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ABSTRACT

Objective: To report an unusual clinical course in 6 patients with community-acquired acute bac-
terial meningitis and to compare clinical features with cases reported in the literature.

Methods: Case series from Dutch hospitals from 2003 to 2008.

Results: Five out of six patients were male, age ranged from 30 to 73 years (mean age, 47 years).
All patients had pneumococcal meningitis, received adjunctive dexamethasone treatment on ad-
mission, and made a good or excellent initial recovery. After 7 to 19 days, patients suddenly
deteriorated, developing headache, fever, a decreased level of consciousness, brainstem signs,
or hemiparesis. Imaging studies showed infarctions involving the thalamus or brainstem in all
patients. Repeated lumbar puncture showed a pleocytosis, but CSF cultures were sterile. Five
patients were treated with high-dose steroids on deterioration. Outcome was poor: 4 patients
died and 2 remained disabled. Autopsies, performed in 2 patients, showed infarctions predomi-
nantly involving the posterior circulation territory, thrombosis in penetrating arteries, but no evi-
dence of vasculitis. We identified 5 meningitis cases with delayed vasculopathy in the literature,
but these patients did not exactly resemble the clinical course of our patients.

Conclusions: Delayed cerebral thrombosis may occur in patients with excellent recovery from
pneumococcal meningitis. All patients were treated initially with adjunctive dexamethasone ther-
apy, suggesting a dexamethasone-associated effect. Pathology suggests an immunologic reac-
tion targeting cerebral blood vessels. Neurology® 2009;73:1988 –1995

GLOSSARY
GCS � Glasgow Coma Scale; ICU � intensive care unit; TGF-�RII � transforming growth factor beta receptor II.

Cerebrovascular complications are common in bacterial meningitis.1,2 Cerebral infarction is espe-
cially common in patients with pneumococcal meningitis and typically develops in the first few days
of disease when CNS inflammation is most severe.3,4 In a retrospective analysis of 87 patients with
pneumococcal meningitis admitted in a neurologic intensive care unit (ICU) between 1984 and
2002, arterial cerebrovascular complications were detected in 19 patients (22%); CT-, magnetic
resonance–, or digital subtraction angiography was performed in 17 of these patients and were
compatible with vasculitis in 11 patients.3 A rare cerebrovascular complication of meningitis is
delayed cerebral vasculitis or vasculopathy. The etiology is unknown and few cases have been
described.5-9 We recently encountered 6 patients with a devastating delayed vasculopathy complicat-
ing bacterial meningitis, which we will refer to as delayed cerebral thrombosis. Herein, we describe
these cases with this new type of vasculopathy complicating bacterial meningitis, review the litera-
ture, and discuss the possible underlying mechanism and treatment options.

CASE REPORTS Case 1. A 38-year-old man with otitis presented with headache, fever, and altered conscious-
ness. Neurologic examination showed neck stiffness and decreased level of consciousness (Glasgow Coma Scale
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[GCS] score, E4M5V1). Treatment with penicillin and
dexamethasone was started and cranial CT showed no
abnormalities. Subsequent CSF examination yielded
1,787 leukocytes/mm3 and a high protein and low glu-
cose level (table 1). CSF gram stain showed gram-
positive diplococci. Cultures of blood and CSF yielded
Streptococcus pneumoniae sensitive to penicillin. On day
2, aphasia and a mild right hemiparesis were noted.
Cranial MRI showed a left parietal T2 hyperintense le-
sion with restricted diffusion consistent with infarction.
He showed excellent recovery. On day 10, he was fit for
discharge. However, on day 11, he developed progres-
sive headache and deteriorated into coma within hours.
Cranial CT now showed slight communicating hydro-
cephalus and the previously identified left parietal in-
farct. An external lumbar drain was placed and CSF
examination showed 5,933 leukocytes/mm3 (100%
granulocytes). CSF gram stain and cultures yielded no
bacteria. Therapy was restarted with ceftriaxone, metro-

nidazole, and dexamethasone. Cranial MRI showed in-
farction of the thalamus bilaterally (figure 1A),
midbrain, pons (figure 1B), and medulla oblongata.
Despite supportive care, no neurologic improvement
occurred. Care was withdrawn on day 32 and the pa-
tient died. Autopsy showed areas of infarction involving
the left parietal lobe, and thalamus, midbrain, pons (fig-
ure 1C), and medulla oblongata bilaterally. Macroscop-
ically, the basilar artery was normal, but perforating
arteries supplying the brainstem showed focal thrombi,
without evidence of vasculitis (figure 1D).

