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Abstract

Background: An external ventricular drain (EVD) treats hydrocephalus in patients
with aneurysmal subarachnoid hemorrhage (aSAH). This study examines the utility
of cerebrospinal fluid (CSF) lactate collected from an EVD as a proposed biomarker
to predict patient outcome and vasospasm/delayed cerebral ischemia.

Methods: Consecutive adults admitted to Wake Forest Baptist Medical Center
from 2010 to 2015 with aSAH were identified through the electronic medical record,
and clinical variables were collected and analyzed for correlation with incidence of
vasospasm and discharge outcome.

Results: In all, 51 patients with aSAH and an EVD had CSF lactate measured which
ranged from 1.9 to 6.2 mmol/L, with a median value of 3.2 mmol/L. Vasospasm
based on transcranial Doppler assessment occurred in 29 patients (57%), of which
20 (45%) were clinically symptomatic. Good outcome (discharge to home/acute
rehab) occurred in 35 patients (69%). Sixteen patients (31%) had an unfavorable
outcome (died/discharged to nursing homes/long-term acute care facility). In
multivariate regression analysis, unfavorable outcome at discharge (P = 0.02),
elevated CSF protein (P=0.04), and admission Hunt and Hess score 3-5 (P=0.05)
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were significantly associated with higher CSF lactate. The risk of symptomatic Website:
vasospasm increased with lactate in univariate analysis, but did not reach statistical www.surgicalneurologyint.com
significance (P = 0.077). DOI:
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Conclusion: The measurement of the CSF biochemical markers using an EVD
is feasible and safe. We found that elevated CSF lactate correlates with patient
outcome. Larger prospective studies are needed to test the validity of this finding
and for understanding the underlying pathophysiologic mechanisms.
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INTRODUCTION

Aneurysmal subarachnoid hemorrhage (aSAIl) is a
complex disorder with initial treatment centered on
securing the aneurysm, followed by a prolonged phase of
treating and monitoring a variety of potential neurologic
and medical complications,>?" in an effort to prevent
secondary brain insult. Vasospasm and delayed cerebral
ischemia (DCI), in particular, contribute to nearly 30% of
morbidity and mortality.*!?)

Early detection and treatment of vasospasm and DCI
is the cornerstone of neurocritical care in patients
with aSAH. A detailed neurological examination is
indispensable; however, clinical examination alone
may not be sufficient to rule out DCI, especially in
patients with altered consciousness. Various tools such
as transcranial Doppler ultrasound (TCD), computed
tomography angiogram (CTA), computed tomography
perfusion scan, electroencephalogram, and catheter
angiography complement the bedside examination.

Measuring the biochemical milieu may be an adjunct to
imaging for detection of vasospasm and impending DCI.
Cerebral microdialysis enables bedside analysis of the
chemistry of the extracellular space.™ The analysis of
the absolute values and ratios of lactate and pyruvate can
help in early detection of metabolic crisis;!'*!®! however,
microdialysis is an invasive technique, and data obtained
are truly representative only of the local tissue milieu.
An external ventricular drain (EVD) is often already
in place in patients at high risk for the development
of symptomatic vasospasm due to concomitant
development of hydrocephalus from larger volumes of
SAH and intraventricular hemorrhage.?#! The EVD
represents  an  alternative to microdialysis, allowing
collection of cerebrospinal fluid (CSF) for analysis,
which may represent the metabolic environment on
a more global scale."5" CSF lactate may be a useful
marker for impending DCI as it is created during the
glycolytic process during brain insult. The objective of
this retrospective study is to assess whether ventricular
CSF lactate measured during aSAH is related to the risk
of vasospasm and/or outcome.

MATERIALS AND METHODS

Following approval from the Institutional Review Board,
consecutive adults (18 years of age or older) admitted
to Wake Forest Baptist Medical Center from August
2010 to April 2015 with aSAH were identified through
the clectronic medical record. Charts were manually
reviewed, and those who had CSF lactate levels drawn
through an EVD within the first 10 days of symptom
onset were included in the study. At our center, lactate is
routinely measured in the CSF sample of all patients to
monitor for ventriculitis. Usual triggers for CSF analysis
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are unexplained fever, leukocytosis, and/or unexplained
change in mentation; however, some providers also
send CSI' for analysis every 3 days for monitoring
purposes. Additional clinical information collected
included admission Fisher’s score, Hunt and Hess score,
radiographic findings, aneurysm location and treatment
method, transcranial Doppler velocities, CSE analysis,
and clinical outcomes. Screening for vasospasm and
DCI was done with regular neurologic examinations,
daily screening TCD, and, when necessary, CTA and
catheter angiogram. Sonographic vasospasm was defined
as a velocity of >120 c¢m/s in the middle cerebral artery
or anterior cerebral artery on TCD. CSF cultures were
analyzed to evaluate for the presence of ventriculitis.
Cerebral infarction was confirmed with diagnostic
imaging, which consisted of diffusion-weighted and
apparent  diffusion coefficient magnetic
imaging (MRI) of the brain in the majority of cases and
computed tomography imaging of the brain if MRI was
not performed. Clinical outcomes were graded based
on discharge disposition. The outcome was defined as
good if discharged home or to acute rehabilitation and
unfavorable if discharged to nursing home, long-term
acute care, hospice, or death before discharge.

