Research Article

Effect of hyperosmolar combined solution of mannitol 15% plus 3.5% NaCl solution on
cerebral edema in patients with traumatic brain injury

Running title: Effect of combined solution of mannitol 15% plus 3,5% NaCl
solution on cerebral edema

Temur Malik Murotov,
Associate Professor, Department of Anesthesiology and Resuscitation of the

Tashkent Medical Academy, Tashkent, Republic of Uzbekistan ®
E-mail:temurmalik _murotov@ mail.ru \
ORCID: 0009-0003-1204-4342 l \\
Abstract: %
Background and Aim: Craniocerebral trauma [ the most important public health
cerebral perfusion pressure.

problems and causes elevated intracranial p& d
Methods and Materials/Patients: , We used both hyperosmolar solution colloid-

In
mannitol 15% and crystalloid-NaCl 3@ same time. Both have the same mechanism of
action creating an osmotig.oragENTNgetween blood-brain barrier and brain tissue.
retrospective - 15p 'entsx\ ective - 20 patients, single-center, randomized open clinical
ere tr

ed in the intensive care unit (ICU) with isolated traumatic brain

to 6vears with depression of consciousness (4-12 points on the Glasgow
abnormal computed tomography (CT) data of the head on admission.
data demonstrate the positive effect of mannitol 15% + NaCl 3.5% on ICP
blo®l flow. At 20-25 minutes after administration of abolus of mannitol 15% + NaCl
decreased (stage 2) below 20 mmHg, reaching an average of 18.1+0.72 mmHg,
decreasing relative to baseline by 33.2%.

Conclusions: combined use of mannitol 15% + NaCl 3.5% in the treatment of intracranial
hypertension in patients with isolated craniocerebral 3.5+0.2 mlkg can be recommended in
patients with baseline hypovolemia and hyponatremia.

Keywords: mannitol, hypertonic sodium chloride, intracranial pressure, cerebral perfusion

pressure, hyperosmolar therapy, craniocerebral trauma.
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1.Introductions. Hyperosmolar agents such as mannitol and hypertonic saline solution (HSS) are
pharmacologic options to reduce intracranial pressure (ICP), especially in patients with high-
severity craniocerebral trauma (SCT) [1,2,3]. Hypertonic sodium chloride solution [4] and
mannitol are used for emergency treatment of acute cerebral edema and other neurologic
conditions. High-quality randomized controlled trials comparing these agents are limited.
Emerging evidence suggests that HSR may have a stronger effect on ICP and cerebral perfusion
pressure (CPP) [5,6,7,8].

In this work, we used both hyperosmolar solution colloid-mannitol 15% an d-NacCl
3.5% at the same time. Both have the same mechanism of action creag'ng Q ICradient

between the blood-brain barrier (BBB) and brain tissue. \
1.1 The present study aimed to investigate the efficacy, and sa thegombined use of
in patients with isolated

mannitol 15% + NaCl 3.5% in the treatment of intracranial h

head injury aged >18 years. All patients in this group had sew craniocerebral trauma

caused mainly by motor vehicle accidents (MVA), falls, @Md sport§ynjuries.

1.2 Study design - retrospective - 15 patients afl prospefive - 20 patients, single-center,

randomized open clinical study of 35 patients, %e ated in the intensive care unit (ICU)
of

with isolated traumatic brain injury at the 5 years with depression of consciousness

(4-12 points on the Glasgow Coma Sc, and abnormal computed tomography (CT) data
of the head on admission.

2. Methods and Materigls/P ,

Patients were hospitglized iTNge diate post-injury period and had some degree of impaired

consciousness. time Of admission after injury was 37+8 min. Only patients with

intracranial ) (ICP >20 mmHg) were included in the study. After assessment of

the level ®{cO s, all patients underwent head CT to exclude the need for emergency
neyos al tion.
Inclu iterf® were: age >18 years, isolated traumatic brain injury, level of consciousness

according W the GCS <12, and sustained elevation of ICP >20 mmHg.
The exclusion criteria were:

-Need for urgent cranial or extracranial surgery;

-Previous decompressive craniectomy

-Polytrauma

-Oliguric, renal failure.

-Hb level<80 g/L

-Serum osmolarity >320 mosmol/L



-Use of mannitol or HSS in the previous 6 hours
-Pregnancy

-Patients who died within 72 hours of admission to ICU
-Coagulopathies

Baseline data on admission included: age, sex, weight, brain CT scan not necessary for APACHE
Il severity score calculation, mechanism of injury, pupil reactivity (reactive/non-reactive).