Case 2. A 46-year-old man presented with headache
and a temperature of 38.6 °C. Neurologic examina-
tion showed neck stiffness, decreased attention span,
and disorientation. No other neurologic abno-
rmalities were found. Cranial CT was normal.
Community-acquired bacterial meningitis was sus-
pected and treatment with ceftriaxone and dexa-

Table 1 Characteristics of 6 patients with delayed cerebral thrombosis complicating bacterial meningitis

Case 1 (2003) Case 2 (2004) Case 3 (2004) Case 4 (2008) Case 5 (2008) Case 6 (2008)

Sex, age, y M, 38 M, 46 M, 55 M, 73 F, 30 M, 40

Admission GCS E4M4V1 E4M6V4 E2M5V2 E3M5V1 E4M6V4 E1M3V1

Neurologic
deficits

Aphasia No No Aphasia, gaze
deviation

No No

CSF WBC,
cells/mm3

1,787 87 NP 17,700 2,000 80

CSF protein,
mg/dL

101 610 NP 526 290 600

CSF glucose,
mg/dL

61 �1.8 NP �1.8 �1.8 �1.8

Causative
organism

S pneumoniae S pneumoniae S pneumoniae S pneumoniae S pneumoniae S pneumoniae

Dexamethasone 10 mg every 4 h, day 1
through 4

10 mg every 4 h, day 1
through 4

10 mg every 4 h,
day 1 through 4

10 mg every 4 h, day 1
through 4

10 mg every 4 h, day
1 through 4

10 mg every 4 h,
day 1 through 4

Cranial CT Otitis Normal Normal Normal Normal Normal

Status after first
week

Good recovery Excellent recovery Excellent
recovery

Good recovery Excellent recovery Good recovery

Deterioration
second week

Day 11: fever,
headache, coma

Day 10: fever,
headache, coma

Day 11: fever,
hemiparesis,
coma

Day 7: fever, seizures,
brainstem signs, coma

Day 13: fever,
headache, coma,
hemiparesis

Day 19: fever,
coma

CSF WBC 2nd LP,
cells/mm3

5,933 NP 166 500 1,100 1,080

CSF protein 2nd
LP, mg/dL

774 NP 170 296 130 239

CSF glucose 2nd
LP, mg/dL

�1.8 NP 25 72 29 59

CSF culture, 2nd
LP

Negative NP Negative Negative Negative Negative

MRI Infarction left parietal
lobe, bilateral
thalamus, brainstem

Infarction thalamus
bilaterally

Infarction basal
ganglia,
brainstem

Infarction left frontal
lobe, brainstem

Infarction left corona
radiata, right
thalamus, brainstem

Infarction left basal
ganglia, medulla,
cerebellum

Treatment Ceftriaxone,
metronidazole,
dexamethasone

Ceftriaxone,
prednisolone

Cefotaxime Ceftriaxone,
prednisolone

Penicillin,
dexamethasone

Ceftriaxone,
prednisolone

Outcome Death, day 32 Survival, moderately
disabled

Death, day 19 Death, day 25 Death, day 22 Survived, severely
disabled

Second CSF of patient 1 was obtained from an external ventricular catheter.
GCS � Glasgow Coma Scale; WBC � white blood cells; NP � not performed; LP � lumbar puncture.
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methasone was started. CSF examinations showed 87
leukocytes/mm3 (91% monocytes) and high protein
and low glucose levels. CSF gram stain revealed
gram-positive diplococci and culture of blood and
CSF yielded S pneumoniae, sensitive to penicillin.
The patient made a full recovery in the next few days.
However, on day 10, his level of consciousness sud-
denly decreased and he developed a left hemiplegia.
Cranial MRI showed bilateral thalamic infarctions
(figure 2A). He was immediately treated with pred-
nisone 60 mg daily and ceftriaxone. His condition
stabilized and his level of consciousness slowly im-
proved. On day 84, he was discharged to a rehabil-
itation facility. On discharge, he had marked
abulia and left hemiparesis. After several months
of rehabilitation, he was able to return home. Cur-

rently, he is ambulating but unable to resume his
previous occupation.

