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Abstract

Acute traumatic subdural hematoma (SDH) is a focal brain injury resulting in alteration of cerebral perfusion and 
glucose metabolism, which would also results in hyperglicemia-induced-hyperlactatemia. A cross-sectional study 
was performed to analyze acute traumatic SDH patients by head CT scan and observe the effect on pre-operative 
blood lactate and blood glucose levels in 40 acute traumatic SDH patients at Dr. Hasan Sadikin Hospital Bandung, 
Indonesia during the period of July–September 2013. Somers' D correlation were used in the analysis with a 
p-value of ≤0.05 considered as significant with 95% confidence interval. The mean values of pre-operative blood 
lactate and blood glucose levels were 3.16±1.49 mmol/L and 155.85±32.95 mg/dL, respectively with a strong 
positive correlation between the hematoma thickness and the increase in blood lactate (r=0.656; p=0.021) and 
a moderate positive correlation with increased blood glucose (r=0.556; p=0.025). In addition, the compressed 
cistern also had a very weak positive correlation with increase in blood lactate (r=0.156; p=0.043) and very weak 
positive correlation with increase in blood glucose (r=0.139; p=0.056) while the midline shift had a weak positive 
correlation with increased blood lactate (r=0.353; p=0.041) and a weak positive correlation with increased blood 
glucose (r=0.333; p=0.046). In conclusion, increased hematoma thickness, compressed cistern, and midline shift 
seen on head CT scan correlate with increasing blood lactate and glucose levels in acute traumatic SDH. Head 
CT scan, blood lactate level, and blood glucose level can be considered as one of the routine examinations to 
determine acute traumatic SDH severity at the macroscopic and cellular level.
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Hubungan CT Scan Kepala dengan Laktat Darah Preoperatif dan Kadar 
Glukosa pada Hematoma Subdural Traumatik Akut

Abstrak

Hematoma subdural traumatik akut (SDH), cedera otak fokal yang mengakibatkan perubahan perfusi otak dan 
metabolisme glukosa; mekanisme ini menyebabkan hiperglikemia-hiperlaktatemia. Studi potong lintang dilakukan 
untuk menganalisis pasien SDH traumatik akut yang dilakukan pemeriksaan CT scan kepala serta mengobservasi 
hubungannya dengan kadar laktat dan kadar glukosa darah pre-operasi pada 40 pasien SDH traumatik akut 
di Rumah Sakit Dr. Hasan Sadikin Bandung, Juli–September 2013. Menggunakan Somers’ D dan p-value ≤0.05 
dianggap signifikan dengan CI 95%. Rerata kadar laktat darah pre-operasi 3.16±1.49 mmol/L dan glukosa darah 
pre-operasi 155.85±32.95 mg/dL. Uji korelasi Somers’ D menunjukkan ketebalan hematoma berkorelasi positif 
kuat dengan peningkatan laktat darah (r=0.656; p=0.021) dan berkorelasi positif sedang dengan peningkatan 
glukosa darah (r=0,556; p=0,025), kompresi sisterna berkorelasi positif sangat lemah dengan peningkatan laktat 
darah (r=0.156; p=0.043) dan korelasi positif sangat lemah dengan peningkatan glukosa darah (r=0.139; p=0.056), 
pergeseran garis tengah memiliki korelasi positif lemah dengan peningkatan laktat darah (r=0.353; p=0.041) 
dan korelasi positif lemah dengan peningkatan glukosa darah (r=0.333; p=0.046). Peningkatan ketebalan SDH, 
kompresi sisterna dan pergeseran garis tengah berkorelasi dengan peningkatan kadar laktat dan glukosa darah 
pada SDH traumatik akut. CT scan kepala, laktat darah dan glukosa darah dijadikan salah satu pemeriksaan rutin 
menentukan keparahan SDH traumatik akut pada tingkat makroskopik dan sel.