resonance

Statistical analysis

All statistical analysis was done using SAS software
JMP Pro version 13.0. The results were analyzed using
descriptive statistics and P values < 0.05 were considered
statistically significant. Means and medians as appropriate
with corresponding standard deviations and interquartile
ranges, respectively, were used as measurements of central
tendencies and dispersion. Next, a series of univariate
analyses were performed to investigate the relationship
between CSF  lactate and independent
variables. P values were calculated using nonparametric
tests (Kruskal-Wallis and Wilcoxon rank sum) for
categorical variables and Pearson or Spearman correlation
coefficients for continuous and ordinal data. All variables
with univariate P values <0.10 were then included in
anautomated backward stepwise regression analysis using
probability to enter 0.25 and probability to leave 0.1. The
variables retained by this approach were then included in
a logistic regression model using standard least squares
approach and P values were calculated.

several

RESULTS

In all, 51 patients with aSAH requiring an EVD were
included in the final analysis [Table 1]; 33 (65%) were
women. On presentation, the most common Hunt and
Hess grade was 3 (39%) and Iisher’s score 4 (88%).
Intracerebral hemorrhage occurred in 11 (22%) patients.
Ruptured aneurysms were most commonly seen in the
anterior circulation (n = 33, 65%). Coiling was a slightly
more common method of treatment (n = 29, 57%). The
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median CSF lactate was drawn at 4 days [interquartile
range (IOR) 3-6, range 2-9) following symptom onset.
Lactate values ranged from 1.9 to 6.2 mmol/L, with a
median value of 3.2 mmol/LL (IOR 2.4-3.7).

CSF cultures confirmed ventriculitis in five patients.
Alpha hemolytic streptococcus was the most commonly
isolated organism. CSF lactate in these patients
ranged from 2 to 3.7 mmol/L, with a median value of
2.5 mmol/L. Three of these five patients went on to

Table 1: Patient characteristics

Patient characteristics No. of patients (n=51) P

Demographic characteristics

Age (years); median (IQR) 55 (44-64) 0.007
Gender; n (%) 0.141
Male 18 (35)
Female 33 (65)
Admission characteristics
Hunt and Hess grade; n (%) 0.001
1 2 (4)
2 10 (20)
3 20 (39)
4 13 (25)
5 6(12)
Fisher's grade; n (%) 0.003
1 0(0)
2 1(2)
3 5(10)
4 45 (88)
Location of aneurysm; n (%) 0.284
Anterior cerebral artery 18 (35)
Middle cerebral artery 2 (4)
Posterior communicating artery 6(12)
Supraclinoid internal carotid artery 7(14)
Vertebrobasilar 9(18)
Posterior inferior cerebellar artery 4 (8)
Multiple 5(9)
Treatment of aneurysm 0.669
Surgical clipping; n (%) 19 (37)
Endovascular coiling; n (%) 29 (57)
No treatment; n (%) 3(6)
Outcome 0.005
Good; n (%) 35(69)
Bad; n (%) 16 (31)
Vasospasm
Sonographic; n (%) 29 (57) 0.120
Symptomatic; n (%) 20 (45) 0.077
Ventricular hemorrhage 0.005
Present; n (%) 43 (84)
Absent; n (%) 8(16)
CSF protein
Median (IQR) 74 (51-132) 0.004

IQR: Interquartile range, CSF: Cerebrospinal fluid. 'P corresponds to a test of the
relationship to CSF lactate level in univariate analysis
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develop symptomatic vasospasm. During the hospital
course, sonographic evidence of vasospasm (based on
TCD criteria) was found in 29 patients (57%), with
20 (39%) becoming symptomatic. Good outcome
occurred in 35 (69%) patients, defined as discharge to
home or acute rchabilitation. Sixteen patients (31%)
cither died or were discharged to nursing homes/
long-term acute care facility and considered to have an
unfavorable outcome.

