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Introduction

Abstract
Objectives: To evaluate in a general way the usefulness
of early decompressive craniectomy in pediatric patients
with severe traumatic brain injury, the time elapsed from
the moment of trauma to the arrival at the neurotrauma
center, Glasgow coma scale on admission and its possible
association with discharge results and evaluate the results
of the computerized tomography images on admission and
sequential, as well as the behavior of intracranial pressure
and cerebral perfusion pressure.
Patients and methods: A descriptive study with 36 patients
admitted in our pediatric intensive care unit from January
2003 to December 2016 was carried, in which an early decompressive craniectomy was performed to reduce the refractory intracranial hypertension from a severe head trauma.
Results: 22 patients were treated with primary decompressive craniotomy and 14 with delayed decompressive craniotomy. Initial computerized tomography showed grade IV
diffuse axonal lesion in 50% of cases and intracranial pressure after decompressive craniotomy was below the normal
values for each age group in 68.18%. Glasgow outcome
Scale at 1 year of evolution showed 59.09% with grade V
and a mortality of 22.73% (grade I).
Conclusion: In children who suffered severe head trauma
with refractory intracranial hypertension, early decompressive craniectomy may be an effective method to treat the
secondary deterioration that commonly leads to death or
severe neurological deficit.
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Severe head trauma (SHT) is the leading cause of
death in children older than one year of age in the first
world. It is the cause of over 630,000 visits to emergency departments, 60,000 admissions and 6,000 deaths in
children between 0-19 years of age in the United States
of America each year [1].
When comparing the incidence of injuries between
children and adults, it has been known that the former
suffers from head trauma with a greater frequency [2],
however, a considerable small number of studies aimed
at evaluating the care or effects of different types of
therapy has been carried out in the acute phase of trauma or rehabilitation in children as compared to adults
[3-5].
The fundamental objective of the treatment for children with severe TBI is to correct the primary lesion
generated in the traumatic event and to minimize the
secondary lesion that appears as a consequence of complex biochemical mechanisms in damaged brain tissue
[6-8].
For several decades it has been known that in many
cases with severe TBI, the clinical picture is not a totally
reliable indicator of the behavior of some intracranial
parameters such as ICP, especially if the patient is under
sedation or neuromuscular blockade with assisted mechanical ventilation. The evidence of ICH events without clinical changes in this kind of patients represents a
serious risk factor for mortality and has motivated the
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almost generalized recommendation of monitoring as
many intracranial parameters as possible to ensure a
safe knowledge of intracranial physiology in these conditions and thus make it possible for the proper management, with appropriate measures, at the right time.
In this context DC is a surgical procedure that is used
to control of ICH that is refractory to the best medical
treatment, with which satisfactory results have been
obtained both in adults as well as in the pediatric population. The adequate selection of the patients who undergo the procedure, as well as the moment at which it
is indicated, seem to be the two fundamental questions
related with the results [9-13].
It is a procedure that has been used in the management of brain tumors, encephalopathy of Reye syndrome, ischemic and hemorrhagic strokes, infectious
processes of the central nervous system, as well as in
severe TBI with uncontrollable ICH. However, there is
still no consensus on the ideal time to propose the procedure, nor what its real benefits are. The latest treatment guidelines for the pediatric patient recommend it
as an option in patients with progressive deterioration
of the level of consciousness, incipient signs of cerebral
herniation or refractory ICH in the initial stages of treatment [14].
In the national context there are very few publications on the subject, mostly from the neurosurgical
team at “Roberto Rodríguez” hospital, in the province
of Ciego de Ávila, Cuba, where the present study was
done, in which since the end of the 90 s of the last century, an intensive treatment protocol for the pediatric
patient was initiated and executed simultaneously with
that developed for adults, representing the largest experience in the country accumulated on the subject,
which endorses the services of neurosurgery and pediatric intensive care as a reference center on the subject
in the country.
The experience accumulated by the senior author
and his team since 1996 with the use of DC for the control of ICH in pediatric patients and adults with severe
TBI as well as ischemic and hemorrhagic strokes, constitutes the first approach to this topic in our country
and led us to pose the following research problem: How
to reduce ICP early in pediatric patients with severe TBI
with associated ICH, to reduce secondary brain damage
and improve morbidity and mortality? The hypothesis
that early use of DC can control ICP in pediatric patients
with severe TBI and uncontrollable ICH and thus improve short-term results led us to consider the following
research objectives: To evaluate in a general way the
usefulness of early DC in pediatric patients with severe
TBI, the time elapsed from the moment of trauma to the
arrival at the neurotrauma center, the Glasgow coma
scale (GCS) on admission and its possible association
with the discharge results, and to evaluate the results of
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the CT images on admission and sequential, as well as
the behavior of ICP and CPP.

