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ABSTRACT

Introduction: Mannitol is widely used to reduce cerebral edema and raised intracranial pressure following brain injury. Along with
this Glycerol and Furosemide are also the commonly used agents to reduce the intracranial pressure. The authors did a study the
efficacy of mannitol alone and in combination with glycerol and furosemide in reducing the intracranial pressure and effect on serum
electrolytes and creatinine levels in patients of traumatic brain injury.

Methods: This was a prospective observational study which was done in the department of neurosurgery in MDM hospital, Jodhpur,
India. A total of 36 patients, divided into equal groups of all ages and both sexes who presented with traumatic brain injury were
included in this study. Group 1- received 100 ml of 20% mannitol intravenously six hourly , Group 2 -received 20% mannitol 100 ml
eight hourly intravenously plus 30ml of 95%glycerol syrup (through Ryle’s tube) thrice daily and Group 3 -received 100ml of 20%
mannitol eight hourly intravenously plus 20 mg Inj. furosemide intravenous (i.v) 12 hourly. Non Contrast Computed tomography
(NCCT) Head was done and surgical intervention was done if required. Follow up of Glasgow Coma Scale (GCS), serum osmolality,
serum creatinine, serum sodium and potassium was done for five days and the results were noted.

Results: A total of 36 patients were included in the study. Minimum age was 7 years and maximum age was 75 years. The mean age
of patients was 33.13years. There were 31 male patients and 5 female patients. GCS improved in 92% patients in Group 1 while in 8%
patients GCS remained same on fifth day, as on admission. No major change was seen in serum sodium, potassium and creatinine
levels. Serum osmolality increased progressively to normal levels till 5™ day in all patients. In group 2, GCS improved in 75% patients
while no significant change seen in 8.33% patients and deteriorated in 16.6% patients. No significant change was seen in serum
sodium, potassium and creatinine. While serum osmolality deteriorated in 62.5% patients, no significant change seen in 8.26%
patients, improved in 17.52%. In group 3, GCS improved in 66.67 % patients while remained same in 25% patients and deteriorated in
0.83 % patients. No significant change was seen in serum potassium. Serum sodium increased in 16.66% patients due to free water
clearance and Serum creatinine increased in one patient. While serum osmolality deteriorated in 37.5% patients, improved in 25%
patients, while no significant change seen in 37.5%.

Conclusion: Mannitol alone was found to be the most effective and safest decongestant agent for decreasing intracranial pressure in
patients with traumatic brain injury.

Keywords: Traumatic brain injury; Mannitol; Glasgow coma scale; Mannitol plus Glycerol; Mannitol plus furosemide; Raised
intracranial pressure.

INTRODUCTION

Mannitol is widely used to reduce cerebral edema
and raised intracranial pressure following brain
injury. Other agents are hypertonic saline,
barbiturates, glycerol or glycerol plus mannitol. Both
mannitol and glycerol are osmotic diuretics. Mannitol

increases plasma osmolality, so water moves from
brain into blood along an osmotic gradient. In this
way mannitol reduces brain water content,
intracranial  pressure and edema, improving
neurological outcomes.”® Rebound edema has been
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observed after long term administration of
intravenous (iv) mannitol. The combination of
glycerol to mannitol avoids rebound edema.’
Furosemide is a distal loop diuretic. Furosemide
alone does not have any effect on plasma osmolality
and brain water content. Furosemide in combination
with mannitol produce more increase in plasma
osmolality and a larger decrease in brain water than
mannitol alone.® After our research, we haven’t found
any study which compared the effect of mannitol plus
glycerol and mannitol plus furosemide iv
combination and 20% mannitol in patients with
severe traumatic brain injury (TBI). This study aims
to compare the efficacy of the above-mentioned three
drugs in reducing brain edema in patients with
traumatic brain injury.

MATERIAL AND METHOD

This prospective study was done in the Department
of Neurosurgery, Dr. S.N Medical college and
associated MDM hospital, Jodhpur, Rajasthan. Total
36 patients of all age groups and both sexes were
included in this study. Patients were selected
according to anti-edema therapy initiated by
neurosurgical unit (12 in each group)

Group 1- received 100ml of 20% mannitol six hourly
intravenously (i.v).

Group 2 -received 20% mannitol 100ml eight hourly
1.v plus 30ml of 95% glycerol syrup (through ryle’s
tube).

Group 3 -received 100ml of 20% mannitol eight
hourly i.v plus 20 mg Inj. furosemide i.v 12 hourly.

All traumatic brain injury patients were stabilized in
emergency department. NCCT Head was done and
surgical intervention done if required. Patients were
transferred to surgical intensive care unit. Patients
received analgesia, inotropic support or ventilator
support according to requirement. Baseline GCS,
vitals and investigations like serum sodium,
potassium, creatinine, plasma osmolality, blood gas
analysis, blood sugar, hemoglobin, and prothrombin
time recorded.

