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Cerebrospinal fluid lactate in 78 cases of adult meningitis
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Abstract. In a retrospective study of 78 cases of adult
meningitis, the CSF lactate was measured on the first spi-
nal tap (ST); 25 had a bacterial meningitis, 28 a viral
meningitis; 22 other cases had been on antibiotics prior
to admission; 3 cases had meningitis of rare aetiology.
The median CSF lactate level among the 25 bacterial
cases amounted to 13.6 mmol/1 (range: 3.5 —24.5) where-
as it remained low in the 28 viral cases: 2.7 mmol/l
(range: 1.4—4.2). These differences are highly significant.
The comparison of the CSF lactate level with the other
tests routinely performed showed that the CSF lactate
level had the highest sensitivity, specificity and predictive
values. The CSF lactate level on the first ST had no prog-
nostic value, but a rapid decrease of the CSF lactate dur-
ing the treatment is indicative of good prognosis. Among
the pretreated cases, a high lactate level could be an indi-
cation that bacteria were the causal agents. In conclusion,
the measurement of the CSF lactate, quickly performed
and inexpensive, is worth performing when a meningitis
is suspected, as it appears to be the best way of distin-
guishing bacterial from non-bacterial meningitis.
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In a recent retrospective study of 112 consecutive cases of
adult meningitis [1], it appeared that the prognosis of the
53 cases of bacterial meningitis was still severe as the
mortality was 15% and the neurological sequelae 24%. In
contrast, only one death and one case with neurological
sequelae have been observed among the 49 cases of non-
bacterial (probably viral) meningitis. This observation
points out that bacterial meningitis has still a much worse
prognosis than non-bacterial meningitis. In addition, if
we consider that the first should be on antibiotics as
quickly as possible and that the latter does not need anti-
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biotics, it is crucial to differentiate rapidly between these
two types of meningitis. As the clinical data have no reli-
able discriminant feature, the CSF analysis gives the best
clues of the diagnosis.

The CSF Gram stain has a sensitivity of only 80%
and, unfortunately, the techniques of bacterial and of vi-
ral identification are still time consuming. Their results
are not available to the clinician at the time he has to
make the first therapeutic decisions. Therefore he can on-
ly rely upon non-specific tests such as leucocyte count
and differentiation, protein and glucose levels.

The CSF lactate level has been shown by several au-
thors to increase in bacterial meningitis [2, 3] and seems
to discriminate between bacterial and viral meningitis
[4—7]. However, this measurement is not yet a routine
analysis, as several publications {8—10] argue that the
CSF lactate measurement has too low a specificity. Lac-
tate increases in many situations that have nothing to do
with a meningeal inflammation.

The present retrospective study was undertaken to
analyse the contribution of the CSF lactate among 78
cases of adult meningitis where CSF lactate levels were
measured on the first ST, after a meningitis had been sus-
pected. This was possible in this hospital as the CSF lac-
tate is measured routinely since previous studies [4, 5].

Patients and methods

All the cases of adult meningitis diagnosed in the hospital from January
st 1977 to January 1st 1983 were collected: 112 cases were identified;
93 had a CSF lactate measurement performed, 78 of them on the first
ST this last group is reported here. There were 43 females (54%), medi-
an age 33 years (range 17 to 81 years) and 35 males, median age 35 years
(range 16 to 76 years).

The cases have been collected in the Department of Internal Medi-
cine (Prof. P. Burckhardt, Prof. Cl. Perret, Prof. M. P. Glauser) and ir
the service of Neurology (Prof. F. Regli) of the Centre Hospitalier
Universitaire Vaudois (CHUV). The lactate, glucose, and protein mea-
surements were performed by the Central Laboratory (Prof. J. Frei), the
CSF leucocytes and differentiation by the CSF laboratory (Neurology
Service, Prof. F. Regli) and the microbiological investigations by the In:
stitute of Microbiology (Prof. V. Bonifas).
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Lactate measurements were performed with a lactate analyzer
(Hoffmann-La Roche) for most of the cases immediately after the ST,
for the other cases, the CSF was stored at 4 °C, after addition of NaF
and K oxalate [7, 11]. This technique is fast, precise, and in good corre-
lation with the enzymatic method [5].

