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Abstract

Purpose Diagnosis of cerebrospinal fluid (CSF) infections in patients following neurosurgical procedures can be challenging.
CSF lactate (LCSF) has been shown to assist in differentiating bacterial from non-bacterial meningitis in non-neurosurgical
patients. The use of lactate in diagnosing CSF-related infections following neurosurgical procedures has been described in adults.
The goal of this study was to describe the role of LCSF levels in diagnosing CSF-related infections among neurosurgical children.
Methods We retrospectively collected data for all pediatric patients treated at a large tertiary pediatric neurosurgical department,
for whom CSF samples were collected over a 2-year period. Lactate levels were correlated with other CSF parameters, surgical
parameters, presence of CSF infection, and source of CSF sample (lumbar, ventricular, or pseudomeningocele).

Results A total of 215 CSF samples from 162 patients were analyzed. We found a correlation between lactate levels and other
CSF parameters. Lactate levels displayed an inconsistent correlation with infection depending on sample origin. Irrespective of
the CSF source, lactate levels could not sufficiently discriminate between those with or without infection. Lactate levels were
correlated with recent surgery, and, in some of the subgroups, to the extent of blood in CSF.

Conclusions LCSF levels are influenced by many factors, including the source of sample, recent surgery, and the presence of
subarachnoid or ventricular blood secondary to surgery. The added value of LCSF for diagnosing CSF infections in children with
a history of neurosurgical procedures is unclear and may be influenced by the extent of blood in the CSF.
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Introduction

Bacterial meningitis and ventriculitis are a potentially life-
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As opposed to spontaneous cases, patients who underwent
recent neurosurgical procedures may have altered CSF param-
eters. These altered values are either “as expected” following
surgery or may represent an inflammatory response to surgical-
related factors, such as blood, bone dust, exposure to air, and
others. Following surgery, CSF is usually bloody and has an
increased white cell count, increased protein, decreased glu-
cose, etc. In addition, these patients are often perioperatively
treated with antibiotics, and sometimes prophylactically, for
several days, as well as with steroids, which may alter the
immune response to inflammation and infection. Symptoms
such as fever, headache, vomiting, and altered consciousness
are not uncommon following neurosurgical procedures and
may not necessarily be related to infection. Thus, differentiating
between a bacterial infection and any other condition, based on
clinical and CSF analysis, may be difficult [17].

It has been shown that lactate levels in the CSF (LCSF)
correlate with bacterial infections in the spontaneous setting,
both in adults and children [18]. Currently, literature regarding
postoperative LCSF as a marker for bacterial infection is
sparse, and limited mostly to the adult population [10,
14-16, 21, 28].

The goal of this study is to evaluate the role of LCSF in
children admitted to a neurosurgical service, some of whom
had recent surgery, as a marker for bacterial infections. We
also tried to correlate LCSF to surgical factors and CSF
parameters.

Methods

Following institutional review board approval, we retrospec-
tively collected data from all neurosurgical children who
underwent CSF analysis. Beginning November 2015, we rou-
tinely measured lactate levels in all CSF samples sent from
pediatric neurosurgical patients. We also maintained an ongo-
ing registry of these patients. The study period was November
2015 to December 2017. Inclusion criteria were age < 20 years
old, patient presenting to the neurosurgical care with a need
for CSF analysis, available CSF lactate levels, available clin-
ical history, and course during hospitalization. Patients with
missing data (LCSF or clinical course during hospitalization)
were excluded from analysis.

Diagnosis of infections

Definition of CNS infection is broad and dependent on mul-
tiple factors, both clinical and laboratory. In 2017, the IDSA
(Infectious Diseases Society of America) published relevant
guidelines for the various types of infections [22]. Regardless
of the infection type, a positive culture is considered the gold
standard for diagnosis.
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Our antibiotic regimes are strict: vancomycin + ceftriaxone
perioperatively (24 h) for all neurosurgical patients undergoing
an intradural procedure (unless a known allergy). Cefuroxime
(second-generation cephalosporine) is given thereafter, for as
long as drains are in place (external ventricular drains, external-
ized shunts, lumbar drains, and subcutaneous drains).

