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[Purpose] We occasionally encounter early postoperative hyperlactatemia during neurosurgery in the absence of hemodynamic
instability or critical illness. We conducted a retrospective study to identify factors causing hyperlactatemia in elective neurosurgical
patients and assessed the association between early postoperative hyperlactatemia and postoperative morbidity.

[Methods] The present study enrolled elective neurosurgical patients in whom an arterial blood gas analysis, including the
measurement of lactate levels, had been performed at two-time points (i.e., after the induction of anesthesia and immediately before
the surgery was completed). Early postoperative hyperlactatemia was defined as a lactate level of >2 mmol/L in arterial blood
collected immediately before the completion of the surgery. Patients were divided into a high-lactate (HL) group, including those
with early postoperative hyperlactatemia, and a normal-lactate (NL) group, including the remaining patients, and were compared. The
following variables were retrieved from medical records: patient characteristics; perioperative vital signs; preoperative comorbidities;
type of surgery; brain tumor pathology; size of brain tumor; preoperative comorbidities; duration of surgery; blood loss; PaO,,
PaCO,, pH, and lactate; catecholamine use; length of stay in the ICU; mechanical ventilation requirement; and postoperative adverse
events. Multiple logistic regression analysis was used to identify factors causing postoperative hyperlactatemia.

[Results] Two hundred and twenty-five patients were involved in this study. Early postoperative hyperlactatemia was observed
in 49 of 225 (22 %) patients. Brain tumor surgery, longer duration of surgery, preoperative hyperlactatemia, and larger blood loss
volume were found to be more prevalent in the HL group than in the NL group, as per univariate analysis (P <0.05). Risk factors for
early postoperative hyperlactatemia were preoperative hyperlactatemia (odds ratio=27.83; 95 % confidence interval=8.516—90.92,
P=0.000) and brain tumor surgery (odds ratio=4.806; 95 % confidence interval = 1.006—-21.67, P=0.041) in multiple regression
analysis. Of the 225 patients, 89 patients underwent a craniotomy for the resection of a brain tumor. The sizes of the brain tumors
in the HL group (1016 mm’ [IQR: 545, 1951 mm’]) were significantly larger than those in the NL group (780 mm’ [IQR: 322, 1107
mm’]) (P=0.02). Preoperative steroids and diuretics to reduce intracranial hypertension were more often prescribed for patients with
high-grade tumors (P=0.01, P=0.07, respectively). Of the 49 patients in the HL group, 15 (31 %) stayed in the ICU for >2 days after
surgery, whereas only 28 of 176 (16 %) patients in the NL group did (P <0.05).

[Conclusion] Preoperative hyperlactatemia and brain tumor surgery are independent risk factors for early postoperative
hyperlactatemia. Early postoperative hyperlactatemia is associated with a longer length of stay in the ICU. The role of early
postoperative hyperlactatemia as a predictor of adverse postoperative complications in neurosurgical patients needs to be investigated
further in future studies.
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Introduction

Hyperlactatemia is associated with adverse outcomes in
cardiac surgery", gastrointestinal surgery”, and critically
ill patients”. Some reports suggest that hyperlactatemia is
associated with ruptured cerebral aneurysms” and traumatic
brain injury”. When blood lactate levels are elevated during
surgery, understanding their clinical significance is important
for anesthesiologists because lactic acidosis is associated with
impaired survival regardless of its source and the mechanism
responsible for the increase in lactate levels”.

However, we occasionally encounter early postoperative
hyperlactatemia after an uneventful anesthesia during
neurosurgical procedures. The incidence of hyperlactatemia in
patients who underwent a craniotomy for brain tumor resection
is reportedly high, although most of these patients had an
uneventful postoperative course”. Therefore, we hypothesized
that besides hemodynamic instability and critical illness, other
factors may cause high lactate levels in neurosurgical patients.

Our primary objective was to identify the factors causing
high lactate levels in elective neurosurgical patients. In
addition, our secondary objective was to assess the association
between early postoperative hyperlactatemia and postoperative
morbidity.