In  univariate analyses, higher levels of CSF
lactate  were  significantly related to older age
(r = 037, P = 0.007), higher admission Fisher’s
grade (r = 041, P = 0.003), higher admission Hunt
and Hess score (r = 0.45, P = 0.001), and higher levels
of CSF protein (r = 041, P = 0.004). Individuals with
intraventricular hemorrhage (P = 0.005) and those with
unfavorable outcomes at discharge (P = 0.005) had higher
median levels of CSF lactate. The risk of symptomatic
vasospasm increased with lactate; however, it did not
reach statistical significance (P = 0.077). Clinical severity
of hemorrhage at admission was estimated using Hunt
and Hess score and the patients were dichotomized into
two groups, one group with scores from 0 to 2 and the
other with scores from 3 to 5 for inclusion in multivariate
model. The correlation of CSF lactate with admission
Hunt and Hess score is outlined in Figure 1. These
seven variables, namely, age, admission Fisher’s grade,
admission Hunt and Hess score, CSF protein, ventricular
hemorrhage, outcome, and symptomatic vasospasm were
then analyzed using an automated backward stepwise
regression analysis as outlined earlier in statistical analysis
section. Four variables retained by this approach were
then included in a logistic regression model using standard
least squares approach and P values were reported as
follows: unfavorable outcome at discharge (P = 0.02),
CSF protein (P = 0.04), admission Hunt and Hess score
3-5 (P = 0.05), and older age (P = 0.056). CSF lactate
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Figure |: Median CSF lactate levels increase along with increasing
the clinical severity of subarachnoid hemorrhage on presentation
as measured using admission Hunt and Hess score
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Figure 2: First CSF lactate level against subsequent levels drawn during the same admission in a subset of patients demonstrating positive
correlation, which supports the validity of the first measurement to be used as a single predictive marker in downstream analyses

was not significantly related to vasospasm in multivariate
analysis.

For a subsct of patients, we had more than one CSF
lactate level measured. As these values were not
available on all patients, we could not include them in
multivariate analysis. To determine how the initial levels
of CSF lactate were related to later levels, we performed
a series of correlations. Figure 2 displays the correlation
between CSF lactate levels drawn at five separate time
points as follows: for second lactate level drawn at a
median of 7 days from symptom onset, IOR 6-9, n = 44,
P = 0.006, r = 0.40; for third lactate level drawn at a
median of 10 days from symptom onset, IOR 8-12,
n = 36, P = 0.009, r = 0.43; for fourth lactate level
drawn at a median of 11 days from symptom onset, IOR
10-16, n = 26, P = 0.074, r = 0.36; and for fifth lactate
level drawn at a median of 13 days from symptom onset,

IOR 11-19,n = 9, P = 0.004, r = 0.79.
DISCUSSION

This is the largest study examining the utility of
ventricular fluid CSF lactate for predicting vasospasm
and outcome in patients with aSAH. We found that
clevated CSI' lactate measured using the EVD within
the first 10 days following symptom onset correlates
with unfavorable outcome at discharge. However, we did
not find any correlation with vasospasm nor infection
in our multivariate model although there was a trend

toward significance in univariate analysis with regard to
vasospasmu.

Biomarkers predictive of vasospasm and patient outcome
represent an important arca of research in aSAH.P
Cerebral microdialysis as a technique allows continuous
measurements of the brain extracellular milieu. Since its
conception by Ungerstedt and Pycock in the 1970s, the
procedure has undergone significant refinement and there
is a growing body of literature regarding its use in patients
with trauma and aSAH.!"' Lactate, pyruvate, glycerol, and
glutamate are the major molecules of interest. Elevated
lactate and lactate/pyruvate (LP) ratio have been shown to
correlate with poor outcome and predict the development
of vasospasm in patients with aSAH.!"7#! Microdialysis has
two major pitfalls: first is that it only measures the local
tissue milicu and may not represent the metabolism of the
entire brain and second is that it is an invasive technique.