Once a patient is suspected of being infected, based on
clinical condition and/or traditional CSF findings (excluding
LCSF), broad spectrum antibiotics are administered until ver-
ification of a bacterial infection. In accordance with the IDSA
guidelines [22], diagnosis of CNS infections (meningitis,
ventriculitis) is based on a positive culture or a positive
PCR. Antibiotics are never continued if all final values (cul-
tures or PCR) are negative.

Broad-range 16S rDNA PCR is not routinely performed; it
is reserved for questionable cases for whom the clinical con-
dition raises suspicion of an infection; yet, the culture is neg-
ative, and the patient recently received antibiotics which could
lead to a false negative culture secondary to partial treatment.

It is important to state that during the study period, none of
the patients treated by this algorithm had a relapse of infection
attributed to antibiotic stopping. Also, LCSF values did not
alter any of our treatment decisions. Thus, we considered pa-
tients not receiving a full treatment course (as supported by a
negative culture or PCR results), to be “not infected”.

Collected data included demographics, CSF results (RBC,
WBC, %PMN, glucose, protein, LCSF, gram stain, culture,
and PCR if done). Specific data points were recorded:

*  Whether the patient underwent a neurosurgical procedure
within 1 month prior to CSF sample.

*  Whether the patient underwent a traumatic brain injury
within 1 month prior to CSF sample.

+ Extent of bloody CSF contamination during surgery. This
was arbitrarily categorized as minimal (e.g., following re-
section of a cortically based lesion), moderate (e.g., fol-
lowing resection of a ventricular lesion), and significant
(e.g., following hemispherotomy or any other ventricular
surgery associated with significant ventricular bleed).
Categorization was based on the operation report and post-
operative imaging.

* Recent (<48 h) treatment with antibiotics (taking into
consideration “partial treatment”).

* Recent (<48 h) endoscopic procedure (as we use Ringer
Lactate for irrigation).

* Origin of CSF sample. This was categorized as lumbar
(e.g., via an LP or a lumbar drain), pseudomeningocele
(e.g., PM, for tapping of subcutaneous fluid collections in
the cranial or spinal regions), and ventricular (e.g., trans-
fontanelle tap, EVD, externalized shunt, shunt, or
Ommaya tap)

* Indication for CSF sampling. This was categorized as
suspected infection or other, such as: mechanical
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evaluation of shunts, routine CSF samples done for pa-
tients with drains, or any other indication not related to
suspicion of an infection.

» Existence of residual tumor or leptomeningeal spread.

Multiple samples

As many patients had multiple CSF samples taken, and in
order to avoid a bias by recurrent samples from the same
patient, we arbitrarily decided to use the “first CSF” sample
per patient. However, we did include additional samples if
they were more than 1 month distant from the previous includ-
ed sample.

Lactate measurement technique

All CSF samples were analyzed using the RAPIDPoint® 500
(Siemens). This system is typically used for blood gas analy-
sis. Thus, an evaluation of this system for CSF lactate mea-
surement was performed, by analyzing 19 CSF samples, using
both the above system and a standardized verified technique
(Beckman coulter reagent, using the Advia® 2400, Siemens).
A full description of the measurement techniques is supplied
in Appendix 1.

Agreement between measurement techniques was ob-
served using interclass correlation coefficient (ICC) for an
absolute agreement. Spearman’s correlation coefficient was
used to evaluate the correlation between both techniques,
and “one sample 7 test” was used to compare the difference
between methods, to 0.

There was an excellent agreement (ICC =0.964, P<0.001)
and high correlation (r=0.951, p<0.001), between both
methods. There was no significant difference between methods
(mean difference =0.81, p=0.159). Scatter plot and Bland-
Altman plot are presented in Appendix 2 and 3 (for each appen-
dix, A =lactate measured using RAPIDPoint® 500, and
B = lactate measured using Advia® 2400).

