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Abstract Severe TBI leads to cerebral edema, increased ICP, resulting in decreased cerebral perfusion pressure and
increased secondary ischemic injury. Appropriate and timely treatment of elevated ICP improves cerebral perfusion to reduce
this secondary ischemic stroke. Mannitol is currently a widely used diuretic for the treatment of ICH and is recommended in
guidelines for the treatment of TBI in adults. The aim of the study: to study the effect of early prescription of 15% mannitol
solution on the studied parameters of systemic, central hemodynamics, homeostasis, ICP and CPP, to determine its
effectiveness and safety in the adult population with TBI. Research methods: A total of 30 patients were included in this study,
conducted over 3 years (2017-19) in the departments of neurosurgery and anesthesia and resuscitation of the TMA.
Conclusion: therefore, it can be concluded that the rate of infusion may depend on the duration of the action of mannitol,
because the faster the infusion, the greater the likelihood of termination of the effect due to rapid excretion of mannitol by the

kidneys or its penetration into the brain tissue.
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Traumatic brain injury (TBI) is the leading cause of death
and disability worldwide, accounting for about 30% of all
injury-related deaths [1]. After primary cerebral injury,
management of TBI focuses on the prevention and treatment
of secondary brain damage, including control of intracranial
pressure [2]. Severe TBI leads to cerebral edema, increased
ICP, resulting in decreased cerebral perfusion pressure and
increased secondary ischemic injury. Appropriate and timely
treatment of elevated ICP improves cerebral perfusion
to reduce this secondary ischemic stroke. The use of
hyperosmolar agents to lower ICP has been known for over
90 years, but it continues to lack evidence. Serum osmolarity
increases with the introduction of hyperosmolar solutions,
extracting fluid from the interstitial space of the brain into
the vascular bed and leading to a decrease in the volume of
brain tissue and, as a result, to a decrease in ICP [3,4].
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Mannitol is currently a widely used diuretic for the treatment
of ICH and is recommended in guidelines for the treatment
of TBI in adults [5]. Although recent TBI treatment
guidelines have not reported any evidence to support or
refute the use of mannitol in the treatment of ICH [6], there
are no published guidelines or protocols that define the
timing, concentration, or route of administration of mannitol.
in the treatment of severe TBI [7]. The decision as to whether
to use mannitol, GSR, or the combination is left to the
discretion of the clinician.

1. The Aim of the Study

To study the effect of early prescription of 15% mannitol
solution on the studied parameters of systemic, central
hemodynamics, homeostasis, ICP and CPP, to determine its
effectiveness and safety in the adult population with TBI. All
patients in this group had severe isolated TBI, mainly traffic
accidents and falls.



American Journal of Medicine and Medical Sciences 2020, 10(11): 870-875

After assessment on the Glasgow coma scale, all patients
underwent a CT scan of the head for diagnostic purposes
and to exclude the need for emergency neurosurgical
intervention. Inclusion criteria were age> 18 years, isolated
TBI, GCS< 8, sustained increase in ICP> 20 mm Hg. for
more than 5 minutes.

Exclusion criteria were: polytrauma, oliguria, renal failure,
hemoglobin< 8 g / L, serum osmolarity> 320 mOsm / L, use
of hypertonic saline solutions in the previous 6 hours.

2. Research Methods

A total of 30 patients were included in this study,
conducted over 3 years (2017-19) in the departments of
neurosurgery and anesthesia and resuscitation of the TMA.
All patients were provided with analgesia and, if necessary,
sedative therapy when the patients were agitated (dormicum,
diazepam). Vasoactive support (norepinephrine) was
administered to patients with arterial hypotension. Insulin
was used to maintain glycemia at 6-8 mmol / L. A set of
variables was collected for each patient, which included
data on demographic characteristics, baseline GCS. ICP
was monitored with the possibility of manometry with
subarachnoid lumbar puncture and M-echopulsogram with
the Kompleksmed 1.2 apparatus.

