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Abstract
Objectives: Guidelines for the pediatric severe traumatic brain injury were published in 2003, 2012, 2019
in order to establish a common treatment approach. In this study, our aim is to evaluate the approaches
of the pediatric intensive care specialists in Turkey, towards the follow-up and treatment of severe
traumatic brain injury through a survey that was prepared in the light of the guidelines for the pediatric
severe traumatic brain injury, which was updated by Kochanek et al.

Methods: The survey of forty-five questions on the SurveyMonkey was sent by e-mail to the centers,
which were members of the Turkish Society of Pediatric Emergency and Intensive Care Medicine.

Results: A total of 45 centers participated in the survey. In all centers, first choice imaging method in the
traumatic brain injury was the cranial brain tomography. Regarding the follow-up of the increased
intracranial pressure, all centers reported that they used cranial brain tomography. In addition, 20
(44.44%) centers mentioned using magnetic resonance imaging of the brain, 19 (42.22%) centers
mentioned using Near-Infrared Spectroscopy, 12 (26.67%) centers mentioned using ultrasonographic
optic nerve sheath diameter measurement, and 7 (15.56%) centers mentioned using the transcranial
Doppler ultrasonography. As the hyperosmolar therapy, 30 (65.22%) centers reported using 3% hypertonic
saline and 16 (37.78%) reported using 3% hypertonic saline + mannitol. In rapid sequence intubation, the
most common sedative drug used by the centers was midazolam. In addition, 40 (86.96%) centers stated
that they did not use prophylactic hyperventilation in the first 48 hours. In the first 7 days, prophylactic
antiepileptic drugs were administered in 44 centers (97.78%), and the most preferred antiepileptic drug
was levetiracetam.

Conclusion: The results of our survey supported that the pediatric intensive care specialists in our country
planned a large percentage of the treatment for pediatric patients with severe traumatic brain injury in line
with the guidelines, which were updated in 2019. In patients with severe traumatic brain injury, it is
possible to obtain the good long-term prognosis, prevent the secondary injury, and decrease the morbidity
and mortality with the administration of appropriate treatments in the acute period.

Introduction
Head trauma is one of the most important causes of brain injury in children and can lead to mortality and
lifelong physical, cognitive and behavioral morbidity. Like the differences in many clinical conditions
between children and adults, childhood head traumas are also different from adults in many aspects (1).
The possibility of head injury in the trauma is higher in children especially due to structural differences. In
children, the possibility of the clinical condition to result in multiple organ failure and progression to
shock is also high. For all these reasons, head traumas of the pediatric age group should be evaluated
separately from adults (2).

Although there is a lack of pediatric data in the literature regarding traumatic brain injury (TBI) in children
and newborns, a group of scientists published guidelines on pediatric severe head traumas in 2003 and
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then 2012. The same guidelines were updated in the light of recent studies in 2019. The latest pediatric
severe head injury guidelines contain 22 suggestions in total. 3 of these suggestions are level II, and 19
are level III suggestions; there are no level I suggestions in the guidelines (3). As randomized controlled
pediatric studies with large patient groups increase, it is hoped that stronger suggestions at the evidence
level will be provided in the future. In this study, we aimed to evaluate the severe TBI and treatment
approaches of pediatric intensive care professionals in the pediatric intensive care units in Turkey.

Methods
A multi-center, descriptive survey was prepared. The 45-question SurveyMonkey questionnaire we formed
was sent to the member centers of the Turkish Society of Pediatric Emergency and Intensive Care
Medicine by e-mail. Access to the questionnaire was enabled in July 2020. The questionnaire consisted
of questions related to the capacity of the participating centers and units, and the approaches of the
pediatric intensive care professionals working in the units to diagnosis, treatment and follow-up in critical
pediatric patients with TBI. Approval was received from the XXXXX University Faculty of Medicine Clinical
Research Ethics Committee for the study (Date:03/07/2020, meeting number:101). No statistical analysis
methods were used. As the questions of the questionnaire did not contain any patient information,
patient consent was not obtained.

