
 
 

 

  Corresponding Author: Ali Mohammadpour 

Address: Department of Medical-Surgical Nursing, Faculty of Nursing, Social Determinants of Health Research Center, 

Gonabad University of Medical Sciences, Gonabad, Iran. 

Tel: +985157223028    E-mail: amohammadpur@yahoo.com 

  

 

The association between laboratory findings and level of consciousness in 

patients with traumatic brain injury 
 

, 4 , Kayvan Latifi3 *, Ramin Azarhoush 2 , Khadijeh Ezoji1 Mohammad Reza Mohammadi
6 , Habibeh Ezoji5 Mohammad Ali Vakili 

  
1.Department of Neurosurgery, Golestan University of Medical Sciences, Gorgan, Iran.  

2.Social Determinants of Health Research Center, Health Research Institute, Babol University of Medical Sciences, Babal, 

Iran. 

3.Department of Pathology, Research Center of Gastroenterology and Hepatology 5th Azar Hospital, Golestan University of 

Medical Sciences, Gorgan, Iran. 

4.Department of Anesthesiology, Mazandaran University of Medical Sciences, Sari, Iran. 

5.Department of Family and Community Medicine, School of Medicine Golestan University of Medical Sciences, Gorgan, 

Iran. 

6.Department of Anatomy, School of Nursing, Azad University of Chalus, Chalus, Iran. 

Article Info ABSTRACT 
Article type: 

Research Article 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Received: 27 February 2023 

Revised: 30 April 2023 

Accepted: 6 May 2023 

Background: Traumatic brain injuries cause 14% of mortality in Iran. In 

this study we want to determine the relationship between laboratory findings 

and level of consciousness in patients with traumatic brain injury.  

Methods: In this descriptive cross-sectional study, the data were collected 

by convenience sampling. 100 patients admitted to the emergency department 

of the 5th Azar Hospital in Gorgan, were diagnosed with brain trauma. Blood 

samples were taken from these patients up to 24 hours after injury, and the 

demographic characteristics of the patients were collected in a checklist. Data 

were analyzed by SPSS16 software. 

Results: The mean age of the patients was 26 ± 0.4 years. Laboratory 

findings in 100 patients included 73% leukocytosis, 60% increase in creatine 

phosphokinase (CPK), 82% increase in lactate dehydrogenase (LDH), 33% 

increase in ESR and 73% increase in protein acute phase (CRP). There was a 

significant and inverse relationship between the level of consciousness and 

the level of leukocytosis and creatine phosphokinase. Also, there was a 

significant relationship between the level of consciousness and acute phase 

proteins.  

Conclusion: There was a significant correlation between the increases of 

three variables of parameters: leukocytes, creatine phosphokinase and acute 

phase proteins in patients with traumatic brain injury with decreased 

consciousness. Also, patients with higher level of consciousness and lower 

age had better prognosis. Due to the relationship between the level of 

consciousness and the Glasgow Outcome Scale, some laboratory findings can 

be used to estimate the level of consciousness and to determine the prognosis 

of traumatic injuries. 
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Introduction 

Stroke is one of the main causes of death and disability in the world (1) and causes many health, economic and 

social problems around the world (2) incidence of stroke varies according to age, sex, geographical region and 

other factors (3). In terms of severity, concussion is divided into three categories: mild, moderate and severe (4). 

The Glasgow Coma Scale/Score (GCS) is a very common system for dividing the severity of brain injury based 

on the patient's level of consciousness according to the verbal response, motor response and eye response in 

response to the stimulus, divided into 3-15 points (5). According to the study of the World Health Organization, it 

is 70-90% of mild brain injuries (6); Every year, the rate of mild stroke is between 60-100 people per 100 thousand 

people, although it is difficult to determine this rate (7). 