Methods and Subjects

The medical records of patients who underwent general
anesthesia for neurosurgical procedures between January 2014
and August 2015 at a single institution were reviewed after
the approval of the present study by the Institutional Review
Board of Saitama International Medical Center, Saitama
Medical University, Saitama, Japan (No. 15-152).

In this study, we enrolled elective neurosurgical patients
in whom an arterial blood gas analysis, including the
measurement of lactate levels, had been performed at two time
points, i.e., after the induction of general anesthesia (before the
neurosurgical procedure) and immediately before the surgery
was completed (after the neurosurgical procedure). Arterial
blood gas values were calculated using a commercial blood-gas
analyzer (Rapid Lab 1265; Siemens Healthcare Diagnostics
Inc., Tarrytown, NY, USA). Blood lactate concentrations were
measured using the lactic acid oxidizing enzyme technique.
Patients undergoing emergency surgery or spinal surgery and
children under the age of 16 years were excluded.

Data collection

The preoperative test consisted of an arterial blood gas
analysis, including the measurement of lactate levels,
performed after the induction of general anesthesia. The
postoperative test was the same as the preoperative test but

was performed immediately before the completion of the
surgery. Early postoperative hyperlactatemia was defined
as a lactate level of >2 mmol/L. We selected this criterion
based on a review of literature pertaining to neurosurgery
and critical care® "'”. Patients were divided into those with
early postoperative hyperlactatemia (high-lactate [HL]
group) and the remaining patients (normal-lactate [NL]
group). The following preoperative variables were retrieved
from the medical records: age; body mass index (BMI);
sex; American Society of Anesthesiologists (ASA) physical
status classification; blood pressure (BP), heart rate (HR),
and peripheral arterial oxygen saturation (SpO,) upon
admission to an operating room; preoperative catecholamine
use; and preoperative comorbidities, including osmotic
diuresis and steroid use for intracranial hypertension caused
by brain tumor, diabetes mellitus (DM), biguanide use for
DM, liver failure, and renal failure. For patients with brain
tumors, the tumor size was defined as the product of the
two largest perpendicular measurements on preoperative
MRI scans. Intraoperative variables included the type of
surgery (brain tumor surgery [e.g., craniotomy for tumor
resection], stroke surgery [e.g., aneurysmal clipping and
carotid endarterectomy], and neuroendovascular intervention
[e.g., aneurysmal coiling and carotid artery stenting]); the
duration of surgery; the operative position; the lowest BP,
HR, and SpO, values and the highest HR during surgery;
preoperative and postoperative tests (partial pressure of
arterial oxygen, partial pressure of arterial carbon dioxide
[PaCO,], pH, lactate, blood sugar [BS], and hematocrit);
intraoperative catecholamine use; and blood loss volume.
Brain tumor pathology was classified based on the World
Health Organization (WHO) classification for the grading of

11
tumors'"”

. Where applicable, the WHO tumor grade was
recorded as high-grade (WHO grades 3 and 4) or low-grade
(WHO grades 1 and 2) tumors. Metastatic brain tumors
were graded as high-grade tumors. Postoperative variables
included BP, HR, and SpO, upon admission to the intensive
care unit (ICU) and postoperative day 1 (POD 1); length
of ICU stay; mechanical ventilation requirement; and
postoperative complications, including adverse neurological

and cardiovascular events.
Statistical analysis

The measurements were presented as the means = SD
or medians (interquartile ranges), as appropriate, or the
number of patients. For normally distributed continuous
variables, an unpaired t-test was performed to compare
the outcomes between the HL and NL groups. For non-
normally distributed variables, Mann—Whitney U test was
performed to compare the outcomes between the HL and
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NL groups. The chi-square test or Fisher’s exact test was
used for categorical variables where appropriate. A P value
of <0.05 was considered statistically significant. A multiple
logistic regression analysis was used to calculate the odds
ratio (OR) and 95 % confidence intervals (95 % CI) after
simultaneously controlling for potential confounders.
Preoperative and intraoperative variables with a P value of
<0.1 in the univariate analysis were considered for inclusion
in the multiple logistic regression analysis.

