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Background: Intradural pressure increases in patients with intracerebral (ICH) and 
subdural (SDH) hemorrhage. This should be treated immediately to prevent secondary 
brain injury due to ischemia. Hyperosmolar fluids can be used to manage intradural 
pressure. Hypertonic sodium lactate (Totilac®) contains lactate which is considered to 
provide energy supplementation for ischemic brain. The combination of hyperosmolar 
properties with lactate in Totilac® is expected to have a better effect on reducing 
intradural pressure.

Objective: to compare the intradural pressure after Mannitol® and Totilac® 
administration for patient who underwent craniotomy of hematomal evacuation.

Methods: The study subjects were allocated into two groups using permuted block 
techniques randomization. Group M received mannitol®, whereas group T had Totilac®. 
Intradural pressure measurement was performed by the surgeon through puncture 
using needle no.23 connected to an invasive monitor device when the duramater was 
still intact. The intradural pressure was measured when opening the cranium as a 
baseline, 5th, 10th and 15th minutes after hypertonic solution administered.

Results: Twenty-four patients underwent hematomal evacuation craniotomy of ICH 
and SDH at the emergency surgery room. There were significant decreases of intradural 
pressure at the 5th, 10th, and 15th minute after hypertonic solution administered in each 
group compared to baseline when the cranium was opened. The change from baseline 
in intradural pressure between groups at 5th, 10th, 15th minute after hypertonic solution 
administered were similar. 

Conclusion: There was no additional benefit in intracranial pressure control after 
administration of Totilac® compared to Mannitol administration for patients undergoing 
craniotomy of hematomal evacuation.

Background 
Hemmorhage cerebral injury requires management to control 

the increase in intracranial pressure (ICP), including the surgical 
strategy and administration of hyperosmolar solution [1]. The 
hyperosmolar solution that has been widely used is mannitol  

 
20% (Mannitol®). Mannitol® increase diuresis directly in the 
loop of Henle. Hypertonic sodium lactate (Totilac®), a relatively 
new hyperosmolar solution, can be used as an alternative in the 
management of increased ICP [2]. Besides having an higher osmotic 
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reflection coefficient (σ), [3] the lactate content can theoretically 
be an energy source for ischemic brain cells [4]. Totilac® has the 
potential to increase diuresis indirectly by increasing intravascular 
volume [5]. From these properties, totilac® with the basic component 
of hypertonic saline, is considered superior in maintaining 
intravascular volume compared to mannitol®. Therefore, we want 
to compare the intradural pressure profile after administration 
of Totilac® and Mannitol® in patients undergoing hematomal 
evacuation craniotomy.

Methods
The study was conducted at a tertiary care hospital during 

April-July 2018. The study was approved by the Medical and 
Health Research Ethics Committee of FKKMK UGM and Dr. Sardjito 
Hospital. Informed consents were acquired from all subjects before 
participating in this study. The patients included for the study aged 
18-65 years and who underwent emergency hematomal evacuation 
craniotomy for indications of intracerebral hematoma (ICH) or 
subdural hematoma (SDH). The exclusion criteria were unresolved 
shock, ongoing massive bleeding, allergic to lactate, impaired renal 
function, hyponatremia [Na+] <130 meq / L, hypernatremia [Na+]> 
150 meq / L, history of uncontrolled diabetes mellitus, history of 
uncontrolled hypertension. The study subjects were allocated into 
two groups using permuted block techniques randomization. Group 
M received mannitol®, whereas group T had Totilac®. The allocated 
group information was given in a sealed envelope when the patient 
arrived at the surgery room. In operating room, Anaesthesia was 
induced with 2.5 mg of midazolam, fentanyl 2 mcg/kg, propofol 
2 mg/kg, lidocaine 1.5 mg/kg, and rocuronium 0.6-1 mg/kg for 
tracheal intubation.

Anaesthesia was maintained with sevoflurane 2% with 
delivery gas of FiO2 50%. The depth of anesthesia was monitored 
by maintaining bispectral index value between 40-60. Controlled 
ventilation was set with a tidal volume of 6-8 ml/kg, PEEP 3-5, a 
minute volume of 80-120 ml/kgBW/ minute and a maximum peak 
inspiratory pressure of 30 mmHg. Maintenance fluid was given 
according to the needs of patients with a composition of 0.9% 
NaCl:RL = 3: 1. Blood lost was replaced with colloids with the 
same volume. Blood component was given if the bleeding exceeded 
maximum allowable blood lost. Another crystalloid was given to 
replace the urine output with 2/3 of the volume of it. Baseplate of 
invasive monitor were placed at the level of the tragus, following 

changes in the position of the patient. Invasive monitors were 
prepared with CVP mode on a scale of 0-30 and being zeroed every 
time a subject changes position. Intradural pressure measurement 
was performed by the surgeon through puncture using needle 
no.23 when the duramater was still intact.