Prognosis worsens with increasing severity of concussion (8), with permanent disabilities occurring in 10% of 

mild brain injuries, 66% of moderate brain injuries, and 100% of severe brain injuries (9). Most mild brain injuries 

heal within three weeks, and almost all of these people are able to continue living independently. More than 90% 

of people with moderate brain damage can continue living in a non-dependent way, and only a percentage of these 

people need help to perform some daily activities (10). While severe brain injuries in many cases lead to death or 

severe physical and mental disabilities (1). 

Glasgow Outcome Scale (Glasgow Outcome Scale) is a diagnostic criterion for stroke victims to determine the 

patient's condition during discharge; which are: death, permanent vegetative life, severe disability with 

consciousness, moderate disability and mild disability (11). Changes in blood parameters and biomarkers are 

diagnostic factors in determining the severity of brain injury in patients (12). 

In a study, factors such as blood glucose level, partial thromboplastin time (PTT) and prothrombin time (PT) 

played a predictive role in determining the severity of traumatic brain injury, while the level of some factors, such 

as the number of white blood cells and serum cortisol level, did not play a role (13). The present study was designed 

to determine the changes in laboratory parameters in brain injury victims and the association between these 

changes with GCS and GOS of patients. 

Methods 

In this cross-sectional study, sampling was done as convenience. 100 patients who were admitted to the 

emergency room of Panj Azar Hospital in Gorgan city with the diagnosis of brain injury were included in the 

study. Blood samples were taken from these patients up to 24 hours after the injury, and the demographic 

characteristics of the patients were collected in a checklist designed for this purpose. Diagnostic tests included 

white blood cell count (WBC), creatine phosphokinase (CPK), lactate dehydrogenase (LDH), erythrocyte 

sedimentation rate (ESR), and acute phase proteins (CRP). 

Other information and characteristics of the injured include: gender, age, severity of injury, time interval 

between injury and patient hospitalization, CT scan findings, Glasgow clinical outcome score (GOS) and Glasgow 

Coma Score (GCS) with the opinion of an emergency physician or a neurosurgeon. It was recorded in the checklist 

that was designed for this purpose. CT scan findings were divided into three groups: diffuse brain injury, mass 

lesion that can be removed by surgery, and mass lesion that cannot be removed by surgery. 

Statistical analysis 

After coding the data and entering SPSS16 software through tables and graphs, the numerical indicators were 

described and with the help of parametric and non-parametric tests, Pearson correlation, Kruskal-Wallis, Mann-

Whitney and chi-square were subjected to statistical analysis.  According to the 14% prevalence of head trauma 

leading to death in the country, according to the following formula, the sample size was calculated to be about 100 

people. alfa=0.05, p= 0.14, d=0.07,  Z1-a/2=1.96 
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Results 

In this study, among 100 examined patients, 78 were men and 22 were women. The average age of the patients 

was 26±0.4 years and the average time between the occurrence of the accident and the time of referral was 96±12 

minutes. The cause of stroke in these patients: 46 people car accident (46%), 12 people motorcycle accident (12%), 

10 people riding a motorcycle (10%), 19 people falling from a height (19%) and 13 people (13%) was hit on head. 

According to the Glasgow Coma Scale (GCS), 81 people had a mild level of consciousness (81%), 14 people had 

a moderate level of consciousness (14%) and 5 people had a severe level of consciousness (5%) (Table 1).  

According to the clinical outcome criteria (GOS), 80 people recovered (80%), 14 people had moderate disability 

(14%), 3 people had severe disability (3%) and 3 people died (3%). There was a statistically significant relationship 

between the decrease in level of consciousness based on GCS and the clinical outcome of patients based on GOS 

(p<0.0001). (Table 1) Also, there was a statistically significant relationship between age and clinical results of 

patients based on GOS (p<0.03) (Table 2). Among the investigated laboratory variables, leukocytosis in 37 people 

(37%), increased CPK in 60 people (60%), increased LDH in 82 people (82%), increased ESR in 33 people (33%) 

and positive CRP in 73 people (73 %) of the patients. 

