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Inflammatory cytokines in CSF in bacterial
meningitis: association with altered blood flow
velocities in basal cerebral arteries
Klaus Fassbender, Stefan Ries, Ulf Schminke, Susanne Schneider, Michael Hennerici

Abstract
Objective-To investigate the association
between release ofhumoral inflammatory
mediators in CSF and blood and alter-
ations of cerebral blood flow in patients
with bacterial meningitis.
Methods-Immunomodulatory (inter-
leukin-l,B (IL-1fp), interleukin-6 (IL-6),
and tumour necrosis factor-a (TNFa))
and vasoactive (thromboxane A, prosta-
cyclin, endothelin-1) molecules of proba-
ble or confirmed leucocyte origin were
determined in CSF and venous blood
from 20 patients with bacterial meningi-
tis, and matched control subjects. Their
concentrations were related to the pres-
ence of increased blood flow velocities in
the middle cerebral arteries, as recorded
by transcranial Doppler sonography.
Results-Concentrations of proinflam-
matory cytokines and prostacyclin and
leucocyte counts were significantly
increased in meningitis, but concentra-
tions ofthe vasoconstrictors thromboxane
and endothelin-I were not. Patients with
high blood flow velocities (> 140 cmls) had
significantly increased concentrations of
IL-1IB and IL-6 and raised cell counts in
CSF.
Conclusion-The increases of key media-
tors of inflammation and immunoactiva-
tion and of leucocyte count in the CSF of
patients with high cerebral blood flow
velocities suggest a role of excessive com-
partmentalised host defence in pathogene-
sis of disorders of cerebral blood flow in
bacterial meningitis.
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Cerebrovascular disorders have been docu-
mented as one of the most common intracra-
nial complications in adults with bacterial
meningitis.' Narrowing of basal cerebral arter-
ies has been shown by angiography at sites
where they are bathed within the subarach-
noidal exudate in the cisterns and subarach-
noidal space, and has been discussed as a
pathomechanism of cerebral infarctions seen
in this disease.>4 An increased cerebral blood
flow velocity (CBFV) in the basal cerebral
arteries has been shown in bacterial meningitis
by transcranial Doppler sonography.5 An
inverse relation between vessel diameter on

angiography and CBFV on transcranial

Doppler sonography has been found,8 and
there is considerable evidence that these alter-
ations reflect changes in calibre of the
insonated vessels as a result of transient or per-
sistent narrowing of cerebral vessels.5-7 The
non-invasive character of this method facili-
tates studies of disorders of cerebral blood
flow in patients with meningitis.
Most humoral factors considered to play a

part in the pathogenesis of vasospasms in sub-
arachnoidal haemorrhage-for example, ery-
throcyte or platetet derived products-are
absent in bacterial meningitis. The hallmark of
bacterial meningitis is a massive leucocyte
infiltration into the perivascular spaces and the
CSF.9 These cells act through synthesis of
proinflammatory cytokines (interleukin-l,B
(IL-1p5), interleukin-6 (IL-6), and tumour
necrosis factor-a (TNFa)), which orchestrate
the local and systemic aspects of host response
to infection and tissue damage.'01' Huge
amounts of these cytokines have recently been
detected in CSF in bacterial meningitis. 12
Arachidonic acid metabolites are also impor-
tant mediators of inflammation.'3 An imbal-
ance between the potent vasoconstrictor
thromboxane A2 and the vasodilator prosta-
cyclin has been implicated in the pathogenesis
of cerebral vasospasms after subarachnoidal
haemorrhage. '4 Their synthesis also belongs to
the repertoire of activated leucocytes.'5
Endothelin-1 induces extremely sustained
vasoconstriction, and is discussed as a causal
factor in vasospasms secondary to subarach-
noid haemorrhage.'6 17 Its synthesis by leuco-
cytes after bacterial lipopolysaccharide
stimulation,'8 the induction of synthesis by
polymorphonuclear leucocytes'9 and
cytokines,20 21 and the presence of a consensus
sequence for acute phase elements in its gene22
prompted us to include investigation of
endothelin-1 in this study.
By contrast with the many studies on sub-

arachnoidal haemorrhage, humoral factors
have, to our knowledge, not been investigated
in patients with alterations of cerebral blood
flow in meningitis. The aim of this study was
to characterise the release of immunocompe-
tent and vasoactive leucocyte products within
the CSF in relation to alterations of cerebral
blood flow in patients with bacterial meningi-
tis.

