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Abstract

Introduction: Trauma that occurs during childhood is a leading preventable health problem worldwide. The aim of this
study was to compare the epidemiological characteristics, trauma etiologies, treatment procedures, efficacy, and side effects
of 3% hypertonic saline and mannitol treatment for patients in a pediatric intensive care unit with the diagnosis of traumatic
brain injury (TBI) or brain edema.

Methods: The files of 35 patients with the diagnosis of TBI or brain edema were reviewed retrospectively. Patients were di-
vided into 3 groups according to the brain edema treatment procedure applied. Group 1 comprised patients who received
only 3% hypertonic saline, patients who received both hypertonic saline and mannitol were included in Group 2, and Group
3 was made up of those who received only mannitol. Patients were also categorized according to their admission Glasgow
Coma Score (GCS).

Results: Sixteen (45.7%) of the 35 patients were female and 19 (54.3%) were male. An evaluation of complications that devel-
oped in the course of treatment revealed that renal failure was the most frequent, observed in 17 patients (48.6%). Of the 17
patients who developed renal failure, 14 (82.4%) were evaluated as severe TBI based on GCS, which was statistically signifi-
cant (p=0.004). When the brain edema treatment of these 17 patients was examined, there was statistical significance in the
finding that 15 (88.2%) of the patients had received mannitol (p=0.037). The serum urea and creatinine levels of patients who
developed renal failure were found to be positively correlated with the number of mannitol doses received (r=0.784; p=0.001).
Discussion and Conclusion: Hypertonic saline alone or in combination with mannitol is used in the treatment of brain
edema. The present findings suggest that 3% hypertonic saline is safer in hyperosmolar treatment of traumatic brain injury
and that mannitol should be used with caution, especially in young patients. Further studies evaluating the efficacy and side
effects of hyperosmolar treatment procedures are needed, especially in the childhood age group.
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s one of the leading causes of trauma-related deat-
hs, traumatic brain injury (TBI) is an important health
problem that seriously affects young people worldwide; it
frequently results in neurological sequelae, and it requires a
multidisciplinary approach [Vl Brain edema in children who
had a serious cerebral injury increases intracranial pressure,
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subsequently decreases cerebral perfusion pressure, and
induces development of secondary ischemic brain injury [21. A
Glasgow Coma Score (GCS) of <8 points is defined as severe
TBI and is associated with a poor prognosis and a higher
mortality rate, requiring aggressive management 31, Hype-
rosmolar therapy (20% mannitol or 3% hypertonic saline)
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is a first-line treatment in the management of intracranial
hypertension.

The objective of this study was to analyze the epidemio-
logical characteristics and the etiologies of trauma in pe-
diatric patients who developed brain edema secondary to
TBI, the treatment they received, the effectiveness, and side
effects of hypertonic saline and mannitol therapies admi-
nistered in a pediatric intensive care unit.

Materials and Methods

The medical records and admission files of 35 moderate/
severe TBI patients under the age of 18 years who were fol-
lowed up in the pediatric intensive care unit (ICU) with the
indication of brain edema between September 2015 and
September 2017 were retrospectively analyzed. Prior to ini-
tiating the study, approval was granted by the Ethics Com-
mittee. Gender, age (years), the type of traumatic event, ad-
mission GCS, and test results were recorded. The laboratory
test results used were pre- and post-treatment hemoglobin
count (g/dL), hematocrit (%), platelet count (103/uL), urea le-
vel (mg/dL), creatinine level (mg/dL), osmolarity (mOsmol/L),
and coagulation parameters, as well as radiological imaging
results, length of stay in the ICU, mechanical ventilator sup-
port details, data of treatment provided (3% hypertonic sa-
line, mannitol, antiepileptic treatment, sodium-thiopental),
additional drug dosages, and post-treatment complications.
The patients were divided into 3 groups based on their ad-
mission GCS TBI score of mild (GCS: 14-15), moderate (GCS:
9-13), or severe (GKS <8). Mild cases were not included in the
study. The patients were then divided into groups based on
the treatment they received: Group 1 was given only hyper-
tonic saline, Group 2 received hypertonic saline and manni-
tol, and Group 3 was treated with mannitol alone. In order
to maintain serum sodium values between 155-160 mEq/L,
3% hypertonic saline was administered. The first intravenous
loading dose was 5 mL/kg, and recurrent doses were adjus-
ted based on serum sodium level. A maintenance dose of
3% hypertonic saline was given in hourly doses of 0.5 to 1.5
mL/kg. Serum osmolarity was maintained at approximately
360 mOsmol/L in patients who received only 3% hyperto-
nic saline treatment. Mannitol was administered at 6-hour
intervals in doses of 0.25 to 0.5 g/kg. Serum electrolytes and
osmolarity levels were checked at 4-hour intervals, and the
osmolar gap was calculated. The intent was to keep the os-
molarity level between 310-320 mOsmol/L, and mannitol
treatment was discontinued when serum osmolarity was
above 320 mOsmol/L. The osmolar gap was estimated to
follow the mannitol clearance, and it was maintained at less
than 20 mOsm/kg. In patients who received 3% hypertonic