Case 3. A 55-year-old man with a history of idio-
pathic epilepsy presented with fever, diarrhea, and
altered consciousness following 1 week of cough and
general malaise. He had a temperature of 41.3 °C
and was disorientated. Pneumonia was diagnosed
and he was intubated because of respiratory failure.
Treatment with ceftriaxone was initiated and blood
cultures yielded S pneumoniae. On day 2, a neurol-
ogy consultation was requested. He had a GCS score
of E4M5Vtube and there was neck stiffness. Cranial
CT showed no abnormalities. Nevertheless, lumbar
puncture was deferred and dexamethasone was
started for 4 days. On day 10, he was awake, alert,

Figure 1 MRI and pathology images, posterior circulation infarction: Case 1

Axial T2-weighted MRI showing bilateral thalamic (A, arrow) and pontine (B, arrow) infarcts in case 1. Recent pontine infarc-
tion (C, hematoxylin and eosin, magnification 100�). A single asterisk indicates normal transverse pontine fibers; a double
asterisk indicates infarction. Perforating brainstem artery with subtotal stenosis caused by thrombus (D, hematoxylin and
eosin, magnification 400�). Vessel wall shows no evidence of vasculitis.
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and oriented, and ready for discharge. However, on
day 11, fever recurred and the patient rapidly became
unresponsive. A cranial CT showed no abnormali-
ties. A lumbar puncture revealed 166 leukocytes/
mm3 (98% granulocytes), elevated protein, and
normal glucose levels, and ceftriaxone was restarted.
CSF gram stain and cultures of blood and CSF re-
vealed no bacteria. Cranial MRI showed widespread
infarcts, involving the thalamus bilaterally, left inter-
nal capsule (figure 2B), and left pons (figure 2C).
Transesophageal echocardiography was unremark-
able. On day 19, care was withdrawn and the patient
died. No autopsy was performed.

Case 4. A 73-year-old man with a 2-day history of
otitis presented with headache, altered consciousness,
and a temperature of 39 °C. Neurologic examination
showed neck stiffness, global aphasia, and gaze devia-
tion to the left. Treatment with penicillin and dexa-
methasone was started. CSF examination yielded

17,700 leukocytes/mm3 (100% granulocytes), high
protein, and low glucose levels. CSF gram stain
showed gram-positive diplococci and cultures of
blood and CSF yielded S pneumoniae, sensitive to
penicillin. Cranial CT scan showed no abnormali-
ties. Over the next few days the patient improved.
On day 6, he was awake, alert, and ambulating.
However, on day 7, fever recurred and he developed
gait impairment. A urinary tract infection was diag-
nosed and treatment with ciprofloxacin was started.
On day 8, his level of consciousness started to fluctu-
ate, with intermittent dysconjugate eye movements.
Cranial CT scans again showed no abnormalities. A
second lumbar puncture yielded 500 leukocytes/
mm3 (90% granulocytes); CSF gram stain and cul-
tures remained negative. On day 12, cranial MRI
showed multiple areas of cerebral infarction in brain-
stem and hemispheres. Transesophageal echocardi-
ography was unremarkable. On day 18, he became

Figure 2 MRIs of posterior circulation infarction due to delayed cerebral thrombosis

Axial T2-weighted MRI showing bilateral thalamic infarcts in case 2 (A). Axial T2-weighted MRI showing infarction of both thalami, left internal capsule (B),
and left pons (C) in case 3. Axial diffusion-weighted MRI showing infarct of the right thalamus in case 5 (D). Axial (E) and coronal (F) fluid-attenuated
inversion recovery images showing infarction of medulla oblongata, cerebellum (E), and basal ganglia bilaterally (F) in case 6.
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comatose. A third lumbar puncture was performed;
CSF cultures remained sterile. On day 25, supportive
care was withdrawn and the patient died. Autopsy
showed areas of granulocyte infiltration of brain pa-
renchyma along the convexity and widespread areas
of infarction and gliosis involving the cerebral hemi-
spheres (figure 3A), brainstem, and cerebellum. Mi-
croscopically, vessel walls showed minor infiltration
by granulocytes, thickening and fibrosis of the in-
tima, but the main findings were thrombi inside ves-
sel lumina, resulting in subtotal stenosis (figure 3B).

