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ABSTRACT 

Introduction. Incidence of head injuries is also quite high in Indonesia, around 1.4 million cases 

per year with a mortality rate of 15-20% in the population aged 5 to 35 years. Head injuries are 

commonly divided into two separate time periods namely primary and secondary brain injuries. 

Primary brain injury is physical damage to the parenchyma (tissue and blood vessels) that occurs 

during a traumatic event, thus causing compression of the surrounding brain tissue. Secondary 

brain injury is a continuation of the results of primary brain injury with the main complications of 

brain injury in the following hours and days. This study was aimed to asses the benefits of 

administration of mannitol in cases of severe head injury in South Sumatra, Indonesia. 

Methods. This research was a clinical trial without comparison by looking at hematocrit levels in 

patients with severe head injuries with intracranial hypertension before and after given mannitol 

therapy. Data analysis was performed with IBM SPSS Version 23. Data was presented in the form 

of narrative tables. Then the paired T test was performed. P value <0.05. 

Results. From 39 research subjects, the age of the subjects ranged between 6-88 years with an 

average of 33 years. Based on sex there were 28 male sufferers (71.8%) and there were 11 female 

sufferers 28.2%. GCS varies from 3 to GCS 8 intra-cranial abnormalities. From 39 research 

subjects with severe head injury without surgery, a hematocrit examination was performed before, 

after 10 minutes and 6 hours of injection of mannitol bolus 1 g / kg body weight. It was obtained 
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that averaged hematocrit before mannitol  administration was 34, after  10 minutes was 33 and 

after 6 hours was 35. 

Conclusion. There is a decrease in hematocrit levels after administration of bolus mannitol 1 g / 

kg BW at the beginning of mannitol administration and hematocrit will increase again after 6 hours 

of mannitol administration 
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Introduction 

Head injury is a global problem that causes death, disability and mental deficits. In 2010, 

according to the Center for Disease Control and Prevention, there were 2.5 million head injury 

incidents in the United States, where data were obtained from the number of patient visits in the 

emergency department1. In Indonesia the incidence of head injuries is also quite high, around 1.4 

million cases per year with a mortality rate of 15-20% in the population aged 5 to 35 years.2 Head 

injury case itself is a case that is very often found in Mohammad Hoesin general hospital, recorded 

77 cases of head injuries received through the emergency department in June 2017 at Mohammad 

Hoesin general hospital Palembang. 

Head injuries are commonly divided into two separate time periods namely primary and 

secondary brain injuries. Primary brain injury is physical damage to the parenchyma (tissue and 

blood vessels) that occurs during a traumatic event, thus causing compression of the surrounding 

brain tissue. Secondary brain injury is a continuation of the results of primary brain injury with the 

main complications of brain injury in the following hours and days. Many complications of 

secondary brain injury, which can aggravate brain trauma and result in secondary brain injury, 
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namely intracranial disorders include cerebral edema, hematoma, hydrocephalus, intracranial 

hypertension, vasospasm, metabolic disorders, excitotoxicity, calcium ion toxicity, infection, and 

seizures. 1,2 Primary brain injury and secondary brain injury cause increased vascular permeability, 

cerebral edema, and increased intracranial pressure, all three of which are determinants of the 

prognosis of a patient with severe head injury. Cerebral edema can be classified as cytotoxic or 

vasogenic cerebral edema. Cytotoxic edema is swelling of cells arising from injury, generally in 

the form of ischemic or toxic injury. Vasogenic edema is extracellular edema that arises secondary 

to capillary damage, and can cause blood-brain barrier damage. Cytotoxic edema occurs a few 

minutes to several hours after injury occurs, whereas vasogenic edema occurs several hours to 

several days after the onset of injury. The type of edema that arises is important to know in 

determining therapy, because cytotoxic edema is more resistant to therapy.  