Since poor grade aSAIl likely already have an LEVD
and are the population of patients at highest risk for
vasospasm, we hypothesized that measuring the CSI
lactate using EVD may represent the milieu of the whole
brain and avoid an additional invasive procedure of
placing the probe for microdialysis. Although we found
a correlation with unfavorable outcome, we did not find
an association with vasospasm although we suspect it to
be the missing link explaining the poor outcome. Sample
size, measuring a single lactate value, and retrospective
design may be some of the factors not allowing us to
adequately test a correlation with vasospasm.
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Lactate 1s produced in the CNS through aerobic
glycolysis by astrocytes and is transferred to neurons
to act as an alternative substrate for glucose during
cerebral insult."® Structural changes within endothelium
during vasospasm have been proposed to correlate
with a failure of cell energy metabolism which leads to
anaerobic  glycolysis, glycogenolysis, and subsequent
lactate accumulation in brain parenychema.! There
remains uncertainty whether the observed increase
in lactate is subsequent to a hyperglycolytic process,
necurons using this alternative energy source, rather than
a pathologic hypoxic environment, and therefore clevated
lactate may be an indirect byproduct of vasospasm as
a marker of the brain’s adaptive response for an energy
source rather than a driver of pathologic signaling.!'*!
In a prospective study by Oddo et al., the extracellular
concentration of lactate and pyruvate, LP ratio, and
brain tissue O, content were measured and they found
that brain tissue lactate is frequently elevated in aSAH
due to a hyperglycolytic state (high pyruvate and normal
O, content) and not often hypoxia. Patients with elevate
lactate from a hyperglycolytic state had a good outcome,
and for those patients elevated lactate is simply a marker
of an adaptive metabolic response to subarachnoid
hemorrhage. Only those with brain tissue hypoxia and
clevated LP ratio (representing true energy failure) had
an unfavorable outcome.

The literature regarding the clinical utility of CSI lactate
measured from the ventricular fluid is sparse. In a study
of 38 patients by Shimoda et al., elevated ventricular CSF
lactate was found to correlate with the World Federation
of Neurosurgical Societies score and prognosis.'”! In this
study, poor prognosis group had a significant tendency
of lactic acidosis, especially between days 5 and 7 after
aSAH. Ventricular CSF lactate increased even without
CSF acidosis in poor grade group. Mori et al. reported
similar findings in a series of 20 patients with aSAH. The
authors measured ventricular CSI¥ lactate, pyruvate, and
LP ratio and found that CSF lactate levels, pyruvate, and
LP ratios were higher on post-rupture days 5-7 in patients
with symptomatic vasospasm.!' Using this previous work,
we chose a cutoff of <10 days from symptom onset to
interpret the CSI¥ lactate measurement.

Using EVD to measure the CSF biochemical milieu is
an attractive alternative to placing probes for cerebral
microdialysis. Our study provides preliminary data and
a potential path for further rescarch in this direction.
We demonstrate that collecting CSF from EVD for
biochemical analysis is feasible and the complication
rates are no higher than what is otherwise expected in
this patient population. We had a ventriculitis rate of
about 10% which is consistent with previous studies.!'")
In addition, CSF lactate values did not correlate with
ventriculitis as previous work suggests lactate may be a
maker for bacterial meningitis,”” which may represent
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an area of further investigation in an aneurysmal patient
population.

We acknowledge several limitations with this study.
First, the retrospective design and the use of data
from a single tertiary care referral center can lead to a
sclection bias of complex and unusual cases. Second,
our study design included only patients with an EVD,
limiting the applicability of this potential biomarker to
a subset of subarachnoid hemorrhage patients. While
we acknowledge this limitation, we believe that our
study has adequately focused on the at-risk population
for developing vasospasm. Third, CSI lactate in this
study was measured once within the first 10 days after
subarachnoid hemorrhage. Lactate values following
subarachnoid hemorrhage likely vary depending on
the time from symptom onset and the development of
vasospasm, making serial measurement of both lactate
and pyruvate in all patients valuable yet not captured
in this study due to the lack of such data. However, a
subset of records contained serial lactate measurements
and CSF lactate demonstrated a positive correlation
between the first and subsequent measurements
mitigating the possibility of missing lactate eclevation
with a single measurement. Fourth, only 20 patients in
the study developed symptomatic vasospasm, which
limited the power to detect vasospasm correlation with
clevated CSI lactate. In a cohort of 51 patients, 20 of
51 (45%) symptomatic vasospasm are within the expected
frequency, and a larger initial sample would be the best
way to overcome this limitation. Finally, we do not have
long-term follow-up data and therefore report outcomes
at discharge.

CONCLUSION

In spite of the limitations noted above, our study provides
useful information regarding the utility of ventricular
CSI' lactate measurement in aSAI. We demonstrate
that the measurement of CSF biochemical markers using
an already available EVD in aSAII patients is feasible.
As opposed to microdialysis, which truly reflects local
tissue milicu, ventricular CSF may perhaps represent
the whole brain milieu and is an attractive avenue that
needs further exploration. Our study is not adequately
powered to detect significant difference in CSF lactate
levels between patients with and without vasospasm.
Future prospective studies are needed measuring lactate,
pyruvate, and LP ratio at frequent intervals using
ventricular CSI' and correlating these biomarkers with
vasospasm and long-term outcome.
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