Other monitoring included indications of systemic
(BP, SBP, heart rate) and central hemodynamics (I, HI,
TPVR), plasma osmolarity, sodium level, blood hemoglobin,
hematocrit.

When ICP exceeded 20 mm Hg. over 5 min, a bolus of
15% mannitol was administered through the central venous
line at a rate of 6-8 ml / min (120-130 drops / min). The
infusion was stopped when the ICP dropped below 20 mm
Hg.

Study stages: start of infusion, after cessation (ICP< 20
mm Hg), 30, 60 minutes after cessation of mannitol infusion.

Serum sodium level, osmolarity, Ht were measured before
and after therapy.

The table below shows the baseline demographic and
clinical characteristics of patients in this (1) group.

Table 1. Demographic and clinical characteristics of patients in group |
(n=130)

Patient data Indicators
Age, years 38.4+£12.2
Gender, m/f 17/13
Trauma type
Road accident, n% 17(56.6%)
Falls, n% 11(36.6%)
Compression, n% 1(3.3%)
Sport trauma, n% 1(3.3%)
GCS, points 5.33£0.24
Pathological pupils: n% 22(73,3%)
Bilateral miosis, n% 7(23.3%)
Anisocoria, n% 9(30%)
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(it photoression. % 5(200%)
CT scan data:
APACHE I, points 15,2+2,8
Brain contusion, n%
Cerebral edema, n% 9(30%)
Fracture of the skull bones, n% 4(13.3%)
Subarachnoid bleeding, n% 11(36.6%)
Subdural hematoma, n% 2(6.6%)
Epidural hematoma, n% 6(20%)
Intracranial bleeding, n%
Axonal damage, n% 1(3.3%)
Intubation, mechanical ventilation, n% 23(76.6%)
Inotropic support, n% 12(40.0%)
Hypotension, n% 12(40%)
Craniotomy, n% 7%(23,3)

The age of the patients in this group was in the range of
20-88 years. In 7 victims, vomiting of gastric contents took
place, in 3 of them aspiration syndrome was diagnosed, for
which sanitation bronchoscopy with lavage of the airways
was performed.

Consciousness disorder according to the GCS, averaging
5.33 £ 0.24, was in the range of 5-7.

The total severity of the condition according to APACHE
Il averaged 15.2 + 2.8 points.

The table below shows the data of the clinical examination
of patients in this group upon admission to the clinic.

Table 2. Indicators of clinical blood tests and hemostasis (n = 30) at
admission
Indicators The values
Erythrocytes, 10% /x 3,67+0,13
Hemoglobin, r/x 10,9+07
Leukocytes, 10°/n 5,31+0,09
Neutrophils, 10° /n 3,52+0,17
Lymphocytes, 10° /i 1,84+0,11
Fibrinogen, r/n 4,20+0,22
Platelets, 10°/n 176,3£3,4
Prothrombin time, sec 12,9+0,5
APTT, sec 28,4+0,6
Hematocrit,% 41,1+0,4

The presented data indicate moderate anemia of traumatic
origin and activation of the blood coagulation system,
which is indicated by: a shortening of the prothrombin
time by 8.6%, increased fibrinogen values and a decrease
in cephalin-coalin time by 8.4% of the lower limit of
physiological values of this indicator. All this indicates the
activation of the first (formation of prothrombinase) and the
second (formation of thrombin) phases of blood coagulation.