Statistical analysis

Data was tabulated in an Excel spreadsheet. SPSS software
was used for all statistical analyses (IBM SPSS statistics,
version 22, IBM Corp., 2013, Armok, NY, USA).
Categorical variables were reported as number and percent-
age. Continuous variables were evaluated for normal distri-
bution using a histogram and reported as median and inter-
quartile range (IQR). Correlations between continuous vari-
ables were evaluated using Spearman’s correlation coeffi-
cient. Lactate was compared between categorical variables
using Mann-Whitney test or Kruskal-Wallis test. All statisti-
cal tests were two tailed, and p value less than 0.05 was
considered significant.

Results

Over a 26-month period, 450 LCSF samples were collected
from 162 pediatric patients, of which 215 samples were ana-
lyzed (following the criteria described in Methods). After cat-
egorizing the samples according to their origin, we included
49,25, and 141, from the lumbar, PM, and ventricular regions,
respectively. Sixteen of the included samples (7.4%, from 12
patients) were defined as infected (according to the mentioned
criteria): 2 (4%), 4 (16%), and 10 (7%), from lumbar taps, PM,
and ventricular origin, respectively (Table 1).

A total of 11 cases underwent an endoscopic procedure
within 48 h of CSF sampling: 3, 0, and 8 from the lumbar,
PM, and ventricular origin, respectively.

LCSF displayed a significant positive correlation with oth-
er CSF parameters, such as WBC, %PMN, and protein, and
inversely with glucose levels. This was true regardless of the
origin of the CSF sample (lumbar, PM, or ventricular)
(Table 2).

When correlating between LCSF levels and infection,
LCSF was significantly increased only when the CSF sample
was from a ventricular origin (as opposed to lumbar and PM)
(Table 3, Fig. 1).

Despite the correlation between infection and LCSF level
in the ventricular group, lactate could not sufficiently discrim-
inate between those with or without infection (AUC =0.761,
Fig. 2), as for no LCSF value were both sensitivity and spec-
ificity greater than 70%.

Table 1 Infective organisms, origin of CSF sample, and lactate levels

CSF lactate
levels (mmol/L)

Infected organism Sample origin

MSSA LP 11.8
Staph epidermidis LP 1.83
Klebsiela pneumonia PM 9.25
Brucella PM 1.58
MSSA PM 13.2
Pseudomonas aeruginosa PM 8.3

Staph epidermidis Ventricular 3.06
Hemophillus influenza Ventricular 10.6
Hemophillus influenza Ventricular 8.21
Pseudomonas aeruginosa Ventricular 9.03
Pseudomonas aeruginosa Ventricular 14.1
MRSA Ventricular 6.68
Enterococcus fecalis Ventricular 9.4

Staph epidermidis Ventricular 3.29
Staph epidermidis Ventricular 1.24
Strep Viridans Ventricular 6.41

MSSA methicillin-sensitive staph aureus, MRSA methicillin-resistant
staph aureus

@ Springer



1150

Childs Nerv Syst (2019) 35:1147-1153

Table 2 Correlation between

CSF lactate and other CSF Lumbar Pseudomeningocele Ventricular

parameters according to sampling

origin N R )4 N r p N R P
WBC (cells/uL) 47 073 <0.001 20 0495 0.027 118  0.687 <0.001
%PMN 42 043 0.005 20 0551 0.012 94 0.44 <0.001
RBC (cells/uL) 41 0.11 0.48 20 —0.258 0272 99 0.337 0.001
Glucose (mg/dL) 48 —0.64 <0.000 25 —05 0.011 140  —0407  <0.001
Protein (mg/dL) 48 076 <0.001 25 0581 0.002 140  0.634 <0.001

Italic values highlight those with a significant correlation
WBC white blood cells, PMN polymorphonuclear cells, RBC red blood cells

Within both the lumbar and ventricular groups, LCSF corre-
lated with recent neurosurgical surgery (Table 3). Additionally,
lactate levels correlated with extent of blood contamination dur-
ing surgery (as defined previously in Methods). Within the lum-
bar group, LCSF levels correlated with the indication for CSF
sampling (if suspected of infection), but not with actual infec-
tion. Within the ventricular group, LCSF correlated with resid-
ual tumor and with recent antibiotic treatment (as well as actual
infection). Within the ventricular group, recent endoscopic pro-
cedures did not significantly affect LCSF.