Results
A total of 45 centers participated in the survey. Of the centers, 7 (15.56%) were city hospitals, 12 (26.67%)
were state hospitals, 25 (55.56%) were university hospitals, and 1 (2.22%) was a private hospital. When
the capacity of the centers was asked about, 23 (51.11%) units were medical + surgical + cardiac
intensive care, and 22 (48.89%) units were medical + surgical intensive care. All the units were tertiary
pediatric intensive care units. When we asked about the scoring they used for the neurological evaluation
in the pediatric patient with traumatic brain injury, all of them expressed that they used the Glasgow
Coma Scale (GCS), and 15 (33.33%) centers additionally used the scoring ‘Alert, Voice, Pain,
Unresponsive’ (AVPU). Forty-two of the centers (93.33%) stated that they performed intracranial pressure
(ICP) monitoring. In all the centers, the imaging method preferred first in TBI was cranial brain computed
tomography (CT). Thirteen centers (28.89%) stated that routine cranial CT was performed on the patient
after 6 hours when the patient's cranial CT at the time of admission was normal and no increased ICP
findings were observed in the patient's clinic. When the methods used to monitor the increase in ICP were
questioned, as expressed by the centers, cranial CT was used by all the centers, brain magnetic resonance
imaging (MRI) by 20 (44.44%) centers, Near infrared spectroscopy (NIRS) by 19 (42.22%) centers, bedside
ultrasonographic optic nerve sheath diameter measurement (ONSD) by 12 (26.67%) centers, and bedside
transcranial Doppler ultrasonography (TCD) by 7 (15.56%) centers. When the centers were asked about
when they performed MRI in a patient with TBI in order to have information about secondary injury such
as axonal injury, contusions, microhemorrhages and long-term prognosis, 1 (2.22%) center stated that it
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performed it in the first 24 hours, 13 (28.89%) centers in 24–72 hours, and 31 (68.89%) centers between
72 hours and 2 weeks.

In this patient group, the sedative drug used by the centers the most frequently in rapid sequential
intubation (RSI) was midazolam with a rate of 97.78%; the most common analgesic agent was fentanyl
with a rate of 78.57%, and the most frequent neuromuscular blocker agent was rocuronium with a rate of
71.79% (Graphic-1). When we questioned the hyperosmolar treatment approach, 30 (65.22%) centers
reported using 3% hypertonic saline (HS), and 16 (37.78%) centers using 3% HS + mannitol. With
hyperosmolar treatment, the sodium value targeted by 22 (47.8%) centers was 155–159 mEq/L. The
sodium treatment targets of the centers are given in Graphic-2. The most common side effect resulting
from HS was natriuresis with a rate of 37.21% (Graphic-3). When the routine usage neuromuscular
blocker agents were questioned in an intubated patient with TBI, 10 (21.74%) centers expressed that they
used routine neuromuscular blockers.

In the first 7 days, prophylactic antiepileptic drugs were administered in 44 centers (97.78%), and the
most frequently preferred antiepileptic drug was levetiracetam with a rate of 82.61%. For this patient
group, the target serum glucose was reported as 100–180 mg/dL by 28 centers (60.87%). The number of
the centers with the capability of continuous electroencephalogram (EEG) monitoring was 13 (28.26%).
26 (56.52%) centers expressed that they applied barbiturate therapy in addition to invasive arterial
monitoring in patients with severe TBI who were hemodynamically stable. When the prophylactic
hyperventilation approach was questioned in the first 48 hours, 40 (86.96%) centers said that they did not
apply prophylactic hyperventilation. When we questioned the target PaCO2 level in hyperventilation, as
stated by the centers, 25 (55.55%) centers targeted 30–35 mmHg, 15 (33.3%) centers 35–40 mmHg, and
5 centers 28–32 mmHg PaCO2. When we questioned the application of prophylactic moderate

hypothermia (32–33 0C), 39 (86.67%) centers stated that they applied it. However, when we questioned
their targeted body temperatures for this patient group, 19 (42.22%) centers expressed that they only
hindered hypothermia (Graphic-4). For endotracheal intubation, 23 (51.11%) centers preferred the
intravenous use of lidocaine. The number of the centers which performed decompressive craniectomy in
intracranial hypertension resistant to medical treatment was 37 (85.43%). The initiation time of enteral
feeding was reported as the first 48 hours in 24 (52.17%) centers.