All patients managed conservatively or surgically and
received mannitol or combination according to the
group. Follow up of the patients done for five days
and investigated daily. Comparison was done at the
end of fifth day based on change in GCS, serum
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sodium and potassium, plasma osmolality and serum
creatinine. Data entry was done in Microsoft excel
and Data analysis was done using stata 12.
Demographic and clinical data were described as
percentages. Comparison was analyzed using paired t
test. A p- value of less than 0.05 was considered
significant.

RESULTS

A total of 36 patients were recruited in this study;
minimum age was 7 years and maximum age was 75
years. The mean age of patients was 33.13years.
Road traffic accidents were the most common mode
of injury and intracranial contusions were the most
common presentation. Thirteen patients (36 %)
underwent surgical intervention when indicated and
were continued on the preoperative decongestant
regimen. (Table 1)

In group 1- GCS improved in 92% patients while in
8% patients GCS remained same on fifth day, as on
admission. No significant change was seen in serum
sodium, potassium and creatinine. While serum
osmolality increased progressively to normal levels
till 5™ day in all patients (Table 2). Mean increase in
osmolality was 13.2mosmol/kg.

In group 2- GCS improved in 75% patients while no
change seen in 8.33% patients and deteriorated in
16.6% patients. No significant change was seen in
serum sodium, potassium and serum creatinine.
While serum osmolality deteriorated in 62.5%
patients, no significant change seen in 8.26%
patients, improved in 17.52%. Mean increase in
osmolality was 30.5mosmol/kg, decrease
was15.5mosmol/kg.

In group 3- GCS improved in 66.67 % patients while
remained same in 25 % patients and deteriorated in
0.83 % patients. No significant change was seen in
serum potassium. Serum sodium increased in 16.66%
patients due to free water clearance, remains normal
in rest. Serum creatinine increased in one patient.
While serum osmolality deteriorated in 37.5%
patients, improved in 25% patients, while no seen in
37.5%. Mean increase in osmolality was 12,
decrement was 32.7mosmol/kg.

Comparison of GCS score was done amongst the
three groups on day O and day 5 of admission and
mean score of GCS scale improved in all three
groups. On analysis with paired t test it was found
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statistically significant [p value < 0.05] (Table 3 and
Figure 1)

When Serum sodium was compared across different
groups, it was found that there was no statistical
significant difference seen among the three groups
(Table 4 and Figure 2).

Serum osmolarity (Table 5, Figure 3) and Serum
creatinine (Table 6, Figure 4) when compared in the
three different groups also showed no statistical
significant difference.

TABLE 1: Mode of Injury with pathology

Mode of Injury

CT/MRI Findings

Intervention done

Road traffic  accident-30

patients

EDH with brain edema- 4

Surgical intervention- 13

Fall from height- 6 SDH- 4

Conservative management- 23

Diffuse axonal injury-7

Contusions- 11

SAH-1

Multiple- 9

TABLE 2: Assessment after 5 days

Group 1(Mannitol) | Group 2(Mannitol + | Group 3(Mannitol
Glycerol) +Furosemide)
GCS 92% Patients 75% Patients 66.67% Patients
Improvement
GCS Deterioration 16.6% 8.3%
GCS Same 8% 8.33% 25%

Serum Sodium

No significant change

No significant change

Increased in 2
patients

Improvement

Serum Potassium | Normal Normal Normal

Serum creatinine Normal Normal Increased in 1
patient

Serum Osmolality | 58.31% patients 8.33% patients 16.33% patients

Serum Osmolality
Deterioration

0 % patients

41.65% patients

50% patients

Serum Osmolality
Same

8.33%
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TABLE 3: Comparison of GCS score from Day 0 to Day 5 among three different groups
GCS scale (Mean = SD)

Day 0 Day 5 p value
Groupl 4.92+1.40 7.17+1.75 0.002
Group 2 4.50£1.16 7.08+2.47 0.012
Group 3 4.83+1.19 6.00+1.86 0.041

TABLE 4: Comparison of Serum Na. from Day 0 to Day 5 among three different groups

S. Na (Mean = SD) p value
Day 0 Day5
Group 1 134.91 +4.93 133.91 +6.92 0.708
Group 2 135.58 £ 7.90 131.83 +4.04 0.164
Group 3 136.00 + 4.99 138.08 + 9.90 0.477
TABLE 5: Comparison of Serum Osmolality from Day 0 to Day 5 among three different groups
Groups S. Osmolality (Mean £ SD) p value
Day 0 Day 5
Gp1l 279.34+11.11 285.84+ 5.88 0.100
Gp2 278.73+ 20.20 27430 £10.85 | 0.581
Gp3 283.06 + 8.9 278.80+£13.99 |0.174