A set of variables were collected for each patient, which included, in addition to the demographic
characteristics described, GCS and Glasgow Outcome Scale (GOS), treatment time, blggd pressure
(BP) monitoring, mean arterial pressure (MAP), heart rate (HR), ICP, CPP, u arity,
sodium level, blood glucose, urine volume, central hemodynamic (CH)‘)aram nOWR index
(SI), cardiac index (CI), total peripheral resistance (TPR)), hemggt th@mbin time,
activated partial thromboplastin time, fibrinogen). WK\

When ICP exceeded 20 mmHg and ICH lasted more tha in one of the mentioned
hyperosmolar solutions was bolus infused through the central v at a rate of 5-7 mL/min

(120 drops/min), i.e., within the range of 1000-1100 mo . Solugn infusion was stopped when
the ICP decreased <20 mmHg, which was the goal OZ%y.

ICP was measured invasively by lumbar punctur % of L3-L4 and noninvasively. In total,
out of 35 patients with isolated traumatic In the absence of CT signs of dislocation
syndrome, lumbar puncture with mang xbligatory filling with auto blood was performed
in 8 patients. In the absolute majority tedly, the ICP was measured noninvasively.

These parameters were aglyzqll atNge follo stages of the study:

wepe ass@se and after therapy.
UltroagurigdiagMostics

We used determination of M-echo pulsation in the third ventricle of the of the brain diagnostic
complex of "Complexmed 1.2", which allows echoencephaloscopy, extra and transcranial

dopplerography (Fig.1).
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Figure 1. Ultrasound device Com

Echoencephaloscopy. Essence of the method. The principle of ic method, also called

the M-method, is based on echolocation of the so-call tructures of the brain, which
normally occupy a median position in relation to al bones of the skull. From the
ultrasound transducer in pulse mode, the echo si e bone penetrates the cranial cavity,
reaching the contralateral bone plate and refi@ct g ongts way from the interfaces of media with
different echo density (tissue-liquid or igmg-Igoe). Three most typical and repetitive signals are
registered. The first signal is the reflect the bone plate of the skull, where the ultrasound

sensor is installed, the so-call ( coMglex (IC). The second signal is formed due to the

reflection of the ultrasound Wga e midbrain structures. These include the interhemispheric

gap, the transpareni@Septum, the entricle and the epiphysis. The third signal recorded along the

path of the ultras eaMis represented by the inner surface of the temporal bone, opposite to

the locati itter. A unique feature of EchoEC is the possibility to register

echopul N ventricular system of the brain. When intracranial pressure increases, not only
fre

Sdl
e QW

th ted signals changes, but also the amplitude of their pulsation.

MethodoNgy: the patient lies on the back, without a pillow, with the right hand freely and at the
same time with some support on the parieto-parietal region of the patient, turning the patient's head
to the left or right, we perform echolocation and measurement of echodistances, while with the
free left hand we carry out the necessary movements of the echodistance meter. To determine Ps -
M-echo pulsation amplitude in percent after lubrication of the frontal and temporal parts of the
head with contact gel, a standard transducer was placed 3-4 cm upward from the external auditory
canal and 1-2 cm anterior to it, due to a particularly powerful, constant and easily detectable M-

echo complex at this location.



A P (pulsation amplitude) of about 15-25% is considered normal for the M-echo complex. As a
rule, it is considered that echo pulsation within 25-50% corresponds to moderate, and above 60-
70% - pronounced intracranial hypertension We present the characteristics of echopulsation in

increasing hypertension syndrome according to the “Manual” for the operation of “Complexmed .

Severe
Moderate hypertension- Edema, swelling | Brain
ECHO Phenomena hypertension hydrocephalus of the brain death.
syndrome
Pulsation amplitude 30-60% 70-90% Less than 10% -

Pulsation pattern and

The pulseogram

Either apulseogram

Sluggish,

relationship to [ is synchronous | or undulation for | synchronized

physiological with the rhythm | asymmetric

functions of the heartbeat | hydrocephalus.

Pulsation direction I\_/Iore often | Single or two-phase i
single-phase (50/50)

The above data indicate that M-echo pulsation of the Ill ventric

the device “Complexmed 1.27, gives the possiility of

-invasi
ICP and ICH indicators (moderate, pronounced hyp%l.