Case 5. A 30-year-old woman presented with fever,
malaise, and headache. She had a temperature of 41
°C. Neurologic examination showed neck stiffness
and disorientation, but was otherwise normal. Treat-
ment with ceftriaxone and dexamethasone was
started. A lumbar puncture yielded 2,000 leukocytes/
mm3 (90% granulocytes), high protein, and low glu-
cose levels. CSF gram stain showed gram-positive
diplococci and culture of blood and CSF yielded S
pneumoniae, sensitive to penicillin. The patient im-
proved and was ready for discharge on day 12. How-
ever, on day 13, fever, headache, and neck pain
recurred. A lumbar puncture revealed 1,100 leuko-
cytes/mm3 and CSF gram stain showed no bacteria.
Penicillin was restarted but cultures of blood and
CSF remained sterile. Subsequently, she developed a
hemiparesis and impaired level of consciousness. On
day 17, cranial MRI showed multiple infarctions in
the pons, right thalamus (figure 2D), and left corona
radiata. Transesophageal echocardiography was un-
remarkable. Dexamethasone was restarted but no

clinical improvement occurred. On day 22, care was
withdrawn and the patient died. No autopsy was
performed.

Case 6. A 40-year-old man presented with fever,
headache, and a decreased level of consciousness
(GCS score E1M3V1). Cranial CT showed no ab-
normalities and lumbar puncture yielded 80 leuko-
cytes/mm3 (90% granulocytes), high protein, and
low glucose levels. CSF gram stain showed gram-
positive diplococci and culture of blood and CSF
yielded S pneumoniae, sensitive to penicillin. He was
treated with penicillin and dexamethasone, made a
good recovery, and was discharged on day 17. How-
ever, on day 19, he was readmitted because of fever
and developed a coma within hours. Cranial CT
showed a hypodense lesion in the left basal ganglia.
Transesophageal echocardiography was unremark-
able. Cranial MRI showed evidence of infarcts in the
medulla oblongata and cerebellum bilaterally (figure
2E), and basal ganglia bilaterally (figure 2F). Reex-
amination of CSF was not performed. The patient
was treated with prednisolone 30 mg twice daily. His
condition stabilized and his level of consciousness
slowly improved. On day 92, he was discharged to a
rehabilitation facility. On discharge he had marked
abulia and was wheelchair-bound. Currently, he uses
a walker, but still has severe cognitive defects.

REVIEW OF THE LITERATURE PubMed was
searched through May 2009 using search terms
“meningitis,” “vasculitis,” “vasculopathy,” “stroke,”
and “cerebral infarction” in the English, French, and

Figure 3 Pathology images of cortical infarction and intravascular thrombus

Cortical wedge-shaped infarct in case 4 (A, hematoxylin and eosin, magnification 20�). A single asterisk indicates normal
brain parenchyma; a double asterisk indicates infarction. Perforating artery with subtotal stenosis caused by thrombus (B,
hematoxylin and eosin, magnification 400�). Vessel wall shows no evidence of vasculitis.

1992 Neurology 73 December 8, 2009



German language. We only included adult cases with
secondary deterioration after 5 days. We did not evalu-
ate cases with early deterioration and vasculitis or vascu-
lopathy. Five patients were reported between 1992 and
2007 (table 2); age varied from 19 to 53 years.5-7,9,10

Four patients had streptococcal meningitis (S pneu-
moniae in 3, S milleri in 1); 1 patient had meningitis
due to Staphylococcus aureus. Empirical treatment con-
sisted of third-generation cephalosporin-based regimens
in 4 patients and penicillin monotherapy in 1 patient.
Two patients were initially treated with adjunctive
dexamethasone therapy. All cases were admitted with
severe illness. Secondary deterioration occurred after 5
to 9 days after admission. Importantly, at time of
deterioration, 3 of 5 patients were severely ill and still
admitted to the ICU. One patient was admitted to
the ward and suddenly became unresponsive due to a
subarachnoid hemorrhage. One patient developed
gait impairment on day 9, while out of the ICU. It is
unknown whether this patient initially received dexa-
methasone. She developed a vasculopathy resembling
moyamoya syndrome. CSF examination was repeated
in 2 patients; CSF leukocyte counts were up to 500
mm3 (65% to 74% neutrophils); CSF cultures re-
mained sterile. Neuroimaging showed multiple areas of
infarction in the posterior circulation territory in 4 pa-
tients; 1 patient also had infarction in the MCA terri-
tory. Three patients were treated with steroids after
clinical deterioration occurred. Three patients died and
the remaining 2 patients had poor outcomes. The pa-
tient with moyamoya syndrome died after 260
days. Autopsy revealed no systemic vasculitis or

