Biochemical analysis of cerebrospinal fluid in paediatric patients: Insights from a
tertiary hospital in Nigeria.
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Abstract
Aim: Cerebrospinal fluid analysis 1is an investigation routinely carried out in
patients to make a diagnosis, exclude a diagnosis or treat infectious and non -

infectious diseases of the nervous system. Analysis of cerebrospinal fluid could be

biochemical, microbiological or hematological.

The aim of the study was to review the characteristics of biochemical analysis of
cerebrospinal fluid requests over a one-year period (January to December 2023) in a

tertiary health facility.

Study Design; This was a retrospective descriptive study of the biochemical analysis
of 106 cerebrospinal fluid (CSF) samples over a one-year period in a tertiary health

facility.

Methodology: Data on the age, sex, diagnosis of the patients and the results of the
biochemical analysis of the CSF were analysed using the SPSS 24 and results presented

as descriptive data.

Results: A total of 106 CSF specimen were analysed with only two specimen being from
adults. Most of the specimen were from males (male to female ratio is 2.25:1) while
the most common diagnoses for requesting for CSF analysis were meningitis, sepsis and
febrile convulsion. Most specimen were sent between the months of October (9%),

December (13%) and January to March (37%) . The total number of CSF glucose results



that were low when compared to the plasma glucose was 45 which is 42.3% A little

higher than a fifth (19.8%) had increased protein levels.

Conclusion: The CSF biochemistry request pattern showed that most of the specimen
were from the paediatrics department, with a higher male preponderance, the three
main working diagnoses were, meningitis, sepsis and febrile convulsions. 42.3% of the
specimen had reduced glucose levels, while 21.2% had increased protein levels.

Improperly filled forms constituted a limitation to the study.

Keywords Meningitis, Sepsis, Febrile convulsions, Cerebrospinal Fluid Analysis, Port
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Introduction.

The first mention of Cerebrospinal Fluid (CSF) occurred in the 16" century BC and was
found in the Edwin Smith Papyrus. ' However it was named in 1842 by Francois
Magendie.' By 1891, the process of Lumbar puncture was described by Heinrich Quincke.'
The CSF is found in the spaces around the brain and spinal cord. It is formed from
blood by a special filtration process. It supplies nutrients to the central nervous

system (CNS) and also provides a cushioning effect. "*’

CSF analysis is done routinely on almost all paediatric patients that come into the
hospital unconscious or with an altered state of consciousness. General indications
for CSF analysis include to make diagnosis, to exclude a diagnosis, for treatment and
to monitor response to treatment especially in conditions such as infectious disease
of the brain and spinal cord (meningitis, encephalitis), subarachnoid haemorrhage,

neurosyphilis, Guillaine Barre syndrome, Alzheimer’ s disease, and other autoimmune



disorders, meningeal carcinomatosis and secondary tumours affecting the CNS. * CSF
analysis is useful in differentiating between bacterial meningitis and non-bacterial
meningitis® and should be instituted immediately any of the above is suspected. * It
is also indicated in parasitic infections of the CNS, including but not limited to

. . . R . . . . . 3,5
cysticercosis as well as malaria paragonimiasis, toxocariasis and onchocerciasis.

Analysis of CSF includes biochemistry, microscopy, culture and sensitivity,
polymerase chain reaction (PCR), lactate dehydrogenase. More advanced analysis
includes CSF treponema test, (which can be very crucial to the diagnosis of
asymptomatic neurosyphilis) and Human Prion Disease, (which checks for unique

proteins in the CSF). °

Biochemical analysis include analysis of CSF glucose, protein (total and specific),
electrolytes (Na', K+, Mg2+ and Cl-), lactate and lactate dehydrogenase, glutamine
and acid-base parameters and white blood cell count (total, and neutrophil count) The
CSF glucose level is compared to the serum glucose level and a normal CSF glucose

should be 60% of the serum glucose level.

Three laboratory indices used to make a diagnosis of bacterial meningitis with 99%
accuracy includes a glucose value less than 1.89mmol/L (34mg per dL), protein of more
than 220mg/dl (2.2g/L) and the presence of White Blood Cell (WBC) of more than 200Ul
(2000uL), neutrophils of more than 1.180uL.". The absence of these 3 criteria however

does not exclude the presence of bacterial meningitis.