We made an attempt in our studies to transigte! eswg qualitative expressions of M-echo

pulsation into numerical values.

qualitative determination of

rain, obtained by using




@_S'H OT ON REDMLZ
—Al DUAL CAMERA

Figure 2. Non-iwa agnethod for determining ICP

To assess the effectivene lar s®utions and mannitol in the treatment of traumatic

brain injury, carefu P is necessary.

Invasive metho
subdural gpa URE but are the prerogative of large neurosurgical centers. A simpler
invasive \ etermining ICP - intrathecal lumbar puncture with monomanometry of liquor

js notMways feasible in severe traumatic brain injury (wedging syndrome) and cannot

itoring (drainage of brain ventricles, using sensors in the epi- or

serve a thod of monitoring ICP and ICH. Generally accepted methods for non-invasive

determination of ICP do not currently exist or are in clinical trials.

The essence of our study was as follows. 113 patients operated under spinal anesthesia with
traumatic and degenerative changes in hip and knee joints (41), with traumatic brain injury (brain
contusion without displacement of brain structures (28)), suspected meningitis (17), coma (27)
underwent lumbar puncture with monomanometry of liquor tensions for therapeutic and diagnostic

purposes. All these patients were not included in this study. In parallel, these same patients



underwent qualitative noninvasive determination of ICP using M-echo pulsation of the 111 ventricle

of the brain, comparing them with the data of lumbar puncture.

The studies performed showed with a high degree of representativeness that echopulsation
between 25-50% “moderate ICH” corresponds to invasively obtained data between 20-24 mmHg,
and ICP >25 mmHg is clearly within the range of “severe ICH-60-80%.

Echopulsation in the range of 15-25% corresponded to the data of lumbar puncture with

monometry in wide ranges - from 4 to 19 mmHg. The obtained comparative data allowed us to

use the method of echopulsation for the purpose of ICH monitoring during§ t with
hyperosmolar solutions. ICP values exceeding 29 mmHg correspond to :700/Q ¥ nous

echopulsation of undulatory type. \”
In the studied patients with normal values of IAP, we determined cyel coefficient of
IAP, data obtained by noninvasive and invasive method cture) according to the

formula proposed by us.

ICP:E W Cj

P-pulsogram in %, k=1.388 correction coefﬁci@w | pulsogram (percentage data of M -

echo). \
Thus, with M - echo pulsagram equal & % o®average, we divide this value by the coefficient

1.388 and obtain the values of Bained by lumbar puncture.

Thus, with equal to 37.2% on average, we divide this value by acoefficient of

1.677 and WgtaMya f22.2 mm.Hg obtained by lumbar puncture.

INMg S wayYve calculated the correction coefficient for pronounced ICH, and it amounted to
k=2.3

Thus, with M - echopulseogram equal to 64.3 on average, we divide this value by the coefficient

of 2.339 and get the value of 27.5 mm.Hg obtained by lumbar puncture.

Summarizing the above described, we came to the conclusion that it is possible to use M-echo
pulsogram of portable ultrasound device (Complesmed 1.2) for non-invasive monitoring of ICH
in trauma victims with traumatic brain injury in the process of complex therapy and to evaluate

the effectiveness of the latter.



The correction indices calculated by us at normal values of ICH (k=1,388), moderate
ICH(k=1,677) and pronounced ICP (k=2,339) obtained using Complexmed 1.2 when comparing

them with the data of lumbar puncture correlate with Pearson correlation coefficients.

A patent for the invention “Method for non-invasive assessment of intracranial pressure in patients
with brain mjury” (Ne. IAP 06573) was obtained. This method was developed for effective
treatment of diseases by preventing brain swelling through non-invasive assessment of intracranial

pressure in patients with brain injury

2.1 General care of patients in ICU (stage | of treatment). We followed th eco%io ns

of the Fond Brian Foundation (2016). All patients were sedated by conti.nuou @fation
of propofol and opiates and were on artificial ventilation (AVL). Patients xlac n asemi-

reclined position (with the head end of the bed elevated 30-40°), in the ce 3§contraindications
to this. Secondary brain damage was prevented by therapeutic @aggnioC8gbra othermia (CCH),
by covering the head and carotid vessels with cold elements ent measurement of t0
normoglycemia, avoiding hypoxemia.

in the external auditory canal, maintaining body tqatur between 36-37°C, ensuring

therapy (ITT), lidocaine to close Na+ -cha p (nimodipine) to block Ca2+ -channels

w

Basic therapy, according to the protocol adopt%c iC, included infusion and transfusion

| hypothermia (4-5°cooling of brain structures),
, Vit. E) to block reactive oxygen species, propofol,

Ige activity, prophylaxis of infection, thrombotic

early tube feeding @ patients.

