
Objective: To determine the events associated with the occurrence 

of intracranial hypertension (ICH) in pediatric patients with severe 

cranioencephalic trauma. 

Methods: This was a prospective cohort study of patients 

18 years old and younger with cranioencephalic trauma, scores 

below nine on the Glasgow Coma Scale, and intracranial pressure 

monitoring. They were admitted between September, 2005 and 

March, 2014 into a Pediatric Intensive Care Unit. ICH was defined 

as an episode of intracranial pressure above 20 mmHg for more 

than five minutes that needed treatment. 

Results: A total of 198 children and adolescents were included 

in the study, of which 70.2% were males and there was a median 

age of nine years old. ICH occurred in 135 (68.2%) patients and 

maximum intracranial pressure was 36.3 mmHg, with a median 

of 34 mmHg. A total of 133 (97.8%) patients with ICH received 

sedation and analgesia for treatment of the condition, 108 (79.4%) 

received neuromuscular blockers, 7 (5.2%) had cerebrospinal fluid 

drainage, 105 (77.2%) received mannitol, 96 (70.6%) received 

hyperventilation, 64 (47.1%) received 3% saline solution, 20 (14.7%) 

received barbiturates, and 43 (31.9%) underwent a decompressive 

craniectomy. The events associated with the occurrence of ICH 

were tomographic findings at the time of admission of diffuse or 

hemispheric swelling (edema plus engorgement). The odds ratio 

for ICH in patients with Marshall III (diffuse swelling) tomography 

Objetivo: Determinar eventos associados à ocorrência de 

hipertensão intracraniana (HIC) em pacientes pediátricos com 

traumatismo cranioencefálico grave. 

Métodos: Trata-se de coorte prospectiva de pacientes de 

até 18 anos, com traumatismo cranioencefálico, pontuação 

abaixo de nove na Escala de Coma de Glasgow e monitoração 

da pressão intracraniana, admitidos entre setembro de 2005 

e março de 2014 em unidade de terapia intensiva pediátrica. 

A HIC foi definida como episódio de pressão intracraniana acima 

de 20 mmHg por mais de cinco minutos e com necessidade 

de tratamento. 

Resultados: Incluídas 198 crianças e adolescentes, 70,2% 

masculinos, mediana de idade de nove anos. A HIC ocorreu em 

135 (68,2%) pacientes; valor máximo de pressão intracraniana 

de 36,3; mediana 34 mmHg. Receberam sedação e analgesia 

para tratamento da HIC 133 (97,8%) pacientes, 108 (79,4%) 

receberam bloqueadores neuromusculares, 7 (5,2%) drenagem 

de líquor, 105 (77,2%) manitol, 96 (70,6%) hiperventilação, 

64 (47,1%) solução salina a 3%, 20 (14,7%) barbitúricos e 

43 (31,9%) foram submetidos à craniectomia descompressiva. 

Os eventos associados à ocorrência de HIC foram os achados 

tomográficos à admissão de swelling (edema mais ingurgitamento) 

difuso ou hemisférico.  A razão de chance para que pacientes 

com classificação tomográfica Marshall III (swelling difuso) 
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INTRODUCTION
External causes kill about one million children and adolescents 
worldwide each year, and among them, traumatic brain injury 
(TBI) is the leading cause of death, permanent disability, and 
intensive care hospitalization.1,2 Once trauma has occurred, it 
is up to the health care team to prevent and correct second-
ary brain damage,3 which includes intracranial hypertension 
(ICH), which may compromise perfusion pressure and brain 
flow and cause herniations, leading to focal ischemia and brain-
stem compression.4-6 

In the acute phase of trauma, ICH results from swell-
ing (edema and engorgement), hematomas, bruises, edema 
and, less often, obstructive hydrocephalus. It is worth not-
ing that the changes in intracranial volume and the conse-
quent increase in intracranial pressure (ICP) are the result 
of complex phenomena that include the intensity of energy 
transferred at the moment of trauma, whether or not the 
patient has hypoxia and, probably, unidentified patient-re-
lated factors.5 