arteriopathy. The proximal cerebral vasculature
exhibited severe luminal narrowing. Autopsy of
patient 1 showed an angiodestructive inflamma-
tory process in all wall layers; arteritis was a
prominent feature. Interestingly, intracellular
gram-positive cocci were present, indicating sub-
optimal antibiotic therapy. Both surviving patients
were treated with high-dose steroids after clinical
deterioration.

DISCUSSION We present 6 patients with delayed
cerebral thrombosis complicating bacterial meningi-
tis. All had pneumococcal meningitis and made a
good or excellent recovery in the first week of admis-
sion. After 7 to 19 days they suddenly deteriorated
and developed multiple infarctions primarily located
in the posterior circulation territory. We have not
come across similar reports describing this devastat-
ing phenomenon in patients with initial excellent re-
covery from bacterial meningitis. Autopsy showed
thrombosis mainly involving penetrating arteries
supplying the thalamus and brainstem, indicating an
immunologic reaction specifically targeting cerebral
blood vessels. There were no inflammatory cells in
any of the vessel wall layers. These findings are con-
sistent with cerebral thrombosis. We estimate that
this complication occurs in approximately 1 out of
100 cases with pneumococcal meningitis.

Very few patients reported in the literature resem-
ble our patients: we did not identify patients with a
similar degree of initial recovery or severity of clinical
deterioration. One case has been published with mild

Table 2 Patients reported in the literature with delayed vasculopathy complicating bacterial meningitis

Case 1 (1992) Case 2 (2005) Case 3 (2006) Case 4 (2007) Case 5 (2007)

Sex, age, y M, 34 F, 20 M, 53 M, 19 M, 49

Causative
organism

S milleri S pneumoniae S pneumoniae S aureus S pneumoniae

Dexamethasone Yes Unknown No No Yes

Status after first
week

Hemiparesis Out of ICU ICU: intubated, awake,
hemiplegia

ICU: intubated,
awake

ICU: intubated,
awake

Secondary
deterioration

Day 8: coma, fixed
pupils

Day 9: 3rd nerve
palsy, hemiparesis

Day 10: coma,
hemiplegia

Day 5: 3rd nerve
palsy, hemiparesis

Day 9: coma

CSF WBC on
deterioration,
cells/mm3

NP 400 57 NP NP

Repeat CSF
culture

NP Negative Negative NP NP

Neuroimaging Subarachnoid
hemorrhage

Moyamoya syndrome,
infarction
hemispheres,
brainstem

Infarction hemispheres,
basal ganglia, brainstem

Infarction basal
ganglia

Hemorrhagic
infarction both
hemispheres

Treatment Supportive care Dexamethasone Methylprednisolone Dexamethasone Supportive care,
antibiotics

Outcome Death Death (day 260) Severe disability Moderate
disability

Death

ICU � intensive care unit; WBC � white blood cells; NP � not performed.
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secondary deterioration after initial recovery. This
patient developed a moyamoya-like syndrome, most
likely immune-mediated since symptoms reappeared
after tapering immunosuppressive therapy. This pa-
tient died after cerebral hemorrhage more than 250
days after developing meningitis. Autopsy showed no
vasculitis. It is unknown whether this patient was
initially treated with dexamethasone.