Intracranial h SI0N s evaluated as susceptible (i.e., responsive to therapy, including

osmotheragy, turning to <20 mmHg) or refractory (stable ICP>20-25 mmHg),
requiring gsu | §gcompression.
Stat

NeURglo was assessed clinically using the Glasgow scale, and the severity of the patient's
conditiofygnd®outcome were assessed using APACHE II.

35 patients were included in this study conducted over 5 years (2018-2022) in the Departments of
Neurosurgery and Anesthesiology and Critical Care Medicine of TMA. All patients in this group
received a mannitol infusion of 15% mannitol + NaCl 3.5% to reduce ICH. In this study, we
investigated the effect of a combined solution of mannitol 15% + NaCl 3.5% on individual
episodes of intracranial hypertension, as well as on the time and duration of reduction of ICH

peaks, the dose of these solutions reducing ICH <20 mmHg.



Pre-hospital physiologic parameters were recorded, including post-resuscitation GCS, pupillary
response to light, Hb, Ht, and blood glucose levels. Daily data during 7 days after admission to the
ICU included hourly measurements of ICP recorded noninvasively using Complexmed 1.2, and if
possible by lumbar intrathecal puncture with manometry in 8 patients, serum sodium studies, pulse
oximetry and measurement of daily diuresis, plasma osmolarity. Important aspects of the care of
trauma patients included neurosurgical operations performed when necessary (clot evacuation,
decompression craniotomy), mannitol 15% + NaCl 3.5% osmotherapy, and ventilatory support.
Outcome data included ICU and in-hospital mortality, length of stay in ICU, dose gf combined
mannitol 15% + NaCl 3.5% solution, and time required to reduce ICP <20 mm z

We used descriptive statistics to examine the frequency and percentage oWari nder,

pupillary responses, CT findings, mechanism of injury, and level of SNass A the patient
groups we studied as an indicator of the representativeness of these K\

2.2 Methods of intensive therapy

All patients received standard complex intensive therapy by i recommendations for
the treatment of traumatic brain injury. The head end of @€ bed wXy raised by 30-40°. Ventilation

by Wella and Drager apparatus with the respiratory \@lume of 3@ 10 ml per kg of ideal body weight
in SIMV (Synchronized Intermittent Mandat ntilagon) mode and PEEP (positive end-

expiratory pressure) +2-10 cm of water mn ion therapy was carried out, combining
colloid and crystalloid solutions. We intain normovolemia (central venous pressure
(CVP) 8-12 cm of water column). Entega feeding was tried to start from the first day of the

patient's stay in the intensige Gglle URg at the of 20-25 kcal per kg of body weight per day after
stabilization of vita paN f The organism. Daily protein requirement was estimated
according to the n balanC® calculation. If necessary, parenteral nutrition was added. To

ns, all patients were treated with monotherapy with cephalosporins

nce of respiratory support. To prevent thrombosis of deep veins of the lower
e absence of signs of external and internal bleeding, low-molecular-weight
heparin H), clexane 0.4 thousand units per day subcutaneously was administered from 2-3
days). In patients who underwent ICP measurement, in case of clinical signs of dislocation
syndrome (anisocoria, upward gaze paresis, Gerdwig-Majandi syndrome combined with
bradycardia, arterial hypertension) CT of the brain was performed and the question of surgical
intervention was decided. Blood plasma osmolarity was monitored. To control psychomotor
agitation we used medication sedation with a combination of narcotic analgesics and

benzodiazepines. Hyperthermia was not allowed by us. At t>37.5°, antipyretics were administered



and physical methods of cooling were used. In case of progressive worsening of the level of
consciousness, despite conservative therapy, a CT scan of the brain was performed.

ICP was sought to be maintained within 15-20 mmHg or less. Analgesia and sedatives were used
during invasive procedures (tracheostomy, vascular catheterization) and when it was necessary to
control the psychomotor agitation of the patient. Hyperosmolar solutions under the control of
blood plasma osmolality were used to reduce elevated ICP. If blood plasma osmolality increased
more than 320 mosnvI, administration of hyperosmolar preparations was stopped. In the presence
of persistent intracranial hypertension difficult to be corrected by conservative methodg_of therapy
(ICP more than 20 mm Hg for 6-12 hours), decompressive cranial trepanation d.