Kata kunci: Hematoma subdural traumatis akut, laktat darah, glukosa darah, pemindaian tomografi komputer 
         kepala
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Introduction

Traumatic brain injury (TBI) is one of the causes 
of death and disability in humans in productive 
age of ≤ 45 years. The International Mission 
for Prognosis and Clinical Trial (IMPACT) data 
presented that deaths and disabilities in the 
productive age group are dominated by males 
with a ratio of 3: 1. Studies suggest that the 
incidence of TBI is between 18 and 250 per 
100,000 persons per year. Men and people living 
in socially and economically deprived areas, 
usually young adults and the elderly, are the 
high-risk groups for TBI.1

In providing health care and treatment, 
neurosurgeons are always challenged when 
dealing with patients experiencing TBI because 
they have to work meticulously to be able to 
reduce the risk of disability and death. This is due 
to the fact that the already high disability rate 
(25-35%) and mortality rate may become even 
higher if the neurosurgeon does not pay intense 
attention to the management of TBI. In addition, 
it is crucial that the hospital has adequate 
care facilities and that drugs are continuously 
developed to help the recovery process of post-
TBI patients. The actual burden of TBI and its 
sequelae appears to be underestimated, owing 
to incomplete capture of data especially in 
low- and middle-income countries (LMICs).2 
Nevertheless, the LMICs face almost three times 
more cases of TBI proportionally than the high-
income countries (HICs).

One of the focal brain injuries that cause 
neurological deficits with sequela, and even 
death, after TBI is acute traumatic hematoma 
or SDH. Based on the Traumatic Coma Data 
Bank (TDCB), the incidence of traumatic SDH 
is approximately 24% of all TBI incidents, with 
21% manifesting as severe head injuries, 11% as 
minor head injuries, and 68% as moderate head 
injuries. The mortality rate among all intracranial 
focal lesions is quite high, approximately 50-60%, 
with several outcome predictive factors, such 
as age, duration of occurrence, accompanying 
trauma, the Glasgow coma scale (GCS) value, 
thickness of hematoma, narrow cisterns, midline 
shift, brain edema/contusions and the presence 
of subarachnoid bleeding (SAB).3,4

The pathogenesis of cellular injury due to 
acute traumatic SDH is the duration of congestion 
of the superficial veins in cerebral hemispheres 
and the extraordinary activation of excitatory 
neurotransmitter receptors and glutamatergic 
N-methyl-D-aspartate (NMDA) receptors, which 
can cause neuronal damages such as ischemic 

necrosis that occurs due to thin compression 
of the hematoma, with the hematoma takes 
the shape of a thin crescent, or short period 
compression, or due to contusions and resulting 
edema.4,5

Under extreme conditions such as acute 
traumatic SDH, the aerobic metabolism is 
compromised by decreased oxygen and glucose 
supplies, mitochondrial damages, or increased 
excitatory neurotransmitter release that result in 
increased accumulation of intracellular lactate. 
Lactate production can occur in all body tissues, 
such as in the skeletal muscle, brain, red blood 
cells, and kidneys. The level of lactate in normal 
humans can decline rapidly with an average rate 
of 320 mmol/L/hr. This decline is a product 
of metabolism by the liver and the process of 
lactate reconstruction back to pyruvate. The 
lactate level is maintained in a basal state of <1 
mmol/L in venous and arterial blood.6

Delivery of glucose to the brain is facilitated 
by the glucose transporter 3 (GLUT 3), which is 
independent of insulin actions but is dependent 
on blood delivery or adequate perfusion. In 
acute traumatic SDH and brain ischemia, glucose 
transporters and glucose metabolism processes 
are disrupted, and there is an increase in lactate 
uptake by neurons in the brain due to increased 
energy requirements, which then leads to 
hyperglycemia-induced-hyperlactatemia. This 
process will cause a systemic hyperglycemic 
reaction as a result of the high level of lactate 
caused by hyperglycolysis and hypoglycemia in 
the brain tissue.6–8

On head computer tomography (CT) scan, an 
acute traumatic SDH is described as a hyperdense, 
crescent-shaped lesion which lies between the 
dura mater and the parenchyma of the brain. 
They are often surrounded by hypodense lesions, 
which are edematous lesions, in the brain 
parenchyma with narrowing of the groove and 
compression of the gyrus in the cerebral cortex. 
These conditions result in a shift in the midline, 
or midline shift, and a narrowing of the cisterns. 
The head CT scan is clinically associated with the 
outcome of acute traumatic SDH and is also used 
as an indication for surgery.9