Mannitol has been widely recognized as the main therapy in the treatment of intracranial 

hypertension, but hypertonic saline solution is an alternative therapy that is also potential for the 

treatment of intracranial hypertension. morbidity. One key therapy for head injuries with cerebral 

edema and accompanied by increased Intracranial Pressure (ICP) is the administration of 

hyperosmolar therapy. Hyperosmolar solution which is often used for the treatment of intracranial 

hypertension is mannitol 20%. 3 Mannitol has been used by medical surgery since 1960, ranging 

from 3 decades to the present. Mannitol is effective in treating intracranial hypertension at a dose 

of 0.25 -1 g / kg BW given intravenously by bolus, and works within 10-15 minutes.3 

Many hypotheses explain the decrease in ICP due to mannitol, one of which is cerebral 

hemodynamic changes due to mannitol. The main effect of mannitol is reducing blood viscosity 

which will increase cerebral blood flow and increase brain oxygenation.2 Viscosity of blood is 
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strongly influenced by blood hematocrit levels. Studies have shown that brain blood flow will drop 

significantly in the first few hours after severe head injury in both human and animal models. 

Hematocrit blood between 30 - 35% is widely accepted as the optimal level in patients with head 

injuries. This figure was obtained from several experimental studies of blood viscosity and oxygen 

transport capacity.4-9 A study conducted a retrospective record review of patients with severe head 

injuries. The final results measured were the Glasgow coma scale (GCS), the Glasgow output score 

(GOS), and the Ranchos Los Amigos score (RLA) at the time of hospital discharge (D/C). As a 

result, univariant analysis showed the lowest hematocrit levels (<30%) associated with decreased 

D/C GCS scores, D/C GOS, and RLA. Linear regression showed, with a hematocrit <30% 

associated with an increase in neurological status as measured by GCS (p = 0.001), GOS (p = 

0.001), and RLA (p = 0.001) .10-14 Hematocrit levels 30-35% are levels optimal hematocrit to get 

a good outcome after head injury. This figure was obtained from the results of experimental tests 

of blood viscosity with oxygen carrying capacity.15-20 This study was the first research in assessing 

the benefits of hematocrit levels as a marker for administration of mannitol in cases of severe head 

injury in the Malay population in South Sumatra, Indonesia. 

 

Methods 

This research was a clinical trial without comparison by looking at hematocrit levels in 

patients with severe head injuries with intracranial hypertension before and after given mannitol 

therapy. Research subjects (39 people) were severe head injury patients who would receive 

mannitol therapy at Mohammad Hoesin general hospital Palembang. The inclusion criteria were 

patients with severe head injuries who performed CT scans of all sexes, patients with severe head 

injuries with GCS 3 to 8, patients of any age with traumatic brain injury, there were signs of intra-
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cranial hypertension, patients would receive mannitol therapy. Exclusion criteria were patients 

with severe brain injury accompanied by other severe accompanying injuries (multiple trauma), 

severe head injury patients without intra-cranial hypertension, patients with blood disorders, 

patients with anemia, patients who had received drugs that affected blood viscosity. 

Research subjects who met the inclusion criteria were subsequently performed CT scans, 

to assess the type of trauma from head injury. Then, hematocrit examination was done, mannitol 

were administered as much as 1 mg / kg BW. After 10 minutes the measurement of hematocrit 

levels was repeated. After 6 hours, re-examination of hematocrit levels was conducted. 

Data analysis was performed with IBM SPSS Version 23. Data was presented in the form 

of narrative tables. Then the paired T test was performed. P value <0.05. 

 

Results  

From 39 subjects, the age of the subjects ranged between 6-88 years with an average of 33 

years. Age groups based on the age of children and adults, namely the age group <14 years by 9 

subjects (23.1%) and> 14 years by 30 subjects (76.9%). Severe head injuries patients without 

operative measures based on sex there were 28 males (71.8%) and there were 11 females 28.2%. 

Patients with severe head injuries without operative measures based on the GCS scale were in 

averaged GCS 7, the lowest GCS 3 and the highest GCS 8. Patients with severe head injuries 

without operative action found various kinds of intra-cranial abnormalities, most of which were 

cerebral edema. 