Discussion
It is important to use a common terminology for evaluating consciousness to eliminate interpretation
differences resulting from the knowledge and experience of the clinician. GCS, which is one of the
consciousness evaluation tools developed for this purpose. The verbal and motor parts of the Glasgow
Coma Scale value were modified for the evaluation of infants (4). AVPU can be used as another scale
that will enable neurological evaluation. In a study evaluating the correlation between pediatric GCS and
AVPU with a large pediatric series of 302 patients, a good correlation was discovered between the two
scales, and it was found that the part of AVPU with the verbal response corresponds to 8 and above in
GCS. Additionally, it was reported that AVPU should be used widely, especially in pre-hospital and
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emergency services, because it is a fast and easy scale (5). All the centers that participated in our survey
stated that they used GCS, and 15 centers mentioned about using the AVPU scale in addition to GCS.

Cranial CT maintains its importance in the initial evaluation in TBI with its fastness, and superiority in
evaluating the bone tissue and bleeding (6). Ionizing radiation exposure is the most significant side effect
of CT. Even though it was suggested in previous publications that cranial CT should be repeated 24–48
hours after the injury following a severe head trauma, according to the pediatric TBI guidelines renewed in
2019, it is not recommended to perform routine CT after 6 hours if the cranial CT is normal in the
admission and there are no increased ICP findings in the patient's clinic. However, if the patient does not
have neurological impairment or increased ICP findings, routine CT scans after 24 hours are not
recommended for the decision of neurosurgical intervention (3). Accordingly, a decision should be made
on the repetition of the brain CT according to the ICP and changes in the clinical examination. In our
survey, in non-conformity with the suggestions of the guidelines, the number of the centers which stated
that they performed routine cranial CT after 6 hours when the cranial CT of the patient was normal at
admission and there were no increased ICP findings in the patient's clinic was 13 (28.89%).

Brain MRI is not the first imaging option due to reasons such as long imaging time in head trauma cases,
difficulty in monitoring during imaging, unsuitability of ventilator and infusion pumps for use during MRI,
requirement of sedation, and high costs, but it may be of great significance with the information it
provides about especially secondary injury, such as diffuse axonal injury, contusions and
microhemorrhages, and long-term prognosis (7). In a survey study conducted with the participation of
pediatric intensive care physicians, neurologists and neurosurgeons from a total of 27 centers from the
United States, UK, Spain, Netherlands and India, 12 centers stated that they performed MRI on more than
95% of the patients with severe TBI. While 60% of the centers reported the timing of MRI between 72
hours and 2 weeks, only 1 center answered as the first 24 hours after trauma and 4 centers between 24–
72 hours (8). Similarly, in our survey, 31 (68.89%) centers reported that they performed MRI between 72
hours and 14 days, 13 (28.89%) centers in 24–72 hours, and only 1 (22.22%) center in the first 24 hours.

ICP monitoring with a ventricular catheter is accepted as the most accurate, cheap and reliable method,
and meanwhile, the ability to perform cerebrospinal fluid drainage is a great advantage, because this is
one of the implementations that can be performed in the first stage in the increased ICP treatment (9). ICP
monitoring is recommended in patients with TBI, children with abnormality in the first brain CT and an
initial GCS of 3–8 (3). In the pediatric TBI guideline updated in 2019, there is a suggestion of ICP
monitoring as in the previous 2 published guidelines, and it is recommended to keep the ICP below 20
mmHg as the treatment goal (3). 93.33% of the centers that participated in our survey were observed to
be able to perform ICP monitoring.