Some authors have related the occurrence of ICH to a worse 
prognosis in adults and children suffering from severe TBI, 
and reported improved outcomes with aggressive control of 
ICP.5,6  However, the results of studies comparing the outcome 
of patients who had their treatment guided by ICP monitoring 
with those who did not are inconclusive.7-9 In addition, moni-
toring has complications such as infections, bleeding, measure-
ment errors and malfunctions, with variable frequency, depend-
ing on the device used.8,10,11 Reports of prolonged mechanical 
ventilation, length of stay, unnecessary institution of harmful 
treatments, and increased hospital costs with and without ICP 
monitoring are also contradictory. 8,12,13 

The recommendations for monitoring that are in the 
“Guidelines for the Clinical Treatment of Severe Head Injury 
in Infants, Children and Adolescents” are Level III of evidence, 
“therapeutic option”. 5 Determining events associated with the 
occurrence of ICH in pediatric patients would allow for the 
identification of those who would benefit from ICP monitoring 

and those who could be spared the complications and expense 
of this procedure.

The aim of the present study was to determine the events 
associated with the occurrence of ICH in pediatric patients 
suffering from severe TBI with ICP monitoring, in addition 
to describe the prevalence of ICH, the treatment used, and the 
group’s outcome regarding death and survival. 

METHOD
This study included a prospective cohort from the period of 
September 2005 to March 2014. It was conducted at the pedi-
atric intensive care unit (ICU) of the João XXIII Hospital of 
the Minas Gerais State Hospital Foundation, which is a ter-
tiary public hospital in Brazil, and a reference for emergencies. 
The hospital predominantly serves pediatric patients who are 
victims of external causes. Data were obtained by previously 
trained staff and checked daily by the authors during the study 
period. The study was submitted and approved by the Research 
Ethics Committee (Report no. 322/2005).

Patients 18 years of age and younger who were admitted 
to the pediatric ICU for severe blunt TBI and who underwent 
ICP monitoring, were included. The following were excluded: 
patients with gunshot injuries, due to the pathophysiological 
differences of their injuries, and those whose parents or guard-
ians did not consent to their participation.

Patients in the present study were treated based on the 
unit’s protocol, which was established in accordance with 
the Pediatric Guidelines published in Pediatric Critical Care 
Medicine in 2003 and 2012. 14,15 An exception was the criteria 
for monitoring ICP. The hospital’s neurosurgeons followed the 
current guidelines for the treatment of adults from the Brain 
Trauma Foundation. 16 

ICH was defined as an episode of ICP above 20 mmHg 
that required treatment, which was performed when the ICP 
was kept for at least five minutes above this value. This was 
determined by the intensivist.15,17 

was 14 (95%CI 2.8–113; p<0.003), and for those with Marshall 

IV (hemispherical swelling) was 24.9 (95%CI 2.4–676, p<0.018). 

Mortality was 22.2%. 

Conclusions: Pediatric patients with severe cranioencephalic 

trauma and tomographic alterations of Marshall III and IV 

presented a high chance of developing ICH. 

Keywords: Head traumas; Intracranial pressure; Intracranial 

hypertension; Critical care; Child; Adolescent.

apresentassem HIC foi 14 (IC95% 2,8–113; p<0,003) e para 

aqueles com Marshall IV (hemisférico) foi 24,9 (IC95% 2,4–676; 

p<0,018). A mortalidade foi de 22,2%. 

Conclusões:  Pacientes pediátricos com traumatismo 

cranioencefálico grave e alterações tomográficas tipo Marshall 

III e IV apresentaram grande chance de desenvolver HIC.

Palavras-chave: Trauma craniano; Pressão intracraniana; 

Hipertensão intracraniana; Cuidados críticos; Criança; Adolescente.
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The severity of TBI in patients aged four years old and 
older was determined using the Glasgow Coma Scale (GCS). 
Children below this age were assessed on a scale, and verbal 
and motor response were adapted for age.18 The GCS score 
was assessed at the time of admission, and six hours after the 
trauma in order to classify trauma severity. Patients with severe 
TBI were those with a score below nine in both evaluations. 
The highest value was used for the purpose of this research. 
Patients with no motor response, flexion posture or abnormal 
extension at the time of admission (GCS score of three to five) 
were grouped for analysis of the association with ICH, because 
these events have been associated with the occurrence of refrac-
tory ICH in previous studies.11,16 