2.3 Methods of statistical analysis °

Statistical processing of the obtained data was carried out on a person uslhg the JASP
bination tables,

program package. Statistical processing of the material provided for

graphs, and analytical indicators: structure (P), mean values eir standard errors (xm),

Student's criterion (t) with calculation of the probability of err ragicrences in mean values
were considered reliable at a significance level of p<0.0§f
ICP and M-echo pulseograms were checked withcearson's correlation coefficient, and their

reliability was checked with the Student's t-test%

3. Results.

When the ICP exceeded 2Q Miglig more tM 5 min (two to three times measured by ultrasound
(US) M-echo pulsatign of bral 111 ventricle), bolus mannitol 15% + NaCl 3.5% was

cegiral veir®at a rate of 6-8 mL/min (120-130 cap/min). The infusion was
droped below 20 mmHg. We recorded the values of ICP, and CPP before

stopped wh

and after nitol 15% + NaCl 3.5%. We recorded ICP and CPP 15, 30, 60, and 120
min after@drip n of combined mannitol 15% + NaCl 3.5% solution. The total episodes of
ICHWgu inistration of hyperosmolar solutions per patient, the number of ICH episodes
per day, the dose of each infusion of mannitol 15% + NaCl 3.5% were recorded by us.

The age of patients in this group ranged from 20-82 years (41.5+£1.7). The trauma was associated
with road traffic accidents (19/54,3%), falls (12/34,3%) compression (2/5,7%), and two (5,7%)
patients had sports trauma with a bleeding wound in the frontal-temporal part of the head without
damage to the skull bones. Vomiting of gastric contents occurred in 16 patients, in three of them
aspiration syndrome was diagnosed, for which sanitation bronchoscopy with lavage of airways
was performed (Table 1).

Table 1



Demographic and clinical characteristics of patients (n=35)

. - Values
Patient Characteristics
aoc. %
Age, years 41,5+16,2
Men 33 94,3%
Paul Woren 5 5.7%
Traffic accidents, % 19 54,3%
Mechanism of injury | Falls, n% 12 34,3%
Compressions, n% 2 5,7%
Sports injury, n% 2 %
Vigor level GCS, points
Pupils (pathologic, n%)
Abrormal pupils Bilateral miosis, n % &
Anisocoria, n % 1 42,9%
Bilateral mydriasis with photoreactiony 4 11,4%
%
CT data (pathologic, n %) 35 100%
Brain contusion, n % 24 68,6%
- Skull bone fracture, n ‘ 4 11,4%
kS Brain edema, n % 10 28,6%
= 12 34,3%
2 3 86%
© 8,6%
2,9%
2,9%
30 85,7%
rial hypotension, n % 8 22,9%
ACHE I, scores 15,4+0,61
Craniotomy, n % 5 14,3%

Comggiousness disorder according to GCS averaged 5.81+0.23 (4.0-11.0). The total severity
of the condition according to APACHE Il averaged 15.4+0.61 points.

Equal-sized pupils of medium size with good photoreaction were registered in 5 patients of
this group, bilateral miosis - in 11 patients, anisocoria - in 15 patients, and 4 patients had bilateral
mydriasis with photoreaction.

CT scan diagnosed: subarachnoid hemorrhage (12/34.3%), cerebral edema in 10 (28.6%),
epidural hemorrhage (3/8.6%), linear skull fracture in the occipital-parietal region without

fragment separation (4/11.4%), subdural hematoma (3/8.6%), epidural hematoma (3/8.6%)



(Table 1).
The presented Table 2 shows the data of clinical examination of the patients of this group on

admission to the clinic.

Table 2 ° %
Indicators of clinical examination of blood angh r\

on admission (n=35)

Indicators Norma
Erythrocytes,, 1012/ 3,7-5,1
Hemoglobin, g/l 12,0-16,0
White blood cells, 10°/1 4-8,8
Neutrophils,10° /I 0,5-6
Lymphocytes, 10°/1 1,85+0,08 1,2-3,0
Fibrinogen, ¢/l 4,19+0,17 2-4
Platelets, 10°/1 177,3+7,3 160-360
Prothrombin time, sec 12,8+0,52 15-17
APTT, sec 28,8+1,2 35-45
Hematocrit, % 40,8+1,7 36-48

The Qges

coagulati

ify to moderate anemia of traumatic genesis and activity of the blood
as evidenced by: shortened prothrombin time by 8.6%, increased values of
fibriMyge™\and @creased kephalin-kaolin time, activated partial thromboplastin time (APTT) by
7.1% froMythe lower limit of physiological values of this index (Table 2).