The needle was placed in the subdural space parallel to the 
duramater then was connected to an invasive monitor device. 
The intradural pressure, hemodynamic and other parameters 
are measured when opening the cranium as a baseline, 5th, 10th 
and 15th minutes after hypertonic solution administered by re-
zeroing before recording the value. Analyses were done on all 
subjects who had received treatment according to the protocol. 
Data were expressed in terms of numbers and percentages, mean 
and standard deviations. The data between the two groups were 
analyzed for differences using independent t‑tests or paired t-test 
for numerical data and Chi square tests for categorical data. Data 
were analysed using SPSS 24 software computer program.

Results
A total of 27 patients were assessed for eligibility for this study. 

Randomization was performed on 27 patients. As shown in Figure 
1, 3 subjects were excluded from analysis because of unable to 
follow the study procedure due to laceration of duramater during 
craniotomy. One-third of subjects are women as shown in Table 1. 
The average age of the subjects in group M was 50.75 + 13.4 years 
and in the T group it was 47.75 + 12.07, which was not difference 
significantly. There was no difference in the ratio of BMI and 
physical status based on ASA physical status (p= 0.667 and 0.155, 
consecutively). The distribution of trauma and non-trauma cases 
was also balanced in both groups.	 The level of brain relaxation 
was assessed in this study by measuring intradural pressure. 
Table 2 shows significant decreases of intradural pressure in the 
5th, 10th and 15th minute after hypertonic solution administered in 
each group compared to baseline when the cranium was opened. 
Table 3 shows the change from baseline in intradural pressure 
between groups at 5th, 10th, 15th minute after hypertonic solution 
administered were similar. The difference in MAP between groups 
was found to be significant at all periods of measurement, as 
shown in Table 4. Group M has higher change from baseline of 
urine production at the end of observation compared to group T, as 
shown in Table 4.

Table 1: Demographic Data.

Parameter  M (n= 12) T (n= 12) p

Age (yr)  50,75 ± 13,40 47,75 ± 12,07 0,570

BMI (kg/m2)  24,26 ± 3,27 23,12 ± 3,04 0,385

Sex
Male 9 (75,0%) 7 (58,3%) 0,667

Female 3 (25,0%) 5 (41,7%)  
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ASA physical status
1 1 (8,3%) 5 (41,7%) 0,155

2 11 (91,7%) 7 (58,3%)  

Case

 

Trauma 6 (50,0%) 6 (50,0%) 1,000

Non trauma 6 (50,0%) 6 (50,0%)  

 6 (50,0%)   

Table 2: Mean of intradural pressure compared to baseline.

Group Baseline
Minute 5th (mmHg) Minute 10th (mmHg) Minute 10th (mmHg)

After Hypertonic Solution Administered

M 17,58±3,65 16,42±4,14 15,75± 3,69 14,75±4,41

p Compared to baseline 0,036 0,015 0,016

T 17,67±2,87 15,42±2,54 15,25±1,91 14,83±2,48

p Compared to baseline 0,000 0,005 0,009

Figure 1: Study sample.

Table 3: Mean of intradural pressure change from baseline.

After Hypertonic Solution Administered M T p

Minute 5th (mmHg) -1,17 ± 1,70 -2,25 ± 1,06 0,074

Minute 10th (mmHg) -1,83 ± 2,21 -2,42 ± 2,39 0,541

Minute 15th (mmHg) -2,83 ± 3,43 -2,83 ± 3,10 1,000

Table 4: MAP and urine output.