Near infrared spectroscopy is a noninvasive monitor which can detect regional brain tissue oxygenation,
cerebral blood flow and cerebral blood volume changes, and provides continuous measurement (10). In
our survey, 19 (42.22%) centers stated that they used NIRS in the follow-up of ICP.
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In recent years, the use of point-of-care ultrasound by the clinicians who are not radiologists is becoming
widespread (11). Optic nerve sheath is the continuation of the dura mater, arachnoid mater and pia mater.
When the ICP increases, it is directly reflected on ONSD, and an increase is observed in ONSD even before
the development of papillae stasis (12). In a pediatric study, Rehman Siddiqui et al. (13) reported the limit
for ONSD as > 4 mm in the newborns, > 4.71 mm in those between 1–10 years of age, and > 5.43 in those
above 10 years old (sensitivity 100%, specificity 60-66.7%). In a study on the evaluation of 72 pediatric
patients in whom interventional ICP catheters were placed, the ONSD cut-off value was reported as 5.28
mm for ICP > 15 mmHg and 5.57 mm for ICP > 20 mmHg (14). Twelve (26.67%) centers that participated
in our survey were using ultrasonographic ONSD measurement in the follow-up of increased ICP.

In a review of the studies on the pediatric use of TCD in head traumas in the literature, it was suggested
that TCD is a useful tool for evaluating autoregulation, vasospasm, and ICP after TBI (15). In our survey,
the number of the centers using TCD in the clinical practice in a patient with increased ICP was 7
(15.56%).

The brain injured by a severe head trauma is highly sensitive to hypoxia and hypotension, and these two
extracerebral events increase mortality and morbidity (16). The first goal in treatment should be to enable
and maintain normal oxygenation, ventilation and blood pressure. If the patient is unconscious, has signs
of insufficient oxygenation-ventilation or seems in a shock-like state, the airway should be opened quickly
and stabilized (17). Rapid sequence intubation should be applied if endotracheal intubation is required. In
our survey, midazolam was found to be the most frequently used sedative agent, fentanyl to be the most
common analgesic agent, and rocuronium to be the most used muscle relaxant for RSI. The drug
selections of pediatric intensive care professionals in patients with TBI in Turkey are given in Graphic-1 in
detail.

In a review of 101 adult and 55 pediatric studies on the use of ketamine and its effects on ICP in patients
with traumatic brain injury, none of the studies reported that ICP increased during ketamine
administration. However, when the studies in the review are examined in detail, it is observed that
ketamine was administered together with midazolam (18). In a study evaluating the relationship between
ketamine and ICP, it was expressed that there was not enough evidence that ketamine increased ICP apart
from the patients with hydrocephalus, and it could be used in procedural sedation, analgesia and RSI
(19). 91.11% of the centers participating in our survey reported that they did not use ketamine in RSI in
the patient group with severe TBI.

Painful stimuli and stress lead to an increase in sympathetic tone and hypertension, and cerebral edema
in the affected areas. Sedation and neuromuscular blockade are applied following necessary monitoring.
Usually, it is preferred to use narcotic-based sedation, which will not affect the patient's hemodynamic
condition (3). Endotracheal/intravenous lidocaine or intravenous thiopental can be used in ICP increases,
which may occur during routine nursing care, and during endotracheal aspiration. In the last pediatric TBI
guidelines, it is suggested that specific indications, selection and dosage of the analgesics, sedatives and
neuromuscular blocking agents should be left to the clinician who provides the treatment (3). Moreover, it
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is recommended to avoid bolus midazolam and/or fentanyl bolus administrations due to the risk of
cerebral hypoperfusion during ICP increase crises, together with the use of multiple treatments for
increased ICP and appropriate routine sedation analgesia treatment. In our survey, the number of the
centers that administered routine neuromuscular blockers in intubated patients with TBI was 10 (21.74%),
and the number of the centers that preferred the use of intravenous lidocaine for endotracheal aspiration
and nursing care was 23 (51.11%).