Cranial computed tomography was performed at the time 
admission and repeated during treatment as needed. The tomo-
graphic findings were gathered into two groups. One with intra-
cranial lesions that had a greater possibility of developing ICH: 
hemorrhages, bruises, edema, swelling, and the compression 
or deletion of cisterns. And another with a lower possibility 
of developing ICH: normal tomography or isolated diagnosis 
of diffuse axonal lesion.16 Marshall tomographic classification 
was also used to analyze its association with the occurrence of 
ICH.19 The severity of trauma was assessed according to the 
pediatric trauma score (PTS).20 

For ICP monitoring, the Codman® catheter was used in the 
intraparenchymal position and, if it could not be used, intra-
ventricular monitoring was performed, or a Richmond screw 
was installed in the subarachnoid position. Intracranial hemor-
rhages resulting from ICP monitoring were those that appeared 
after the device was installed. Patients that needed surgical treat-
ment were analyzed. An analysis of infectious complications 
resulting from monitoring was not performed due to the dif-
ficulty in identifying the cause of the event. Mortality during 
the patient’s stay in the ICU was described.

The developed database was analyzed in the Statistical 
Package for Social Sciences (SPSS) program version 20.0 (IBM 
Corp., Armonk, NY, USA). To characterize the groups, we 
used the quantitative variables of mean ± standard devia-
tion (SD) and median (1st quartile; 3rd quartile) and, for 
categorical variables, we used absolute frequencies and per-
centages. Continuous variables without normal distribution 
were expressed as medians and interquartile range (IQR; 
1st quartile and 3rd quartile) and were compared using 
the nonparametric Mann-Whitney test. Continuous vari-
ables with normal distribution were expressed as mean and 
SD and compared using Student’s t test. The comparison 
of categorical variables was analyzed using the asymptotic 
Pearson’s chi-square test (when 20% of the expected value 
was between 1 and 5) and the exact Pearson’s chi-square test 

(when more than 20% of the expected value was between 
1 and 5). Probability was considered to be significant when 
it was less than 0.05 (p <0.05). 

The logistic regression model was adjusted to evaluate the 
events associated with the occurrence of ICH. Statistical sig-
nificance was at a level of 0.20. Step by step, the variables with 
the highest p values were removed until all significant variables 
remaining at the 0.05 level remained in the final model. The 
quality of fit was assessed by the Hosmer & Lemeshow test.

The sample size calculation was based on a study of ICU 
patients between 1998 and 2003, where ICH occurred in 80% 
of the 134 monitored patients.11 Considering the 95% con-
fidence interval (95% CI), the 5% significance level and the 
80% study power, the minimum sample size was 110 patients 
in whom factors associated with the occurrence of ICH were 
evaluated. 

RESULTS
Between September 2005 and March 2014, 362 patients with 
blunt severe TBI were admitted to the pediatric ICU, 200 of 
whom underwent ICP monitoring, and two of whom were 
excluded from the study because the family did not provide 
consent. Thus, 198 patients with severe contused TBI and ICP 
monitoring were included. Of these, 139 (70.2%) were male 
and their age ranged from three months to 18 years old, with 
a median age of nine years old (IQ25–75% 5–14 years old).

The types of trauma reported were: 66 (33.3%) patients 
were run over, 45 (22.7%) received injuries from riding in a 
car, 30 (15.2%) fell down, 24 (12.2%) received injuries by 
riding on or driving a motorcycle, 21 (10.6%) received inju-
ries by riding on or driving a bicycle, 6 (3%) were involved 
in physical altercations and 6 (3%) patients received injuries 
from some other cause.

The median GCS score at the time of admission was 6 
(IQ25–75% 4–7). A total of 71 (35.9%) patients scored between 
3 and 5 on the GCS and 127 (64.1%) patients scored between 
6 and 8. The PTS score ranged from -3 to 10, with a median 
of 4 (IQ25–75% 2–5).

The tomographic findings found were: intraparenchymal 
contusion in 93 (47%) patients, swelling in 87 (43.9%), sub-
arachnoid hemorrhage in 77 (38.9%), diffuse axonal injury in 
63 (31.8%), subdural hematoma in 57 (28.8%), pneumoceph-
alus in 45 (22.7%), intraventricular hemorrhage in 43 (21.7%), 
bone collapse in 41 (20.7%), extradural hematoma in 23 (11, 
6%) patients, and 8 (4%) presented tomography with no changes 
for age. The distribution of the Marshall tomographic classifi-
cations at the time of admission is found in Table 1. No evac-
uated expansive lesions were found in any patient.
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ICH occurred in 135 patients (68.2%) and the maxi-
mum ICP value was a median of 34 mmHg (IQ25–75% 
 22.5–45 mmHg). Patients required some treatment for ICH 
with a median of 3.2 days (IQ25–75% 1–5 days), and they 
remained on ICP monitoring for an average of 3.2 ± 2.3 days.