Systemic and central hemodynamic parameters in patients
were also subject to significant changes on admission, as
evidenced by the table below.
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E?'(;gﬁp ;?gid";ti‘;;?o‘;f(;vitgg;c and central hemodynamics in patients of | gl patients in this group, upon admission to the 1CU,
an increase in ICP was recorded, the mean values of which
Indicators The values were 27.4 £ 1.9 mm Hg, which explains the initial relative
BP systolic, mm Hg 109,7+9,4 bradycardia (76.1 = 6.3 per minute). The average values of
BP diastolic, mm Hg 61,1+4,2 cerebral perfusion pressure (CPP) were 49.9 + 5.8 mm Hg,
Average blood pressure (MAP), mm Hg 77.3+9.8 which confirmeq the qbove thesis about the deterioration of
Heart rate (HR), in min 70,1£6,3 Ce':?gralbblocl)_d Clrcullatlorf]' blood el | d ol
Central venous pressure (CVP), cm H,0 6,1+0,9 ¢ .ase Ine va ue.s or blood electrolytes and plasma
- osmolarity are shown in the table below.
Pulse oximetry (Sp02),% 93,4+4,8
Impact index (11), ml / m? 33,3t6,4 Table 4. Blood biochemical parameters and plasma osmolarity in
postulated patients (n = 30)
Cardiac index (CI), | / m? 2,53+0,41
Total peripheral vascular resistance (TPVR), 1374.2+140.4 Indicators Values
dynes x s x cm-5 e Total protein, g /1 72,445,8
. oo Glucose, mmol / | 4,75+0,92
The avergged value_s of the studled_pa_rameters indicate Creatinine, pmol /| 798243
that the patients of this group on admission had moderate 0 1 5062001
arterial hypotension with a decrease in systolic and diastolic re8, mmo 2o
pressure, which affected a decrease in SBP. In 12 patients, Potassium, mmol /| 43207
due to more pronounced arterial hypotension, inotropic Sodium, mmol / | 136,8+10,7
support (norepinephrine, hormone) was used at admission. Calcium, mmol /| 2,1£0,3
All this indicated a decrease in the tone of resistive vessels, Plasma osmolarity, mosm / | 267,9+6,3
as evidenced by the parameters of the systemic vascular Hematocrit, % 412427

resistance. They were below the physiological value, which
indicated a decrease in tone in the low pressure system
(capillaries, venules). The decrease in TPVR was 9.1% of the
proper TPVR values during this period (1511.1 dynes x s x
cm-5), calculated by us using the following formula:

TPVR due (dyn x s x cm-5) =
BP av due x 80 / actual MOQ

The proper SBP values in the age group of the studied
patients are 85 mm Hg.

CVP was 25% lower than physiological values. All of the
indicated decrease in the one-time and minute performance
of the heart, which were at the borderline values of the
normo- and hypodynamic circulatory regime, and indicated a
deterioration in cerebral circulation.

Analyzing the data presented, it can be noted that all
the studied indicators practically did not go beyond the
physiological norms for adults. However, it is immediately
striking that with insignificant hyponatremia (in terms of
mean values), there is a large range in terms of the standard
deviation, which made us study the Na + concentration
in patients in more detail. Thus, in 11 patients from this
group (36.6%), the plasma sodium concentration exceeded
145 mmol, averaging 149.9 + 4.3 mmol / L, while in the
remaining 19 patients (63.4%), the plasma Na + level was
below 135 mmol / L, averaging 123.7 + 6.4 mmol / L.
Relative hyponatremia at normal values of glucose and blood
urea and led to a decrease in plasma osmolarity by 6.9% of
the physiological norm.

Table 5. Indicators of systemic and central hemodynamics in the 1st group at the stages of the study
. Stages of study
Indicators
| 1 v \Y%

HR, bpm 70.1+6.3 71.4+5.2 72.5+4.3 72.9+4.7 63.6+5.0

BP systolic mm Hg 109.7+9.4 112.2+7.2 118.6+10.3 | 117.2+9.8 118.1+7.7
BP diastolic mm Hg 61.1+4.2 64.0+4.4 68.3+3.7 67.1+4.0 66.4+3.9
MAP, mm Hg 77.%3.1 79.7£3.8 85.0+4.9 83.8+£3.7 83.6+£3.6
CVP, mm H,O 6.1+0.9 6.7£0.6 7.7£0.4 8.4+0.7 9.0£0.8
SpO,, % 93.4+4.8 97.3+2.7 98.4+3.0 98.7+2.1 98.4+3.1