The importance of the osmolar load is of great importance in brain edema; therefore, osmolar treatment
methods are included in the first stage treatment. While mannitol was preferred as the hypertonic agent in
the past, the use of HS has come into prominence since the 1990s (20). In a study by Yildizdas et al. (21),
where they evaluated the efficiency of HS and mannitol in 67 pediatric patients with brain edema, and the
side effect profile, mortality was discovered to be significantly lower in the patient groups given HS. In the
same study, hyperchloremic metabolic acidosis in 4 patients given HS and renal failure in 1 patient who
received mannitol were reported. The authors suggested that HS was more effective and safer than
mannitol in the treatment of cerebral edema. When we look at the suggestions of the latest pediatric TBI
guidelines, it is recommended to apply 3% HS solution, and 2–5 mL/kg 10–20 minutes (maximum 250
ml) if there is an increase in ICP. The suggested goal in hypertonic saline treatment is to keep the ICP
below 20 mmHg (3). The dose of 3% HS solution, which was 6.5–10 mL/kg in the 2012 pediatric TBI
guidelines, was changed to 2–5 mL/kg in the final guidelines (3). Possible side effects resulting from HS
include increased ICP with a rebound effect, renal failure, subarachnoid hemorrhage, natriuresis,
dehydration, hyperchloremic acidosis, central pontine myelinosis and diabetes insipidus when treatment
is discontinued (3). The most frequently reported side effect caused by HS in the questionnaire was
natriuresis by 37.21% (Graphic-2).

Even though mannitol is widely used in the treatment of increased ICP in pediatric trauma patients, no
studies have been found to be used as evidence or meet the inclusion criteria in the 2019 pediatric TBI
guidelines. For this reason, there are no suggestions on mannitol in the guidelines although its wide use
is known (3). When we questioned the hyperosmolar treatment approach of the centers participating in
our survey, 30 (65.22%) centers reported using 3% hypertonic saline (HS), and 16 (37.78%) centers using
3% HS + mannitol. The sodium value targeted by 22 (47.8%) centers with hyperosmolar treatment was
155–159 mEq/L (Graphic-3).

Studies demonstrate that the use of prophylactic antiepileptic drugs is protective against posttraumatic
seizures (22). Intravenous phenytoin and levetiracetam are widely used in pediatric patients after a severe
head trauma as prophylactic antiepileptic. In the last guideline there is a suggestion for the use of
prophylactic anticonvulsants to prevent posttraumatic seizures, particularly in the first 7 days. The
guidelines emphasize that there is currently insufficient evidence to suggest levetiracetam instead of
phenytoin, in terms of both the effectiveness in preventing early posttraumatic seizures and the risk of
toxicity (3). In the survey, prophylactic antiepileptic drugs were administered in 44 (97.78%) centers within
the first 7 days, and the most frequently preferred antiepileptic drug was levetiracetam by 82.61%. The
number of the centers with the capability of continuous EEG monitoring was 13 (28.26%).
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The studies on adults showed that prophylactic hyperventilation after a severe head trauma causes
neuronal death in the hippocampus and poor prognosis (23). Therefore, prophylactic hyperventilation
should not be used and PaCO2 should be kept between 35–40 mmHg in general. The latest guidelines
suggest that prophylactic hyperventilation should be avoided by keeping the PaCO2 level under 30 mmHg
in the first 48 hours after the trauma. Hyperventilation with appropriate cerebral monitoring in the cases
of refractory intracranial hypertension (PaCO2 30–35 mmHg) can be used as a method of treatment (3).
In our survey, 40 (86.96%) centers reported that they did not apply prophylactic hyperventilation approach
for the PaCO2 level in the first 48 hours, in accordance with the suggestions of the guidelines. When we
questioned the target PaCO2 level in hyperventilation, as stated by the centers, 25 (55.55%) centers
targeted 30–35 mmHg, 15 (33.3%) centers 35–40 mmHg, and 5 (11.11%) centers 28–32 mmHg PaCO2.