Regarding the treatment for ICH, 133 (97.8%) required seda-
tion and analgesia for treatment, 108 (79.4%) required neuro-
muscular blockers, 7 (5.2%) needed CSF drainage, 105 (77.2%) 
needed mannitol, 96 (70.6%) needed hyperventilation, 64 

(47.1%) needed 3% saline, 20 (14.7%) required barbiturates 
and 43 (31.9%) needed a decompressive craniectomy.

The intraparenchymal Codman® catheter was used for ICP 
monitoring in 145 (73.2%) patients. Seven (3.5%) patients 
used intraventricular monitoring and, in the early years of 
the study, due to the large volume of patients in the hospital, 
46 (23.2%) used a Richmond screw in the subarachnoid posi-
tion. Nine (4.5%) patients had secondary hemorrhaging when 
the ICP monitoring device was installed. None of them requiring 

Table 1 Univariate analysis of events associated with the occurrence of intracranial hypertension in 198 patients 
suffering from severe head injury that needed treatment.

Variable
Total

198 (100%)

Needed  
treatment (IC)

135 (68.2%)

Did not need 
treatment (IC)

63 (31.8%)
p-value

Age (years)

Median (IQ25–75%) 10 (5–14) 9 (5–14) 13 (6–15)

0.22
0 to 1 12 (6.1) 7 (58.3) 5 (41.7)

2 to 10 80 (40.4) 60 (75) 20 (25)

11 to 18 106 (53.5) 68 (64.2) 38 (35.8)

Male 139 (70.2) 94 (67.6) 45 (32.4) 0.22

Type of trauma

Run over 66 (33.3) 50 (75.8) 16 (24.2)

0.98

Car driver or passenger 45 (22.7) 30 (66.7) 15 (33.3)

Fall 30 (15.2) 23 (76.7) 7 (23.3)

Motorcycle driver or passenger 24 (12.2) 10 (41.7) 14 (58.3)

Bicyclist 21 (10.6) 15 (71.4) 6 (28.6)

Physical aggression 6 (3) 3 (50) 3 (50)

Other cause 6 (3) 4 (66.7) 2 (33.3)

Glasgow

Median (IQ25–75%) 6 (4–7) 6 (3–7) 6 (5–6)

0.103–5 71 (35.9) 54 (76.1) 17 (23.9)

6–8 127 (64.1) 81 (63.8) 46 (36.2)

PTS

Median (IQ25–75%) 4 (2–5) 4 (2–5) 4 (1–5)

0.18<4 80 (40.4) 49 (61.3) 31 (38.7)

>4 114 (57.6) 80 (70.2) 34 (29.8)

Marshall

I 11 (5.6) 4 (36.4) 7 (63.6)

<0.0001

II 83 (41.9) 48 (57.8) 35 (42.2)

III 67 (33.8) 56 (83.6) 11 (16.4)

IV 10 (5.1) 9 (90) 1 (10)

NEML 27 (13.6) 16 (59.3) 11 (40.7)

ICH: intracranial hypertension; IQ: interquartile range; PTS: pediatric trauma score; NEML: non-evacuated mass lesion.
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surgical intervention. The monitoring device malfunctioned 
in 24 patients (12.1%), requiring 9 of them to be replaced.

Of the 198 patients included, 44 died (22.2% mortality). 
Of these 44 patients, 38 had ICH (86.4%) and 6 (13.6%) did 
not (chi-square; p = 0.007). 

Univariate analysis of the events associated with the occur-
rence of ICH is described in Table 1. The distribution of max-
imum ICP values according to the Marshall classification 
was: Marshall I, median 19.5 mmHg (IQ25–75% 15–27.5); 
Marshall II, median 28 mmHg (IQ25–75% 21–40); Marshall 
III, median 35 mmHg (IQ25–75% 15–27.5); Marshall IV, 
median 43 mmHg (IQ25–75% 24–52); non-evacuated expan-
sive lesion, median 37.5 mmHg (IQ25–75% 18–46).