The sensitivity of a test is defined as the ability of the test to detect
a true positive. The specificity of a test is defined as the ability to detect
a true negative. The positive or negative predictive values of a test are
defined as the probability of disease with a positive result or the proba-
bility of exclusion of disease with a negative test.

Patients description

The group of the 78 patients has been divided into 4 classes according
to the following criteria.

Proven bacterial meningitis: 25 cases

The culture was positive in 22 cases (associated with a positive Gram
stain in 16 cases). The Gram stain alone was positive in 3 cases. Five
cases received antibiotics prior to admission.

Non-bacterial meningitis (probably “viral”): 28 cases

As the diagnosis for a viral meningitis was rarely proven among the pa-
tients studied [1] (7.5% positive virus isolation and 25% positive serolo-
gy), these last criteria could not be used alone. Therefore, a case was put
in this class when the clinical picture showed signs of meningeal inflam-
mation, the CSF was clear and showed definite inflammatory reaction,
no bacteria could be seen on the Gram stain nor cultured, the evolution
was favorable without antibiotics and in all the cases the final diagnosis
was that of a viral meningitis.

Pretreated meningitis without identified organisms: 22
cases (received antibiotics prior to admission)

Three sub-classes were made: pretreated meningitis:

® probably bacterial (7 cases)

@ probably non-bacterial (viral (8 cases)

® of unknown origin (7 cases).

A case was classified as:

® Probably bacterial if: CFS was cloudy, the leucocyte count was
above 1500/mm?, with granulocytes representing more than 50%,
and/or the CSF/blood glucose ratio was less than 0.4, and/or the pro-
tein level was above 2000 mg/1, the presence of an infectious bacterial
focus was detected elsewhere, and finally, the discharge diagnosis was
that of a bacterial pretreated meningitis.

® Non-bacterial meningitis, if: the CSF was clear, the leucocytes
amounted to less than 1500/mm?, with granulocytes below 30%, the
Gram stain was negative as were the cultures; no antibiotic was adminis-
tered after ST, the outcome was favorable, the discharge diagnosis was
that of a pretreated meningitis.

® Of unknown origin, if it did not fulfill at the above criteria.

Special types of meningitis: 3 cases

® 1 case of syphilitic meningitis
® 1 case of chemical meningitis (after myeloscintigraphy)
® 1 case of a Mollaret recurrent meningitis.

Results

The CSF lactate normal value in our laboratory is
1.8+£0.06 mmol/l; the normal value in arterial blood is
fower: 1.1+0.15 mmol/l.

As demonstrated by Fig. 1, the CSF lactate values in
proven bacterial meningitis (class 1) are far higher than
the values of non-bacterial meningitis (class 2); with a
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Fig. 1. CSF lactate in the first ST. The horizontal line represents the crit-
ical value of lactate and is chosen at 4.2’ mmol/l. Exact Fischer’s test:
p<0.001. B, bacterial; A, aspecific; V, viral; M, meningitis

breakpoint set at 4.2 mmol/]l, the exact Fischer’s test
shows significance (p <0.001).

Considering a CSF lactate level above 4.2 mmol/1 as
a positive discriminant factor for a bacterial meningitis,
the sensitivity of this test is 96%, its specificity 100%, its
positive predictive value 100% and its negative predictive
value 97%. Only one case of a bacterial meningitis had
a lactate level below 4.2 mmol/1 and one case of non-bac-
terial meningitis had a lactate level of 4.2 mmol/l
(mumps meningitis, see discussion). Among the bacterial
meningitis, one case of tuberculous meningitis had a CSF
lactate of 8.6 mmol/l. No difference could be demon-
strated between the different types of causal bacteria in
terms of CSF lactate concentration.

In the pretreated cases (without organisms), Fig. 1
shows that in some presumably bacterial cases, CSF lac-
tate was increased, and not in others; it remained low in
the other cases. The small number of patients does not
allow statistical analysis.