Of the CSF samples from ventricular origins taken from
patients with no recent surgeries, 9 of 93 cases had an infec-
tion. LCSF significantly correlated with infection (8.21 (2.26—
10) vs 1.92 (1.33-2.51), p = 0.005). Only 1 of 48 patients with
ventricular origin CSF and recent surgeries had an infection;
thus, no statistical analysis was performed.

Within the PM group, LCSF levels did not significantly
correlate with any of the evaluated parameters (Table 3).

When comparing LCSF levels between all three origin
groups, we found no significant difference between the

lumbar and ventricular groups; however, levels were signifi-
cantly higher in the PM group (Table 4). Interestingly, a sim-
ilar pattern was seen when comparing RBC in the CSF be-
tween all three groups (Table 4).

Discussion

This is the first study evaluating the role of CSF lactate levels
in differentiating between infected and non-infected CSF, fo-
cusing exclusively on neurosurgical children. Our results sug-
gest several important points:

1. LCSF levels correlated with infection when taken from a
ventricular origin.

2. LCSF levels did not correlate with infection when sam-
pled from PM.

3. LCSF levels are influenced by many “surgical” factors,
such as recent surgery and contamination of CSF by blood
and debris.

Table 3  CSF lactate levels (mmol/L) according to sampling origin and various parameters. In case of less than three patients per category, all values are stated
CSF source Lumbar Pseudomeningocele Ventricular
N  Median (IQR) P N  Median (IQR) P N Median (IQR) P

Indication Susp infection 31 2.73(1.69-4.61) 0.008 16 4.12(2.89-737) 098 70 248 (1.64-3.72) 0.31
Other 18  1.65(1.18-2.32) 9 355(3.21-6.29) 71 2.27 (1.56-3.48)

Recent NS procedure  No 19 1.6 (1.22-2.43) 0.005 7 5.1 (0-9.25) 039 93 1.99 (1.48-2.87) < 0.001
Yes 30 2.85(1.69-4.62) 18 3.77 (3.18-5.6) 48 3.45(2.34-4.89)

CSF blood at surgery ~ Clean 12 1.69(1.22-3.09) 0.014 8 3.9 (3.464.29) 078 7 2.18(1.72-3.8) 0.054
Mild 13 3(2.15-4.81) 9  3.55(3-6.96) 21 3.44 (2.3-4.03)
Mod-significant 4  4.95(3.18-6.13) 1 3.25 21 4.31 (2.78-6.4)

Residual tumor No 42 199(1.36-343) 044 23 3.83(3.17-5.5) 0.2 111 2.04(1.56-3.23) < 0.001
Yes 7 3 (1.3-5.46) 2 5.93, 6.96 30 3.75(2.37-6.39)

Recent antibiotics No 40 1.99(1.3-3.09) 0205 20 3.9(2.91-647) 057 73 1.89 (1.42-2.75) < 0.001
Yes 9  3.55(1.69-4.93) 5 4.27 (3.31-9.34) 68 3.02 (2.07-4.52)

Infection No 47 2.02(1.33-3.55) 0357 21 3.83(3.17-5.3) 0.18 131 2.27(1.61-3.44) 0.006
Yes 2 1.83, 6.81 4 8.77 (3.26-12.19) 10 7.31 (2.66-9.7)

Italic values highlight those with a significant correlation

NS neurosurgical
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Fig. 1 Box plot of lactate levels in the infected and non-infected groups in
the ventricular origin samples

4. LCSF levels correlated closely with other commonly test-
ed CSF parameters such as WBC, %PMN, glucose, and
protein.

5. LCSF levels could not sufficiently discriminate between
those with or without infection, possibly due to confound-
ing factors such as recent surgery and contamination of
the CSF with blood and other surgical debris.