We did not encounter cases with delayed cerebral
thrombosis in our prospective nationwide cohort
evaluating 696 cases with community-acquired bac-
terial meningitis (1998–2002, D. van de Beek).11

This cohort study was performed in the period be-
fore routine use of adjunctive dexamethasone ther-
apy. Adjunctive dexamethasone treatment has been
shown to decrease mortality in community-acquired
bacterial meningitis in adults in a randomized clini-
cal trial and meta-analysis.12,13 In this trial, the effect
on mortality was most apparent in the subgroup of
patients with pneumococcal meningitis.12 A post hoc
analysis showed that mortality in this group was de-
creased by prevention of systemic complications
rather than neurologic complications.13

In patients with bacterial meningitis, significant
reduction in cerebrospinal white blood cell counts is
usually found by day 3 of therapy and glucose levels
usually return to normal more rapidly.14 In our case
series, 3 out of 4 patients with repeated examination
of CSF had no substantial reduction of white blood
cell counts and 3 out of 5 patients had persisting low
glucose levels. All had negative CSF cultures. This
suggests a mechanism of persisting or recurrent in-
flammation without persistent bacterial infection.

Dexamethasone is a glucocorticoid, which has
been shown to attenuate the inflammatory response
and coagulation caused by the release of bacterial en-
dotoxins in the acute phase of disease.15 An interest-
ing parallel to that of thrombosis in bacterial
meningitis is found in the field of renal transplanta-
tion. OKT3, an anti-CD3 monoclonal antibody
used to prevent allograft rejection, is associated with
a massive release of proinflammatory cytokines and
carries an increased risk of intragraft thrombosis.16

Although few patients develop thrombosis after
OKT3, those patients who had been pretreated with
high-dose methylprednisolone had a significantly
higher risk of thrombosis compared to those who
had received lower doses of methylprednisolone. It
has been suggested that high-dose glucocorticoids
can tip the balance toward sustained coagulation and
platelet aggregation by influencing the tissue factor/
factor VII pathway.17 Another study showed that in
subjects who were pretreated with glucocorticoids 12
to 144 hours before endotoxin exposure, signifi-

cantly higher levels of proinflammatory cytokines
and coagulation were found.18

Dexamethasone stimulates macrophages by up-
regulation of endocytic receptors and increases their
phagocytic potential. In a recent in vitro study, mac-
rophages stimulated by dexamethasone and
interleukin-4 for 4 days were compared to those
stimulated by interleukin-4 only. Stimulation by
dexamethasone enhanced the surface expression of
transforming growth factor beta receptor II (TGF-
�RII) in a time-dependent manner by 700% over 4
days.19 TGF-� plays an important role in the devel-
opment of cerebral necrotizing vasculitis in pneumo-
coccal meningitis. Deletion of the TGF-�R II gene
in polymorphonuclear leukocytes enhances polymor-
phonuclear leukocytes recruitment into the CNS of
mice with S pneumoniae meningitis. This was associ-
ated with more efficient clearance of bacteria, and
almost complete prevention of cerebral necrotizing
vasculitis.20 An additional explanation could be a re-
bound effect of the primary inflammatory reaction
initially suppressed by dexamethasone. Adjunctive
dexamethasone may not cause deterioration but
merely delays it.

All our patients were initially treated with adjunctive
dexamethasone therapy, suggesting an association with
this newly introduced adjunctive therapy in bacterial
meningitis. Nevertheless, a causal relation between de-
layed cerebral thrombosis and dexamethasone remains
difficult to establish. Delayed cerebral thrombosis may
occur in patients with pneumococcal meningitis irre-
spective of steroid therapy.

The outcome of delayed cerebral thrombosis in
our patients was devastating. Four patients died and
2 remained disabled. Combining our patients and
those reported, all who survived received prolonged
treatment with high-dose steroids. This supports the
hypothesis of an immunologic basis of this disease.
Patients with bacterial meningitis with clinical dete-
rioration after initial improvement should undergo
further investigations without delay, including MRI,
and repeated CSF examination. If delayed cerebral
thrombosis is suspected, immediate high-dose ste-
roids should be started. These patients typically have
multiple infarctions on MRI, predominantly in the
posterior circulation territory. Lumbar puncture may
reveal substantially elevated leukocyte counts. Al-
though no relapse of bacterial meningitis was proven
in our cases, antibiotic therapy should be prolonged
or restarted until CSF cultures remain negative.
Once cerebral infarctions have been demonstrated by
MRI, a cardioembolic cause should be ruled out by
echocardiography, since bacterial meningitis and en-
docarditis may coexist.21 Tapering of steroids may
lead to new clinical deterioration. Although based on
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speculation, we suggest prompt reinitiation of im-
munosuppressive therapy. Future case series are
needed to determine whether this will improve the
outcome of this devastating complication.
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