Patient and Methods
A longitudinal prospective descriptive study of correlation type was carried out with all the patients admitted to the pediatric intensive care unit, with the diagnosis of severe TBI, in the period between January 2003
and December 2016.
The universe was represented by 36 patients from 1
month of age up to 18 years, attended in the pediatric
intensive care unit of our hospital; the sample corresponds to the universe.
The information was obtained at the time of admission and during the hospital stay, which was poured
into a data collection notebook prepared for the study,
which considered variables such as age, sex, personal
and family medical history, neurosurgical history, origin
and month in which the accident or trauma occurred, as
well as the day of the week.
Variables related to the traumatic event were also
contemplated, such as: Clinical status at the moment of
admission evaluated by the GCS [15], time elapsed from
the moment of trauma to moment of initial care at the
neurotrauma center, health transportation used, prehospitalization therapeutic measures, characteristics of
CT scan images on admission and sequential imaging results, behavior of the ICP, CPP, results of the calculation
of the pressure-volume relation and complications.

Age
The patients were divided into three subgroups
according to their age and normal values of ICP: Infants from 30 days of age to 11 months and 29 days,
pre-scholars from one to four years, school children
from five to 18 years.

Glasgow Coma Scale (GCS) on admission
The GCS on admission was divided into three subgroups to relate it to other variables. Subgroup I included patients with eight points, subgroup II scored
between seven and six points and subgroup III patients
scored between five and four points.

Indications and analysis of CT scan images
CT scan studies were performed on admission and
after every 72 hours. Urgent CT scan was also indicated
for any deterioration of the neurological status or sustained elevations of the ICP above the normal values for
each age group for 15 minutes. The evaluation of the
emergency CT scan images was done by the neurosurgeon on duty and the subsequent imaging results were
discussed by a group of specialists constituted by neurosurgeons, radiologist and pediatric intensivists, with the
aim of obtaining a collegiate diagnosis and consequently adopt the treatment.
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The CT scan images on admission were evaluated according to the classification of Marshall, et al. [16].
The volume of the focal lesions was calculated according to the ellipsoid method (A x B x C/2), where A =
greater length, B = greater width and C = height.
The shift of the midline was calculated in millimeters
and divided into subgroups: a) Between one and five, b)
Between six and 10, c) Greater than 10.
For the better analysis, subsequent CT images were
divided into three subgroups qualitatively and the categories were considered as follows: a) Improved, b)
Equal, c) Worse.

Continuous ICP monitoring
Continuous ICP monitoring was done by placing a
catheter in the lateral ventricle of the most affected
side, determined clinically or using imaging results.
When it was not possible to perform the ventriculostomy, the catheter was placed in the subarachnoid or
intraparenchymal space and in all cases, it was externalized by epicranial subcutaneous tunneling, three centimeters distant from the surgical wound to reduce the
risk of infection.
The catheter was connected to a monitoring device
with an external pressure transducer (Integra Neuroscience) that, after having been properly calibrated, transforms the liquid wave (pressure wave) into an electrical
signal that is amplified and displayed on the screen of
a monitor (Life Scope of the Nihon Koden or Doctus VII
of national manufacture), through the use of the invasive monitoring circuit of the MAP or the low pressure
channel, with which it is possible to obtain its graphic
registration.
Patients were divided according to the ICP values
for each age group. Infants: Normal values 2-6 mmHg,
were divided into a) Less than 6 mmHg, b) Greater than
6 mmHg. Children older than 1 year: Normal values between 3-15 mmHg, as the range of pressures is as wide
as the age range, this group is divided into two subgroups (considering the existence of buffer mechanisms
up to four years approximately) in children aged 1-4
years in a) Less than 10 mmHg and b) Greater than 10
mmHg. For the children between 5-18 years in a) Less
than 15 mmHg and b) Greater than 15 mmHg.
ICH was treated when the values were higher than
the normal value for each age group, with the exception
of those that presented intracranial space-occupying lesions, located in the uncus of the temporal lobe or in
the basal frontal region, in which therapeutic behaviors
were evaluated personally.