The univariate analyses were performed using GraphPad
Prism 5 (GraphPad Software, Inc., San Diego, CA, USA),
while the multivariable analysis was performed using SPSS
ver. 22.0 for Windows (IBM Japan, Ltd., Tokyo, Japan).

Table 1. Preoperative characteristics

Results

During the study period, 1,292 patients underwent general
anesthesia for neurosurgical procedures, and an arterial blood
gas analysis, including the measurement of lactate levels, was
performed at two time points in 623 patients. The present study
included 225 patients after excluding those who had undergone
emergency surgery (376 patients) or spinal surgery (4 patients)
and those who were younger than 16 years (18 patients).

Early postoperative hyperlactatemia was observed in 49
of the 225 (22 %) patients. Table1 shows the preoperative
characteristics of the patients with and those without early
postoperative hyperlactatemia. No significant differences in the

preoperative variables were found.

HL NL P value
(n=49) (n=176)
Age (yr) 58+ 15 62+ 15 0.12"
Body mass index 22.8+44  22.7+38 0.83"
Male gender 26 (53%) 95 (54%) 1.00%
ASA physical status classification 0.33"
1 15 (31%) 39 (22%)
2 29 (59%) 124 (70%)
3 5(10%) 13 (7%)
Vital signs
SBP (mmHg) 146 + 21 152+ 28 0.12"
DBP (mmHg) 73+ 16 74+ 15 0.81%
HR (/min) 73+15 73+ 15 0.95"
SpOs (%) 99 +2 99 + | 0.73"
Preoperative catecholamine use 0 0
Preoperative comorbidities
DM 5(10%) 28 (16%) 0.37"
DM patients treated with biguanide 2 (2%) 5(3%) 0.28%
Liver failure 0 0
HD patient 0 4 (2%) 0.58"

ASA indicates American Society of Anesthesiologists; HL, patients with early

postoperative hyperlactatemia; NL, patients without early postoperative

hyperlactatemia; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR,

heart rate; SpO», peripheral arterial oxygen saturation; DM, diabetes mellitus; HD,

hemodialysis

Data are presented as mean + SD or number of patients (%).

“lan unpaired t-test
"Fisher’s exact test

“Chi-square test
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Table 2 shows the intraoperative characteristics. patients in the HL group underwent brain tumor surgery than
Intraoperative vital signs and catecholamine use were that in the NL group. Moreover, patients in the HL group had
comparable between the groups. A higher proportion of a longer duration of surgery and lost a larger blood volume.

Table 2. Intraoperative characteristics

HL group NL group P value

(n=49) (n=176)
Type of surgery <0.0001""
Brain tumor 38 (78%) 51 (29%)
Stroke 4 (8%) 44 (25%)
Neuroendovascular intervention 7 (14%) 81 (46%)
Duration of surgery (hr) 6.0£1.9 45+£2.6 <0.0001"
Operative position 0.09""
Supine 39 (80%) 160 (91%)
Lateral 3 (6%) 4 (2%)
Prone 7 (14%) 12 (7%)
Vital signs
Lowest SBP (mmHg) 85+ 10 8711 0.09"
Lowest DBP (mmHg) 41+6 41+6 0.96"
Lowest HR (/min) 64+ 7 64+ 8 0.88"
Highest HR (/min) 7449 72+ 10 0.15"
Lowest SpO> (%) 99 + | 99 + | 0.78"
Preoperative test
Pa0, (mmHg) 2174109 214+87 0.83"
PaCO, (mmHg) 35+4 36+6 0.22%
pH 746+0.04 745+006 0297
Blood sugar (mg/dL) 125 + 35 111+ 31 0.007"
Hematocrit (%) 35+£4.5 35+£4.8 1.00”
Postoperative test
PaO, (mmHg) 219+ 93 210+ 79 0.52"
PaCO, (mmHg) 35+4 38+5 0.0006"
pH 7.44+005 743+0.04  0.077
Blood sugar (mg/dL) 122+ 24 11127 0.009*
Hematocrit (%) 32+4.6 32+4.38 0.417
Intraoperative catecholamine use 10 (20%) 49 (28%) 0.36"
Blood loss (mL) 299 + 275 144 £ 262 <0.0001%