saline and mannitol solution, mannitol treatment was stop-
ped and 3% hypertonic saline treatment was maintained
when osmolarity reached 320 mOsmol/L. Patients with re-
nal failure and active intracranial bleeding were not given
mannitol treatment. All patients with severe TBI were given
sodium thiopental (loading dose of 5-10 mg/kg followed
by maintenance dose of 3-5 mg/kg/hour) to induce barbi-
turate coma. All patients under barbiturate treatment were
followed closely for side effects, such as hypotension and
cardiac suppression, and invasive blood pressure monito-
ring was performed. Continuous electroencephalographic
monitoring was also performed in order to adjust the drug
dose to the lowest that would provide a burst-suppressi-
on pattern. Body temperature, pulse rate, blood pressure,
central venous pressure, oxygen saturation, fluid-electroly-
te balance, and urine output of all patients were monitored.
Hypothermia was induced in all patients, and body tempe-
rature was maintained below 360C. Therapeutic ventilation
to maintain partial carbon dioxide levels between 30 and 35
mmHg was applied. The patients’ heads were maintained in
a midline position, and bedheads were elevated to between
150 and 300. Prophylactic doses of antiepileptics (phenyto-
in, phenobarbital, levetiracetam) were initiated. Midazolam
and a fentanyl infusion were given to achieve sedation and
analgesia. Brain edema and intracranial pressure (ICP) were
monitored both clinically and radiologically.

Statistical analysis was performed using IBM SPSS Statisti-
¢s for Windows, Version 20.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistics were used to analyze the distribution
and frequency of the data, and a chi-square test was used to
compare frequency in independent groups. The normality of
distribution of continuous variables was examined. Pearson
correlation analysis was performed for data with a normal
distribution pattern, and Spearman correlation analysis was
used for data with non-normal distribution, as well as for or-
dinal data. For all statistical analyses, the level of statistical
significant was p<0.05.

Results

A total of 35 patients (female: n=16, 45.7%; male: n=19,
54.3%) were treated for brain edema. The median age was
4.20 years (min: 0.50, max: 14.10 years). Among females,
the median age was 3.52 years (min: 0.50 years, max: 9.45
years), and among males the median age was 5.20 years
(min: 0.76, max: 14.10 years). Epidemiological characteristi-
¢s of the patients are provided in Table 1. A statistically sig-
nificant difference was not detected with regard to gender,
patient age, or treatment method (p>0.05). The severity of
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Table 1. Epidemiological characteristics of the patients according to treatment group

Characteristics Hypertonic saline Hypertonic saline Mannitol Total
(n=10) and mannitol (n=9) (n=35)
(n=16)
Age (years) 2.85 335 5.12 4.20
(0.62-12.20) (0.50-14.10) (3.25-9.45) (0.50-14.10)
Female (n, %) 6.60% 5.32.2% 5.55.6% 16.45.7%
Male (n, %) 4.40% 11.68.8% 4.44.4% 19.54.3%
GCS (mean) 7.80+2.65 6.18+£3.22 8.77+1.64 7.31+2.88
Mechanism of trauma
In-vehicle accident 4.40% 6.37.4% 5.55.6% 15.42.9%
Other vehicle accident 4.40% 4.25% 4.44.4% 12.34.3%
Fall from a height 2.20% 3.18.8% 0.0% 5.143%
Drowning 0. 0% 3.18.8% 0. 0% 3.8.5%

GCS: Glasgow coma score.

TBI was analyzed according to age, and it was found that in
the severe TBI group, 12 patients (60%) were under 5 years
of age, and in the moderate TBI group, 8 patients (53.3%)
were under 5 years of age. No statistically significant diffe-
rence was detected between age group and the severity
of the trauma (p>0.05). However, 11 of 15 (73.3%) victims
of in-vehicle accidents were female, which was statistically
significant (p=0.026).