Table 2 relates the results of the final multivariate analysis 
model to the variables that were statistically significant. Patients 
with a Marshall III tomographic classification were 14 times 
more likely to have ICH, and those with a Marshall IV tomo-
graphic classification were 24.9 times more likely.

DISCUSSION
The case series presented is relevant, considering that the aver-
age number of US hospitals with the highest ICP monitoring 
volume is 11 pediatric patients per year.21The percentage of 
patients undergoing monitoring classifies the Brazilian hospital 
as an “aggressive center”, as reports from the United Kingdom 
and the United States show monitoring percentages between 
7.7 and 59%.22,23 Stein reports improved outcomes of patients 
treated at centers with aggressive monitoring and treatment.24 

The predominance of male patients, aged between nine and 
ten years old and victims of traffic accidents, is in agreement with 
previous reports from Mexico, Brazil and South Africa.10,11,25 
The GCS score distribution at the time of admission and the 
PTS classifications show that this was a group of critically ill 
patients. Furthermore, the tomographic description that shows 

multiple injuries per individual reinforces the impression of the 
complexity of the trauma suffered. 

The small number of patients that had a normal tomogra-
phy or had an isolated CT diagnosis of diffuse axonal injury 
with ICP monitoring, suggest that most neurosurgeons followed 
the Brain Trauma Foundation recommendations for adults.16 
Recommendations for adults during the study period included 
ICP monitoring in patients with severe TBI and altered tomog-
raphy or in patients with severe TBI and normal tomography, 
if two or more of the situations - such as an age over 40 years 
old, unilateral or bilateral abnormal motor posture and systolic 
blood pressure <90 mmHg - were observed upon admission 
to the hospital.16 On the other hand, pediatric consensus rec-
ommended that monitoring could be considered in children 
with severe TBI regardless of the tomographic findings.14,15

The distribution of measurement frequency for the treat-
ment of ICH suggests that the sequence proposed by pedi-
atric guides was followed in most of the cases, from the least 
aggressive to the most aggressive, according to the characteris-
tics of the patients, the lesions, and the response to the insti-
tuted treatment.5,14,15  

Monitoring of bleeding complications occurred in a small 
percentage of patients and did not represent serious events. 
Other studies have shown similar results.8,11 Perhaps the most 
common complication was the maintenance of aggressive mon-
itoring and treatment in patients who did not need it.

PTS also did not correlate with the elevation in ICP, as 
reported by Figaji et al. However, the author found a correla-
tion with the pediatric mortality rate of -2, which is a good 
parameter to be analyzed in future studies.26 

In the present study, patients were divided into groups with 
scores of three to five and six to eight in the GCS. There was 
no difference in the occurrence of ICH between the groups, 
unlike a previous study with pediatric patients with severe TBI, 
in which the presence of abnormal positions at the time of 
admission correlated with the occurrence of refractory ICH.11 

The present study showed an association between Marshall 
CT classification in III and IV and the occurrence of ICH 
in pediatric patients with severe TBI through a multivariate 
analysis. This is a finding that has a practical application and, 
moreover, shows the relevance of using the Marshall classifica-
tion for pediatric patients, even though its midline deviation 
and mass lesion values were stipulated based on the size of an 
adult skull.19 The data suggest that pediatric patients who are 
in a Marshall III or IV tomographic coma should be moni-
tored or treated aggressively based on clinical and tomographic 
data, where monitoring is not available. Unmonitored treat-
ment is acceptable, as there is no evidence in the literature that 
ICH treatment guided by ICP monitoring generally improves 

Variable  Odds Ratio 95%CI p-value

Marshall III 14 2.8–113 0.003

Marshall IV 24.9 2.35–676 0.018

Glasgow 2.13 0.88–97.85 0.186

Pediatric 
trauma score

1.183 0.781–108.6 0.260

Table 2 Multiple analysis of the events associated 
with the occurrence of intracranial hypertension in 
198 patients suffering from severe head injury that 
needed treatment.