According to the Pearson correlation test, there was an inverse linear relationship between the presence of 

leukocytosis and a decrease in the level of consciousness based on GCS (p<0.05 and r=-0.208) and there was an 

inverse linear relationship between the increase in CPK and a decrease in the level of consciousness based on GCS 

(p <0.01 and r=-0.335) and according to Spearman's correlation test, there was a statistically significant 

relationship between the presence of positive CRP and the decrease in level of consciousness based on GCS 

(p<0.05). Also, no statistically significant relationship was found between the investigated laboratory variables 

and the clinical outcome of patients based on GOS. 

 

Table 1. Frequency distribution of variables according to level of consciousness based on GCS 

Decreased level of consciousness (GCS) 

Mild 

Number 

(%) 

Moderate 

Number 

(%) 

Severe 

Number 

(%) 

Total 

Number 

(100%) 

P value 

variables 

Laboratory 

finding 

Leukocytosis (WBC> 

11.0x10^9/L) 
30(81) 4(11) 3(8) 37 <0.05 

CPK* 47(78) 8(13) 5(10) 60 <0.01 

LDH ** 67(82) 11913) 4(5) 82 >0.05 

ESR *** 25(75) 7(21) 1(4) 33  

CRP **** 56(77) 13918) 4(5) 73 <0.05 

Glasgow 

Outcome Scale 

(GOS)  

Death 2(67) - 1(330 3 

0.0001 
Moderate disability 6(43) 5(390 3(210 14 

Severe disability 1(50) - 1(50) 2 

Improvement 71(86) 9(11) - 81 

gender 
Male 63(81) 3(4) 13(170 78 

>0.05 
Female 19(86) 2(9) 1(5) 22 

Age 

> 10 years 16(80) 3(15) 195) 20 

>0.05 
10-29 years 38(76) 10(20) 2(4) 50 

30-49 years 14(93) - 1(7) 15 

50> years 13(87) 1(6.5) 1(6.5) 15 
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Decreased level of consciousness (GCS) 

Mild 

Number 

(%) 

Moderate 

Number 

(%) 

Severe 

Number 

(%) 

Total 

Number 

(100%) 

P value 

The cause of 

concussion 

Car accident 31(67) 12(26) 3(70 46 

>0.05 

Motorcycle accident 11(92) - 198) 12 

Cyclist 8(80) 1(10) 19100 10 

Falling from a height 18(95) 1(5) - 19 

Hit on head 13(100) - - 13 

CT scan findings 

Normal 67(93) 4(6) 1(1) 72 

0.0001 
Diffuse brain injury 8(57) 4(28) 2(140 14 

Drainable lesion 5(50) 4(40) 1(10) 10 

Undrainable lesion 1(25) 2(50) 1(25) 4 

*Creatine Phosphokinase >220 U/L 

**Lactate Dehydrogenase > 222 U/L 

***Erythrocyte Sedimentation Rate >15 mm/hr 

****C-Reactive Protein+ 

 

Table 2. Frequency distribution of variables according to clinical outcome criteria based on GOS 

Decreased level of consciousness (GCS) 

Mild 

Number 

(%) 

Moderate 

Number 

(%) 

Severe 

Number 

(%) 

Improvement 

Number (%) 

Total 

Number 

(100%) 