Only 2 (5.7%) of the study patients were admitted to the
hospital less than 15 minutes after the trauma, while 19
(54.3%) patients arrived within 16 to 30 minutes. A statis-
tically significant difference was not detected between the
length of time until arrival at the hospital and the etiology
of the trauma (p>0.05). The GCS score of patients at admis-
sion was <8 points in 20 (57.1%) and between 9 and 13 in
15 (42.9%) patients. No statistically significant difference
was detected between gender, age group, etiology of the
trauma, and GCS score (p>0.05). A statistically significant
finding was that all 7 of the patients with fixed and dilated
pupils (p=0. 005), and the 10 who did not display a light
reflex (p=0.002) were in the severe TBI group. In addition,
it was also statistically significant that all 6 (17.1%) patients
who received more than 10 doses of mannitol were in the
severe TBI group (p=0.017).

The patients were also evaluated based on the presence
of complications. Fifteen (42.9%) patients were discharged
without sequelae, while 6 (17.1%) patients exited. There
was the development of hypoxic ischemic encephalopathy
in 9 (25.7%), cerebral salt-wasting in 3 (8.6%), inappropri-
ate antidiuretic hormone secretion syndrome in 1 (2.9%),
and hemiplegia in 1 (2.9%) patient. Most (57.1%) of these
complications were seen in the severe TBI group. All of the

patients who died were in the severe TBI group, which was
a statistically significant finding (p=0.016). Though not
statistically significant, 5 of the 6 fatalities were in Group
2, which received both hypertonic saline and mannitol
(p>0,05). Additionally, renal failure was seen in 17 (48.6%)
patients. Fourteen (82.4%) of the 17 patients who develo-
ped renal failure were in the severe TBI group, which was
statistically significant (p=0.004). A statistically significant
number of patients (15/17, 88.2%) who developed renal
failure received mannitol treatment (p=0.037). A positive
correlation was seen in patients who developed renal fai-
lure between the serum urea and creatinine values and the
number of mannitol doses (r=0.784; p=0.001). Renal failure
developed in only 2 patients who received hypertonic sa-
line treatment. Most of the patients who developed renal
failure (11/17, 64.7%) were younger than 5 years of age,
though it was not statistically significant (p>0.05). Osmola-
rity and renal function test values of the patients according
to treatment group can be seen in Table 2.

Admission computed tomography images revealed bra-
in edema in 28.6% (n=10) patients. In addition to brain
edema, subarachnoid bleeding and compression fracture
were detected in 25.7% and 17.1%, respectively (Fig. 1). A
decompressive craniectomy was performed in only 1 case.
ICP monitoring was not performed in any patient. A total
of 27 (77.1%) patients required mechanical ventilation, and
a statistically significant number of them (n=20; 74.1%)
were in the severe TBI group (p=0.001). The mean length
of ICU stay was 11.22+7.32 days (min: 2 days, max: 32 days).
A positive, but statistically insignificant correlation was
seen between the length of stay in the ICU and mortality
(p>0.05). A statistically significant number (n=19, 79.2%)
of patients among those who received barbiturate treat-
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Table 2. Osmolarity values and renal function test results of the patients according to treatment group

Testresults Hypertonic saline Hypertonic saline Mannitol p
(n=10) and mannitol (n=9)
(n=16)
Pre-treatment osmolarity (mOsm/L) 284.30+6.49 283.93+£7.30 279.44+1.66 >0.05
Post-treatment osmolarity (mOsm/L) 344.80+7.09 329.06£2.71 320.66+3.04 >0.05
Pre-treatment BUN (mg/dL) 24.64+2.38 24.11+£3.34 23.93+£1.0.6 >0.05
Post-treatment BUN (mg/dL) 39.0+£15.6 79.75+41.34 72.44+37.71 0.001
Pre-treatment creatinine (mg/dL) 0.95+0.08 0.78+0.06 0.89+0.04 >0.05
Post-treatment creatinine (mg/dL) 1.11£0.27 1.70£0.66 1.65+0.57 0.001

BUN: Blood urea nitrogen.

ment (n=24, 68.6%) were in the severe TBI group (p=0.001).
The remaining 5 patients were in the moderate TBI group;
however, barbiturate treatment was initiated when the
brain edema worsened. Though only 11 (31.4%) patients
experienced seizures, antiepileptic treatment was given to
all patients as a prophylactic. Seven (63.6%) patients who
experienced seizures were in the severe TBI group, but it
was not statistically significant (p>0.05). The antiepileptics
most frequently administered were phenobarbital (45.7%)
and phenytoin (45.7%), and in some cases, levetiracetam
(8.6%).