I, ml/ m? 33.3£6.4 44.1+3.9 49.9+2.7* 52.4+3.4* 51.7+4.0*

Cl, 1/ m? 2.53+£0.41 3.15+0.27 3.62+0.30* | 3.80+.032* | 3.80+3.71*

TPVR, dynes x s x cm-5 | 1374.2+140.4 | 1285.6+127.7 | 989.8+92.3 | 931.1+74.4 | 929.9+62.7

Note: x-p <0.05 reliability relative to stage | of the study

Baseline heart rate averaged 70.1 + 6.9 bpm (with a range
of 56-87 bpm). No clinically significant changes were
observed after a bolus dose of 15% mannitol. There was only

a slight tendency to an increase in heart rate, which by 120
minutes was 5% more often than the initial values (p> 0.05).
A similar picture was observed with SBP indicators. The
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maximum increases in SBP were noted by 30 minutes after
completion of the mannitol infusion (by 9.9%) relative to the
initial values. By the 120th minute, SBP, averaging 83.6 +
3.6 mm Hg, exceeded the initial values by 8.1%.

Improved CVP indices, indicating good venous blood
return, and pulse oximetry data.

The greatest changes were recorded in terms of indicators
of central hemodynamics. Both one-time and minute cardiac
performance increased statistically significantly from 30
minutes and after 120 minutes HI and HI were 55.2% and
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50.2% higher than the initial values, respectively (p> 0.05).

These changes in blood pressure, SBP, II, HI occurred
against the background of a significant decrease in the tone
of resistive vessels in the low pressure system, indicating an
improvement in microcirculation. Thus, TPVR, averaging
1374.2 + 140.4 initially, after 60 and 120 minutes was lower
than these values by 32.3% and 32.5%.

The dynamics of ICP and CPP at the stages of the study is
reflected in the following table.

Table 6. Dynamics of ICP and CPP at research stages (n = 30)

. Stages of study
Indicators
| 1 11 \Y \%
ICP, mmHg | 27.4+1.9 | 19,1+2.1 | 18.7+2.3* | 18.9+2.5* | 19.1+3.2*
CPP,mm Hg | 49.9+4.8 | 60,6+4.0 | 66.3+3.7* | 64.9+3.3* | 64.5+4.0*
Note: x-p <0.05 reliability relative to stage | of the study
After a bolus infusion of 15% mannitol, ICP by 30 32.8% (p< 0.05).

minutes decreased by a maximum of 31.8% and practically
stayed at these figures until 120 minutes of the study (p<
0.05). This decrease in ICP had a positive effect on CPP,
which by 30 minutes, averaging 66.3 £ 3.7 mm Hg, was
statistically significantly higher than the initial values by

We noted the maximum increase in CPP by 120 minutes
by 29.2% relative to the initial values. All of this indicated an
improvement in cerebral perfusion. This was facilitated by
the hematocrit values, which in the indicated period of time
reached 35-37%, as evidenced by the following table.

Table 7. Dynamics of blood biochemical parameters after a bolus of 15% mannitol (before and 2 hours after infusion) (n = 30)

Hematocrit, % Plasma sodium, mmol / | Plasma osmolarity, mOsm / |
Before After p Before After P Before After p
41.2+2.7 36.1+2.0 136.8+10.7 135.2+7.6 260.7+9.2 271.1+8.4
<0.05 >0.05 >0.05
(27-48) (32-43) (123-142) (124-144) (254-270) (260-279)

From the presented data, it is not difficult to notice that
mannitol led to hemodilution, due to which the Ht parameter
significantly decreased (by 12.4%). As for the concentration
of sodium in the blood, it practically did not undergo
any changes. Plasma osmolarity, although increased by
10 mOsm / L after mannitol infusion, was not statistically
significant.

Table 8. Adose of 15% mannitol and the time required to lower ICP below
20 mm Hg

Adrug
15% mannitol

Time, min
30(20-50)

Dose, ml / inf
308.1+26.7

Dose, ml / kg
4.1+0.3

The average maximum and minimum ICP values obtained
in this group (1) of patients were 27.4 £ 1.9 mm Hg. and 18.7
+ 2.3 mm Hg.