Patients and methods
PATIENTS
Twenty patients (seven women and 13 men)
aged between 18 and 85 (median 45) with
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pyogenic meningitis, admitted within 48 hours
after onset of first symptoms, were included in
this study. Diagnosis was based on evidence
from cultures of a predominant micro-
organism from a CSF sample and/or pleocyto-
sis of > 1000 cells/mm3, > 60% polymorpho-
nuclear CSF leucocytes, pronounced increase
in protein concentration, clinical signs and
symptoms of bacterial meningitis (fever,
nuchal rigidity, headache, photophobia), and
evidence for a systemic inflammatory response
(increased white cell count and concentrations
of C reactive protein). The causative organ-
isms were Streptococcus pneumoniae (n= 5),
Staphylococcus aureus (n = 4), Escherichia coli
(n = 2), Neisseria meningitidis (n = 2),
Haemophilus influenzae (n= 2),
Mycobacteriumn tuberculosis (n = 1), and
Listeria monocytogenes (n = 1). In three
patients, no aetiological microorganism was
isolated. These patients had received antibi-
otics before admission to hospital. Moreover,
they showed a rapid response to antibiotic
treatment. In 12 patients, the infection was
community acquired, and in eight nosocomial.
Other diseases known to be associated with
alterations of blood flow in basal arteries (for
example, subarachnoid haemorrhage) were
excluded by clinical and laboratory examina-
tions and by cranial CT.

Samples of of CSF and serum from 20 sub-
jects matched in age and sex (10 women and
10 men) aged between 26 and 71 (median 43)
were used for controls. These were examined
for exclusion of possible inflammatory disease,
but turned out to have no neurological disease
after extensive clinical examination and labo-
ratory tests, including standard blood and
CSF analyses.

TRANSCRANIAL DOPPLER SONOGRAPHY
The CBFV was recorded with transcranial
Doppler ultrasound in parallel with collection
of blood and CSF samples. Transcranial
Doppler examinations were performed with a
DWL Multidop X TCD device (DWL
Sipplingen, Germany). Maximum systolic
CBFV values were measured transtemporally
in the proximal segment of the middle cerebral
arteries. Reference values were derived from
our transcranial Doppler readings in normal
volunteers23 (table 1). Patients with systolic
blood flow velocities in one or both middle
cerebral arteries exceeding 140 cm/s (exceed-
ing normal values by 3 SD'23) were considered
to have raised CBFV. This cut off value
had been shown to be useful in earlier
studies.24

SAMPLE HANDLING AND ROUTINE ANALYSES
Paired samples of blood and CSF from
patients with meningitis were obtained at
admission (within 48 hours after the onset of
symptoms). Routine CSF analysis included
cell count, cytology, albumin, and the albumin
quotient ([CSF albumin] x 103/[serum albu-
min]). For analysis, the collected CSF and
blood samples were centrifuged at 3000 rpm
for five minutes and the supernatant was
stored at - 80°C until used.

PROINFLAMMATORY CYTOKINES
Concentrations of IL-l , IL-6, and TNFa
were determined in CSF and serum with
quantitative "sandwich" enzyme immunoas-
says (R and D Systems, Minneapolis, MN,
USA), with antibodies specific for these
cytokines coated on to microtitre plates and
enzyme linked polyclonal specific antibodies,
added after washing. The lower limits of
detection for IL-l, , IL-6, and TNFa were
0 3 pg/ml, 0 7 pg/ml, and 4 4 pg/ml, respec-
tively.

EXTRACTION AND QUANTIFICATIION OF

EICOSANOIDS
Eicosanoids were extracted from CSF and
plasma by addition of chloric acid and ethyl
acetate. The organic phase was evaporated
under N, and reconstituted with radioim-
munoassay buffer. The stable metabolites
thromboxane B, and 6-keto-prostaglandin F,,
were used to estimate the amounts of throm-
boxane A2 and prostacyclin respectively.
Thromboxane B, and 6-keto-prostaglandin F,,
were both determined by radioimmunoassays
(PerSeptive Diagnostics, Cambridge, MA).
Briefly, these are based on competition of ana-
lyte in the samples with [1235] labelled analyte
for a limited number of sites on a specific rab-
bit antianalyte antibody. Antibody bound ana-
lyte is separated from unbound analyte with
goat antirabbit IgG through centrifugation,
and the antibody bound labelled analyte is
quantified in a gamma counter. The sensitivity
of determination of thromboxane B, and
PGF, was < 6-0 pg/ml and < 3-3 pg/ml
respectively.