HL, patients with early postoperative hyperlactatemia; NL, patients without early
postoperative hyperlactatemia; SBP, systolic blood pressure; DBP, diastolic blood
pressure; HR, heart rate; SpO,, peripheral arterial oxygen saturation
Data are presented as mean = SD or number of patients (%).
“Chi-square test
# :

an unpaired t-test

“Fisher’s exact test
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The preoperative lactate levels were higher in the HL group
(2.0 mmol/L [IQR: 1.5, 2.3 mmol/L])) than in the NL group
(1.0 mmol/L [IQR: 0.8, 1.3 mmol/L]) (P <0.0001) (Figure1).
In addition, the elevation of lactate levels between the two time-
points was higher in the HL group (0.8 mmol/L [IQR: 0.2, 1.2
mmol/L]) than in the NL group (0.06 mmol/L [IQR: -0.1, 0.3
mmol/L]) (P <0.0001) (Figure2).

The results of multiple logistic regression analysis
of early postoperative hyperlactatemia are shown in
Table 3. Independent risk factors for early postoperative
hyperlactatemia were found to be brain tumor surgery,
preoperative hyperlactatemia, postoperative PaCO,, and
postoperative BS levels.

Table 4 shows the number of patients with preoperative and
early postoperative hyperlactatemia among the three types of
surgical procedures. More patients undergoing a craniotomy
for brain tumors suffered from preoperative and early
postoperative hyperlactatemia than those undergoing stroke
surgery or a neuroendovascular intervention.

Out of a total of 89 patients undergoing a craniotomy
for the resection of a brain tumor, 57 patients had low-
grade and 32 patients had high-grade brain tumors. No
differences were found between patients with preoperative
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Fig. 1. Preoperative lactate levels Pre, preoperative test; HL,
high lactate group; NL, normal lactate group *The
preoperative lactate levels were higher in the HL
group (2.0 mmol/L [IQR: 1.5, 2.3 mmol/L])) than
in the NL group (1.0 mmol/L [IQR: 0.8, 1.3 mmol/
L]) (P <0.0001). Mann—Whitney U test was used for
comparison between the groups.

hyperlactatemia and those with preoperative normo-
lactatemia in terms of tumor size, tumor grade, preoperative
steroid use, or preoperative diuretics use (Table 5). The
sizes of the brain tumors in the HL group were significantly
larger than those in the NL group, although an association
between hyperlactatemia and tumor grade was not found
(Table 6). There was a trend toward an increase in the
number of patients with early postoperative hyperlactatemia
among patients with preoperative prescriptions for steroids
and osmotic diuresis (Table 6). Preoperative steroids and
diuretics to reduce intracranial hypertension were more often
prescribed for patients with high-grade tumors (Table 7), and
correlations between the preoperative use of steroids and
diuretics and tumor size were found (Table 8).

Table 9 compares the postoperative outcomes of patients
with and those without early postoperative hyperlactatemia.
Of the 49 patients in the HL group, 15 (31 %) stayed in the
ICU for >2 days after the surgery, whereas only 28 of the
176 (16 %) patients in the NL group stayed in the ICU for
>2 days (P <0.05). No differences in other postoperative
outcomes, including adverse neurological and cardiovascular
events, were found.
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Fig. 2. Change of lactate levels before and after neurosurgical
procedure HL, high lactate group; NL, normal lactate
group ALactate=Early postoperative lactate levels—
preoperative lactate levels ** The elevation of lactate
levels between the two time-points was higher in the
HL group (0.8 mmol/L [IQR: 0.2, 1.2 mmol/L]) than
in the NL group (0.06 mmol/L [IQR: -0.1, 0.3 mmol/
L]) (P <0.0001). Mann—Whitney U test was used for
comparison between the groups.
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Table 3. Risk factors for early postoperative hyperlactatemia