P value 

variables 

Laboratory 

finding 

Leukocytosis (WBC> 

11.0x10^9/L) 
1(3) 1(3) 8(21) 27(37) 37 >0.05 

CPK* 1(2) 2(3) 12(20) 45(75) 60 >0.05 

LDH ** 3(4) 3(4) 11(13) 65(79) 82 >0.05 

ESR *** 3(9) 3(9) 7(21) 54(61) 33 >0.05 

CRP **** 3(4) 3(4) 13(18) 54(74) 73 >0.05 

gender 
Male 1(2) 2(3) 12(15) 63(80) 78 

>0.05 
Female 2(9) 1(5) 2(9) 17(77) 22 

Age 

> 10 years 1(5) 1(5) 2(10) 17(80) 20 

<0.03 
10-29 years - - 2(13) 42(86) 50 

30-49 years - - 7(14) 13(87) 15 

50> years 2(13) 2(13) 3(20) 8(54) 15 

The cause 

of 

concussion 

Car accident 2(4) 2(4) 6(14) 36(78) 46 

>0.05 

Motorcycle accident 1(8) - 2(16) 9(75) 12 

Cyclist - - 4(40) 6(60) 10 

Falling from a height - 1(5) 2(10) 16(85) 19 

Hit on head - - - 13(100) 13 

CT scan 

findings 

Diffuse brain injury 2(14) 7(50) 1(7) 4(29) 14 

>0.05 Drainable lesion - 6(60) 1(10) 3(30) 10 

Undrainable lesion 1(25) - 1(25) 2(50) 4 

*Creatine Phosphokinase >220 U/L 

**Lactate Dehydrogenase > 222 U/L 

***Erythrocyte Sedimentation Rate >15 mm/hr 

****C-Reactive Protein+ 
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Discussion 

The present study was conducted in order to investigate the relationship between the level of consciousness and 

some laboratory findings in brain injured patients. The relationship between the decrease in level of consciousness 

based on GCS and the presence of leukocytosis, increased CPK and the presence of CRP was positive, and this 

relationship in the case of leukocytosis and increased CPK was an inverse linear relationship. There was no 

relationship between the studied laboratory variables and the clinical outcome of the patients based on GOS. 

In Rovlias et al.'s study, the WBC count was significantly higher in patients with severe concussions than those 

with mild to moderate concussions. Among patients with severe brain injury, there was a significant relationship 

between WBC count and decreased level of consciousness based on GCS. Also, in this group of patients, WBC 

count was significantly related to adverse outcome. Multivariate analysis showed that the WBC count is an 

independent predictor for the clinical outcome of the patient (14). In a study in Turkey, there was a significant 

relationship between the number of WBC and the decrease in the level of consciousness based on GCS and the 

length of stay in the hospital, CT scan findings and finally the clinical criteria of patients based on GOS (15). 

While in a review study, serum LDH level and WBC count did not play a predictive role in the clinical outcome 

of patients (13). In the study of Srinivasan et al., the presence of leukocytosis had an independent and significant 

relationship with the level of consciousness of the patients, and positive CRP had a significant relationship with 

the clinical outcome measure (16). In Somer's study, it was emphasized that after a severe brain injury, an increase 

in the level of CPK, especially the CKBB isoenzyme, occurs (17). The findings of our study are consistent with 

some of the mentioned studies and in some cases these findings are not confirmed. 

In this study, the most common cause of concussion was reported to be a pedestrian accident with a car and a 

motorcycle, and other causes of injury were falling from a height, hitting the head, and riding a motorcycle. While 

in the study of Farozan et al., the most common cause of brain injury in Ahvaz was falling from a height and a 

pedestrian accident with a car (18). The number of male patients was more than female in this study. In other 

studies conducted in Ahvaz (18) and Rasht (19), the frequency of male patients was higher. The average age of 

the patients in this study was 26 ± 0.4 years. This variable in other studies (18, 19) was mostly in the age range of 

20-30 years. In this study, the average time from the accident to the emergency was between one and a half to two 

hours. In the study by Zamani et al. in Isfahan, the average time taken to bring patients to the hospital was 27 

minutes, which was less than the average time obtained in our study (20). 

In our study, 3% of patients died, while the mortality rate in Yusefzadeh et al.'s study was 13% and in Hanif et 

al.'s study, it was 1.6% (19, 21). In this study, the CT scan findings of the patients included: normal CT scan (72%) 

of cases, diffuse brain damage, resectable lesion and non-resectable lesion. In the study of Frouzan et al. (18), 

94.7% of patients referred to the emergency room with brain injury had a normal CT scan. 