TABLE 6: Showing comparison of Serum Creatinine from Day 0 to Day 5 among three di

fferent groups

Groups S. Creatinine (Mean *+ SD) p value
Day 0 Day 5

Gpl 0.78+0.13 0.78 £0.17 1.000

Gp2 0.78 £0.21 0.85+0.15 0.370

Gp3 0.89£0.25 1.60+ 2.68 0.379

Figure 1: Chart showing the comparison of GCS score from day 0 to day 5
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Figure 2: Chart showing the comparison of Serum sodium from day 0 to day 5
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Figure 3:

Chart showing the comparison of Serum osmolarity from day 0 to day 5
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Figure 4: Chart showing the comparison of Serum creatinine from day 0 to day 5
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DISCUSSION

Traumatic brain injury is very common in India due
to road side accidents, assault or fall from height.
Many agents are used to decrease cerebral edema and
ICP, to improve neurological outcomes. The
treatment with hypertonic fluids is still an attractive
means of decreasing the intracranial pressure (ICP)
without having a negative effect on the CPP. Various
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clinical and experimental studies have demonstrated
that single doses of mannitol can substantially reduce
increased ICP.> However, the long-term beneficial
effects of mannitol are still controversial, and there
are few reports of aggravated brain edema after
repeated mannitol treatment. Glycerol (glycerine) is
another attractive agent that has been found to exert
beneficial effects in controlling ICP in edema and
other pathologic conditions. Apart from their
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hypertonic nature, they also act as a free radical
scavenger, antioxidant, and activator of plasma
prostaglandin resulting in vasodilation. Either
glycerol or mannitol can be administered
individually; however, the addition of glycerol to
mannitol avoids rebound edema, which is likely to be
observed with the intravenous administration of only
mannitol.*”

The effects of furosemide on brain edema have been
inconsistent; some have shown no drug-induced
reductions in water content hence any reduction in
edema®?®, whereas other studies have shown
reductions in edema.**3

Patil H et al compared the efficacy of 3% hypertonic
saline, 20% mannitol, and 10% mannitol plus 10%
glycerol combination in reducing the raised ICP and
change in Glasgow Coma Scale in patients with
severe traumatic brain injury. The maximum change
in the GCS was seen after the bolus dose of 3%
hypertonic saline, followed by 10% mannitol plus
10% glycerol combination and then 20% mannitol.
But no clear benefit in neurological outcome was
seen compared with 20% mannitol.** In contrast to
above, in our study more improvement regards to
GCS and plasma osmolality observed in mannitol
group as compared to mannitol plus glycerol
combination. Also they had a limitation that did not
analyze the late effects of osmotic agents and effects
of repeated infusion or maintenance dose and side
effects of the drugs.

Harbaugh et al first described therapy with a
combination of mannitol and furosemide in rabbits
subjected to a cortical freezing injury. They
demonstrated a reduction of ICP but no advantage of
the combination as compared with mannitol alone
was observed.*? another study was done to examine
the effects of furosemide and mannitol, alone and in
combination, on brain water content in brain-injured
rats. They found out that mannitol increased plasma
osmolality and reduced water content of the injured
and contralateral hemispheres of rat brain, whereas
no effect of furosemide when given either alone or in
combination with mannitol was observed on brain
water content.” Similarly in our study no advantage
of mannitol plus furosemide combination seen
regards to GCS and plasma osmolality as compared
to mannitol alone.
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Our study has shown that mannitol is associated with
linear improvement in GCS, serum osmolality and no
significant effect on serum sodium, potassium and
creatinine. While GCS improved in less number of
patients in group 2 (mannitol + glycerol) and group
3(mannitol + furosemide). There was significant
difference seen in the GCS amongst all the groups,
but the best improvement was seen in group 1.

No significant change was in serum sodium,
potassium and creatinine in group 1 and group 2.
Serum sodium increased in two patients in group 3,
probably due to free water clearance. Serum
creatinine increased in one patient, probably due to
dehydration. Serum osmolality deteriorated in some
patients in group 2 & 3, however all these changes
were not statistically significant.

There are some limitations in our study. This was a
simple prospective observational study of GCS score
as a measure of clinical assessment which has its own
fallacies *”. Also no definitive intracranial pressure
measurement such as subdural bolt or intraventricular
pressure monitoring was done due to financial
limitations.

CONCLUSION

The improvement in the GCS score was seen
maximum in the patients who received mannitol
alone followed by mannitol + glycerol followed by
mannitol + furosemide. Mannitol+ furosemide also
showed the greatest variations in the serum sodium
and osmolality levels when compared with the other
groups. Thus according to our study, mannitol was
found to be the most effective and safest
decongestant agent for decreasing intracranial
pressure in patients with traumatic brain injury.
However this was only an observational study and
further randomized control studies are needed in
future to provide better comparison and guidelines
regarding the use of these three decongestant agents
for the management of traumatic head injury.
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