Head CT scan indicative of acute traumatic 
SDH surgery are characterized by hematoma 
thickness of >10 mm and hematoma volume, 
midline shift of >5 mm and the patency of the 
basal cistern. Previous studies showed that 
older patients, a midline shift of >5 mm, and 
an emphasis on basal cisterns correlate with 
a mortality of rate of >70-80%. Patients with 
hematoma thickness of <10 mm have been 
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Table 1  Interpretation of Correlation Test Results Based on Correlation Strength (r), Significance 
 (p), and Correlation Direction

Parameter Value Interpretation
Correlation Strength (r) 0.0 to <0.2 

0.2 to <0.4 
0.4 to <0.6 
0.6 to <0.8 
0.8 to 1

Very weak 
Weak 
Medium 
Strong 
Very strong

Significance (p) p<0.05

p>0.05

There is a significant correlation between the two 
variables tested
There was no significant correlation between the two 
variables tested

Correlation Direction + (positive)

- (negative)

Unidirectional, the greater the value of one variable is, the 
greater the value of the other variables
In opposite directions, the greater the value of one 
variable is, the smaller the value of the other variables
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reported to have a mortality rate of 10% whereas 
patients with hematoma thickness of >30 mm 
had been reported to have a mortality rate of 
90%.9 Furthermore, the time from TBI to surgery 
may not be as important as the time from clinical 
deterioration or onset of cerebral herniation to 
surgery. The literature supports the statement 
that the time span from clinical deterioration to 
operative treatment of an SDH significantly links 
to outcome.

Methods

This study was a cross-sectional observational 
analytic study to analyze acute traumatic SDH 
patients by head CT scan and observe the 
effect of traumatic SDH on pre-operative blood 
lactate and blood glucose levels. This study was 
conducted at Dr. Hasan Sadikin Hospital (RSHS), 
Bandung, Indonesia during the period of July 
to September 2013 under the ethical clearance 
number 273/UN6.C2.1.2/KEPK/PN/2013. With 
reference to the correlation analysis formula, 
40 patients was included as the subjects. The 
inclusion criteria used for participation were 
adult acute traumatic SDH patients (≥ 18 years) 
who met the indication for surgery whose 
families gave the permission to participate in 
the study. Blood lactate and blood glucose levels 
from the patients were measured prior to acute 
traumatic SDH.

The exclusion criteria for this study are acute 
traumatic SDH patients whose injuries were 
accompanied by focal extradural lesions, such 
as epidural hematoma (EDH); intradural focal 
lesions, such as intracerebral hematoma (ICH); 

diffuse axonal injury lesions; multiple extradural 
injuries; failure or disturbance of respiration and 
systemic circulation since the onset of trauma; 
systemic disease before trauma, such as diabetes, 
liver, lung, heart, kidney disease; and known to 
receive conservative therapy from other hospitals 
using osmotic diuretics and corticosteroids. The 
independent variables of this study were SDH 
thickness, cistern compression, and midline shift 
as seen on head CT scan while the dependent 
variables were blood lactate level and blood 
glucose level based on the blood test results of 
acute traumatic SDH patients.

Data were analyzed using the SPSS for 
windows ver. 20. Data of subject characteristics 
were displayed descriptively and the data 
distribution was assessed using the Kolmogorov 
Smirnov test. Somers’ D correlation test was used 
to test the correlation between the preoperative 
lactate and blood glucose levels and each 
independent variable. Table 1 below lists the 
reference values for correlation (r), significance 
(p) and direction of correlation. The set value of 
confidence interval (CI) in this study was 95%.

