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ABSTRACT

Objective: The aim of this study was to evaluate the stability, in 12 hours, of cytological and biochemical parameters of the cerebrospinal
fluid (CSF). Methods: Cerebrospinal fluid (CSF) samples were aliquoted into five different tubes and stored at room temperature. The
first aliquot was immediately analyzed and the others analyzed after 2, 4, 6 and 12 hours. For cytological analysis, samples of at least
20 leukocytes/mm?>were included. Analysis of variance of the results and the comparison of the clinical interpretation of the results at the
different times were performed. Results: There was no significant decrease in the number of leukocytes and erythrocytes by the analysis of
variance (ANOVA). The clinical interpretation of the cytology did not result in different results in any of the evaluated times. There was no
significant variation in the biochemical parameters. Conclusion: The results suggest that the storage of CSF samples for 12 hours at room
temperature does not significantly compromise clinical interpretation. Future studies are still required in order to evaluate the behavior
of these parameters in samples of cell counts closer to boundered values.
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RESUMO

Objetivo: O objetivo deste estudo foi avaliar a estabilidade, em 12 horas, de parametros citologicos e bioquimicos do liguor. Métodos:

Amostras de liquido cefalorraquidiano (LCR) foram aliquotadas em cinco diferentes tubos e armazenadas em temperatura
ambiente. A primeira aliquota foi imediatamente analisada e as demais, analisadas apos 2, 4, 6 e 12 horas. Para avaliacdo
citologica, foram incluidas amostras com pelo menos 20 leucdcitos/mm?’. Foi realizada andlise de variancia dos resultados e a
comparagdo da inlerpretacdo clinica dos resultados nos diferentes tempos. Resultados: Néo houve redugdo significativa no niimero
de leucdcitos e hemdcias por andlise de variancia (ANOVA). A interpretagdo clinica da citologia ndo resultou em resultados diferentes
em nenhum dos tempos avaliados. Nao houve variagio significativa dos pardmetros bioquimicos. Conclusao: Os resultados
sugerem que o armazenamento de amostras de LCR por 12 horas em lemperatura ambiente ndo compromele significativamente
a inlerprelagdo clinica. Estudos futuros deverdo avaliar o comportamento desses pardmelros em amostras com contagens de
células mais proximas aos valores limitrofes.
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RESUMEN

Objetivo: El objetivo de este estudio fue evaluar la estabilidad, en 12 horas, de pardmelros citologicos y bioquimicos del liguido
cefalorraquideo (LCR). Métodos: Muestras del LCR fueron alicuotadas en cinco viales diferentes y almacenadas a temperatura
ambiente. La primera alicuota fue inmediatamente analizada y las demas, analizadas tras 2, 4, 6y 12 horas. Para la evaluacion
citoldgica, se incluyeron muestras con al menos 20 leucocitos/mm?. Se realizd el andlisis de la varianza (ANOVA) de los resultados
yla comparacion de su interpretacion clinica en los diferentes tiempos. Resultados: No hubo reduccion significativa en el niimero
de leucocitos y hematies por ANOVA. La interpretacion clinica de la citologia no mostro resultados diferentes en ningtin de los
tiempos evaluados. No hubo variacion significativa de los pardametros bioquimicos. Conclusion: Los resultados sugieren que el
almacenamiento de muestras de LCR por 12 horas a lemperatura ambiente no compromele significativamente la interpretacion
clinica. Nuevos ensayos deben evaluar el comportamiento de eses pardametros en muestras con recuentos de células mds cercanas

a los valores limitrofes.

Palabras clave: liquido cefalorraquideo; leucocitos; bioquimica; neutrdfilos; linfocitos.

INTRODUCTION

METHODS

The cerebrospinal fluid (CSF) is a dynamic body fluid that
is largely used in the diagnosis of many tumor or inflammatory,
infectious, vascular and degenerative diseases”. Several CSF
parameters such as protein, glucose, lactate, white and red blood
cells, among others, are routinely measured and their patterns
may suggest the presence of a particular pathological process™?.