Differentiating between infected and non-infected CSF in a
child with a history of neurosurgical procedures is not trivial
[6, 13, 17]. Fever, headache, vomiting, irritability, somno-
lence, and nuchal rigidity may often be part of a postoperative
course and do not necessarily indicate an active CSF infection
[6, 7]. CSF parameters such as cell count, glucose, and protein
levels are all affected by recent surgery, due to significant

1.0
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o
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o
]
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Fig. 2 ROC curve for LCSF taken from ventricular samples

shifts in CSF volume (drainage and irrigation), spillage of
“surgical debris” such as blood and tissue particles, or by a
postoperative non-infectious inflammatory reaction to any of
the above [7, 17]. Additionally, many children are treated
during surgery or for a few days after, either with antibiotics,
affecting the reliability of the CSF cultures, and/or with ste-
roids, affecting the immune response to infection and inflam-
mation. Thus, differentiating between infected and non-
infected CSF based on clinical condition and/or standard
CSF parameters may be of limited value [13].

LCSF testing has been used in the evaluation of spontaneous
meningitis to differentiate between bacterial and aseptic menin-
gitis in children and adults [11, 18]. Lactate is produced by cer-
tain bacteria, anaerobic metabolism of the brain tissue caused by
hypoperfusion, as well as various cytokines [14]. It has been
shown that LCSF has a higher sensitivity, specificity, positive
predictive value, and negative predictive value compared to other
conventional measures such as glucose, protein, and cell count
and differentiation [11, 24]. Other para-meningeal infections may
increase LCSF levels too [2, 12]. However, it has been shown
that treatment with antibiotics may alter LCSF in spontaneous
meningitis and that a low LCSF in treated patients does not rule
out bacterial meningitis [2, 18].

Despite its encouraging role in differentiating bacterial from
non-bacterial spontaneous meningitis, LCSF has been shown to
be affected by several factors, which potentially, as suggested by
our results, would affect its role in patients following neurosur-
gical procedures. Based on prior publications, the effect of CSF
contaminated by blood on LCSF levels is uncertain. Begovac
et al. stated that adding a blood drop to a CSF sample does not
alter LCSF levels [1]. But others have shown that LCSF levels
increase following in vitro and in vivo subarachnoid hemorrhage
[8, 9, 19, 20]. LCSF levels in bloody CSF increased even more
when blood was contaminated for at least 6 h, especially when
the CSF sample was also exposed to air [23]. In patients with
intraventricular hemorrhage that were sampled from an external
ventricular drain, LCSF levels had a positive predictive value for
CSF infection of 60%, and a negative predictive value of 100%
[25]. In addition, LCSF levels are known to increase in several
non-infectious clinical scenarios, such as stroke [5, 9], seizures
[3, 4, 12], head injury [12], and hypoglycemic coma [27].
Nevertheless, in adult neurosurgical patients, LCSF levels have
been shown to correlate with bacterial CNS infections, with a
high sensitivity, specificity, positive, and negative predictive
values [10, 14-16, 21, 26, 28]. Table 5 summarizes the known
literature regarding LCSF following neurosurgical procedures.

Generally, most publications have focused on adult patients
with suspected meningitis [10, 1416, 21, 28], where CSF was
sampled from lumbar taps (LP) [10, 14-16], and LCSF was
determined to differentiate bacterial from non-bacterial infec-
tions. LCSF at levels of 3.45-5.9 mmol/l and above were sig-
nificantly correlated with bacterial infections [10, 1416, 28].
There was no correlation between LCSF levels and time from
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Table 4 Comparison of CSF
lactate and RBC according to

CSF lactate (mmol/L)

RBC in CSF (cells/uL)

sampling origin

N Median (IQR) P N Median (IQR) P
PM 25 3.97 (3.17-6.29) < 0.001 20 716 (32-1834) 0.005
Lumbar 49 2.02 (1.35-3.59) 41 61 (0-383)
Ventricular 141 2.35(2.35-3.57) 99 14 (0-488)

Italic values highlight those with a significant correlation

PM pseudomeningocele, RBC red blood cells

surgery [14]. In one publication, LCSF levels did not correlate
with RBC count in the CSF [16]. However, quite a few signif-
icant factors were not clear from many of the publications, in-
cluding what surgical procedures were performed, was the CSF
contaminated with blood products, and whether patients were
pretreated with antibiotics or steroids [10, 14-16, 21, 28].