Discussion

TBI is one of the leading causes of pediatric trauma morta-
lity; it affects between 47 and 280 of every 100,000 children
worldwide 4. Generally, a motor vehicle accident or a fall
from a height is the cause of most of these injuries . In
the present study, the most frequent cause of injury was
a traffic accident (77.1%). The severity of a TBI is defined
using the GCS or the pediatric GCS, and it is classified as

8.60%

5.70%

2.90%

Brain edema only
Subarachnoid bleeding
Compression fracture
Subdural bleeding

® Epidural bleeding
Cervical fracture
Intraventricular bleeding

Figure 1. Computed tomography findings of the patients at admission.

mild, moderate, or severe [®l. Most pediatric trauma pa-
tients seen in the emergency room are mild cases. Severe
TBI, defined as a GCS <8 points, has a poor prognosis and a
high mortality rate 7] The highest morbidity and mortality
rates have been reported in children younger than 4 years
of age and those with lower GCS scores 81, In our study, too,
though not statistically significant, 50% of those who died
were younger than 5 years of age, and it was a statistically
significant finding that all of those who exited were in the
severe TBI group (p=0.016).

A series of biochemical, cellular, and metabolic responses
to the damage caused by direct primary cerebral trauma
or secondary to brain injury induced by hypoxia and/or hy-
potension play a role in the pathophysiology of TBI [-11],
An increase in ICP caused by brain damage can be detec-
ted using brain imaging or other noninvasive methods, ac-
companied by clinical findings. Invasive ICP measurement
with an external ventricular drain or an intraparenchymal
ICP monitor definitively reveals the presence of intracranial
hypertension (>20 mmHg). These measurements are per-
formed in cases of severe TBI following head trauma with
a GCS score <8 and potential complications, such as infec-
tion or bleeding ['213], We could not perform invasive ICP
monitoring on any of our patients due to technical limita-
tions. Brain edema and changes in ICP were followed up
using clinical and radiological methods. A decompressive
craniectomy was performed on only 1 patient because of a
rapid deterioration in clinical status and an increase in brain
edema detected during radiological examination. Invasive
ICP monitoring aids in treatment planning and the decision
whether or not a decompressive craniectomy is required. If
the necessary facilities are available, a decompressive cra-
niectomy should be performed in cases of severe TBI.

Hyperosmolar therapy (20% mannitol or 3% hypertonic
saline) is the first-line treatment in the management of int-
racranial hypertension. The mechanism of action of these
substances involves decreasing blood viscosity and the
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oncotic movement of water into the intravascular com-
partment, leading to a reduction in cerebral intracellular
fluid. (4. The best osmolar therapy regimen for children
with increased ICP has not been confirmed. In most pediat-
ric patients, osmolar therapy with mannitol or hypertonic
saline is effective as an initial treatment ['2], When used in
combination, hypertonic saline aids in balancing hyponat-
remia and hypovolemia following rapid diuresis related
to mannitol treatment. Mannitol helps to compensate for
aggravation of vasogenic cerebral edema that might emer-
ge after long-term use of hypertonic saline. Hypertonic sa-
line or mannitol forms an osmotic gradient, which induces
the outflow of free water into the extracellular space and
into circulation, and thereby leads to a decrease in intracra-
nial fluid volume and ICP [13],