The average values of the studied parameters indicate that in patients of this group at
admission there was moderate arterial hypotension with a decrease in systolic and diastolic
pressure, which affected the decrease in MAP. All this indicated a decrease in the tone of resistive
vessels. However, TPR values were also lower than physiologic values, indicating a decrease in
tone in the low-pressure system (capillaries, venules). The decrease in TPR amounted to 9.2% of
the proper values of TPR during this period (1511.1 dynexsxcm®) (Table 3).

Proper values of MAP in this age group of the studied patients amounted to 85 mmHg.



CVP was lower than physiologic values by 36.25%. All these factors contributed to the
decrease of single and minute cardiac output, which were at the borderline values of normo- and
hypodynamic mode of blood circulation and indicated deterioration of cerebral circulation (Table
3).

Table 3
Systemic and central hemodynamic parameters in patients

of this group on admission (n=35)

Indicators

BP systolic, mm.Hg.
Diastolic BP, mm.Hg. \

Mean BP (MBP), mm.Hg. \ 77,7+3,1
Heart rate (HR), per min \ 76,329
Central venous pressure (CVP), cm.vg. 5,1+£0,20
SpO2, % % 93,5+3,7
Shock index (SI), m/m2 33,5+1,3
Cardiac index (CI), Im2 & 2,51+0,10

Total peripheral vascular resistance xsxcm-> 1372,2+54,6

In all patients of thig gr gmissi
average values of which d 27.1+1.1 mmHg. Average values of cerebral perfusion

to the ICU an increase in ICP was registered, the

6+1.9 mmHg, which confirmed the deterioration of cerebral

not eRgeeRhe iological norm for adults. However, it is immediately striking that in this group
of patie ith insignificant hyponatremia (according to the mean values) there is a large
difference in the mean square deviation in the variation series, which made us study Na+t
concentration in patients in more detail. Thus, in 7 patients from this group the plasma sodium
concentration exceeded 145 mmol and averaged 149,3+4,5 mmol/l, while in 28 patients the Na+
level in plasma was below 135 mmol/l, averaging 129,5+7,2 mmol/l. Relative hyponatremia with
normal blood glucose and urea values resulted in a 4.0% decrease in plasma osmolarity from the

physiologic norm (Table 4).



Table 4

Blood biochemical parameters and plasma osmolarity in patients

during fasting (n=35)

Indicators Values Norm
Total protein, g/l 72,1128 70-90
Glucose, mmol/L 4,75+0,19 4,22-6,11
Creatinine, pmol/L 79,2+3,3
Urea, mmol/L 5,08+0,21
Potassium, mmol/L 4,2+0,16

Sodium, mmol/L

134,4+5,2

Calcium, mmol/L

Plasma osmolarity, mosm/L

2,2-2,7

280-290

3.1 Effect of combined solution of Mannigmsl

central h

Mean baseline HR, amounting to 76.3%

clinically significant changes during th

' 4

ceNgpral hemodynamic parameters in patients

(Table 5).
Table 5

Syste

NaCl 3.5% on systemic and

ingte (60-88), practically did not undergo

at the stages of the study (n=35)

ges. There was a tendency to HR increase

Stages of the study

I I " v \Y
76,3+2,9 77,2+3,1 77,8+3,3 77,5%3,2 76,4+3,0
109,8+4,3 115,8+4,8 121,645,1 121,2+4,9 120,8+4,7
61,7+2,4 67,2+2,7 72,4+2,9° 74,7+3,1" | 73,5+2,8"

MAP, mm.Hg 77,731 83,4+3,4 88,8+3,6" 90,2+3,8" 89,3+3,7"
CVP, cm.hg 5,1+0,20 7,5£0,31" | 8,1+0,33""" | 8,5+0,35""" | 9,2+0,38™""
SpO2, % 93,5+3,7 98,3+4,0 98,8+4,1 98,9+4,2 98,5+3,9
Shl, ms/m? 33,5+1,3 40,2+1,7"" | 42,8+£1,8"" | 41,4+1,6™ 39,2+1,6"
HI, Vm? 2,51+0,10 | 2,95+0,12" | 3,38+0,14™*" 3’4219’13** 3,41+0,14™
TPR dynexsxcnr® 1372§i54’ 1256.550.6 1167,§i47,3 1174#146, 1163.9+46.4°

Note: *- reliable in comparison with the indicators of the I stage of the study (*-p<0.05; **-



p<0.01; ***-p<0.001)

Its maximum values were observed at stage 3 (15-30 minutes after administration of a bolus
of mannitol 15% + NaCl 3.5%). BP increased almost due to both systolic (10.7%) and more
pronounced increase in diastolic (21.0%) components (Table 5).