Results

In this study, 40 acute traumatic SDH patients 
with the mean age of 44.73±19.76 years were 
studied. The percentage of male patients were 
62.5%, with a male to female ratio of 2: 1. The 
mean operating time interval in this study was 
17.08±11.86 hours. Approximately 67.5% of 
acute traumatic SDH patients were admitted 
to the hospital with moderate head injury (GCS 
9-13), followed by severe head injury (GCS 3-8, 
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Table 2 Patient Characteristics
Characteristics Statistical Value

Age 44.73±19.76 (18–82)
Sex

Male
Female

25/40 (62.50%)
15/40 (37.50%)

Surgical interval (hours) 17.08±11.86 (2–48)
Glasgow coma scale during admission
Mild head injury (GCS 14–15)
Moderate head injury (GCS 9–13)
Severe head injury (GCS 3–8)

1/40 (2.50%)
27/40 (67.50%)
12/40 (30.00%)

SDH thickness according to head CT scan 
<15 mm
15–20 mm

20/40 (50.00%)
20/40 (50.00%)

Cistern compression according to head CT scan
Compressed
Not Compressed

25/40 (62.50%)
15/40 (37.50%)

Midline shift according to head CT scan
>5 mm
<5 mm

32/40 (80.00%)
8/40 (20.00%)

Preoperative hemoglobin level (g/dL) 12.47±1.71 (9.20–15.40)
Preoperative blood lactate level (mmol/L) 3.16±1.49 (1.00–6.60)
Preoperative blood glucose level (mg/dL) 155.85±32.95 (107–223)

Table 3 Correlation between SDH Thickness Based on Head CT Scan and Preoperative 
  Blood Lactate and Blood Glucose Levels

Variable
<15mm

SDH Thickness
Total Correlation

(r)
Sig.
(p)15–20 mm

Pre-operative blood 
lactate level

Normal 3 5 8
0.656 0.021

Hyperlactatemia 17 15 32

Pre-operative blood 
glucose level

Normal 4 0 4
0.556 0.025

Hyperglycemia 16 20 36
* Somers’d Correlation Test
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30%) and minor head injury (GCS 14-15, 2.5%) 
(Table 2).

Based on the results of the head CT scan, 50% 
of patients with acute traumatic SDH experienced 
a hematoma thickness of <15 mm and 50% had 
a thickness of 15-20 mm. Approximately 62.5% 
showed emphasis on the basal cistern and 80% 
presented a midline shift image of >5 mm (Table 
2).

The laboratory results were as follows: the 
mean preoperative hemoglobin (Hb) level was 
12.47±1.71 g/dl, while the mean pre-operative 
blood lactate level in acute traumatic SDH 

patients was 3.16±1.49 mmol/L and the mean 
level of pre-operative blood glucose in acute 
traumatic SDH patients was 155.85±32.95 mg/
dl. Data normality test was carried out on all 
numerical variables with results are presented 
in Table 2.

Almost all variables in this study were 
found to have a p value of > 0.05, except for the 
operating time interval variable which was not 
normally distributed with a p value of <0.0001. 
The Kolmogorov Smirnov test showed that the 
age variable age, preoperative Hb level, pre-
operative blood lactate level, and pre-operative 
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Table 4  Correlation between Cisternal Compression Based on Head CT Scan and Preoperative 
   Blood Lactate and Blood Glucose Levels

Variable
Compressed

Cistern compression
Total Correlation

(r)
Sig.
(p)Not compressed

Pre-operative blood 
lactate level

Normal 4 4 8
0.156 0.043

Hyperlactatemia 21 11 32

Pre-operative blood 
glucose level

Normal 2 2 4
0.139 0.056

Hyperglycemia 23 13 36
* Somers’d Correlation Test

Table 5  Midline Shift Correlation Based on Head CT Scan with Pre-operative Blood Lactate and 
  Blood Glucose Levels

Variable
>5 mm

Midline Shift
Total Correlation

(r)
Sig.
(p)<5 mm

Pre-operative blood 
lactate level

Normal 6 2 8
0.353 0.041

Hyperlactatemia 26 6 32

Pre-operative blood 
glucose level

Normal 2 2 4 0.333 0.046

Hyperglycemia 30 6 36

* Somers’d Correlation Test

Table 6 Correlation of Pre-operative Blood Lactate Levels with Preoperative Blood Glucose 
  Levels

Variable
Normal

Pre-operative Blood Lactate 
Level Total Correlation

(r)
Sig.
(p)

Hyperlactatemia

Pre-operative blood 
glucose level

Normal 1 3 4
0.568 0.037

Hyperglycemia 7 29 36
* Somers’d Correlation Test
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blood glucose level were normally distributed 
(p=0.098, p=0.163, p=0.158, p=0.055, 
respectively). 

