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 Abstract 

This study investigates the correlation between leukocyte 

number and the patient's awareness level after craniotomy 

surgery, both high (leukocytosis) and low (leukopenia). 

Several studies reveal that an increase in leukocytes affects 

mortality rates due to the high level of leukocytes affecting 

our body's functionalities, including awareness. Previous 

studies revealed that a leukocyte count exceeding 

17.5x106/L was associated with a lower GCS score, a longer 

hospital stay, and worsening CT scan results, regardless of 

the type of focal lesion that occurred. This study uses 

observational methods in the form of retrospective case 

studies. The data was collected from the medical records of 

the Operation room at Jemursari Islamic Hospital in 2018-

2019 with a sample size of 89. The research was conducted 

at Jemursari Islamic Hospital Surabaya from May 2018 to 

August 2019. Data were analyzed using the Spearman 

correlation test with p <0.05. Results showed no significant 

relationship between the leukocyte count and the 

consciousness level of post-craniotomy patients. Future 

research could estimate the specific effects on the 

morphology of specific leukocyte cells that are elevated in 

post-craniotomy patients. This research is expected to 

provide insight into the effect of leukocytes on 

consciousness to reduce patient mortality after craniotomy. 
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INTRODUCTION 

The craniotomy is a surgical procedure 

that opens the cranium to access the brain. 

Craniotomy means making a hole (s) in the 

skull (cranium). Traumatic brain injury is the 

most common reason for craniotomy (1). In 

many countries, traumatic brain injury is the 

leading cause of death and disability in the 

early decades of life. An estimated 1.4 

million people experience a traumatic brain 

injury each year in the United States, and 

more than 5 million people experienced 

disability from traumatic brain injury (2). The 

operation is performed in a hospital with an 

adequate neurosurgical department and 

Intensive Care Unit (ICU) (3). Craniotomy 

procedure, like any other operative 

procedure, carries a death risk. The research 

conducted at Dr Kariadi Semarang from 

February 2010 to February 2012 reveals that 

51 of 103 dead patients underwent 

craniotomy surgery treated at the High Care 

Unit (HCU) and ICU (4). 

In comparison, white blood cells or 

leucocytes, other cells found in the blood, has 

a different function from erythrocytes. White 

blood cells or leukocytes play a role in 

defending the body against foreign objects 

that possible harm the survival of the 

individual (5). Leucocytes type consisting of 

granular (include basophils, eosinophils, rod 

neutrophils, neutrophils) and agranular 

(includes lymphocytes, monocytes, and 

plasma cells) (6). As an immune system 

component, white blood cells flow in the 

human blood and kill germs or diseases. The 

normal white blood cell count (WBC) in 

peripheral blood is in the reference range 

from 3.2 x 103 to 10 x 103 WBC/µL (7). 

Leukocytes are the main cell of the body 

defence system. Leukocytes serve for 

protection, the body's defences against 

infection, and kill mutant cells (8). 

Monocytes, the largest blood cells, are the 

second layer of body defence that can 

phagocytose and belong to macrophages (9). 

An increase in the percentage of monocytes 

in the leukocyte count indicates inflammation 

(10). 

Some research shows that leukocytosis 

without infection is associated with increased 

hospital mortality, but this finding is not 

supported by complete data. Al-Gahtany (6) 

in Saudi Arabia found a significant 

association between leukocyte count and 

GCS (Glasgow Coma Scale) score. 

Leukocyte count exceeding 18 x 106/L has a 

predictive value for low GCS scores (6). 

Likewise, Gurkanlar et al. (11) in Turkey 

show that leukocyte counts have a significant 

relationship to GCS scores, length of stay in 

the hospital, worsening head CT scan results, 

Glasgow Outcome Scale (GOS), and 

leukocyte counts exceeding 17.5 x 106/L. In 

addition, patients with traumatic 

subarachnoid hematoma had a higher mean 

leukocyte rate than a normal one. Therefore, 

this study would assess a relationship 
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between the blood leukocyte count and the 

GCS score in craniotomy surgery patients in 

the ICU room at Jemursari Islamic Hospital. 