Methods Used to Control ICP
Those who showed normal values for their age for 24
hours, the catheter was removed, and they continued
with general support measures until their recovery.
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If the ICP values were above the normal value for
their age for 15 minutes, pain relief with metamizol was
given intravenously at a dose of 25 mg/Kg/doses/4-6 h.
Sedation was performed predominantly with short halflife benzodiazepines, such as midazolam, at doses of
0.3-0.8 mg/Kg/h. In some cases, the combination of this
drug with fentanyl was used at doses of 3-6 µg/Kg/h in
continuous infusion, as pain relief and sedation. If control was not achieved with this measure, cerebrospinal
fluid was drained through the ventriculostomy. Serial
extractions were performed on no more than four occasions in one hour, with a maximum of five milliliters
each time.
If ICP was not controlled, boluses of 20% mannitol
were administered at a dose between 0.25 g/Kg/dose
(occasionally 1 g/kg/dose), which were repeated four
hourly and alternately or simultaneously moderate hyperventilation was used to reach values of arterial partial pressure of carbon dioxide (PaCO2) between 30 and
35 mmHg.
If the high ICP levels were maintained, neuromuscular relaxation was done with pancuronium methyl
bromide, using an attacking dose of 0.8-1 mg/Kg/dose,
whenever necessary or vecuronium 0.1-0.2 mg/kg/dose
that causes less cardiovascular effects, to the cases that
ICP was not controlled; second level treatment measures (starting with the DC) were applied.
The surgical procedures used were the bifrontal DC,
which is limited forward by both orbital rims (floor of
the frontal base), backwards by the coronal suture and
laterally by both zygomatic arches. The uni or bilateral fronto-temporo-parietal DC, is another technique of
DC, the diameter of this variant is limited in front by the
frontal sinus, at the upper end it is located one-centimeter lateral to the sagittal midline, the lower end reaches
the zygomatic arch (it includes all the temporal scale to
the cranial base) and behind it extends to a vertical line
located at approximately 2 cm behind the trailing edge
of the auricle. In general, it was tried that the diameters
of the craniectomy surpassed the limits of the lesion 2-3
cm.
Patients with deteriorated clinical status (GCS: 4-5)
and imaging evidence of ICH such as mass effect with
median line shift greater than 5 mm, narrowed ventricles with absence of subarachnoid space and compressed basal cisterns and mass lesions not evacuated
were also operated on.
Those cases who once operated on, maintained high
ICP values and persistent median line shift greater than
5 millimeters in the sequential CT scan were evaluated for the use of second-level tiers, such as optimized
hyperventilation to achieve values of PaCO2 around 25
mmHg, barbiturate coma or DC. In those who had already undergone this procedure, the diameter of DC
was evaluated and if it was less than 12 cm (insufficient
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to provide the necessary space for cerebral re-accommodation), they underwent a reoperation to increase
the decompression area. Those patients who showed
worsening pre-existing focal lesions or those who presented new lesions were also re-operated on for their
evacuation.

Determination of CPP
CPP was calculated according to the conventional
formula CPP = MAP - ICP, where MAP is the mean arterial pressure obtained in turn by the formula 2 X diastolic pressure plus the systolic pressure and the resulting
answer divided by 3 and the ICP is the intracranial pressure at the moment of performing the calculation. As
the MAP values vary according to the age groups and
their normal range fluctuates between the third and
90th percentile, also ICP values vary according to age, for
the calculation of this variable we used the minimum
values of MAP and maximum values of the ICP for each
age group. Optimal values were considered to be: For
infants, 51 mmHg. The results were divided into a) Less
than 51 mmHg and b) Greater than 51 mmHg. For children between 1-4 years old the normal value was 52
mmHg, so they were divided into a) Less than 52 mmHg
and b) Greater than 52 mmHg and for children between
5-18 years the normal figure is 60 mmHg, for which were
also divided into a) Less than 60 mmHg and b) Greater
than 60 mmHg.

Statistical Analysis
In order to process the information, database was
created in the SPSS system version 18 for Windows. The
nonparametric test of goodness of fit of Chi squared
was used to evaluate hypotheses about the relationship
between two variables. Values of p ≤ 0.05 were considered significant.
The results were evaluated at discharge according to
the Glasgow Outcome Scale (GOS) [17], which classifies
them as follows: grade I: deceased, grade II: persistent
vegetative state, grade III: severe sequelae, grade IV: sequelae moderate, grade V: slight sequelae or no sequelae. Grades I, II and III were considered unsatisfactory
results, while grades IV and V, were considered satisfactory.