Initial values of MAP, amounting to 77.7+£3.1 (65-88) mm.Hg, also showed a tendency to
increase. It reached its maximum at the 4th stage of the study (60 min after administration of
mannitol 15% + NaCl 3.5% bolus) and exceeded the initial data by 16.1% (p<0.05).

In 8 patients of this group (22.8%) on admission, the severity of arterial h en@uired
inotropic support (pressors, hormones) for correction. The indices of gulse% CVP

significantly improved, indicating the improvement of blood gas cogpaSMQINELS AXygenation)

and the growth of venous blood return to the heart, which led to th se W cardiac output,

both due to single heart output (by 5.1% at stage 2) and incre .2%). The maximum
values of Shl and HI were registered by us already at stages he study, respectively,
when they exceeded the initial values by 27.7% and 36.40, respecely (Table 5).

The increase in cardiac performance was pro %ecrease in TPR, which was traced
at all stages of the study bolus mannitol 15% mO%5%, although it was not statistically
significant. The maximum decrease in T v%rved already at the 2nd stage (after HS
administration). It, amounting to 125 P&cm? was 8.5% lower than the initial data and

3.4% lower than the proper values of T, is period (1300.1 dynexsxcm-®). All this indicated

improvement of peripherwx@tion ble 5).
ed

3.2 Effect oggomiin nnitol 15% + NaCl 3.5% solution on intracranial pressure

and cerebral perfusion pressure
M-echo pulsation, ICP and CPP data during the study stages are
llowing Table 6.

Dyn&gics of P%, ICP and CPP at the stages of the study (n=35)

_ Stages of the study
Indicators
I 1 " v \/
P %, M-
echopulseogramme 62,5+6,4 29,1+4 4* 25,3+4,7* 29,2+4 9* 29,414 4*
ICP, mm.Hg, 27,1+1,6 18,1+1,5* 17,2+2,2* 18,4+1,8* 18,6+1,4*
CPP, mm.Hg 50,6+7,4 | 65,3+4,8* 71,6+3,5* 71,8+3,0* 70,7+2,8*

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




The presented data demonstrate the positive effect of mannitol 15% + NaCl 3.5% on ICP and
cerebral blood flow. At 20-25 minutes after administration of a bolus of mannitol 15% + NaCl
3.5%, ICP decreased (stage 2) below 20 mmHg, reaching an average of 18.1+0.72 mmHg,
decreasing relative to baseline by 33.2% (p<0.05). The maximum decrease in ICP was noted at the
3rd stage of the study (after 30 minutes), where, amounting to 17.2+0.68 mmHg, it was 36.5%
(p<0.05) lower than baseline values. Already from 60 minutes after injection and up to 120 minutes

it showed a tendency to increase, however remaining below 20 mmHg. Decrease in ICP
contributed to the increase in CPP. So already at the 2nd stage it exceeded the initii: values by

29.0% (p<0.05). The maximum values of CPP in this group were registered at S\ge minutes
after bolus administration), where it amounted to 71.8 mmHg, 41.9% hi@er tm a of the
study (Table 6). \

i&blo d osmolarity and

osmolarity at the stages of

The following table reflects the dynamics of electr@ftes, pla
the study after administration of a bolus of Mann'rtol(E% + N&CI3.5% (Table 7).

&

Dynamics of elecgol blood ®molarity and hematocrit at the stages of the in
trauma patients (n=35)
|

3.3 Effect of Mannitol 15% + NaCl 3.5% combined
hematocrit

Stages of the study
] I v Vv
134,454 141,1+5,8 142,445,9 139,615,7 139,2+5,6
268,8+10,7 | 282,6+11,3 | 284,8+11,6 | 280,2+10,8 | 278,4+10,6
40,8+1,7 37,315 35,2+1,4* | 34,6+1,3* 35,9+1,4*

Not®*- reliable in comparison with the indicators of the first stage of the study (*-p<0.05)

At 20-25 minutes after administration of a bolus of mannitol 15% + NaCl 3.5%, the values

of sodium and plasma osmolarity (stage 2) increased by 4.9% and 5.1%, respectively (p>0.05).

