intentat mitigar fent una subanalisi en
el cas de l'administraci6 de mannitol i realitzant un estudi especific centrat

detalladament en la profilaxi antiepiléptica (83).
Una altra de les limitacions és el nombre de pacients en dos dels quatre estudis:

L’estudi de la profilaxi antiepileptica, si bé si que inclou una mostra total prou
gran presenta un desequilibri important entre els grups comparats. Del grup avaluable
de 74 malalts, només deu no van rebre tractament profilactic, la resta si. El nombre
limitat de pacientsinclosos es deu a la necessitat de recollir dades detallades a la historia
clinica informatitzada (sobre les crisis, els tractaments rebuts i les proves
complementaries) i per assegurar una cohort comparable en la resta de maneig no ens

va semblar adequat comparar-ho amb dades d’un altre centre. Tot i aixi, considerem
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que les diferéncies observades sén significatives i que caldria plantejar un nou estudi
aleatoritzat multicéntric per confirmar les nostres troballes, possiblement amb centres

europeus i no només espanyols.

El darrer estudi sobre possibles marcadors de la vasculitis cerebral, també conté
una mostra petita amb un nombre escas d’esdeveniments a pesar de plantejar-se com
a multicentric i haver demanat una ampliacié del temps del projecte. El principal
contratemps va ser un factor imprevisible com la pandémia del SARS-CoV-2 que, amb
les mesures de confinament i la proteccié amb mascaretes, va reduir drasticament el
nombre de casos de meningitis pneumococciques. Amb la mostra aconseguida, no es
poden treure conclusions fermes ni fer diferéncies estadistiques, pero si que valorem
com a positius els resultats. Es tractava d’un estudi exploratori en adults, basant-nos
sobretot en informacid extreta d’estudis experimentals previs o en estudis de meningitis
d’altres etiologies. Els resultats donen empenta a la possibilitat de realitzar un estudi
amb una mostra més gran per confirmar si les metal-loproteases al LCR poden ser un
marcador de les vasculitis. Tot i no trobar diferéencies en les caracteristiques
microbiologiques de les soques de S pneumoniae que es puguin relacionar amb les
vasculitis, atés el nombre tan baix d’esdeveniments, no es pot descartar que existeixin i
qgue no les haguem pogut detectar. Pel que fa a la relaciéd amb la corticoterapia, la mostra
no era suficient ni tenia prou pacients amb diferents tipus de dosificacido (només 2 amb
la dosi estandard, la resta amb la dosi reduida) per poder treure conclusions respecte a

la disminucié o augment d’aquesta complicacié segons la dosi de corticoides.
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Suggeriments per a futures recerques

Per molt que la meningitis és una malaltia coneguda des de fa anys, els reptes en
el tractament de les malalties evolucionen al llarg del temps. Hem de ser capacos
d’enfrontar-nos a I'aparicié de resisténcies i de complicacions, potser infraestimades
anteriorment, com la vasculitis cerebral. Els canvis en la incidencia i I'epidemiologia de
la malaltia dificulta enormement la realitzacio d’assajos clinics i requereixen
col-laboracié, tant nacional com internacional, per obtenir evidéncia cientifica de

gualitat en qué basar les recomanacions de les guies cliniques.

D’acord amb les limitacions i els resultats exposats anteriorment, és
indispensable realitzar un assaig clinic multicentric que confirmi el benefici de la profilaxi
antiepiléptica i un nou estudi amb una mostra més gran de meningitis pneumococciques
per confirmar si els nivells de metal-loproteases poden ser un marcador de la vasculitis

cerebral i establir un punt de tall.

Dins de I'ambit dels reptes del tractament de meningitis pneumococciques
continua havent-hi preguntes no resoltes que caldria seguir investigant: el millor
tractament de la vasculitis cerebral i el paper dels corticoides en la seva patogenia, els
factors de risc i el millor tractament de les complicacions supurades intracranials, la
possibilitat de tractar amb perfusid continua, per exemple de cefotaxima, a pacients
amb soques amb susceptibilitat disminuida o resistents a cefalosporines de tercera

generacio...
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CONCLUSIONS

1)

2)

3)

4)

5)

6)

7)

La meningitis comunitaria per Streptococcus pneumoniae al nostre medi, pot ser
deguda a S pneumoniae resistent a penicil-lines (CMI > 0.06 mg/L) i
cefalosporines (CMI > 0.5 mg/L), amb uns nivells de resisténcia intermeédia amb

CMI maximes a cefalosporines reportades fins a 2 mg/L.

El tractament empiric amb ceftriaxona a dosi meningia estandard (4 g/dia) pot
ser insuficient en casos de resistéencia a cefalosporines, en canvi, I'Gs de
cefotaxima a dosis molt altes (300 mg/kg/dia) ha demostrat ser segur i eficag per
tractar meningitis pneumococciques en centres amb resisténcies a

cefalosporines fins a CMI de 2 mg/L.

El tractament adjuvant amb dexametasona a dosi reduida (12 mg d’entrada i 4
mg cada 6 hores durant 48 hores) acompanyat de dosi Unica de mannitol i
profilaxi anticomicial redueix la mortalitat de la meningitis pneumococcica del 35

al 11.6%, de forma similar a la dexametasona a dosis més altes.

Les crisis comicials sén una complicacio freqlient de les meningitis
pneumococciques, i impacten en el pronodstic allargant I'estada hospitalaria i
augmentant la necessitat d’intubacio orotraqueal i ingrés a la Unitat de Cures

Intensives.

El 12% dels pacients amb meningitis pneumococcica presenten crisis
epileptiques com a complicacié abans del diagnostic, per aixo, aquesta

complicaciéd només seria potencialment evitable en la resta de casos.

La profilaxi antiepiléptica pot ser eficag prevenint I'aparicio de les crisis comicials
i reduint estada hospitalaria i necessitat d’intubacié, sense importants efectes

adversos.

La vasculitis cerebral és una complicacié freqlient de les meningitis

pneumococciques.
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8) En els pacients amb meningitis pneumococcica que desenvolupen vasculitis
cerebral hi ha diferéncies no significatives en els nivells de metal-loproteases al
LCR de la puncié lumbar de I'ingrés amb tendéncia a ser més elevats tant de MPP-

9 com de TIMP-1 i més baixos de MMP-2.
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