Table 1. Baseline Characteristics Research Subjects 

Variable Amount  Percentage (%) 
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 There was a significant difference in the average number of hematocrit before administering 

bolus mannitol 1 g / kg BW (34.85 ± 6.827) compared to hematocrit levels 10 minutes after 

administering mannitol (33.03 ± 6,551). There was no significant difference in the average number 

Sex  

Male  

Female  

 

28 

11 

 

71,8 

28,2 

Age  

< 14 

> 14  

 

9 

30 

 

23,1 

76,9 

GCS Score 

GCS 3 

GCS 4 

GCS 5 

GCS 6 

GCS 7 

GCS 8 

 

1 

3 

2 

11 

20 

2 

 

2,6 

7,7 

5,1 

28,2 

51,3 

5,1 

Intracranial Problem 

Cerebral edema 

Intracerebral hemorrhage (ICH) 

ICH + IVH (intraventricular 

hemorrhage) + SAH (subarachnoid 

hemorrhage)+ cerebral edema 

ICH + SAH +  cerebral edema ICH + 

SDH (subdural hematoma) +  

cerebral edema  

IVH +  cerebral edema 

cerebral contusions  

Cerebral contusion +  cerebral edema 

SAH + ICH +  cerebral edema 

SAH + IVH + ICH +  cerebral edema 

SAH + SDH +  cerebral edema  

SDH  

SDH +  cerebral edema  

SDH +  cerebral contusions  

 

16 

5 

1 

 

 

1 

1 

 

2 

1 

3 

2 

1 

1 

1 

3 

1 

 

 

41,1 

12,8 

2,6 

 

 

2,6 

2,6 

 

5,1 

2,6 

7,7 

5,1 

2,6 

2,6 

2,6 

7,7 

2,6 
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of hematocrit before the bolus mannitol 1 g / kgBW (34.85 ± 6.827) compared to hematocrit levels 

6 hours after mannitol administration (35.44 ± 7.426). 

 

 

 

 

Table 2. Mannitol Effects on Hematocrit Level 

Variable 

Administration of Mannitol 1 mg /Kg BW 

 

P value 

 

Before  After 10 minutes  after 6 Hours  

Hematocrit  34,85 ± 6,827 33,03 ± 6,551 35,44 ± 7,426 P = 0,00* 

P=0,42** 

Note : 

* = Paired T Test Hematocrit; before vs after 10 minutes administration, p < 0,05;  

**= Paired T test hematocrit; before vs  after 6 hours administration. 

 

Discussion 

From 39 research subjects, the age of the subjects ranged between 6-88 years with an 

average of 33 years. Age groups based on the age of children and adults, namely the age group 

<14 years by 9 subjects (23.1%) and> 14 years by 30 subjects (76.9%). Based on sex there were 

28 male sufferers (71.8%) and there were 11 female sufferers 28.2%. GCS varies from 3 to GCS 

8 intra-cranial abnormalities, most of which are cerebral edema. From 39 research subjects with 

severe head injury without surgery, a hematocrit examination was performed before, after 10 
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minutes and 6 hours of injection of Manitol bolus 1 g / kg body weight. It was obtained that 

averaged hematocrit before mannitol  administration was 34, after  10 minutes was 33 and after 6 

hours was 35. 

Statistical test results using paired t-test obtained p value = 0.008 with a value of α = 0.05 

(p <α). This result shows that there is a significant difference in the average number of hematocrit 

before performing bolus mannitol 1 g / kg body weight compared to hematocrit levels 10 minutes 

after administering mannitol. The effect of mannitol in reducing blood viscosity is obtained by 

decreasing hematocrit, hematocrit decreases dramatically 10 minutes after administration of 

mannitol, and remains low for the next 30 minutes.21-23. 

There was no significant difference in the average number of hematocrit before the bolus 

mannitol 1 g / kg BW compared with hematocrit levels 6 hours after mannitol administration (P = 

0.42). There was a significant difference in the average number of hematocrit after a bolus of 

mannitol 1 g / kgBW compared to a hematocrit level of 10 minutes (mean: 33.03 ± 6.551) 

compared to hematocrit levels after 6 hours of mannitol administration (mean: 35.44 ± 7.426). 

This shows that the initial administration of mannitol can reduce hematocrit levels, thereby 

reducing blood viscosity which can increase oxygen transport to the brain.24-26 

Conclusion 

There is a decrease in hematocrit levels after administration of bolus mannitol 1 g / kg BW 

at the beginning of mannitol administration and hematocrit will increase again after 6 hours of 

mannitol administration. 
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