Conclusion 

Based on the results of this study, there was a significant relationship between the increase of three laboratory 

variables of leukocytosis, creatinine phosphokinase and acute phase proteins with the decrease in level of 

consciousness in brain injured. Also, the prognosis of patients with a higher consciousness level and younger age 

was better. Considering the relationship between the level of consciousness of patients upon entering the hospital 

and the clinical outcome criteria, some laboratory findings can be used to estimate the level of consciousness and 

determine the prognosis of patients with traumatic brain injury. 

 [
 D

O
I:

 1
0.

22
08

8/
cr

m
s.

7.
1.

23
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 c
rm

s.
m

ub
ab

ol
.a

c.
ir

 o
n 

20
26

-0
2-

03
 ]

 

                               5 / 7

http://dx.doi.org/10.22088/crms.7.1.23
https://crms.mubabol.ac.ir/article-1-140-en.html


 28                     Laboratory findings and level of consciousness in head trauma patients / Mohammadi MR, et al 

29-32): 1(7; 3202, cesCurrent Research in Medical Scien 

 

Acknowledgments: The authors acknowledge the support of Vice-Chancellor for research and technology 

of Golestan University of Medical Sciences 

Authors' Contributions: Conceptualization: M.R.M., and K.E; Methodology: M.R.M., R.A., and K.E; 

Statistical analysis and investigation: M.A.V; Writing - original draft preparation: K.E., K.L., H.E.; Writing - 

review and editing: K.E., K.L., H.E.; Supervision: M.R.M. 

Financial Support: This research did not receive any specific grant from funding agencies in the public, 

commercial, or not- for-profit sectors. 

Conflicts of interest: The authors declare no conflicts of interest.  

Data availability: The data that supports the findings of this study are available from the corresponding 

author upon reasonable request. 

References 

1. Rahim S, Laugsand EA, Fyllingen EH, Rao V, Pantelatos RI, Müller TB, et al. Moderate and severe traumatic brain injury 

in general hospitals: a ten-year population-based retrospective cohort study in central Norway. Scand J Trauma Resusc 

Emerg Med . 2022;30(1):68. 

2. Alves ÓL, Bullock R. Excitotoxic Damage in Traumatic Brain Injury. In: Clark RSB, Kochanek P, editors. Brain Injury. 

Boston, MA: Springer US; 2001. p. 1-36. 

3. D'Ambrosio R, Perucca E. Epilepsy after head injury. Curr Opin Neurol . 2004;17(6):731-5. 

4. Saatman KE, Duhaime AC, Bullock R, Maas AI, Valadka A, Manley GT. Classification of traumatic brain injury for 

targeted therapies. J Neurotrauma . 2008;25(7):719-38. 

5.  Eshel I, Marion DW. Traumatic Brain Injury (TBI): Current Diagnostic and Therapeutic Challenges.  Traumatic Brain 

Injury: A Clinician’s Guide to Diagnosis, Management, and Rehabilitation: Springer; 2019. p. 421-37. 

6. Cassidy JD, Carroll LJ, Peloso PM, Borg J, von Holst H, Holm L, et al. Incidence, risk factors and prevention of mild 

traumatic brain injury: results of the WHO Collaborating Centre Task Force on Mild Traumatic Brain Injury. J Rehabil 

Med Clin Commun . 2004(43 Suppl):28-60. 

7. Park E, Bell JD, Baker AJ. Traumatic brain injury: can the consequences be stopped ?CMAJ . 2008;178(9):1163-70. 

8. Rao V, Lyketsos C. Neuropsychiatric sequelae of traumatic brain injury. Psychosomatics. 2000;41(2):95-103. 

9. Rubinos C, Waters B, Hirsch LJ. Predicting and Treating Post-traumatic Epilepsy. Curr Treat Options Neurol . 

2022;24(9):365-81. 