The SDH thickness correlation, in Somers’ 
D correlation test, to the preoperative blood 
lactate level was significant (p<0.05) with a 
correlation coefficient of 0.656, indicating that 
there was a strong positive correlation between 
the SDH thickness and the preoperative blood 
lactate level. The correlation of SDH thickness 
to the preoperative blood glucose level was also 
significant (p<0.05) with a correlation value of 
0.556, indicating a moderate positive correlation 
between the SDH thickness and the preoperative 
blood glucose level (Table 3).

The correlation of cistern compression in the 
Somers’ D correlation test to pre-operative blood 

lactate levels was significant (p <0.05) with a 
correlation value of 0.156, indicating a very 
weak positive correlation between the cistern 
compression and the pre-operative blood lactate 
level. The correlation of cistern compression 
to pre-operative blood glucose levels was not 
significant (p> 0.05) with a correlation value of 
0.139, indicating a very weak positive correlation 
between the cistern compression and the pre-
operative blood glucose level (Table 4).

The midline shift correlation in Somers’ D 
correlation test to the preoperative blood lactate 
level was significant (p <0.05) with a correlation 
value of 0.353, indicating a weak positive 
correlation between the midline shift and the 
preoperative blood lactate level. The midline 
shift correlation to the preoperative blood 
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glucose level was also significant (p<0.05) with 
a correlation value of 0.333, indicating a weak 
positive correlation between the midline shift 
and the preoperative blood glucose level (Table 
5).

The correlation of the preoperative blood 
lactate level in the Somers’ D correlation test 
to the preoperative blood glucose level was 
significant (p <0.05) with a correlation value of 
0.568, indicating a moderate positive correlation 
between the pre-operative blood lactate level 
and the pre-operative blood glucose level (Table 
6).

Discussion

The mean age of acute traumatic SDH patients in 
this study is similar to the TBI epidemiological 
data reported by IMPACT in a previous literature 
that stated TBI as one of the causes of death and 
disability in productive age populations(≤45 
years). One of the contributing factors to this 
is the fact that the productive age population 
have more outdoor activities, such as work and 
sports, which influence  the accident rate. Age 
of acute traumatic SDH patients is one of the 
factors influencing the outcome. It is stated in 
the literature that older patients has a mortality 
rate that is four times higher, or worse outcomes, 
than younger patients. 1,4,10,11

In this study, the male gender contributes 
approximately 62.5% with a male to female ratio 
of 2:1, which is slightly lower than the ratio in the 
literature, stating that TBI is more often found in 
males with male to female ratio of 3:1 in women. 
This is thought to be caused by the fact that 
more men do heavy works outside home and use 
vehicles more frequently than women.1,12

Approximately 67.5% of acute traumatic 
SDH patients in this study were admitted with 
moderate head injury (GCS 9–13), followed 
by severe (GCS 3–8) and minor (GCS 14–15) 
head injury (30% and 2.5%, respectively). This 
is almost similar to the TDCB data that 68% 
of patients with acute traumatic SDH have a 
manifestation of moderate head injury while 
21% and 11% have the manifestation of severe 
head injury and minor head injury. The GCS value 
has a strong relationship with the outcome and 
recovery of patient’s neurological functions.6,7,11

The surgery time interval is also a confounding 
variable that is taken into account in this study. 
It was found that the average operating time 
interval was 17.08 + 11.86 hours. The average 
surgery time interval of this study was > 8 hours, 

more than the golden hour, but had not reached 
the silver day (<24 hours).13

On the CT scan of the head, 50% subjects 
experienced a hematoma thickness of <15 mm 
while another 50% had a hematoma thickness of 
15-20 mm. In terms of basal cisterns emphasis, 
about 62.5% of the subjects were demonstrated 
to have an emphasis on basal cisterns, while 
the remaining 37.5% without did not. This can 
be interpreted that the hematoma thickness 
in acute traumatic SDH can cause a focal effect 
on brain tissues in the form of brain superficial 
veins congestion and impaired brain perfusion, 
enabling it to progress into cerebral edema 
which results in the compression of the basal 
cistern that  indicates an elevated ICP. 4,9,11,14