CSF is usually obtained by lumbar puncture (LP), collected
into appropriated tubes. Following the collection of CSF the tubes
are transported to the laboratory and the there is a variable period
of time for CSF analysis. This period of time is determined by
factors, such as the distance between the hospital and the analysis
laboratory. It is also possible that samples are collected in locations
where there is no specialized laboratory, and the samples need to
be sent to a laboratory. Considering the period of time between CSF
collection and CSF analysis, it is important to know the stability
of the CSF components to understand how it affects the clinical
interpretation of CSF results.

It has been previously suggested that cytological
examination should be performed within 2 hours after LP®.
This is based on expert opinion and also by experimental studies
with inoculation of white blood cells into sterile CSF samples®.
However, these data do not necessarily reflect what happens
to the clinical samples in the conditions that CSF is actually
stored. Furthermore, very little is known about the stability
of other CSF components, such as biochemical parameters®.
The aim of this study was to investigate the stability of CSF
leukocytes, CSF red blood cells, CSF protein, CSF glucose, and
CSF lactate over 12 hours.
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All CSF samples included in the present study were obtained
for clinical purposes. Physicians for the Senne Liquor Diagndstico
performed the lumbar punctures. The time between CSF
withdrawal and the initial analysis took up to 2 hours. The
CSF samples were stored at 17°C room temperature during analyses.

White and red blood cells analyses

Fifteen CSF samples collected from 15 patients submitted
to LP by medical recommendation were used for white and red
blood cells stability analysis. All these CSF samples were sent to
the main unity of the Senne Liquor Diagndstico Laboratory
in accordance with Brazilian authorities regulations [Agéncia
Nacional de Vigilincia Sanitaria (Anvisa), RDC 20/2014]. These
samples were aliquoted into five different tubes that were analyzed
at five different holding times: T0, T1 (2 hours), T2 (4 hours),
T3 (6 hours), and T4 (12 hours). All the tubes were stored at
room temperature. All these samples presented initially, at least,
20 leukocytes/mm’. Total leukocytes and red blood cells were
counted in a Fuchs-Rosenthal counting-chamber and the
differential cell count was performed after sedimentation and
staining”. Samples of less than 100 leukocytes/mm’® were
centrifuged at 1000 rpm for 5 minutes. The same procedure was
carried out in all five aliquots. We analyzed the variance of total
leukocytes, neutrophils, lymphocytes, and red blood cells count, as
well as neutrophil-to-lymphocyte ratio. The CSF pleocytosis was
classified as mild (20-50 cell/mm?), moderate (50-200/ mm?)
or marked (> 200/ mm?). The pattern of pleocytosis as well as
polymorphonuclear (PMN) or lymphomononuclear (LMN)
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predominance was registered and a comparison between the five
period of time of each CSF sample was performed.

Glucose, protein, and lactate analyses

For biochemical analysis of stability we evaluated 20 CSF
samples collected from 20 patients submitted to LP by medical
recommendation. These CSF samples were sent to the main unity
of Senne Liquor Diagnostico Laboratory in accordance with RDC
20/2014 of Anvisa. Glucose, protein, and lactate concentrations
were determined by colorimety. All the CSF samples were aliquoted
into five different tubes. Each of these aliquots was analyzed at five
different period of time: T0, T2-2 hours, T3-3 hours, T4-4 hours,
T12-12 hours.

Statistical analysis

The analysis of variance of total leukocytes, neutrophils,
lymphocytes, neutrophil-to-lymphocyte ratio, and red blood cells,
glucose, protein, and lactate concentrations in the different period
of time was performed with one-way analysis of variance (ANOVA).
Tukey’s multiple comparison test was used to determine which
means amongst them differ from the rest. The level of significance
was set at p < 0.05. GraphPad Prism 5.0 software (GraphPad
Software, San Diego, CA, USA) was used for all statistical analyses.

RESULTS

White and red blood cells

CSF findings of this group are shown in Table 1. The mean
total of leukocytes, neutrophils, lymphocytes, neutrophil-to-
lymphocyte ratio, and red blood cells values are presented in
Table 2. No significant variance was found for total leukocytes
(p = 0.15), neutrophils (p = 0.27), lymphocytes (» = 0.15),
neutrophil-to-lymphocyte ratio (p = 0.11), and red blood cells
(p =0.39). Tukey’s multiple comparison test showed no significant
differences between T0, T1, T2, T3, and T4 for any of these variables.