95%CI: 95% confidence interval.
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outcomes, but it is not recommended for patients at a high risk 
of refractory ICH and those who need a craniectomy.7,8,27,28 

The study was designed and executed to meet the proposed 
objectives of identifying events associated with the occurrence of 
ICH in children and adolescents with severe TBI and with ICP 
monitoring. The calculated sampling was achieved and, because 
the occurrence of ICH was within the expected range, the results 
were reliable. However, a limitation of the study was that the 
analysis of the association of systemic arterial hypotension with 
an occurrence of ICH, as already described for adults, was not 
included. This factor was not evaluated in the study due to the 
limitations of data collection during follow-up. Other limitations 
that may be cited were the long amount time it took to collect 
the data, the lack of monitoring of the complications associ-
ated with ICH monitoring, such as infections, and the use of 
different ICP monitoring devices in a smaller range of patients.

The percentage of deaths among patients who had ICH was 
three times higher than among those who did not, which con-
firms the findings of other authors regarding the relevance of 
this cause of brain damage.4,5 The 22% mortality result found 
in the present study is in line with expectations for reference 
centers, which is slightly above 20%. 24,29

It can be concluded that pediatric patients with severe TBI 
and Marshall III and IV tomographic alterations had a high 
chance of developing ICH, suggesting that this is a parameter 
that can indicate the need for ICP monitoring.

Funding 
The study did not receive funding. 

Conflict of interests 
The authors declare no conflict of interests.

REFERENCES

1. Schneier AJ, Shields BJ, Hostetler SG, Xiang H, Smith 
GA. Incidence of pediatric traumatic brain injury and 
associated hospital resource utilization in the United States. 
Pediatrics. 2006;118:483-92. https://doi.org/10.1542/
peds.2005-2588

2. World Health Organization [homepage on the Internet]. 
The world health report 2008: primary health care (now 
more than ever) [cited 2013 Dec 18]. Available from: http://
www.who.int/whr/2008/en/

3. Zebrack M, Dandoy C, Hansen K, Scaife E, Mann NC, Bratton 
SL. Early resuscitation of children with moderate-to-severe 
traumatic brain injury. Pediatrics. 2009;124:56-64. https://
doi.org/10.1542/peds.2008-1006

4. Balestreri M, Czonsnyka M, Hutchinson P, Steiner LA, Hiler 
M, Smielewski P, et al. Impact of intracranial pressure and 
cerebral perfusion pressure on severe disability and mortality 
after head injury. Neurocrit Care. 2006;4:8-13. https://doi.
org/10.1385/NCC:4:1:008

5. Kochanek PM, Tasker RC, Carney NA, Totten AM, Adelson 
PD, Selden NR, et al. Guidelines for the management of 
pediatric severe traumatic brain injury, Third Edition: Update 
of the Brain Trauma Foundation Guidelines, Executive 
Summary. Pediatr Crit Care Med. 2019;20:280-9. https://
doi.org/10.1097/PCC.0000000000001736

6. Lumba-Brown A, Pineda J. Evidence based assessment of 
pediatric traumatic brain injury and emergent neurocritical 
care. Semin Pediatr Neurol. 2014;21:275-83. https://doi.
org/10.1016/j.spen.2014.11.001

7. Benneatt TD, DeWit PE, Greene TH, Srivastava R, Riva-Cambrin 
J, Nance ML, et al. Functional outcome after intracranial 
pressure monitoring for children with severe traumatic 
brain injury. JAMA Pediatr. 2017;171:965-71. https://doi.
org/10.1001/jamapediatrics.2017.2127

8. Chesnut RM, Temkin N, Carney N, Dikmen S, Rondina C, 
Videtta W, et al. A trial of intracranial-pressure monitoring 
in traumatic brain injury. N Engl J Med. 2012;367:2471-81. 
https://doi.org/10.1056/NEJMoa1207363

9. Shen L, Wang Z, Su Z, Qiu S, Xu J, Zhou Y, et al. Effects of 
intracranial pressure monitoring on mortality in patients 
with severe traumatic brain injury: a meta-analysis. PLoS 
One. 2016;11:e0168901. https://doi.org/10.1371/journal.
pone.0168901

10. García-Lira JR, Zapata-Vázquez RE, Alonzo-Vázquez F, 
Rodríguez-Ruza SG, Medina-Moreno MR, Torres-Escalante 
JL. Monitoring intracranial pressure in severe traumatic 
brain injury. Rev Chil Pediatr. 2016;87:387-94. https://doi.
org/10.1016/j.rchipe.2016.04.006