EXTRACTION AND ASSAY OF ENDOTHELIN-1
Endothelin-l was extracted from acidified
samples on C18 columns by the addition of
acetic acid and evaporated under nitrogen gas.
After reconstitution in an assay buffer, the
extracted endothelin was measured in a
radioimmunoassay (Nichols Institute Diag-
nostics, San Juan Capistrano, CA). Radio-
labelled endothelin- 1 competes with
endothelin in the test samples for a limited
number of rabbit antianalyte sites. Antibody
bound endothelin is separated from free
endothelin using antirabbit IgG antibody
coated cellulose in suspension as the solid
phase. The unbound endothelin is decanted
after centrifugation and the endothelin is mea-
sured in a gamma counter. The sensitivity of
the assay was 2 pg/ml.

STATISTICS
Because considerable amounts of prosta-
glandins and endothelin are present in normal
serum, a "protein index"-by analogy with the
IgG index-was used to correct for passage in
CSF through a disrupted blood brain barrier.
Results are expressed as mean (SE). Values
were log transformed before statistical analy-
sis, because their frequency distributions were
asymmetric. For statistical analysis, the
Student's t test for unpaired data with a
Bonferroni correction was employed to assess
the significance of the difference between
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Table 1 Mean (SE) systolic bloodflow velocities in bacterial meningitis

Cerebral artery

Middle Anitenror Posterior

Meningitis Left 156-4 (14 5) 104 9 (10-5) 71 2 (7 5)
Right 1610 (12 9) 135-3 (8-5) 67-3 (6-2)

Reference values* 94-5 (1-9) 76 4 (2-4) 53-2 (1 6)

*Reference values were denrved from earlier transcranial Doppler readings in normal
volunteers.

groups. Thus values of P < 0-05/10 (10 being
the number of the different mediators investi-
gated in CSF) were required for differences to
be considered significant. For the comparison
of the differences between patients with high
and low CBFV, values of P < 0 05/5 (five
being the number of the different mediators
tested) were required to be considered signifi-
cant.

Results
CEREBRAL BLOOD FLOW VELOCITY
Table 1 presents values of CBFV in patients
with meningitis, as well as reference values.
Eleven of 20 patients with bacterial meningitis
had high CBFVs. A considerable asymmetry
was noted. Only seven of 11 of the patients in
the subpopulation with high CBFVs showed
simultaneously increased values in both mid-
dle cerebral arteries.

CELL COUNTS AND ALBUMIN QUOTIENT
As expected, cell counts were significantly
increased in the CSF of patients with meningi-
tis (table 2). Cell counts were significantly
increased in patients with high CBFVs (fig-
ure). Albumin quotients were massively
increased in bacterial meningitis (mean 30 70
(SE 7-27)).

PROINFLAMMATORY CYTOKINES
Concentrations of the cytokines IL-1,B, TNFa,
and IL-6 were significantly increased in CSF
of patients with meningitis (table 2).
Concentrations of IL- 1/B and IL-6 were signif-
icantly raised in patients exhibiting increased
CBFVs (figure), whereas the concentrations of
TNFa tended to be increased in this sub-
population, but without reaching statistical
significance.

THROMBOXANE AND PROSTACYCLIN
Concentrations of the stable metabolites of
prostacyclin (6-keto prostaglandin F11) were

1250

1000 W

500 e

0

_ < 140 cm/s = _I 140 cm/s

E E E E E
cm m m m E
0. 0. a

bo o0 Q
r- U- T1 V

I, z _

- i_ (CD °
-J L _

Mean concentrations (SE) ofIL-i3, TNFa, IL-6,
prostaglandin F1, and cell counts in patients with
meningitis exhibiting CBFVs of < or > 140 cmls.
*P < 0-05 (after Bonferroni correction).

significantly increased in the CSF of patients
with bacterial meningitis. However, concen-
trations of this prostaglandin did not signifi-
cantly differ in the study groups with higher or
lower CBFV (figure). Although the highly
variable CSF concentrations of the stable
metabolite of thromboxane A, (thromboxane
B,) tended to be raised in meningitis, a signifi-
cant difference could not be found. The
indices of both eicosanoids studied were not
significantly increased.