Results
Of the 36 patients, 31 (86.11%) were between five
and 18-years-old, and another five (13.89%) between
one and four, with an average age of nine years. 31
patients (86.11%) were male and five were female
(13.89%).
The GCS on admission was divided into three subgroups to relate it to other variables and we found that
16 cases (44.44%) scored eight points, nine patients
(25%) scored between seven and six and 11 patients
(30.56%) scored between five and four points.
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The analysis of the CT scan images at admission
showed that 18 patients (50%) had a diffuse axonal lesion (DAL) grade IV, 10 (27.78%) showed a DAL grade III
and eight (22.22%) a lesion with mass effect non-evacuated (LMENE).
When evaluating the shift of the midline structures
in the CT scan taken on admission, 17 (47.22%) presented a midline shift greater than 10 mm, 11 (30.56%) between six and 10 mm and 8 (22.22%) presented with a
shift less than 5 mm.
Twenty-two patients (61.11%) underwent emergency DC without previous monitoring of ICP. In other
eight patients (22.22%), focal intracranial lesions were
removed (acute subdural hematomas) through a craniotomy with dura closure without enlargement and
duroplasty, the bone flap was replaced. In those 30
patients a catheter was placed in the lateral ventricle
of the affected side and they were transferred to the
pediatric intensive care unit for continuous ICP monitoring. In the other six patients (16.67%), showing diffuse
lesion grade I-II on CT scan, only the catheter was placed
for ICP monitoring.
The last 14 cases (38.89%) presented neurological
deterioration in the following 12 hours of evolution and
developed ICH refractory to medical treatment. When
evaluating the sequential CT scan images of these 14 patients, all showed imaging deterioration (100%), characterized by six (42.86%) collections of juxtadural focal
lesions, associated with cerebral edema and increase
in the degree of midline shift, eight patients (57.14%)
with severe, diffuse, bilateral cerebral edema with cleft
ventricles, absence of subarachnoid space and absence
of basal cisterns. In one case (7.14%) it was associated
with severe diffuse intracranial hemorrhage, secondary
to a coagulopathy, which required multiple therapeutic
maneuvers for its stabilization. In all these 14 patients a
delayed DC was done.
In six patients (16.67%), bifrontal DC was performed
(Figure 1) and in 30 (83.33%) a fronto-temporo-parietal
(FTP) DC.
The values of the continuous recording of the ICP in
the 22 patients which the primary DC was performed
were: Less than 20 mmHg in 14 (63.64%) (p ≤ 0.00), between 21-25 mmHg in six cases (27.27%), and greater
than or equal to 25 mmHg in two patients (9.09%).
The behavior of preoperative ICP in the 14 cases
(38.89%) who did not undergo primary DC showed higher values for their age. In six cases (42.86%), values of
21-25 mmHg were presented, despite the application
of medical treatment protocol for ICH, the values were
greater than 25 mmHg in eight patients (57.14%) (Figure 2). After a delayed DC was done, the ICP was controlled in 10 patients (71.43%) (p ≤ 0.00) and four cases
(28.57%) maintained ICH (Figure 2a).
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Figure 1: CT scan sequence images of a patient with bifrontal DC. a) Pre-surgical image; b) Post-surgical image; c) and
d) CT scan after cranioplasty.

Figure 2: Relation between the moment of DC and behavior of ICP.
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Figure 2a: Behavior of ICP in delayed DC.

Figure 3: Relationship between GCS on admission and GCO.

Sequential CT scan images showed improvement
in 24 (66.67%) (p ≤ 0.00), remained the same in six
(16.67%) and worsened in six (16.67%).

(16.67%), four had hydrocephalus (11.11%), one (2.77%),
had an external cerebrospinal fluid (CSF) fistulae and one
(2.77%) suffered from post-traumatic epilepsy.