As stated, our data is the first focusing on neurosurgical
children, some following recent surgery of various extents,
and some with no recent surgery. We also carefully classified
the origin point of the CSF samples (lumbar taps, ventricular
sampling, and PM punctures) in a clearer reflection of daily
clinical scenarios. There are no other studies published regard-
ing possible correlations between LCSF levels and other sur-
gical factors such as tissue destruction, ischemia, residual tu-
mor, and presence of blood products in the CSF following
surgery. Current literature also focuses on patients with
suspected infections, comparing infected CSF to non-
infected CSF in these patients, as opposed to our data, which
also includes patients with no suspicion of infection.

Limitations
Our statistical analysis was limited by the following factors:

*  While we began with a large number of CSF samples,
once we subdivided the group according to CSF origin
the numbers are relatively small.

» Surgical cases included various pathologies, such as tu-
mors (benign and malignant), epilepsy related, and others.

*  We had no baseline LCSF levels. Potentially, hydroceph-
alus, presence of certain brain tumors and in specific lo-
cations, may alter LCSF levels.

»  Surgery may alter LCSF levels. We could not quantify the
degree of tissue destruction. As noted above, tissue ische-
mia may lead to an increase in LCSF. Endoscopic proce-
dures, especially those associated with irrigation with
Ringer Lactate, may shift LCSF to a higher baseline too.

e Due to the small number of infections, and limited CSF
samples per infected case, we could not evaluate the im-
pact of bacteria type, or effect of antibiotics, on LCSF
levels. For the same reasons, natural history of LCSF over
time could not be analyzed.

Despite data being mostly based on laboratory results (and
thus not affected by the retrospective nature of the study),
clinical data was collected retrospectively. We believe that
the impact of this on the results was not significant because
infections (as we defined in the methods) are documented in
real time, and there was no infectious flare-up (or
misdiagnosed infections) using our protocols, as stated in the
methods.

In addition, we analyzed events (i.e., laboratory tests) and
not cases. Thus, some cases were included several times due
to multiple CSF sampling. We limited the number of samples
included to 1 per month; however, some patients were includ-
ed 2 or 3 times. This may potentially skew the results. We
believe any bias was minimal because of the rarity of this
condition, and because even if patients were represented a
more than one time, each event represents a distinct and un-
related event.

Table 5 Current literature regarding LCSF in post neurosurgical patients

Paper Number of patients Origin of CSF Indication for CSF sampling LCSF cutoff

Leib (1999) 73 (adults) LP Suspected infection 4 mmol/L

Tavares (2006) 28 (children and adults) LP or EVD Suspected infection 49 mg/dL = 5.4 mmol/L
Grille (2012) 46 (adults) LP Suspected infection 5.9 mmol/L

Maskin (2013) 79 (adults) LP Suspected infection 4 mmol/L

Li (2014) 178 (adults) LP Suspected infection 3.45 mmol/L

Zhang (2017) 8524 (children and adults) Unknown Suspected infection 3.6 mmol/L
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Conclusions

LCSF levels are influenced by many factors such as the source
of sample, recent surgery, and subarachnoid or ventricular
blood secondary to surgery. LCSF levels correlate with other
CSF parameters such as cell counts and glucose levels. The
added value of LCSF for diagnosing CSF infections in chil-
dren with a history of neurosurgical procedures is unclear and
may be influenced by the extent of blood in the CSF. Thus,
based on the current data, we recommend further studying
LCSF levels and its correlation with other surgical parameters.
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