Variables Odds Ratio  95% CI P value
Type of surgery

Brain tumor 4.806 1.066-21.67  0.041

Stroke 1.000 Ref

Neuroendovascular intervention  2.223 0.401-12.32  0.360
Duration of surgery 1.160 0.948 - 1.420  0.149
Operative position

Supine 1.000 Ref

Prone 1.939 0.220-17.10  0.551

Lateral 0.633 0.146 —2.745 0.542
Preoperative test

Lactate 27.83 8.516-90.92  0.000

Blood sugar 0.985 0.967 — 1.004 0.120
Postoperative test

PaCO, 0.877 0.788-0.976  0.017

Blood sugar 1.035 1.013-1.058  0.002
Intraoperative lowest SBP 0.972 0.926-1.021  0.260
Blood loss 1.001 0.999-1.003  0.379

ClI, confidence interval; Ref, reference; SBP, systolic blood pressure
A multiple logistic regression analysis was used to calculate the odds ratio (OR)
and 95% confidence intervals (95% CI) after simultaneously controlling for

potential confounders.

Table 4. Number of patients with preoperative and early postoperative

hyperlactatemia
BT Stroke IVR P value
(n=89) (n=48) (n=288)
Preoperative hyperlactatemia 22 (25%) 3 (6%) 3 (3%) <0.0001

Early postoperative hyperlactatemia 38 (43%) 4 (8%) 7 (8%) <0.0001

BT, brain tumor surgery; Stroke, stroke surgery; IVR, neuroendovascular intervention;
Data are presented as number of patients (%).

For comparison among the three groups, Chi-square test was used.
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Table 5. Preoperative hyperlactatemia in patients with brain tumor

Lactate =2 mmol/L.  Lactate <2 mmol/L. P

(n=22) (n=67) value

Tumor size (mm’) 1162 (462, 2016) 781 (492,1200)  0.20"

Tumor grade 0.617
High-grade 9(41%) 23(34%)
Low-grade 13(59%) 44(66%)

Preoperative steroid 0.06"
Use 10(45%) 16(24%)
Non-used 12(55%) 51(76%)

Preoperative diuretics 0.07
Use 11(50%) 19(28%)
Non-use 11(50%) 48(72%)

Data are presented as number of patients (%) or median (interquartile ranges).
“Mann—Whitney U test

“Fisher’s exact test

Table 6. Early postoperative hyperlactatemia in patients with brain tumor

Lactate =2 mmol/L Lactate <2 mmol/L P

(n=138) (n=51) value

Tumor size (mm?) 1016 (545, 1951) 780 (322, 1107)  0.02"

Tumor grade 0.66"
High-grade 15(39%) 17(33%)
Low-grade 23(61%) 34(67%)

Preoperative steroid 0.01"
Use 17(45%) 9(18%)
Non-use 21(55%) 42(82%)

Preoperative diuretics 0.07%
Use 17(45%) 13(25%)
Non-use 21(55%) 38(75%)

Data are presented as number of patients (%) or median (interquartile ranges).
“"'Mann—Whitney U test

“Fisher’s exact test

Table 7. Correlation between tumor grade and preoperative medications

High-grade tumor  Low-grade tumor P

value
Preoperative steroid use (n = 26) 14(54%) 12(46%) 0.03
Preoperative diuretics use (n = 30) 17(57%) 13(43%) 0.005

Data are presented as number of patients(%).

Fisher’s exact test was used for comparison.
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Table 8. Correlation between tumor size and preoperative medications

Used Not used P value
Preoperative steroid use 1936 (805, 2483) 723 (322, 1033) <0.0001
(mm?)
Preoperative diuretics use 1699 (789, 2476) 588 (266, 840) <0.0001

(mm?)