11. Guerra SD, Carvalho LF, Affonseca CA, Ferreira AR, Freire 
HB. Factors associated with intracranial hypertension in 
children and teenagers who suffered severe head injuries. 
J Pediatr (Rio J.). 2010;86:73-9. http://dx.doi.org/10.1590/
S0021-75572010000100013

12. Bratton SL, Bennet KS. What do severe traumatic brain injury 
acute costs tell us about values? Currently inconclusive. Pediatr 
Crit Care Med. 2016;17:467-8. https://doi.org/10.1097/
PCC.0000000000000710

13. Graves JM, Kannan N, Mink RB, Wainwright MS, Groner JI, Bell 
MJ, et al. Guideline adherence and hospital costs in pediatric 
traumatic brain injury. Pediatr Crit Care Med. 2016;17:438-
43. https://doi.org/10.1097/PCC.0000000000000698

14. Adelson PD, Bratton SL, Carney NA, Chesnut RM, du Coudray HE, 
Goldstein B, et al. Guidelines for the acute medical management 
of severe traumatic brain injury in infants, children, and 
adolescents. Chapter 17. Critical pathway for the treatment 
of established intracranial hypertension in pediatric traumatic 
brain injury. Pediatr Crit Care Med. 2003;4 (3 Suppl):S1-S65-7.

https://doi.org/10.1542/peds.2005-2588
https://doi.org/10.1542/peds.2005-2588
http://www.who.int/whr/2008/en/
http://www.who.int/whr/2008/en/
https://doi.org/10.1542/peds.2008-1006
https://doi.org/10.1542/peds.2008-1006
https://doi.org/10.1385/NCC:4:1:008
https://doi.org/10.1385/NCC:4:1:008
https://doi.org/10.1097/PCC.0000000000001736
https://doi.org/10.1097/PCC.0000000000001736
https://doi.org/10.1016/j.spen.2014.11.001
https://doi.org/10.1016/j.spen.2014.11.001
https://doi.org/10.1001/jamapediatrics.2017.2127
https://doi.org/10.1001/jamapediatrics.2017.2127
https://doi.org/10.1056/NEJMoa1207363
https://doi.org/10.1371/journal.pone.0168901
https://doi.org/10.1371/journal.pone.0168901
https://doi.org/10.1016/j.rchipe.2016.04.006
https://doi.org/10.1016/j.rchipe.2016.04.006
http://dx.doi.org/10.1590/S0021-75572010000100013
http://dx.doi.org/10.1590/S0021-75572010000100013
https://doi.org/10.1097/PCC.0000000000000710
https://doi.org/10.1097/PCC.0000000000000710
https://doi.org/10.1097/PCC.0000000000000698


Guerra SD and Ferreira AR

7
Rev Paul Pediatr. 2020;38:e2019123

© 2019 Sociedade de Pediatria de São Paulo. Published by Zeppelini Publishers.  
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

15. Kochanek PM, Carney NA, Adelson PD, Ashwal S, Bell 
MJ, Bratton S, et al. Guidelines for the acute medical 
management of severe traumatic brain Injury in Infants, 
children, and adolescents - second edition. Pediatr Crit 
Care Med. 2012;13:S1-82. https://doi.org/10.1097/
PCC.0b013e31823f435c

16. Brain Trauma Foundation, American Association of 
Neurological Surgeons, Congress of Neurological Surgeons. 
Guidelines for the management of severe traumatic brain 
injury. J Neurotrauma. 2007;24 (Suppl 1):S1-106. https://
doi.org/10.1089/neu.2007.9999

17. [No authors listed]. The Brain Trauma Foundation. The 
American Association of Neurological Surgeons. The Joint 
Section on Neurotrauma and Critical Care. Intracranial 
pressure treatment threshold. J Neurotrauma. 2000;17:493-5. 
https://doi.org/10.1089/neu.2000.17.493

18. American College of Surgeons. Committee on trauma. 
Advanced Trauma Life Support for doctors. 10th ed. Chicago: 
American College of Surgeons; 2004.