Al-Gahtany (6) showed a significant 

relationship between leukocyte count and 

GCS score, where a high leukocyte total 

(exceeding 14.18x106/L) is associated with 

the low GCS scores (6). Rovlias & Kotsou 

(12), from a prospective analysis of 125 

patients, find that severe head injuries had a 

significantly higher leukocyte count than 

moderate and mild head injuries. The study 

of Gurkanlar et al. (11) on 59 head injury 

patients found that a leukocyte count 

exceeding 17.5x106/L was a predictive factor 

for poor GCS score, prolonged hospital stay, 

and worsening CT scan results, regardless of 

the type of focal lesion that occurred. Syed 

Shahzad Hussain et al. (13) in Pakistan show 

that patients with severe head injuries 

experienced increased total leukocytes.  

Some literature proposes that 

catecholamines and corticosteroids have a 

significant role in increased leukocytes in the 

injured patient. Corticosteroids increase the 

leukocyte count by releasing leukocyte cells 

from their storage sites in the bone marrow 

into the bloodstream (14). In the brain, the 

microglia cell bodies become hypertrophied 

by a long process after trauma. Then 

microglia cell bodies branch in the first sixty 

minutes after trauma (15). Microglial cells 

express MHC class I and II antigens. These 

antigens are presented to lymphocytes in 

regional lymph nodes and activate 

lymphocytes circulating in the central 

nervous system (12). 

Furthermore, new leukocytes are 

increased in severe head injuries. Leukocyte 

cells are less elastic than erythrocytes, 

requiring a higher pressure to push them into 

small diameter capillaries. In a state of 

decreased perfusion pressure, the capillaries 

can act as a net and trap leukocyte cells to 

increase the leukocyte count. After this 

process, the leukocyte cells stick to the 

endothelium and cannot be released even 

though the perfusion pressure has returned to 

normal (15).  

The purpose of this study was to 

determine the relationship between the 

leukocytes number and the consciousness 

level of craniotomy patients at the Jemursari 

Islamic hospital Surabaya in 2018-2019. In 

addition, this research is expected to provide 

scientific information about the relationship 

between the number of leukocytes and the 

level of awareness in craniotomy surgery 

patients at the ICU Jemursari Islamic 

Hospital. The research results on post 

craniotomy patients at the Jemursari Islamic 

Hospital in Surabaya during 2018-2019 can 

give essential information for surgery 

doctors. 

 

MATERIALS AND METHODS  

We performed an analytical 

observational study without direct treatment 
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to subjects and used a case study design with 

a retrospective approach. The Health research 

ethics committee has approved this research 

at the Jemursari Islamic Hospital Surabaya by 

letter number 0102/KEPK-RSI JS/IX/2019. 

The data collected is secondary data collected 

from the operation room of the Jemursari 

Islamic Hospital in Surabaya for the period 

2018-2019. 

The population in this study was the 

medical records of post craniotomy patients 

at the Jemursari Islamic Hospital in Surabaya 

from May 2018 to August 2019. The sample 

in this study was the medical records of post 

craniotomy patients at the Jemursari Islamic 

Hospital in Surabaya in May 2018 - August 

2019 grouped into the inclusion or exclusion 

criteria. Sampling was done by purposive 

sampling. Inclusion criteria for Craniotomy 

Patients are Post-Craniotomy GCS Data and 

Post-Craniotomy Complete Blood 

(Leukocyte) Lab Results. Exclusion criteria 

are Incomplete Medical Records such as 

missing GCS and Leukocyte Laboratory 

Data.  

The collected data were analyzed and 

grouped based on the inclusion and exclusion 

criteria. Thus, these data are considered valid 

and reliable for our study. The collected data 

were entered into a computer system for 

tabulation and statistical analysis using SPSS 

software (version 17.0). Baseline data were 

analyzed using quantitative techniques where 

variables are expressed as frequencies and 

percentages or as mean with standard 

deviation. Both the independent and 

dependent variables use a nominal 

measurement scale. The correlation between 

the leukocyte count and the patient's level of 

consciousness was analyzed using the 

Spearman correlation test. Statistical 

significance was defined if P <0.05. 