Data are presented as median (interquartile ranges).

For comparison, Mann—Whitney U test was used.

Table 9. Postoperative outcomes

HL group NL group P value

(n=49) (n=176)
Vital signs upon admission to [CU
SBP (mmHg) 137 £ 27 139 + 25 0.53"
DBP (mmHg) 6113 62+ 14 0.49"
HR (/min) 86+ 19 86+ 18 0.99""
SpO1 (%) 99 +2 99 + | 0.29"
Vital signs at POD 1
SBP (mmHg) 126 + 15 124 + 18 0.33"
DBP (mmHg) 74+ 12 66+ 12 0.0002""!
HR (/min) 79+ 15 77 + 14 0.48"
SpO: (%) 98 + | 98 + 4 0.97""
Length of ICU stay >2 days 15 (31%) 28 (16%) 0.03%
MV requirement at POD 1 1 (2%) 6 (3%) 1.00"
Postoperative adverse event 2 (4%) 9 (5%) 1.00"
Neurological 1 7 1.00”
Cardiovascular 0 0
Other 1 2 0.52"

HL, patients with early postoperative hyperlactatemia; NL, patients without early

postoperative hyperlactatemia; SBP, systolic blood pressure; DBP, diastolic blood

pressure; HR, heart rate; SpO,, peripheral arterial oxygen saturation; ICU, intensive

care unit; POD 1, postoperative day 1; MV, mechanical ventilation

Data are presented as mean + SD or number of patients (%).

“lan unpaired t-test

“Fisher’s exact test

Discussion

Early postoperative hyperlactatemia, defined as a lactate
level of >2 mmol/L immediately before the completion of
surgery, has been found in 22 % of patients following elective
neurosurgical procedures. The independent risk factors
for early postoperative hyperlactatemia were preoperative

hyperlactatemia and brain tumor surgery.

Preoperative hyperlactatemia is considered to be a strong
risk factor for early postoperative hyperlactatemia. However,
the preoperative hyperlactatemia observed in the present
study was unlikely to reflect preoperative hemodynamic
instability or critical illness because no differences were
found in the ASA classification, preoperative vital signs,
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preoperative test results, or preoperative comorbidities,
including biguanide use in patients with DM. Recently,
two studies described the application of serum lactate as
a biomarker for brain tumors'> '’. They described that
excessive lactate production by the tumor, which is a

8
'Y may be

phenomenon known as the Warburg effect
responsible for the increased serum lactate level observed in
patients undergoing a craniotomy for the resection of a brain
tumor. In their studies, they observed a baseline elevation
in lactate in patients with high-grade tumors, which agreed
with our finding that patients with high-grade tumors tended
to have prescriptions for steroids and osmotic diuresis, the
use of which is likely to be associated with preoperative
hyperlactatemia despite the statistical insignificance.
Accordingly, the preoperative hyperlactatemia observed in
patients with a brain tumor in the present study might have
been caused by lactate production by the brain tumor.

Brain tumor surgery was another risk factor for early
postoperative hyperlactatemia. This finding is consistent with
a report by Kohli-Seth et al.”, in which the postoperative
lactate levels were higher in a brain tumor group than in an
intracranial vascular surgery group. In the present study,
43 % of patients undergoing brain tumor surgery suffered
from early postoperative hyperlactatemia. This suggests that
more patients undergoing a craniotomy for the resection of
a brain tumor suffered from postoperative hyperlactatemia
than those undergoing stroke surgery or a neuroendovascular
intervention. Moreover, brain tumor size as measured
on preoperative MRI scans and the preoperative use of
steroids and osmotic diuretics for patients with intracranial
hypertension were associated with early postoperative
hyperlactatemia, although an association between the
occurrence of hyperlactatemia and the tumor grade was not
found. In addition, the elevation of lactate levels during the
neurosurgical procedure was higher in the HL group than in
the NL group. A possible hypothesis for the elevation of the
lactate level during intracranial surgery is that brain retraction
for adequate exposure of the brain tumor, especially a large
tumor complicated with intracranial hypertension, leads
to regional ischemia and an increase in interstitial lactate
levels'”, followed by increased serum lactate levels. Other
findings, such as the fact that preoperative steroid use and
osmotic diuresis use to reduce intracranial pressure are
correlated with early postoperative hyperlactatemia, also
support our hypothesis.