The maximum increase in blood sodium and osmolarity was noted at 30 minutes (stage 3),
exceeding their initial values by 5.9% in both cases.

These are the average values of Na+ concentration and plasma osmolarity. In 7 patients of

this group, who had initial hypernatremia (149,3+4,5 mmol/l) after administration of bolus dose

of mannitol 15% + NaCl 3,5% there was an increase of plasma Na+ level already at the 2nd stage



of the study up to 157,2+2,3 mmol/l (by 5.3%) (Tab.7). Osmodiuretic effect of mannitol was
accompanied by increase of hourly diuresis in them up to 110-120 mlhour, whereas in the group
as a whole diuresis increased up to 92-95 ml/hour. In no case in this group we did not note the
development of renal failure. On the contrary, renal compensation of hypernatremia was
satisfactory. Diuresis amounted to 100.2+10.8 ml/h.

In this group we recorded 195 episodes of intracranial hypertension, which forced the
administration of another bolus of mannitol 15% + NaCl 3.5%. On average, there were 5 (4-7)
episodes of ICH per patient.

The mean interval between baseline (standard) therapy and the start of ma ol% NaCl
3.5% infusion was 4.4+0.5 hours in this group. The dose of mannitol 150/ 70

adjusted in each episode of ICH, starting at 5 mL/kg/hour and endin \ at ICP <20
mmHg. This dose was 3.5+0.2 mL/kg for the whole group (Table 8)

was

Table 8
Dose and time required to redu CP beRyw 20 mmHg.

in trauma pa nts n=

The drug
Mannitol 15% + NaCl 3.5%

Dose (mlkg) Time min
3,5+0,14 25,0+0,97

In 5 patients of this group rather ICH was noted, which was not relieved by 3.5%
HSS in combination with 159 Iﬁ)l. se patients underwent neurosurgical interventions
(decompression trepanatioNy, CIR§ evasiation).

The average @mber of ICP measurement in this group amounted to 5.4+0.2.

The average r ays of patients' stay in ICU in this group amounted to 10.8+0.6,
T days.

The et
serl knary Jauma (falls from a height, blows to the head) with lower GCS scores (4-5) and

this group amounted to 17.1%. 4 deceased patients in this group had more

higher ices. In one patient in this group, the fatal outcome was associated with acute
myocardial infarction (AMI). Another patient had abscessed pneumonia and sepsis.

4. Discussion: The combination of Mannitol + 3.5% NaCl leads to significant and sustained
improvement in systemic and cerebral blood flow. In the group, 284.8+11.6 mOsm/L with aslight
decrease due to natriuresis under the effect of mannitol. But both drugs complemented each other,
maintaining increased plasma osmolarity, which led to the movement of fluid from the cells and
interstitial space into the vascular bed. The results show that the group of patients showed the most

marked decrease in hematocrit due to hemodilution and optimal increase in CVP to maintain



adequate hemodynamics.

According to Asma A et al [9] who received combined therapy with mannitol and 3% sodium
chloride had the lowest mortality rate, which may indicate more effective methods of treatment
of increased intracranial pressure. In our study, the rate of ICP reduction was most significant in
stage 2 18.1+0.72 mmHg. The combination of mannitol 15% + NaCl 3.5% rapidly reduced the
ICP, and the duration of the decrease was maintained even by 120 minutes, amounting to
18.6+£0.76 mm.Hg. The lethality in this group was 17.1%.

Sujita W et al [10] demonstrated mannitol plus hypertonic saline did not increasg_the risk of
renal dysfunction. In our study we did not observe cases of ricochet syndrome e renal
failure in patients in the group.

Thus, the use of combined solution of mannitol 15% + NaCl 3.59 by a more
prolonged decrease in ICP, persistent increase in MAP and CPP. Th X\/ that combined
hyperosmolar solutions of mannitol 15% + NaCl 3.5% can b in"Wypical ™ practice.

5. CONCLUSIONS.

1. Bolus infusion of a combined solution of 15% toI aNy 3.5% NaCl HSS at a rate of

3.5+£0.2 ml/kg body weight leads to a rapid (20- mlnute and prolonged (>120 minutes)
.8%) increase in CPP.

decrease in ICH (by 36.5% of baseline) and a si
2. Combined use of mannitol 15% + | SN the treatment of intracranial hypertension
in patients with isolated craniocereb O mlkg can be recommended in patients with

baseline hypovolemia and hyponatre%
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