We declare that there is no intervention 

on the research subjects. Patient data 

confidentiality was protected by not 

including the patient's name and identity to 

comply with research ethics. Data processing 

will be performed in the following ways: 

• Collecting medical records of craniotomy 

patients in 2018 

• Collecting data per month proportionally 

until the samples number reaches the 

target 

• Entering the required data per medical 

record into the recapitulation table 

• Entering data including patient's initials, 

age, gender, level of consciousness (GCS 

number), and the leukocyte count in the 

table. 

 

RESULTS 

We found that ninety samples of patients 

selected by the purposive sampling technique 

had met the inclusion criteria. The sample 

characteristics were described based on the 

leukocytes number and the consciousness 

level of the patient. 
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Table 1. Data on age range and gender of 

post-craniotomy patients at the 

Jemursari Islamic hospital, 

Surabaya, 2018 

Patient 
Freq 

(n=90) 

Percentage 

(%) 

Age 

(years) 

0-20  2 2.2 

21-40  16 17.8 

41-60  68 75.6 

> 60  4 4.4 

Gender Male 20 22.2 

Women 70 77.8 

 

We found that the highest population age 

group is 41-60 years of 68 (75.6%), and the 

lowest population age group is 0- 20 years of 

2 (2.2%) (Table 1). Eighty-three research 

subjects were male (20 people or 22.2%) and 

female subjects (70 people or 77.8%). 

 

Table 2. Data on the number of leukocytes in 

post craniotomy patients at  

Jemursari Islamic Hospital 

Surabaya in 2018 

Number of 

Leukocytes 

Freq 

(n=90) 
Percentage (%) 

High 73 81.1% 

Normal 17 18.9% 

Total 90 100.0% 

 

We found that 73 patients (81.1%) have 

an increase in leukocyte numbers, and 17 

patients (18.9%) have normal leukocytes 

numbers (Table 2). 

Table 3. Data on Awareness Level of Post 

Craniotomy Patients at Jemursari 

Islamic Hospital Surabaya in 2018 
Level of 

Consciousness 

Freq 

(n=90) 

Percentage 

(%) 

Nomal 84 93.3 

Decreased 6 6.7 

 

The patients with normal consciousness 

levels were 84 (93.3%), and those with 

decreased consciousness levels were 6 

(6.7%) (Table 3). 

The Spearman's Correlation statistical 

test of Leukocyte Count and Awareness 

Level shows a not significance value of 0.026 

(P > 0.05), which means that there was no 

significant relationship between the number 

of leukocytes and the level of consciousness 

in post craniotomy patients. The correlation 

of the two variables between the 

consciousness level and the leukocytes 

number is very weak by the correlation 

coefficient of -0.126. 

 

DISCUSSION 

The highest craniotomy patient age 

group is 41-60 years (75.6%) (Table 1), 

indicating that most of the craniotomy 

patients at the Jemursari Islamic Hospital 

Surabaya are older people or one with 

degenerative diseases that require 

craniotomy surgery. These results are in line 

with (16), in which the incidence of brain 

tumors increased rapidly at the age of 40-70 

years in 2014-2016 and then increased 

sharply in its development. On the other 

hand, male craniotomy patients were 83 

(22.2%) and 77.8% female. This result shows 

that most of the craniotomy patients at the 

Jemursari Islamic Hospital are women. This 

data aligns with the research conducted at 

RSUD Dr. Hasan Sadikin Bandung in 2010–

2013 that most brain tumor sufferers were 

women (17). 



 

 

Ina. J. Med. Lab. Sci. Tech. 2021; 3(2): 81–89 

8
6

 

Ainul Rofiq, et al. 

 

Several reports propose the role of 

catecholamines and corticosteroids in the 

presence of trauma due to craniotomy (Table 

2). Corticosteroids increase the leukocyte 

number by releasing them from their storage 

sites in the bone marrow into the bloodstream 

(14). In the brain, the microglia cell bodies 

become hypertrophied by a long process after 

trauma. Then microglia cell bodies branch in 

the first sixty minutes after trauma (15). 

Microglial cells express MHC class I and II 

antigens. These antigens are presented to 

lymphocytes in regional lymph nodes and 

activate lymphocytes circulating in the 

central nervous system (12). 

Because leukocyte cells are less elastic 

than erythrocytes, they require more force to 

be pushed into small capillaries. When the 

perfusion pressure is low, the capillaries act 

as a net, trapping leukocyte cells and 

increasing the leukocyte count. Even though 

the perfusion pressure has returned to normal, 

the leukocyte cells have adhered to the 

endothelium and cannot be released (15). 