10. Crooks CY, Zumsteg JM, Bell KR. Traumatic brain injury: a review of practice management and recent advances. Phys 

Med Rehabil Clin N Am . 2007;710-681:(4)18 ,vi. 

11. Jennett B, Bond M. Assessment of outcome after severe brain damage. Lancet (London, England). 1975;1(7905):480-4. 

12. El-Deen AES, Hammad S, El-Bendary A. Preoperative serum S100 B protein as a prognostic marker for traumatic brain 

injury patients. EJNS. 2009;24(1):135-52. 

13. Salehpoor F, Meshkini A, Shokouhi G, Aghazade J, Lotfinia I, Shakeri M, et al. Prognostic serum factors in traumatic brian 

injury: a systematic review. Iranian journal of neurosurgery. 2015;1(1):10-22. 

14. Rovlias A, Kotsou S. The blood leukocyte count and its prognostic significance in severe head injury. Surg Neurol . 

2001;55(4):190-6. 

15. Gürkanlar D, Lakadamyali H, Ergun T, Yilmaz C, Yücel E, Altinörs N. Predictive value of leucocytosis in head trauma. 

Turk Neurosurg . 2009;19(3):211-5. 

16. Srinivasan A, Aggarwal A, Gaudihalli S, Mohanty M, Dhandapani M, Singh H, et al. Impact of early leukocytosis and 

elevated high-sensitivity C-reactive protein on delayed cerebral ischemia and neurologic outcome after subarachnoid 

hemorrhage. World Neurosurg . 2016;90:91-5. 

17. Somer H, Kaste M, Troupp H, Konttinen A. Brain creatine kinase in blood after acute brain injury. J Neurol 

Neurosurg Psychiatry . 1975;38(6):572-6. 

18. Forouzan A, Masoumi K, Motamed H, Teimouri A, Barzegari H, Zohrevandi B, et al. Head Trauma Patients Presented To 

Emergency Department; an Epidemiologic Study. Iranian Journal Of Emergency Medicine. 2015;2(3):134-8. 

 [
 D

O
I:

 1
0.

22
08

8/
cr

m
s.

7.
1.

23
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 c
rm

s.
m

ub
ab

ol
.a

c.
ir

 o
n 

20
26

-0
2-

03
 ]

 

                               6 / 7

http://dx.doi.org/10.22088/crms.7.1.23
https://crms.mubabol.ac.ir/article-1-140-en.html


Laboratory findings and level of consciousness in head trauma patients / Mohammadi MR, et al                       29 

29-23): 1(7; 3202, cesCurrent Research in Medical Scien 

19. Yousef zade Chabok S, Safayi M, Hemati H, Mohammadi H, Ahmadi dafchahi M, Koochaki nezhad L, et al. Epidemiology 

of Head Injury in Patients who were Reffered to Poorsina Hospital. Journal of Guilan University of Medical Sciences. 

2008;16(64):112-9. 

20. Zamani M, Esmailian M, Sadat Mirazimi M, Ebrahimian M, Golshani K. Cause and FinalOutcome of Trauma in Patients 

Referred to the Emergency Department; a Cross Sectional Study. Iranian Journal Of Emergency Medicine. 2014;1(1):22-

7. 

21. Hanif H, Ayobi E, Yarandi K, Ardalan A, Amirjamshidi A. Comparison of the Effect of Different Types of Helmet in 

Preventing Head, Neck and Face Injuries in Motorcycle Crashes: An Observational Prospective Survey. Iranian Journal of 

Surgery. 2015;23(2):15-22.  

 [
 D

O
I:

 1
0.

22
08

8/
cr

m
s.

7.
1.

23
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 c
rm

s.
m

ub
ab

ol
.a

c.
ir

 o
n 

20
26

-0
2-

03
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

http://dx.doi.org/10.22088/crms.7.1.23
https://crms.mubabol.ac.ir/article-1-140-en.html
http://www.tcpdf.org