Experimental studies in animal models and clinical studies in children have put forward that
hyperthermia is correlated with poor results, and prevention of hyperthermia after TBI in children has been
recommended (24). In the light of the current literature, it is not recommended to apply prophylactic
moderate hypothermia (32–33°C) to improve the clinical results in the latest TBI guidelines; however,
there is a suggestion about the mild hypothermia for ICP control (3). When we question prophylactic mild
hypothermia (32–33 0C) in our survey, 39 (86.67%) centers expressed that they did not apply it. When we
questioned their targeted body temperatures for this patient group, they stated that 42.22% of the centers
only hindered hyperthermia (Graphic-4).

Continuous EEG monitoring is necessary in cases where barbiturates are used in continuous intravenous
infusion or at frequent intervals. Generally, pentobarbital or thiopental is used, and the dose of the drug is
adjusted according to EEG and ICP. As the dose, the lowest dose keeping ICP under control is used (25). In
the last TBI guidelines, high-dose barbiturate therapy is recommended in patients with refractory
intracranial hypertension and stable hemodynamics despite maximum medical and surgical treatment.
Barbiturates may cause hypotension since they may decrease cardiac output (26). The guidelines also
include the suggestion that continuous invasive arterial blood pressure monitoring and cardiovascular
support (to maintain adequate CPP) will be required (3). Our survey results revealed that 26 (56.52%)
centers could perform invasive arterial monitoring and apply barbiturate therapy in patients with severe
TBI who were hemodynamically stable.

Decompressive craniectomy is a surgical treatment option in increased ICP. In the latest pediatric TBI
guidelines published, decompressive craniectomy is suggested in cases of neurological deterioration and
no response to medical treatment (3). It is necessary to be careful in patients undergoing decompressive
craniectomy in respect of probable surgical complications, such as subdural hygroma, hydrocephalus,
wound infection, hematoma or progression of an existing hematoma. In our survey, the number of the
centers applying decompressive craniectomy in the increase in ICP resistant to medical treatment was 37
(85.43%).

After a severe head trauma, close glucose monitoring should be carried out. In these patients, the serum
glucose level should generally be kept between 100–200 mg/dl by using insulin infusion when necessary
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(27). When we questioned serum glucose targets for this patient group, 28 (60.87%) centers stated the
target of 100–180 mg/dL.

The optimal calorie and nutritional content that should be given to pediatric patients who had severe
head injury is not known yet. In the pediatric TBI guidelines, early enteral nutritional support (within 72
hours after injury) was suggested as it decreases mortality and improves the clinical course. Using an
immune modulator diet is not recommended (3). In the centers participating in our survey, the time to
start enteral nutrition was reported to be the first 48 hours in 24 (52.17%) centers.

Limitations
The most important limitation of our study is the possibility that the results point at the opinions of the
participants of the survey rather than what is applied, as in all voluntary surveys. Besides, the number of
the participating centers remained below the expectations.

Conclusion
Consequently, regardless of the method or methods, the treatment of a child with severe head injury in the
intensive care unit requires continuous and meticulous follow-up and a protocol regulated specifically to
each intensive care unit's own conditions and in the light of current guidelines. The results of our survey
support that pediatric intensive care professionals in our country plan treatment in pediatric patients with
severe TBI at a high level according to the guidelines updated in 2019. In patients with severe TBI, it is
possible to have a good long-term prognosis, prevent secondary injury, and decrease morbidity and
mortality with appropriate treatments in the acute period.
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Figure 1

Graphic-1: Sedative and analgesic drug choices for rapid sequence intubation used by participant
pediatric intensivists
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Figure 2

Graphic-2: Target serum sodium levels with hyperosmolar treatment in pediatric TBI patients for
participant pediatric intensivists
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Figure 3

Graphic-3: Side effects due to hypertonic saline treatment reported by participant pediatric intensivists
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Figure 4

Graphic-4: Target body temperature in pediatric patients with TBI for participant pediatric intensivists