19. Marshall LF, Marshall SB, Klauber MR, Clark MB, Eisenberg 
HM, Jane JA, et al. A new classification of head injury 
based on computerized tomography. J Neurosurg. 1991;75 
(Suppl):S14-20. https://doi.org/10.3171/sup.1991.75.1s.0s14

20. Tepas JJ, Ramenofsky ML, Mollitt DL, Gans BM, DiScala C. 
The pediatric trauma score as a predictor of injury severity: 
an objective assessment. J Trauma. 1988;28:425-9. https://
doi.org/10.1097/00005373-198804000-00001

21. Stanley RM, Bonsu BK, Zhao W, Ehrlich PF, Rogers AJ, 
Xiang H. US Estimates of hospitalized children with severe 
traumatic brain injury: implications for clinical trials. Pediatrics. 
2012;129:e24-30. https://doi.org/10.1542/peds.2011-2074

22. Keenan HT, Nocera M, Bratton SL. Frequency of intracranial 
pressure monitoring in infants and young toddlers with 
traumatic brain injury. Pediatr Crit Care Med. 2005;6:537-41.

23. Alkhoury F, Kyriakides TC. Intracranial pressure monitoring 
in children with severe traumatic brain injury. JAMA Surg. 
2014;149:544-8. https://doi.org/10.1001/jamasurg.2013.4329

24. Stein SC, Georgoff P, Meghan S, Mirza KL, El Falaky OM. 
Relationship of aggressive monitoring and treatment 
to improved outcomes in severe traumatic brain 
injury. J Neurosurg. 2010;112:1105-12. https://doi.
org/10.3171/2009.8.JNS09738

25. Schrieff LE, Thomas KG, Dollman AK, Rohlwink UK, Figaji 
AA. Demographic profile of severe traumatic brain injury 
admissions to Red Cross War Memorial Children’s Hospital, 
2006 – 2011. S Afr Med J. 2013;103:616-20. https://doi.
org/10.7196/samj.7137

26. Figaji AA, Zwane E, Fieggen AG, Peter JC, Leroux PD. Acute 
clinical grading in pediatric severe traumatic brain injury 
and its association with subsequent intracranial pressure, 
cerebral perfusion pressure, and brain oxygenation. 
Neurosurg Focus. 2008;25:E4. https://doi.org/10.3171/
FOC.2008.25.10.E4

27.  Chesnut RM, Bleck TP, Citerio G, Classen J, Cooper DJ, 
Coplin WM, et al. A consensus-based interpretation of the 
benchmark evidence from south american trials: treatment of 
intracranial pressure trial.  J Neurotrauma. 2015;32:1722-4. 
https://doi.org/10.1089/neu.2015.3976

28. Taylor A, Butt W, Rosenfeld J, Shann F, Ditchfield M, Lewis 
E, et al. A randomized trial of very early decompressive 
craniectomy in children with traumatic brain injury and 
sustained intracranial hypertension. Childs Nerv Syst. 
2001;17:154-62. https://doi.org/10.1007/s003810000410

29. O’Lynnger TM, Shannon CN, Le TM, Greeno A, Chung D, 
Lamb FS, et al. Standardizing ICU management of pediatric 
traumatic brain injury is associated with improved outcomes 
at discharge. J Neurosurg Pediatr. 2016;17:19-26. https://
doi.org/10.3171/2015.5.PEDS1544

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/PCC.0b013e31823f435c
https://doi.org/10.1097/PCC.0b013e31823f435c
https://doi.org/10.1089/neu.2007.9999
https://doi.org/10.1089/neu.2007.9999
https://doi.org/10.1089/neu.2000.17.493
https://doi.org/10.3171/sup.1991.75.1s.0s14
https://doi.org/10.1097/00005373-198804000-00001
https://doi.org/10.1097/00005373-198804000-00001
https://doi.org/10.1542/peds.2011-2074
https://doi.org/10.1001/jamasurg.2013.4329
https://doi.org/10.3171/2009.8.JNS09738
https://doi.org/10.3171/2009.8.JNS09738
https://doi.org/10.7196/samj.7137
https://doi.org/10.7196/samj.7137
https://doi.org/10.3171/FOC.2008.25.10.E4
https://doi.org/10.3171/FOC.2008.25.10.E4
https://doi.org/10.1089/neu.2015.3976
http://www.ncbi.nlm.nih.gov/pubmed/22573139
https://doi.org/10.1007/s003810000410
https://doi.org/10.3171/2015.5.PEDS1544
https://doi.org/10.3171/2015.5.PEDS1544