Parameter M T p

MAP

Baseline 86,92 ± 14,67 97,81 ± 10,14 0,046

After hypertonic solution administered    

Minute 5th (mmHg) 80,67 ± 8,65 90,58 ± 6,75 0,005

Minute 10th (mmHg) 80,50 ± 8,77 90,69 ± 6,35 0,004

Minute 15th (mmHg) 79,33 ± 6,34 89,22 ± 7,44 0,002
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Urine Output

Baseline (cc/kgBW/hr) 0,83±0,28 0,97±0,29  

Minute 15th after hypertonic solution administered 
(cc/kgBW/hr) 3,13±1,22 1,95±0,34  

Change from baseline 2,31±1,06 0,98±0,28 0,001

Discussion
In this study, there was a significant decrease in intradural 

pressure in each group. It is well known that Mannitol® and 
hypertonic sodium lactate solutions with its hyperosmolar 
properties are part of ICP control management. The most 
significant decrease in group M occurred in the 10th minute after 
the cranium was opened, whereas the T group experienced the 
highest difference in the 5th minute after the cranium opened. This 
shows a different peak onset difference in each solution, although 
it is stated that Mannitol® peak onset and hypertonic sodium 
lactate solution are almost correspondent (15-20 minutes) [5]. 
Properties of hypertonic sodium lactate solutions that draw fluids 
from interstitial to intravascular be superior in controlling cerebral 
edem because its reflection coefficient is greater than Mannitol [5]. 
A study by Hisam, et al. showed hypertonic sodium lactate had a 
significantly better brain relaxation effect than Mannitol® assessed 
from a comparison of brain relaxation assessed subjective when an 
open cranium with BRS in COT [6].

Sokhal, et al. found that there was a significant difference in the 
decrease of intradural pressure in both groups with tumor removal 
craniotomy, but brain relaxation assessed by operators with the 
BRS method in the study did not differ significantly between the 
two groups. In this study, the difference in intradural pressure was 
not linearly related to brain relaxation that occurred, because the 
determinant component of ICT was not only from brain relaxation, 
where large tumor mass and intravascular volume also played a role 
in determining intradural pressure [7]. Previous studies conducted 
by Sharma, et al. the number of samples of 31 subjects who 
underwent aneurysm repair surgery also showed a meaningless 
difference in the decrease in intracranial pressure between groups 
M and T [8] this result is due to the aneurysm surgery itself the 
incidence of extravasation of fluid is not promising. Wirawijaya, et 
al. revealed no significant differences in brain relaxation in patients 
with craniotomy surgery to remove tumors that received 3% NaCl, 
Mannitol, and hypertonic sodium lactate [9].

In addition, nutritional support in the form of exogenous 
lactate that can be a source of energy in injured cells also decreases 
the progression of intersective edema resulting from cell death 
[2,10]. The study conducted by A Daniel (2014) states that lactate 
supplementation is an important component in brain metabolism 
that is experiencing injury, especially in the penumbra region that 
has the potential to experience cellular death [11]. Hamzah, et 

al. showed that ATP biomarkers in experimental animal models 
that experienced ICH experienced a significant increase in the 
administration of hypertonic sodium lactate solution compared 
to Mannitol® and NaCl 3%. The study also suggested that the 
comparison of the area of necrosis in the animal brain was 
significantly different, whereas in the hypertonic sodium lactate 
group it was much smaller than in the Mannitol® group, with p = 
0,000.10 but they did not mention the correlation between the two 
findings.

The effect of diuretic Totilac® solution on the results of the 
study was significantly lower than Mannitol®. Previous research 
also showed similar results [6-9]. This was due to the Mannitol® 
properties acting in the loop Henle which resulted in increased 
urine production. In contrast to hypertonic sodium lactate, the 
diuretic effect is a result of increased intravascular volume, so that 
increased urine production is not a direct influence on the organ 
of urine formation. Based on this, hypertonic sodium lactate is a 
better choice in patients with intravascular volume disorders, 
because the diuretic effect of hypertonic sodium lactate will not 
appear in conditions of hypovolemia or dehydration [5]. The results 
of the insignificant decrease of intradural pressure in this study 
can be caused by the duration of the onset of the incident until 
the intervention was performed. In addition, the possibility of still 
active bleeding also affects intradural pressure. Even though brain 
relaxation has been achieved, the addition of volume in the third 
space can also increase intradural pressure. We could not manage 
this parameter and analyze it because we could not evaluate 
hematoma enhancement during surgery.

For the next research, it is necessary to do a comparative test 
of quantitative assessment methods using invasive monitors with 
BRS. A comparative study of the size of the needles used also 
needs to be done, so that it can avoid the possibility of blockages 
and clinging during the measurement period while not causing 
premature trauma to the dura mater. The use of invasive monitor 
equipment in this study is still relatively new even though it has 
been proven to determine the magnitude of pressure on other body 
locations. The use of needle number 23 can still allow for blockages 
and slacking during the measurement period.

Conclusion
Totilac® administration had similar intradural pressure profile 

effect compared to Mannitol® in hematomal evacuation craniotomy 
case.
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