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Temporal evolution of cerebrospinal fluid following
initiation of treatment for tuberculous meningitis

V B Patel, I Burger, C Connolly

Objective. Clinicians often perform follow-up lumbar
punctures (LPs) on patients with tuberculous meningitis
(TBM) to document changes occurring in the cerebrospinal
fluid (CSF). Normalisation of the CSF then serves as
indirect confirmation of the diagnosis. However, changes
occurring in CSF following the initiation of anti-tuberculosis
(TB) treatment are not well described. We undertook a
retrospective study to determine the temporal evolution of
CSF in patients with TBM on anti-TB treatment in an attempt
to provide a more rational basis for the interpretation of
repeat LPs.

Methods. Patients diagnosed with TBM at King George V
Hospital in Durban from 1994 to 2003 were identified.
Demographic, clinical, laboratory and radiological data were
recorded. We examined the change in CSF lymphocyte cell
count, polymorphonuclear (PMN) cell count, glucose
concentration and protein concentration. Initially, scatter plots
of the data modelled over time were produced and random
effects models were then used to model the predicted changes
in CSF over time.

Results. Ninety-nine patients were identified, and a total of
327 LPs were done. The average number of LPs per patient
was 3 (range 3 - 9). Statistically significant changes in all four
variables (lymphocytes, PMN cells, glucose and protein) were
demonstrated, with a p value <0.001. The predicted models
showed that lymphocyte count and protein concentration
change slowly over time. PMN cells and glucose
concentration changed rapidly in an exponential manner.

Conclusions. Our results demonstrate the tendency for CSF to
normalise over time. The slow change in lymphocyte count
and protein concentration limits clinical use. The rapid change
in PMN cells and glucose concentration allows us to make
reasonable clinical decisions. If a repeat LP does not show
definite improvement in these two parameters, it should be
considered atypical for TBM.
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Tuberculosis (TB) remains a major health challenge worldwide,
with the global incidence estimated to be increasing by 0.4%
per annum.'* Tuberculous meningitis (TBM) represents 1%

of the annual risk of infection with TB? and, despite optimal
treatment, carries a mortality rate of 30%.* The most important
factor influencing the outcome of TBM is prompt diagnosis and
early initiation of treatment.®

Confirming the diagnosis of TBM is difficult as culture and
microscopy is either too insensitive or takes too long to provide
rapid and accurate diagnosis.® Newer diagnostic techniques
such as nucleic acid amplification tests (e.g. polymerase chain
reaction (PCR)) have not been assessed completely and are
not available in resource-poor countries.” The decision to
treat for TBM is frequently empirical, based on assessment of
clinical presentation, CSF biochemistry and microscopy, and
neuro-imaging. Diagnostic uncertainty remains a problem, and
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clinicians are often reluctant to start a patient on months of
treatment without firm evidence.

Clinicians frequently repeat LPs to document changes
occurring in the CSE, and normalisation of CSF is used
to validate the decision to treat and indirectly serves as
confirmation of the diagnosis. However, the changes occurring
in CSF following the initiation of anti-TB treatment are not
well described and make the interpretation of a follow-up LP
difficult. We undertook a retrospective chart review of a group
of patients on treatment for TBM, with the objective of:

* documenting the cross-sectional and longitudinal CSF
changes in patients with TBM

e developing a predicted model of change for CSF after the
injtiation of treatment for TBM

* documenting clinical and demographic features of a series
of patients with TBM.

Methods

Ethical approval for this study was obtained from the Ethics
Committee of the University of KwaZulu-Natal. The study
was performed at King George V Hospital (KGV) in Durban,
KwaZulu-Natal, and permission was obtained from the
hospital manager. KGV is a district hospital dedicated to

the care of patients with all forms of TB, including TBM. All
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patients are admitted for the duration of their illness and
complete treatment in hospital; they are discharged only when
cured and treatment is complete. Before 2003, it was routine
practice to perform repeat LPs on patients with TBM. These
were repeated until the CSF had returned to normal or the

patient was considered to be cured and treatment discontinued.

This approach created a unique patient population where CSF
data was available from onset to cure of disease.

We identified all patients who had had a LP at KGV from
1994 to 2003 by reviewing the laboratory records. The case
file for each of these patients was then reviewed. We included
those in whom a diagnosis of TM was confirmed or probable.