Postoperative BS and low PaCO, levels were other risk
factors for early postoperative hyperlactatemia. However, the
postoperative BS levels in the present study were 122+24
mg/dL in the HL group and 111+27 mg/dL in the NL
group, which were not sufficiently high to cause clinical

problems. Moreover, the postoperative PaCO, level in the HL
group was 35+4 mmHg, which is within the normal range.
Therefore, the clinical significance of postoperative BS and
PaCO, appears to be limited.

There are other causes of an intraoperative increase in the
serum lactate level that need to be considered. First, we
found that patients in the HL group had a longer duration
of surgery and lost a larger blood volume. The complexity
of the surgeries may affect lactate production despite the
absence of any difference between the HL and NL groups
in terms of intraoperative and postoperative vital signs,
catecholamine use, and postoperative hematocrit value.
Second, the reported causes of perioperative hyperlactatemia
in neurosurgery include a prone position'® and a high
BMI'”. These conditions may be attributed to pressure-
related muscle hypoperfusion and ischemia. However, an
association between these variables and early postoperative
hyperlactatemia could not be found in the present study.

In the present study, 22 % of all elective neurosurgical
patients and 43 % of patients undergoing brain tumor surgery
suffered from early postoperative hyperlactatemia. The
incidence of hyperlactatemia in patients who underwent a
craniotomy for brain tumor resection was reported to be
67 %". In another study, the incidence of hyperlactatemia
in neurosurgical/trauma patients admitted to the ICU was
reported to be 45 %”. We included only patients undergoing
elective surgery because patients undergoing emergency
surgery frequently suffer from preoperative hemodynamic
instability. This may explain the relatively low incidence of
postoperative hyperlactatemia.

We observed that more patients in the HL group than in the
NL group stayed in the ICU for >2 days. Patients who stayed
in the ICU for >2 days had a general tendency to experience
adverse events because most of the patients were admitted
to the ICU on the day of neurosurgery and those with an
uneventful postoperative course were usually discharged
from the ICU on POD 1, according to our standard practice.
Therefore, early postoperative hyperlactatemia may be
associated with postoperative morbidities. This hypothesis
is consistent with Brallier’s report”, in which patients
who experienced intraoperative hyperlactatemia during a
craniotomy had a longer length of ICU stay because of poorer
neurological outcomes. Therefore, elevated blood lactate
levels, despite normal vital signs, may be a good marker of
morbidity among neurosurgical patients, as pointed out by
Meregalli et al."

This study had several limitations. First, it was a
retrospective study. Second, the number of patients
undergoing stroke surgery was smaller than the numbers
undergoing either of the other two procedures. This
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imbalance in sample size might have resulted from the fact
that many patients undergoing stroke surgery were excluded
because of the emergency nature of their surgeries. Third,
we enrolled only those patients in whom an arterial blood
gas analysis, including a measurement of lactate levels, was
performed at two time points, i.e., after the induction of
general anesthesia and immediately before the completion
of surgery. This may have resulted in a selection bias. It is
possible that only those patients who needed to be assessed
with a frequent arterial blood gas analysis were enrolled in
this study.

Conclusion

In this study, we observed early postoperative
hyperlactatemia in 22 % of patients undergoing elective
neurosurgery procedures. Preoperative hyperlactatemia
and brain tumor surgery were independent risk factors for
early postoperative hyperlactatemia. Early postoperative
hyperlactatemia was associated with a longer length of stay
in the ICU. The role of early postoperative hyperlactatemia,
despite normal vital signs, as a predictor of adverse
postoperative complications in neurosurgical patients needs

to be further investigated in future studies.
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