The statistics for meningitis from a six and a half month report by WHO from October

2022 to mid April 2023 noted that the case fatality ratio of meningitis was 7%. This



is the ratio of the number of people who died of meningitis out of the number of
people who were confirmed to have meningitis in the entire Nigeria. ' From this
report Rivers State falls within the zone of States that had the least incidence of

meningitis. Some states had no record at all.

The gold standard for obtaining CSF is by a lumbar puncture which is a sterile
procedure. Other methods include doing a cisternal tap during an intra operative

procedure. ° And should only be performed by experienced and trained personnel.

Most reports on CSF analysis have been on microbiological analysis and culture """

and few on biochemical pattern of CSF analysis.' The biochemical pattern of CSF
analysis from our hospital has not been reported. The Aim of this study is to
evaluate the biochemical presentation of patients who require CSF analysis and
establish if the biochemical presentation corresponds with any other pattern

previously published in Nigeria.

Methodology

Study Design

This is a descriptive retrospective study design. The record for one year (January to
December 2023) of all CSF analysis done in the hospital was extracted. A total of 106
CSF specimen were sent to the Laboratory for analysis. The protein and glucose levels

were assayed in each specimen as well as a concomitant plasma glucose assay.

Study area; this Study was carried out in the University of Port Harcourt teaching

hospital, one of the two tertiary hospitals in Rivers State, Nigeria. It has over 500



beds and caters for over 400, 000 outpatients per annum. These patients come from

within and outside the state.

Sample size; All 106 specimen that came into the laboratory for the duration of that

one year.

Data collection. The data extracted from the records were the age, sex, clinical

diagnosis, month of request, plasma glucose and CSF protein and glucose values. The

results obtained were compared with the standard range and described as normal or

abnormal. The above data was imputed into Microsoft excel and analyzed using the IBM

SPSS version 24. The results are presented as descriptive data — simple percentages,

frequencies, tables and charts.

Results

A total of 106 CSF specimen were sent to the laboratory over a period of one year.

Out of these only 2 were from adults and the remaining children.

Age Category of Requests

m paediatric = adult

Fig 1-Pie chart showing Age Category of Requests



We had 72 males and 32 females and 2 unaccounted for as the sex column on the forms

were not filled.

The most common diagnoses were meningitis, sepsis, febrile convulsions, and
hydrocephalus. Other diagnoses include retinoblastoma, neonatal jaundice, urinary

tract infection, severe malaria, and asphyxia.

The most prominent age group was the 7-12months age group which accounted for 30.2%
(32). This was closely followed by the neonates 23.6% (25), the 5 weeks to 6 months

age groupl6e%(17) , the 2-4 years group 12.2% (13) and then other groups.
Months and CSF analysis requests

The frequency by month showed that March, February, January, October and December,

had the highest request for CSF analysis
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Fig 2— Bar graph showing Frequency of requests per month



The CSF specimen were all sent with a concomitant random blood glucose specimen
except one. Twelve of the results were above the reference range for CSF glucose. Out
of these, one of them did not have a corresponding plasma glucose value. Five of the
CSF were lower than expected when correlated with plasma glucose, three had values

that were higher than expected and three had correlated values.

Twenty—six of the CSF glucose values were low when compared to the plasma glucose
values even though they were within the expected reference range. Twenty of the CSF
protein values were higher than the reference range for age. Nine had the typical
biochemical result of low glucose and high protein and signified bacterial

meningitis. All the rest of the results were within the reference ranges.

DISCUSSION.

Most (98%) of the request for CSF analysis came from the paediatric department. This

is not unusual as children are more affected with meningitis than adults.

A study done in China among children less than five years reported that children less
than six months represented more than half of those with confirmed meningitis. " This
corresponded with our study which found that most of the requests came from the less
than six months age group. The total frequency for neonates (23.6% ) and the five

weeks to six months age group (16%) in total came to 39.6%.

A global estimate on paediatric under five deaths reported that

meningitis/encephalitis and neonatal sepsis accounted for two out of the top three
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causes of death. This is almost the same as in this study, meningitis had the

highest frequency followed by all cause sepsis and then febrile convulsions. This



makes it necessary for an accurate diagnosis and swift intervention among children of

these age group.

Though the most common working diagnosis was meningitis, Rivers State is in southern
Nigeria and below the meningitis belt of Nigeria. * Therefore, the incidence of
meningitis is far lower than in the northern countries. Peak season of meningitis is

between December and June yearly in Nigeria. " In general, using the requests for CSF
biochemistry as a whole, the months with the highest frequencies in our study, overlapped
slightly. The highest were October to March. These are the dryer months in the south when

compared to the dry months in the north with the determining frequencies for the nation.