The complications were divided into neurological and
extra neurological, with predominance of the second.
Respiratory infection was present in all cases (100%),
respiratory distress was present in six (16.67%), hypovolemic shock in six (16.67%) and one case (2.77%) presented severe coagulopathy. Among the neurological
complications, refractory ICH predominated in six cases

By relating the GCS on admission and the results
according to GOS, we found that 16 patients (100%),
with GCS of eight points, survived with IV and V GOS,
of the nine who had GCS of 7-6 points, seven (77.78%)
remained with slight sequelae or without sequelae,
one (11.11%) with moderate sequelae and one with severe sequelae (11.11%). Of 11 cases that on admission
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presented with GCS of 5-4 points, eight died (72.72%)
(p ≤ 0.00), one remained in a persistent vegetative
state (9.09%) and two were left with severe sequelae
(18.18%), (Figure 3).
Relation between the moment of DC and GOS is
showed in Figure 4.
When observing the results at one year of evolution
according to the GCS, the predominance of patients with
slight sequelae or without sequelae was significant, 17

(47.22%) and with moderate sequelae 7 (19.44%), both
groups represent a high number of patients in the series, 24 (66.67%) (p ≤ 0.04).
When stratifying the results into satisfactory and unsatisfactory, there was a predominance of the first with
26 cases (72.22%) (p ≤ 0.00) (Figure 5).

Discussion
When considering ICP as the main predictor of out-

35,71%

16
72,72%

13,63%

Figure 4: Relationship between the time of DC and GOS.

Figure 5: Stratified outcome.
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comes after severe TBI, in the last decade some authors
have reported the use of DC to treat refractory ICH in
children [8-14,18].
Although the available information on the subject is
extremely scarce if we compare it with that existing in
adults and if we consider that this is a surgical procedure that is generally used with the aim of controlling
ICH refractory to the best medical treatment, then we
can say that the results in many of these studies are
very interesting [10-12].
Other works that have involved children only or children and adults simultaneously, with severe TBI and
who have been subjected to a DC due to the existence
of refractory ICH, have reported favorable results with
the procedure [19-26]. The main complications mentioned are hydrocephalus, epilepsy and cerebrospinal
fluid fistula [24], which is close to the results reported
in the present study.
In general, there has been a tendency to reduce the
surgical window time in patients with refractory ICH
[22], this is due to the fact that it is a brain rescue procedure, therefore exposing the brain tissue to prolonged
periods of hypoxia and ischemia related to the events of
ICH, would represent an extremely high risk for the development of secondary damage, which would produce
important injuries to the brain tissue with important sequelae and worsening of the results.
The multimodal monitoring of the patients allowed
us to identify those who presented transient or permanent elevations of ICP and who needed to progress in
the stepped treatment for ICH, according to the established recommendations [14,27], also allowed to know
the behavior of the CPP and other variables such as the
pressure-volume index among others, considered as a
whole by the determining authors to decide the appropriate medical behavior in each case, in addition to the
need to propose a surgical procedure in the patients
that require it, which agrees with what was proposed
by other authors [27-31].
In this study, an important influence of DC on the behavior of the ICP was found. In 63.63% of the patients
who underwent a primary DC, it was possible to control
the ICP below 20 mmHg, however in the group of cases
in which this procedure was delayed, at 12 hours of evolution 100% showed high values of ICP before performing decompression. After the procedure was performed,
the direct effect on brain compliance was verified and
the ICP was controlled below 20 mmHg in 71.43% of the
cases. These results demonstrate the effect of DC on the
behavior of ICP, which is not necessarily directly related
to the definitive results in patients with severe TBI.
In this series, all the patients presented at the time
of DC the imaging signs of intracranial hypertension, in
the group in which the primary DC was performed; the
images defined the surgical decision at the beginning of
Gallardo et al. Int J Pediatr Res 2018, 4:033
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the treatment for the ICH. In the group of delayed DC
it was found with the continuous monitoring of the ICP
and its deteriorated neurological status, led to the decision to perform surgery because of the imminent risk
of death.
In this context, the so-called infantile concussion
syndrome [32] is framed, which is frequent in children
under seven years of age, but which is usually not accompanied by imaging evidence (dislocation of midline
structures) or clinical evidence (by continuous monitoring of the ICP) of ICH, so that the appearance of any of
these signs persistently despite the best medical treatment, rule out this diagnostic possibility and the patient
should be managed like a patient with severe TBI with
refractory ICH.
In the present study we have found difference in GOS
between primary DC and delayed DC. The reduction in
the mortality rate in patients with primary DC was of
22.08% in relation with those who received delayed DC
and the quality of life was better too in the group of patients with primary DC.
Although the design of the present study is insufficient to reach definitive conclusions regarding the role
of DC in pediatric severe TBI, the authors consider that
the neurological status of the patient and the behavior
of the ICP are the parameters with the greatest influence on the results and that early DC represents an important means for the control of refractory ICH, which
is associated with satisfactory results in a group of patients that shows a high risk of mortality in our environment.
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