The average duration of osmotherapy in this group was 7.2
+ 0.4 days (6-8 days).

After reaching our goal of treatment (lowering the ICP
below 20 mm Hg), the patients were observed for 2 hours,
and then every 5-6 hours. The decrease in ICP under the
influence of mannitol was accompanied by an increase in
urine output to 110-140 ml / h (121.1 £ 9.0 ml). The peak
increase in urine output was observed within 30-60 minutes.

In 7 (23.3%) patients of this group (3-subdural hematoma
and hemorrhage, 4-epidural hematoma), craniotomy with

clot evacuation was performed (16.6%). Osmotherapy with
mannitol was ineffective for them.

Table 9. Dynamics of GCS indicators
s Data at the end
A drug Initial indicators of the study P
15% mannitol 5.33+0.24 6.87+0.20 <0.05

The stay of patients in ICU in this group averaged 12.6 +
0.9 days. Stay at the clinic - 19.4 + 2.1 days. Hospital
mortality was 23.3% (7 patients).

3. Discussion

Increased ICP above 20 mm Hg. plays a significant role
in the deterioration of neurological status due to impaired
cerebral perfusion. According to established treatment
guidelines, ICP above 20 mm Hg and CPP below 60 mm
Hg are considered critical. Early detection of such critical
episodes and the selection of an effective and safe drug for
treatment is essential to protect the brain. Osmotherapy has
been used since the early 20th century for the treatment of
elevated ICP. Intravenous infusion of mannitol is considered
the "gold standard" in the treatment of ICH. The generally
accepted goal of treatment is to maintain ICP below 20 mm
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Hg and CPP above 60 mm Hg. Otherwise, the outcome is
worse [8].

In our study, 15% mannitol at a dose of 7.1 + 0.3 ml / kg
reduces ICP 30 min after bolus administration. Its effect lasts
more than 2 hours. These data correspond to those presented
in the literature [9,10,11].

Due to its low molecular weight (182 Da), mannitol is
filtered in the glomeruli and reabsorbed in the nephron as
an osmotic diuretic. However, since it is not absorbed, it
remains osmotically active in the tubules, which explains its
diuretic effect. It does not undergo biotransformation [12].
When administered intravenously, mannitol is distributed
mainly in the extracellular sector and excreted in the urine
within 24 hours [13]. Pharmacological studies have shown
that the plasma half-life of mannitol is 22-24 hours. Its action
begins in 15-20 minutes, and the peak effect on the brain
occurs 30 minutes after its administration and lasts from
90 minutes to 6 hours [14,15,18]. According to [16,17],
mannitol is the main treatment for cerebral edema and ICH in
patients with TBI. Nevertheless, there is still no evidence
regarding the optimal dose and duration of osmotherapy. The
ICP threshold has not been set above which mannitol is
recommended.

In our study, the duration of osmotherapy with 15%
mannitol was within 5-8 days, averaging 6.3 + 1.2 days,
for it is a well-known fact that with repeated and prolonged
use, mannitol becomes less effective and can lead to
unacceptably high serum sodium levels and plasma
osmolarity, which in turn can lead to osmotic demyelination
syndrome or other neurological complications [18]. It should
also be noted that in our study we injected a bolus of 15%
mannitol over 20-25 minutes. In a study by Battison et al,
2015, mannitol was administered as a 5 minute bolus dose.
When mannitol was injected slowly (20-30 minutes), no ICP
rebound syndrome was observed until 2 hours after infusion.
In our studies, we also did not observe ICP "rebound"
syndrome.

4. Conclusions

Therefore, it can be concluded that the rate of infusion
may depend on the duration of the action of mannitol,
because the faster the infusion, the greater the likelihood of
termination of the effect due to rapid excretion of mannitol
by the kidneys or its penetration into the brain tissue [19].

Based on the whole of this brain, to say that mannitol
(15%) reduces cerebral edema associated with TBI is a
standard aid in the treatment of ICH. However, further
research is needed to develop an ideal model of the
pharmacokinetics of mannitol.
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