Among Children it has been found that there was a slightly higher preponderance of
meningitis in males than females. ™ In our study we had far more requests from males
than females, however, this request covered all diagnosis and not just meningitis. A
five—year retrospective study done in the same hospital assessing bacterial analysis
of CSF 1in neonates with suspected meningitis also had a male predominance with

approximately 62% being males.

The next most common diagnhosis was sepsis, including neonatal and post neonatal
sepsis. Sepsis is the most important cause of death in the paediatric age group all

" Males are more at risk. " The type of specimen required to be sent

over the world.
to the laboratory for culture and also chemistry include blood, CSF (as soon as a
lumbar puncture is feasible) and urine. ' Neisseria Meningitis, group B streptococcal

and H influenza have been implicated in Paediatric sepsis. '° The need for full

immunization coverage will be discussed below.



The third most common diagnosis in this study was febrile convulsions. Febrile
convulsion is an umbrella term for convulsions that occur within a certain age group
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in children (6 to 60 months). ™ with a temperature above 38 degrees Celsius. It
is very common with 2-4% of all children experiencing febrile convulsions. ¥ Febrile
convulsions are divided into two, they are either simple or complex. “ A thorough
investigation is necessary to exclude any serious underlying condition. " The
presence of bacterial meningitis should be excluded as a quarter of children with
bacterial meningitis will present with convulsions. * Children with complex febrile
convulsions should have a CSF analysis done. » Ideally the likelihood of some causes
of meningitis in young children is low among those who have been vaccinated against

H. Influenza and Strep Pneumonia. ** Febrile convulsions occur slightly more

frequently in males than in females.

Hepatitis B vaccine was added to the national programme of immunization (NPI) in
Nigeria in 2004 * while H influenza and Pneumococcal vaccines were introduced in
2012. Studies have shown that less than 50% of children in Nigeria are fully
immunized. * Hence the likelihood of these infections is higher in the affected

population.

This buttresses the fact that children with febrile convulsions in Nigeria would

require CSF analysis.

Over all males are more at risk for the three most common diagnosis and this agrees

with the overall male/ female distribution of the request that we had.



A total of 11.3% (which is equivalent to 12 specimen) of the results had CSF glucose
values above the reference range. (CSF glucose values are ideally 60% that of
plasma). Various factors can account for this and include, stress induced
hyperglycaemia that sometimes occur in meningitis, post prandial hyperglycaemia, the
effect of glucose based infusion and if the plasma glucose specimen is collected at a
different time from the CSF). Out of these five were lower when compared with plasma
glucose levels. Three were as expected, three were slightly higher and one did not

have a plasma glucose value.

Thirteen of the results had CSF glucose values that were lower than the reference

range. Out of these when compared to plasma glucose, 10 were lower still.

The total number of CSF glucose results that were low when compared to the plasma
glucose was 45 which is 42.3% and out of this the diagnosis with the highest
frequency was meningitis. Bacterial meningitis typically presents with reduced CSF

glucose levels, so this is in keeping.

A little higher than a fifth (21.2%) had increased protein levels. Out of this,
meningitis accounted for a fifth, and hydrocephalus related issues accounted for one
seventh. Other miscellaneous causes were retinoblastoma, sepsis and febrile
convulsions. A whooping 38% had no diagnosis attached to them. Just one specimen met
the biochemical criteria for the diagnosis of bacteria meningitis with a CSF glucose
level of 1.9mmol/L (which is borderline) and a CSF protein level of above 220mg/dl.

However, that specific specimen did not have a diagnosis.

Limitation of the study



Effective interpretation of the biochemical results was not completely possible on
account of improperly filled request forms. The importance of filling a form
completely and perfectly cannot be over emphasized. It also aids in epidemiological

studies such as this.

Conclusion

The CSF biochemistry request pattern showed that most of the specimen were from the
paediatrics department, with a higher male preponderance, the three main diagnosis
were, meningitis, sepsis and febrile convulsions. 42.3% of the specimen had reduced
glucose levels, while 19.8% had increased protein levels which are in keeping with

the biochemical findings for bacterial meningitis.

Recommendations

All laboratory request forms sent out should be properly filled. If there are no
forms and one has to adapt, all details need to be written down. Constant campaign

for full grass root immunization coverage is necessary.
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