The selection of patients was based on the following
inclusion criteria:

1. smear-positive or culture-positive CSF for TB

clinical findings of a subacute meningitis

2
3. CSF features consistent with a diagnosis of TBM
4. presence of confirmed TB elsewhere

5

neuro-imaging in keeping with tuberculous meningitis.
Patients had to meet criterion 1 (confirmed TBM) or criteria
2+3 and either 4 and/or 5 (probable TBM) for inclusion. The
probable TBM group of patients either improved on anti-TB
treatment alone or died from disseminated TB.

Patients were excluded if:

1. an alternative diagnosis was confirmed, e.g. bacterial or
fungal meningitis

2. the CSF change was not in keeping with TBM or normal,
unless patients had smear-positive or culture-positive CSF
for MTB

3. they had been treated with antibiotics other than anti-TB
treatment

4. patient information was incomplete.

Demographic, clinical, laboratory and radiological data for
all patients fulfilling these criteria were reviewed. The staging
of TBM was based on the British Medical Research Council
(BMRC) grading: stage 1 patients were fully conscious and
rational and had no focal neurological signs; stage 2 patients
were confused and/or had focal neurological signs; and stage 3
patients were comatose.

Statistical methods

Continuous data were summarised by medians and categorical
data by percentages. CSF data were transformed using a
natural logarithm to stabilise the variance. Initially, a separate
analysis was done for HIV-positive and -negative patients;
however, there was no statistical significance between the two
groups, and therefore the data were pooled.

We evaluated the change in the lymphocyte cell count,
polymorphonuclear (PMN) cell count, glucose concentration
and protein concentration over time. Scatter plots of the data
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modelled over time as a continuous variable were produced. A
non-parametric curve was overlaid on the data using Lowess
smoothing to demonstrate the trend. Random effects models
were then used to produce a smooth curve that represented our
predicted model for the change of CSF over time.

The retrospective nature of the study meant that the number
of LPs and the time interval between LPs varied among
patients. The uniqueness of the KGV patient population means
that, although intervals between LPs were not standardised,

a set of LPs that reflects the entire course of every patient’s
illness, from onset to cure, was available for analysis. By using
time as a continuous variable and a random effects model,
one can compensate to some extent for the variability in the
intervals between LPs.

Results

Patients

Ninety-nine patients with either definite (5) or probable (94)
TBM were identified. Ninety-five patients were black, and 4
were Indian; 51 were male, and 48 were female. The median
age was 19 years (range 3 months - 66 years); 53 were >18
years, and 46 were <18 years.

Forty-seven patients were classified as BMRC grade 1 at
presentation, 40 were grade 2, and 12 grade 3 (see Fig. 1 for a
mortality data summary). Morbidity data were not collected.
A strong association between BMRC grade and mortality was
demonstrated, with mortality rates doubling between grade 2
(12.5%) and grade 3 (25%).

Laboratory and radiology data

Forty-three patients tested positive for HIV, 46 tested negative,
and 10 were not tested for HIV.

A computed tomography (CT) brain scan was done on 63
of the 99 patients; 50 (84%) showed features in keeping with
TBM. Neuro-imaging pathology included basal enhancement,
hydrocephalus, striatocapsular infarcts and tuberculoma.
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Fig. 1. Mortality rates for patients by stage of disease at presentation.
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A total of 327 LPs were performed, averaging 3 (range 3 - 9) 8 1
LPs per patient. The average time period between first and last
LP was 153 days. Sixty-six patients had their initial LP before 6 1
commencement of treatment, whereas 33 patients were already
on anti-TB treatment (average duration of treatment 28 days)
by the time the diagnosis of TBM was made.

The cross-sectional data for the first LP performed are shown
in Table I. A lymphocytic predominant pleocytosis was seen
in 67.7% of initial LPs, and PMN cells predominated in 32.3%.
Glucose levels <2.2 mmol/] were seen in 65% of patients, and T

Linear predictor, fixed portion

protein levels elevated above 1 g/1 were seen in 88%. All 3 a ® log_p

features were present in only 34% of patients. No patient had
smear-positive CSF for AFB; 5 patients had TB cultured from
CSE.

o

Table I. Cross-sectional data for the first LP performed
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PMN IL, G Pr

Mean 92 158 1.9 3.6
Max. 1414 1 500 49 241
Min. 0 0 0.1 0.28

PMN = polymorphonuclear cells (cells/ mms); L = lymphocytes (cells/ mm3);
G = glucose (mmol/1); Pr = protein (g/1).
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Fig. 2 represents the scatter plots of the four different
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parameters plotted against time. A non-linear curve was

6 °
applied to the data to demonstrate the trend using Lowess .
smoothing. All four parameters demonstrated a statistically ¢ e ..
significant change over time, with p<0.001. 4