CSF lactate level on the first ST compared with
CSF/blood glucose ratio, protein level, the leucocyte
count and differentiation

The CSE/blood glucose ratio has been used as it is known
to be more reliable than the CSF glucose value alone; it
is generally accepted that a ratio below 0.4—0.5 favours
a bacterial etiology. We have chosen 0.4 which better dis-
criminates the bacterial meningitis from the others. In
our study group, as shown by Fig. 2, the CSF/blood glu-
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cose ratio is lower in the bacterial meningitis cases than
in the non-bacterial cases. For the proven bacterial men-
ingitis, the median ratio is 0.11 (range 0.0 to 0.6) for the
non-bacterial meningitis the median ratio is 0.57 (range
0.3-0.75).

For this test, when comparing group 1 and 2 for a
discriminant level of 0.4, the sensitivity is 91 %, the speci-
ficity 96%, the positive predictive value 95% and the neg-
ative predictive value 93%.

The bacterial cases show a higher CSF protein level
than the non-bacterial: median level 4530 (range
520—15000) versus: median level 740 (range:
280— 1560 mg/1). If we put the discriminant level between
the bacterial and the non-bacterial meningitis at
2000 mg/1, this dosage has a sensitivity of 86%, a speci-
ficity of 100%, a positive predictive value of 100% and
a negative predictive value of 89%.

The median leucocyte count is 3600/mm’ (range
10-21330) for the bacterial meningitis and 160 (range
10-1320) for the non-bacterial. Figure 2 shows that 8
bacterial meningitis have a low leucocyte count, similar to
that of the non bacterial. Those cases had a poor evolu-
tion: 4 deaths, 3 neurological sequelae and only one com-
plete recovery! With a discriminant level located at 1600
cells/mm’, the leucocyte count has a sensitivity of 67%,
a specificity of 100%, a positive predictive value of 100%
and a negative predictive value of 76%. It is apparent that
the CSF leucocyte differentiation did not discriminate be-
tween the bacterial and the non-bacterial cases: in ten
cases of the 2 classes, the percentages of granulocytes are
similar. For a discriminant percentage of 50%, the sensi-
tivity is 83%, the specificity 73%, the positive predictive
value 72% and the negative predictive value 83%.

A correlation could not be demonstrated between the
CSF lactate level and the CSF/blood glucose ratio (R:
bact. 0.5, non bact. 0.32), the CSF protein level (R: bact
0.5, non bact. 0.53), the leucocyte count (R: bact 0.14,
non bact. 0.13), the granulocyte percentage (R. bact. 0.13,
non bact. 0.09).
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Fig. 3. CSF lactate evolution during treatment in correlation with clini-
cal evolution. Numbers above the horizontal line represent a lactate de-
crease < 50%, numbers under the line a lactate decrease > 50%. Exact
Fischer’s test: p <0.02

In terms of evolution in the first 3 days:
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W = worsening; OK = good evolution
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CSF lactate during treatment

The evolution of the CSF lactate level in 25 patients with
bacterial meningitis in whom successive CSF lactate mea-
surements were performed is presented in Fig. 3. A drop
of more than 50% during the first 3 days parallels a good
evolution, while a drop of less than 50% is encountered
among cases with clinical worsening, and that indepen-
dantly of the value in the first ST.

Among the non-bacterial cases the CSF lactate level
always remained below 4.2 with only one exception: a
case with a lactate level of 4.5 on day 3 who developed a
concomitant encephalitis (the only non-bacterial case
with neurological sequelae).

Discussion

The present retrospective study confirms that the CSF
lactate level on the first ST allows differentiation between
bacterial and non-bacterial meningitis. With a discrimi-
nant level of 4.2 mmol/], all the bacterial cases had values
far above that except one, and all the non-bacterial cases
below that value, except one mumps meningitis with a
value of 4.2 mmol/l and a case who got worse with con-
comitant encephalitis (4.5 mmol/1) on day 3. The only ex-
ception among the bacterial cases is interesting because it
points to the time needed for the lactate to increase in the
CSF. This patient had a ST done in the context of ongo-
ing septic shock, when only minimal meningeal signs
were present. The CSF examination showed a lactate level
of 3.5 mmol/l, a protein level of 520 mg/1, a normal CSF
glucose level and 10 leucocytes/mm?! On the same CSF
sample, E. coli were cultured; the blood cultures were also
positive for this bacteria. A second ST was performed
36 h later, when the patient was on antibiotics: the CSF
lactate level had risen to 7.1 mmol/1! Previous observa-
tions allow us to estimate that 3 h at least are needed for
the lactate to significantly increase in the CSF after the
first meningeal symptoms [35, 12].