At TO four CSFs presented mild pleocytosis with
LMN predominance, three presented mild pleocytosis with PMN
predominance, one presented moderate pleocytosis with
LMN predominance, three presented moderate pleocytosis
with PMN predominance, three presented marked pleocytosis with
LMN predominance and one presented marked pleocytosis
with PMN predominance. The pleocytosis pattern and the cell type
predominance remained unchanged in T1, T2, T3, and T4 for all
CSF samples.
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Glucose, protein, and lactate

The mean values of glucose, protein, and lactate are presented
in Table 3. No significant variation was found with ANOVA for
any of these variables. Tukey’s multiple comparison test showed no
significant differences between glucose, protein, and lactate means
for TO, T1, T2, T3, and T4.

TABLE 1 — CSF findings in samples used for cytological stability assessment

CSF  Leukocytes Neutrophils Lymphocytes Protein  Glucose Lactate

() (%) ) (mgd) (mgd) (mg/d)

1 200 79 12 214 32 49.7
2 20 35 18 108 48 29.1
3 178 55 38 36 50 149
4 35 55 28 380 37 61.8
5 4800 78 10 7400 37 61.8
6 25 0 95 89 56 14.4
7 110 13 75 184 19 29

8 20 2 78 33 49 13,5
9 699 0 77 47 53 15.2
10 290 1 93 107 32 23.5
11 550 32 58 60 51 41.2
12 133 60 33 57 55 34.2
13 20 31 52 39 40 23.8
14 44 04 34 56 44 28.6
15 21 2 9 53 41 217

CSF: cerebrospinal fluid.

TABLE 2 — Total leukocytes, lymphocytes, neutrophils, red cells counts,
and neutrophils/lymphocytes ratios in the five different analyses times

0 2h 4h 6h 12h
(mean + SD) (mean + SD) (mean =+ SD) (mean = SD) (mean + SD) »

Total
leukocytes 470 £1214 4471138 439+ 1115 4161037 379936  0.15
(mm?)

Neyn'llﬁﬂl;ﬂs 2884058 261863 2614869  250+828  203+738 027
LY”(]%S)Y‘“ 128182 1294191  125+18  125+185  117=172 015

Neutrophils/
Iymphocytes 1908 +2.826 2.022 +2.884 2.110+3.130 2.021 +2.927 2.436+3.888 0.11
ratio

Red cells
(mm?)

SD: standard deviation.

12110 £ 48425 10894 + 43585 9130 £ 36310 8486 + 33896 6098 + 24204 0.39

TABLE % — Mean protein, lactate, and glucose in the five different analyses times

0 2h 4h 6h 12h
(mean + SD) (mean + SD) (mean + SD) (mean =+ SD) (mean + SD)

Protein -

gy FFERD 34721305 345541216 3485129 245+1229 09
lactale o 303 14354303 14420293 14654304 1435£292 0.8
mg/d) 4543, 35303 144+, 65304 1435292 0.

Glucose

g 608+ 1471 6085+ 1501 60.85+1498 6090+ 1475 6L4+1466 0.1

SD: standard deviation.
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DISCUSSION

We did not find a statistical significant decrease in leukocytes
and red blood cells count by variance analysis over 12 hours in
CSF samples stored at room temperature. Furthermore, none of
the cytological analyses resulted in different clinical interpretations
over 12 hours of CSF storage at room temperature. To the best of our
knowledge no previous study has evaluated the cytological variation
over 12 hours in GSF samples stored at room temperature. A Class
IV recommendation for cytological evaluation within two hours
has been given because of potential lysis in white and red blood
cells®, Previous experimental data showed significant decrease in
neutrophils after one hour and in lymphocytes after three hours®.
Our findings suggest that the decrease in leukocytes count does not
significantly affect clinical interpretation of CSF samples of at least
20 leukocytes/mm? stored at room temperature. In clinical practice
it is often difficult to perform CSF analyses shortly after the CSF
collection. Many hospitals and clinics do not have CSF service and
need to submit the GSF samples. Our results suggest that this may
not significantly interfere with the final result of CSF analysis.

We found no significant variation in glucose, protein and lactate
results within twelve hours. This subject was previously studied. One
study assessed CSF glucose and lactate stability®. They found that
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