ENDOTHELIN- 1
Concentrations of this vasoconstrictor were
highly variable in patients with meningitis
(table 2). Four patients with bacterial menin-
gitis exhibited high CSF concentrations
(13 58, 14 08, 18-77, and 19-52 pg/ml).
However, when the study populations with
and without meningitis were compared,
neither CSF concentrations nor the
corresponding index differed significantly
(table 2).

Table 2 Mean concentrations (SE) of immunomodulatory and vasoactive mediators in patients with meningitis and
controls subjects

Conitrol subjects Patients with nmeninlgitis
Variable CSF Serunm Indext CSF Serunm Indext
Cells/mm" 0 9 (0 3) - 2713 5 (613-5)*
IL-l,B (pg/ml) 0-0 (0 0) 0 0 (0 0) - 417 2 (91 9)* 4-8 (1-8)
IL-6 (pg/ml) 6-1 (2-5) 1-3 (0-2) - 30281.1 (8070 3)* 248-4 (99-9)
TNFax (pg/ml) 0-2 (0-1) 2-1 (0 4) - 474-9 (2207)* 11-6 (8-8) -TbXB (pg/ml) 15 8 (6-4) 12010 (378-1) 10.2 (5-8) 326-3 (205 4) 920-7 (625-5) 18 9 (9 8)
PGFra (ng/ml) 2-4 (1-1) 8-2 (2-5) 58-6 (16-0) 20-6 (7-3)* 27-4 (4-2) 51 2 (18-0)
ET-1 (pg/ml) 1 8 (1-0) 3 4 (0-4) 80 7 (21-1) 5-9 (1 9)* 4.8 (1-1) 58-7 (15 7)

*P < 0 05 (after Bonferroni correction).
tlndices for correction of passage of proteins from peripheral blood in CSF according to the formula:

Protein index = [CSF protein] / [serum protein]
[CSF albumin] / [serum albumin]
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Discussion
Many factors discussed as inducers of
vasospasms in subarachnoidal haemorrhage
(for example, erythrocyte or platelet derived
substances) are absent in bacterial meningitis.
This investigation of humoral factors possibly
involved in pathogenesis of cerebrovascular
complications in bacterial meningitis focused
on leucocytes and inflammatory mediators.
The results show significantly higher leucocyte
counts and a significantly increased compart-
mentalised synthesis of IL-i, and IL-6 in the
CSF of patients with high CBFVs.
Concentrations of keto-prostaglandin Fl1-the
stable metabolite of prostacyclin but not of
thromboxane B2 the stable metabolite of
thromboxane A2 were significantly increased
in meningitis. A clear shift of the equilibrium
between the antagonistic acting eicosanoids
towards the vasoconstrictor thromboxane A,
could not be demonstrated. Concentrations of
endothelin-1 in CSF were highly variable, as

were concentrations of the eicosanoids.
Possible reasons may be a considerable varia-
tion in the degree of blood-brain barrier dis-
ruption, or a different extent of systemic
inflammation and infection in these patients.
Concentrations of endothelin tended to be
increased, but not significantly, in patients
with meningitis. Interestingly, four patients
exhibited high endothelin concentrations in
CSF but not in venous blood, suggesting
intrathecal synthesis in some patients.
The cause of relatively high indices of

eicosanoids and endothelin in normal controls
is unclear. Concentrations in a similar range

have been reported. 18 25 Possible explanations
may be a higher rate of proteolytic degradation
in venous blood than in CSF, or an intrathecal
synthesis even in the normal condition.
As in subarachnoid haemorrhage, in which

the research for one single factor causing
vasospasm has been disappointing, a multifac-
torial origin of vasospasms is most likely in
meningitis. The increased compartmentalised
synthesis of proinflammatory cytokines and
raised leucocyte counts in patients with high
CBFVs suggests a role of excessive host
defence to bacterial outer cell membrane com-