As a discriminant between the bacterial and the non-
bacterial meningitis, the CSF lactate of the first ST prov-
ed to be the best in terms of sensitivity, specificity and
predictive value when compared with the other non-spe-
cific tests performed: CSF/blood glucose ratio, protein
level, leucocyte count and differentiation. On the other
hand a low leucocyte count in 8 cases of bacterial menin-
gitis was accompanied with a poor prognosis in 7! It is
unclear why a low initial leukocyte count is indicative of
a fatal or complicated outcome. It is conceivable, that in
these cases there is an inadequate inflammatory response
intrathecally, resulting in a decreased or delayed granulo-
cyte influx. This would allow a rapid bacterial growth in
the CSF.

Interestingly enough, the percentage of granulocytes,
although thought by many to be a good discriminant,
proved to be the worst, as many of the cases of viral men-
ingitis showed a granulocytic reaction early in the course
of the disease.

Looking at the evolution now, the retrospective aspect
of the present study led us to disregard several cases
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where all the measurements were either not concomitant-
ly performed nor found in the records. So only the CSF
lactate levels could be followed among those patients.
The results show that, in the first 3 days, a decrease of an
initially elevated lactate of more than 50% indicates a
good prognosis and a decrease lower than 50% parallels
a clinical worsening. However, the magnitude of the ini-
tial lactate level has definitely no prognostic value; this is
in agreement with previous publications [6].

In pretreated cases, if a high CSF lactate value would
favour a bacterial origin, a low value would not exclude
it, as some values are low among cases which were appar-
ently bacterial (Fig. 1).

When considering the origin of the CSF lactate, one
has to bear in mind that all types of cells with glycolytic
capability can be a source of lactate: neurones and glial
cells, erythrocytes, leucocytes, alone or in their interac-
tion with bacteria [13, 14] or parasites [15], tumour cells,
mycotic cells etc. In addition, a passive diffusion from the
blood or from the extracellular space of the brain can
also enrich the CSF. This explains why, beside meningitis,
an elevated CSF lactate level has been reported in many
different clinical situations: perinatal asphyxia [16], epi-
leptic seizures [17], cerebral infarction and brain death [5,
8], cerebral and subarachnoidal hemorrhage [5], brain
trauma [8]. It is elevated in cerebral malaria and here it
seems to have a prognostic value [15].

Therefore, before interpreting a CSF lactate value, one
should first delineate, as precisely as possible, the clinical
context and exclude possible causes of error by careful
case history, physical examination, CSF examination, and
when indicated, by comparison with arterial blood val-
ues. Omitting to distinguish a priori between these differ-
ent conditions has led to the wrong conclusion that CSF
lactate is useless because it is non-specific [8§—10]. In the
present study, the CSF lactate level proved to be the best
discriminant between bacterial and non-bacterial menin-
gitis.

The technique is easy, rapid, and inexpensive. In cases
where the Gram stain does not show any bacteria (in 20%
of untreated bacterial cases and in some pretreated
cases), a CSF lactate higher than 4.2 mmol/l gives
positive clues for a bacterial process; it helps the clinician
to decide if the meningeal inflammation is caused by a
bacteria or not, and thus, if antibiotics are indicated or
not.

In the context of meningitis, excluding alternative
causes of high CSF-lactate, this parameter can be inter-
preted as follows:
® A value below 3.5 mmol/1 favours a non-bacterial pro-
cess.

@ A value above 4.2 mmol/l implies a bacterial (includ-
ing tuberculosis) meningitis, especially if above 6 mmol/1.
® A CSF value between 3.5 and 4.2 mmol/] is in the
“grey zone”, where one can find early cases of bacterial
meningitis, mumps meningitis, complicated viral menin-
gitis (i.e. encephalitis), and some partially treated menin-
gitis.

® The CSF lactate level in the first ST has no prognostic
value. In the course of treatment, however, a rapid CSF
lactate decrease is indicative of good prognosis.
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In conclusion, it is still worthwhile to perform this

measurement, until new techniques, hopefully in a near
future, will permit a bedside identification of the causal
agent itself.
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