The focal effect of hematoma and cerebral 
edema can be seen in this study in the form of a 
midline shift of >5 mm, which was seen in 80% 
of the subjects, and a midline shift of <5 mm as 
seen in 20% of the subjects. According to several 
studies, all aspects of the CT scan of the head are 
indirect factors that determine the outcome of 
patients with acute traumatic SDH. 4,8,9,14

From blood laboratory examination, the 
mean preoperative hemoglobin level in this 
study was 12.47+1.71 g/dL. Mean hemoglobin 
levels in this study were still within normal 
limits, with a reference value of 12.1–17.6 g/dL 
for male patients and 11.7–16.2 g/dL for female 
patients.15

The mean preoperative blood lactate level 
for acute traumatic SDH patients was 3.16+1.49 
mmol/L. The mean value of the blood lactate 
level in this study exceeded the normal limit of 
the blood lactate level in adult patients of 0.9–1.7 
mmol/L. The elevation in the blood lactate level 
is in line with the results of studies reported by 
Kawamata et al. and Cureton et al. that the blood 
lactate level could increase shortly after TBI and 
increase about 23.7% from the baseline, which 
will then back to normal in 24–36 hours if the 
annoyance and damage are resolved.13,16

In addition, the mean preoperative blood 
glucose level in patients with acute traumatic 
SDH was 155.85 + 32.95 mg/dl. The mean value 
of the blood glucose level in this study exceeds 
the normal limit of adult patients of 70–115 
mg/dl. This increase in the blood glucose levels 
is in accordance with the findings in a previous 
study by Magnoni et al., stating that the systemic 
hyperglycemia is a response to glucose metabolic 
disorders and increased levels of lactate in brain 
tissue.6–8,15

The results of the correlation analysis 
between GCS at the time of hospitalization 
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and the preoperative blood lactate level is 
negatively very weak. Likewise, the results of 
the GCS correlation analysis on admission on 
the preoperative blood glucose level presented a 
very weak negative correlation. The results of this 
correlation analysis reinforce the assumption 
that the smaller the GCS value is or the lower 
the consciousness of the acute traumatic SDH 
patient is, the higher the blood lactate level and 
the blood glucose level of the acute traumatic 
SDH patient; thus, the GCS of the acute traumatic 
SDH patients can reflect an increase in the blood 
lactate level and blood glucose level due to the 
emerging hyperglycolysis and glucose metabolic 
disorders. 5,7,8,17,18

The correlation analysis on the operation 
time interval with preoperative blood lactate 
level showed a very weak positive correlation. 
Furthermore, the correlation analysis of the 
operation time interval with the preoperative 
blood glucose level also showed a weak positive 
correlation. This means the longer the operation 
time interval is, the higher the blood lactate level 
and blood glucose level of the acute traumatic 
SDH patients because the length of the operation 
time interval in acute traumatic SDH patients 
illustrates the how long the focal damage to the 
brain is sustained, the duration of impaired brain 
tissue perfusion, the duration of cerebral edema, 
and the duration of glucose metabolic disorders 
and hyperglycolysis, which then lead to the 
production of large amounts of lactate. 6–8,17

The correlation between the SDH hematoma 
thickness and preoperative blood lactate 
level presented a strong positive correlation. 
Meanwhile, the correlation between SDH 
thickness and preoperative blood glucose 
level showed a moderate (moderate) positive 
correlation. These results indicate that the 
thicker the SDH hematoma is, the higher the 
blood lactate and blood glucose levels because 
the thickness of the hematoma will reflect the 
magnitude of focal emphasis on the brain tissue 
of the acute traumatic SDH patient. 4,5,9,11,14