Fig. 3 shows the predicted model that was produced using
a random effects model, demonstrating only the first 150 days.
For PMN cells, the curve rapidly returns to zero, dropping by
64% within the first 25 days. The glucose concentration also
changed rapidly, reaching 2.2 mmol/1 by day 25, a maximum
of 2.8 mmol/1 by day 100, and by day 150 stabilising at 2.5
mmol/1. Lymphocytes and protein concentration changed C Timendays [o gluc
much slower and in a more linear fashion.
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Discussion
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Our series, including 99 patients of whom 5 had definite
TBM and the rest probable TBM, reflects normal clinical
practice in which the most TBM cases will not be proven

urejoud Bo|

microbiologically.

Patients can develop TBM while already on TB treatment,'>"”
(JPA which was the case in a third of our patients; in these, the first
LP used in the analyses of both the cross-sectional and 0 -

longitudinal data still represents the CSF change at the onset of _? . 100 200 300 400 500
ime in days

their meningeal disease. We do not believe that it affected our d

|0 log_prot Linear predictor, fixed portion

results negatively. These patients had prednisone added to
their treatment and/or ethambutol substituted with Fig. 2. Scatter plots of CSF parameters (a —log PMN count,
ethionamide, which has better CSF penetration. They also b — log lymphocyte count, c — glucose concentration, d —
received a longer course of treatment. protein values) plotted against time.
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Fig. 3. Predicted models for CSF change over time.

The exclusion of patients with CSF deemed atypical for TBM
creates the problem of selection bias. One objective was to
assess the initial CSF changes in TBM; excluding atypical cases
would skew this aspect of the results. This exclusion was felt
necessary because a small number of patients had had more
than one LP for nonspecific and trivial neurological complaints,
e.g. mild transient headache. The CSF was then either normal
or, in those who were HIV-positive, showed minimal cellular
reactivity (e.g. CSF white cell count <10 cells/mm?). These
patients clearly did not have TBM and were excluded. All
files were reviewed by a senior consultant neurologist with
experience in TBM, and we tried to ensure that no patient with
probable TBM was excluded.

The typical CSF change for TBM is a lymphocytic
predominant pleocytosis, depressed glucose and elevated
protein levels.”® All three features were simultaneously present
in only a third of our patients, which emphasises the variability
of CSF in TBM and highlights that CSF may be atypical or that
the abnormality may be confined to only one aspect of the CSE.

Studies®*'"*1* examining the serial CSF changes in patients
with TBM on treatment have emphasised the following: (i) CSF
normalises with time; the rate of change is very variable and is
often very slow; (ii) the different parameters change at different
rates, with glucose usually normalising faster than protein
and the white cell count; (iii) in all studies, the lymphocyte
and PMN counts are usually grouped together, and no study
has assessed the rate of change for lymphocytes and PMNs
individually; (iv) CSF can temporarily worsen after anti-TB
treatment is started; and (v) there is no correlation between
the rate of change in CSF and the patient’s clinical response to
treatment or to the stage of the disease.

Our results were similar, but this appears to be the first time
that the differential rate of change between the lymphocyte
and PMN cells has been demonstrated which, together with
the rapid change in the glucose, is of practical importance. In
the clinical setting of a patient with a presumptive diagnosis
of TBM who is deteriorating despite treatment, a repeat LP
may be of value as the PMNs and glucose should be changing
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in a rapid and predictable fashion. If these two parameters
show no definite improvement on repeat LP, it should be
considered atypical for TBM and an alternative diagnosis or
drug resistance should be considered. The marked variation
as demonstrated in the scatter plots must be kept in mind,
and no change or failure to change or even deterioration in a
specific CSF parameter necessarily indicates treatment failure
or diagnostic error.

The value of neuro-imaging must also be noted, with 84% of
those in whom imaging was done demonstrating abnormalities
associated with TBM, which supports the notion that neuro-
imaging in TBM is sensitive although nonspecific and adds
to circumstantial evidence for TBM,'? and where available is
therefore an important tool in aiding the diagnosis of TBM.

In conclusion, our study has attempted to define the
changes that occur in CSF over time in cases of TBM.
Despite the limitations, we feel that the findings are valid
and representative of the general TBM population, and
provide valuable information that has clinical application in
the everyday management of TBM patients. Our study also
highlights that rapid, reliable and accurate diagnosis of TBM
remains a major challenge, and new diagnostic methods are
urgently needed.
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