There is limited evidence concerning the superiority of
mannitol or hypertonic saline in the management of intrac-
ranial hypertension. Since mannitol can decrease ICP more
rapidly, some specialists prefer it for the acute treatment of
children presenting with acute head trauma and in cases
of herniation, while others prefer to use hypertonic saline.
(161 Mannitol should not be given as a continuous infusi-
on 71 1t may be administered in 4-hour intervals. Before
administration of each dose of mannitol, serum osmolarity
should be evaluated. Use of mannitol is contraindicated
in patients with active intracranial bleeding ['2. Mannitol
therapy also has the potential side effects of hyperosmo-
larity, hypovolemia, electrolyte imbalance, and acute renal
failure. These adverse effects are more frequently seen with
chronic administration or higher doses. Patients receiving
mannitol for a long period of time or at high doses should
be closely monitored. Serum osmolarity, electrolyte balan-
ce, and renal function should be evaluated at least every 6
to 8 hours, and before the next dose. In addition, high-dose
or long-term use of mannitol can lead to a rebound inc-
rease in ICP if the mannitol passes through blood-brain
barrier 171, Serum osmolarity should be maintained at 300
to 320 mOsm/kg in patients receiving mannitol therapy.
Mannitol induces osmotic diuresis; therefore, a urethral
Foley catheter should be inserted to prevent overdistenti-
on of the bladder and to monitor urine output 2. In our
study, consistent with the literature, a statistically signifi-
cant number of our patients (15/17; 88.2%) who developed
renal failure had received mannitol treatment (p=0.037). A
positive correlation was seen between the number of man-
nitol doses and serum urea and creatinine levels in patients
who developed renal failure (p=0.001). Patients with renal
failure were evaluated according to age group, and though
not statistically significant, 11 of 17 (64.7%) patients who

developed renal failure were younger than 5 years of age
(p>0.05). This finding suggests that when planning hype-
rosmolar treatment for TBI, particularly in young patients,
mannitol should be used with care, and if possible, the use
of hypertonic solution should be preferred.

There is little research concerning the optimal dose of hy-
pertonic saline for the medical treatment of intracranial
blood pressure, the concentration to be used, or the indi-
cations for mannitol versus hypertonic saline 6], An initi-
al 3% hypertonic saline bolus of 5 mL/kg corresponds to
an increase of 5 mEq/L in serum sodium. This dose may be
repeated at hourly intervals until the serum sodium level
reaches 160 mEqg/L. Typically, when the serum sodium level
exceeds 160 mEq/L, 3% hypertonic saline solution does not
further decrease ICP. An hourly dose of 0.5 to 1.5 mL/kg of
3% hypertonic saline to maintain ICP below 20 mmHg may
be administered following control of ICP with bolus doses
[12,18] Unlike mannitol, 3% hypertonic saline solution does
not induce profound osmotic diuresis, and the risk of hy-
povolemic complications is lower. Furthermore, it has the
additional beneficial effects of restoration of normal cel-
lular resting potential and cell volume, stimulation of the
release of atrial natriuretic peptide, prevention of inflam-
mation, and increased cardiac output. Potential complicati-
ons related to 3% hypertonic saline administration include
hypernatremia, hyperosmolarity, acute renal injury, pulmo-
nary edema and/or heart failure, metabolic acidosis, osmo-
tic demineralization syndrome, and fluid overload ['217], |n
the present study, fewer side effects were observed in pa-
tients who received 3% hypertonic saline compared with
mannitol. In pediatric patients with TBI, 3% hypertonic sali-
ne solution can be used safely.

Barbiturates are used to treat intracranial hypertension ref-
ractory to other methods. Pentobarbital is the most studied
and the most frequently used barbiturate. It reduces cereb-
ral blood flow and the cerebral metabolic rate, resulting in
decreased ICP. Furthermore, it may have a protective effect
on brain tissue during periods of hypoxia or hypoperfusion
(19, Barbiturates were used in 68.6% of the patients in this
study. In cases of severe TBI, barbiturates may be adminis-
tered in addition to hyperosmolar treatment.

A decompressive craniectomy is the surgical removal of a
part of the skull in order to reduce ICP. This procedure may
be combined with the evacuation of a mass lesion, such as
a subdural hematoma, or as primary treatment for increa-
sed ICP. A surgeon may elect to perform a decompressive
craniectomy if there is a rapid deterioration of clinical sta-
tus. However, use of this technique in cases of severe TBl is
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controversial and its effectiveness is uncertain 2%, In our
study, we performed a decompressive craniectomy on only
1 patient.

In conclusion, hyperosmolar treatment is routinely used for
a wide range of acute brain injuries, including head trauma,
ischemic stroke, and intracerebral bleeding. In this study,
3% hypertonic saline was used alone and in combination
with mannitol. When compared with mannitol, fewer side
effects were seen in the patients who received 3% hyper-
tonic saline. Our findings suggest that in planning hype-
rosmolar treatment in cases of TBI, especially in young
children, 3% hypertonic saline is safer and mannitol should
be used carefully. However, there is a need for large-scale
studies concerning the effectiveness and spectrum of side
effects of osmotic treatments, especially in young children.
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