ponents in pathogenesis of vasospasms. The
interleukins IL-1iB and IL-6 play a key part in
inflammation and early immunoactivation,
orchestrating a cascade of further proinflam-
matory and contrainflammatory immuno-
mediators.'0 26 High concentrations of these
immunomediators in CSF may exert vaso-

active effects for example, IL- 1/ (MW
17 000 Da) or IL-6 (MW 26 000 Da) could
easily get access to the walls of contiguous
basal arteries from their adventitial side-as
even larger molecules (for example, horserad-
ish peroxidase, MW 40 000 Da) pass from the
cysterna magna through the vessel wall to the
basal membrane within minutes.27 This is pos-
sible because, by contrast with other arteries,
the surface of the major cerebral arteries is not
confined by collagen or fibroblasts, but is in
direct contact with the CSF.27 At this location,
proinflammatory cytokines could alter vessel
tone either directly or indirectly for example,

by induction of synthesis of endothelin- 1 by
endothelial or other cells, as has recently been
shown in vitro.21 21 It is still controversial
whether inflammatory exudate is harmful or
helpful in infection. Vasoconstrictive proper-
ties of leucocytes and their products could also
be, within certain limits, of benefit in acute
inflammation-for example, in impairment of
spreading of infectious agents or pluripotent
immunomediators. Earlier studies showed that
adjuncts to antibiotic treatment that reduce
inflammation-for example, corticosteroids or
treatments aimed to decrease the accumula-
tion of leucocytes in CSF have the potential
to reduce mortality,28 although further
research is necessary.29 Such strategies could
be useful in prophylaxis and treatment of cere-
brovascular complications of bacterial menin-
gitis. Because IL-6 and other cytokines have
recently been detected in the CSF of patients
with subarachnoidal haemorrhage,53" investiga-
tion of immunomediators may also be an
interesting approach in elucidation of the
pathogenesis of vasospasms in subarachnoid
haemorrhage.

In conclusion, the increase of key mediators
of immunoactivation and of leucocyte counts
in the CSF of patients with high CBFVs sug-
gests a role of excessive host defence compart-
mentalised in the subarachnoidal space in
pathogenesis of vasospasms in bacterial
meningitis.
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Tinel's sign of formication

Few signs have caused more controversy than the sign
of Tinel.

Julius Tinel (1879-1952) was son of the professor of
anatomy at Rouen. He worked with Dejerine, and
became chef de clinique in 1911 and chief of the labo-
ratory at Salpetriere in 1913. He was very active with
his son Jacques in the French resistance movement in
the second world war, and was imprisoned in
Bordeaux at Fort de Ha. His book Nerve Wounds
records 639 patients with nerve injuries sustained in
the first world war. He called his sign the sign of formi-
cation.
"The all important sign is formication. We find that
sudden pressure or percussion of the nerve trunk,
below the lesion, calls forth a tingling sensation in
the cutaneous region of the nerve ... It appears
about the fourth or sixth week. . Then it gradually
becomes more pronounced and it is possible to fol-
low, week by week, in the course of the nerve, the
progress of this provoked formication, pari passu
with the advance of the axis cylinders. The formica-
tion sign is thus of supreme importance since it
enables us to see whether the nerve is interrupted, or
in the course of regeneration; whether a nerve

suture has succeeded or failed, or whether regenera-
tion is rapid and satisfactory, or reduced to a few sig-
nificant fibres."'

Tinel's sign fell into disrepute when a positive sign
was elicited in a patient in whom it was shown that
there was an anatomical gap at the site of nerve injury.
The salient feature is "peripheral reference" of the tin-
gling sensation on percussion of the nerve that occurs in
normal nerves; but in a pathological nerve it is more
easily provoked and may persist longer. It may be used
to localise the site of injury and suggests the presence
of regeneration. Now widely used in nerve entrapment
syndromes, it remains as a "soft sign". Second world
war experience proved that a negative Tinel's sign is of
no diagnostic value.
The translation of the two papers of Paul Hoffman,

published in the same year that Tinel wrote his article
(1915) has caused some authorities2 to refer to the
Hoffman-Tinel sign.

J M S PEARCE
304 Beverley Road, Anlaby,

Hull HU10 7BG, UK

1 Tinel J. Les blessures des nerfs. Paris: Masson, 1916.
2 Buck-Grameko D, Lubahn JD. Hoffmann-Tinel sign..7

Hand Surg (Br) 1993;18:B/6.
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