The correlation of cistern compression with 
the preoperative blood lactate level showed a very 
weak positive correlation. While the correlation 
of cistern compression with preoperative blood 
glucose level was not significant and presented 
a very weak positive correlation. Although the 
correlation of cisternal compression with the 
blood lactate and blood glucose levels is very 
weak and insignificant, it is understood that 
the cistern compression is a continuation effect 
of focal suppression and brain edema that 
occurs over a long period of time. This reason is 

reinforced because 62.5% of cases of the cisternal 
compression are comparable to 50% of cases of 
hematoma thickness of 15-20 mm, meaning that 
a large proportion of study subjects experienced 
severe brain edema that compressed the basal 
cisterns. The effects of edema can be seen in the 
increase in blood lactate and blood glucose levels 
in acute traumatic SDH patients.4,5,9,11,14

Regarding the focal suppression of hematoma 
and brain edema discussed above, it appears that 
the midline shift correlation with preoperative 
blood lactate levels shows a weak positive 
correlation and the midline shift correlation with 
preoperative blood glucose levels also shows a 
weak positive correlation. This means that the 
greater the midline shift on CT scan of the head 
of an acute traumatic SDH patient is, the higher 
the blood lactate and blood glucose levels of the 
patient. This is a combination of the effects of 
hematoma suppression and brain edema, which 
aggravates hyperglycolysis and impaired glucose 
metabolism in brain tissue after acute traumatic 
SDH..4,5,9,11,14

The laboratory diagnostic component that 
was also considered as a confounding variable 
in this study was the hemoglobin level. The 
correlation between the hemoglobin level and the 
preoperative blood lactate level demonstrated 
a very weak negative correlation. Meanwhile, 
the correlation between the preoperative 
hemoglobin level and the preoperative blood 
glucose level was weak negative. The correlation 
between these two variables means that the 
lower the hemoglobin level is (anemia), the 
higher the blood lactate and blood glucose levels. 
This correlation is not a causal relationship due 
to the effect of hematoma suppression or brain 
edema, but it reflects the hemoglobin disruption 
that will reduce oxygen and glucose supply to 
brain tissue and may interfere with glucose 
metabolism and glycolysis.6–8,17

The correlation of the preoperative blood 
lactate level and preoperative blood glucose 
levels was moderately positive. This indicates 
that the higher the blood lactate level of the 
acute traumatic SDH patient is, the higher the 
blood glucose level of the acute traumatic SDH 
patient and vice versa.

In association with the mechanism of 
increased lactate due to acute traumatic SDH, 
this correlation analysis is acceptable because 
the pathophysiology of hyperlactatemia 
caused hyperglycolysis and impaired glucose 
metabolism in brain tissue will include 
systemic induction of glucose. This response is 
known in the literature as the hyperglycemia-
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induced-hyperlactatemia and has been proven 
biochemically and statistically in this study of 
acute traumatic SDH patients.19,20

Not all variables were analyzed in this current 
study because the sample size and time was 
limited. Hence, it is recognized that there are 
many biases that may influence the results of 
the study. In addition, technical factors such as 
the blood sampling to check lactate and glucose 
levels must also be considered. In this study, all 
blood samples of acute traumatic SDH patients 
were taken from the venous blood because it was 
easier to obtain, faster, and ethical for the patient.

The literature also proves that the venous 
blood lactate has no significant difference with 
the arterial blood lactate; however, the best 
blood sample for examining blood lactate levels 
is from the venous blood sample. Meanwhile, the 
blood sample for checking blood glucose levels 
should be the arterial blood because the venous 
blood glucose is estimated to be 10% higher than 
in the arterial blood glucose.15

Another bias has been identified from the 
inclusion criteria and exclusion criteria, as there 
is an attempt to have homogeneous sample, which 
is proven based on the results of the normality 
test that shows all variables to be  normally 
distributed. Therefore, the results of this study 
can be used as inputs for considerations, 
guidelines, and references to explain acute 
traumatic SDH patient’s condition, treatment, 
and estimated outcomes. It is recommended 
to examine the blood lactate and blood glucose 
levels as routine checks in acute traumatic SDH 
patients.

In conclusion, the thicker SDH demonstrates 
more compressed cisterns and greater the 
midline shift on the CT scan of the head, as well 
as higher blood lactate and blood glucose levels 
in acute traumatic SDH patients. CT scan of the 
head, blood lactate level, and blood glucose level 
can be considered to be included as the routine 
tests in determining the macroscopic and cellular 
severity of acute traumatic SDH.
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