There were 84 (93.3%) patients with 

normal consciousness levels and six patients 

with decreased consciousness levels (6.7 

percent) (Table 3). The number of 

craniotomy patients who experience an 

increase in leukocytes is above 50%. This 

result does not fit the findings of Guranlar et 

al. that higher leukocyte counts (more than 

17.5 x 106/L) are correlated to poor GCS 

scores, length of hospital stay, and worsening 

CT scan results in 59 head injury patients 

(11). 

The Spearman's Correlation statistical 

test of Leukocyte Count and Awareness 

Level gave a nonsignificant value of 0.026 (P 

> 0.05), indicating no significant relationship 

between the number of leukocytes and the 

level of consciousness in post-cranial surgery 

patients. The relationship between the two 

variables is not unidirectional. The higher 

awareness level is not correlated to the higher 

leukocyte number. This result is not in line 

with the research by Al-Gahtany (6) in Saudi 

Arabia, which showed a significant 

relationship between leukocyte count and 

GCS score (leukocyte count exceeding 14.18 

x 106/L is correlated to low GCS scores) (6). 

The increase in leukocytes itself can 

occur due to the inflammatory response in the 

body, stimulated by both microbes and non-

microbes. The case related to this study is an 

increase in leukocytes due to tissue and 

muscle damage, where the response 

produced by one person is different from 

another (18). Decreased level of 

consciousness is caused by the failure of the 

projection and reception of afferent impulses 

by the reticular activating system (RAS) and 

the brain's two hemispheres so that alertness 

and awareness are not achieved (19). This 

condition can be caused by various factors, 

for example, lesion destruction caused by 

infection and trauma. It is often characterized 

by an increase in leukocytes as an indication 
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of inflammation (18). 

These results indicate that the leukocyte 

number alone cannot indicate infection or 

trauma, especially trauma to the center of 

consciousness. Subsequent investigations 

need to be performed to assess other factors, 

including the presence of infection or trauma 

associated with loss of consciousness. These 

factors can be combined with the leukocyte 

count, although the leukocyte count is not an 

ideal biomarker. Deepak (20) shows that the 

leukocyte count can be used to evaluate and 

measure brain injury after intracranial 

surgery and can have enormous utility in 

routine neurosurgical treatment. 

In the subsequent research, we need to 

collect a larger population to get more 

accurate and significant results. Further 

studies need to analyze the impact of 

craniotomy surgery on the morphology of 

specific leukocytes so that the specific effects 

of these cells can be estimated. 

Improvements to research data can be made 

by recording medical records of research 

locations and classifying research data. 

We found that 73 patients (81.1%) have 

an increase in leukocyte numbers, and 17 

patients (18.9%) have normal leukocytes 

numbers (Table 2). This mechanism occurs in 

the presence of trauma due to craniotomy. 

The patients with normal consciousness 

levels were 84 (93.3%), and those with 

decreased consciousness levels were 6 

(6.7%) (Table 3). 

This result is in accordance with the fact 

that the percentage of craniotomy patients 

with increased leukocytes is more than 50%. 

The Spearman's Correlation statistical test of 

Leukocyte Count and Awareness Level gave 

a non-significant value of 0.026 (P> 0.05), 

indicating no significant relationship 

between the number of leukocytes and the 

level of consciousness in post-craniotomy 

patients. This result is different from Al-

Gahtany's research (6) in Saudi Arabia which 

showed a significant relationship between 

leukocyte count and GCS scores. An increase 

in leukocytes number can occur due to an 

inflammatory response in the body, 

stimulated by both microbes and non-

microbial, such as lesions damaged by 

infection and trauma (18). 

These findings suggest that the number 

of leukocytes alone cannot indicate infection 

or trauma, particularly trauma to the center of 

consciousness. Other factors, such as the 

presence of infection or trauma associated 

with loss of consciousness, must be 

investigated further. 

 

CONCLUSIONS 

In conclusion, most of the craniotomy 

patients at Jemursari Islamic Hospital 

Surabaya are elderly and female patients, 

where elderly patients often have 

degenerative diseases that require 

craniotomy surgery.  
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