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of posttraumatic diffuse brain swelling
Almir Ferreira de Andrade, Wellingson Silva Paiva,  
Robson Luis Oliveira de Amorim, Eberval Gadelha Figueiredo,  
Antonio Nogueira de Almeida, Roger Schmidt Brock,  
Edson Bor-Seng-Shu, Manoel Jacobsen Teixeira

ABSTRACT
Background: Ventricular drainage has played an important role in the management of 
traumatic brain-injured patients. The aim of the present study was describe outcomes 
in a series of 57 patients with diffuse brain swelling underwent to intracranial pressure 
(ICP) monitoring. Method: Fifty-eight patients with diffuse posttraumatic brain swelling, 
were evaluated prospectively. The Glasgow Coma Scale (GCS) scores of patients varied 
from 4 to 12. Patients groups divided according to GCS and age. Patient neurological 
assessment was classified as favorable, unfavorable, and death. Results: Mechanisms of 
injury were vehicle accidents in 72.4% and falls in 15.6%. 54% of patients had GCS scores 
between 6 and 8. There were no statistical differences, regarding outcome, between groups 
separated by age. In the adults group (n=47), 44.7% evolved favorably. Conclusion: Our 
results indicate a poor prognosis in patients with brain swelling. We believe that continuous 
ventricular CSF drainage with ICP monitoring is a simple method as an adjunct in the 
management of these patients.
Key words: decompressive craniectomy, intracranial pressure monitoring, head injury, brain 
swelling.

Drenagem contínua de líquido cefalorraquidiano com monitoração intermitente de 
pressão intracraniana em pacientes com tumefação cerebral difusa pós-traumática

RESUMO
Introdução: Monitoração da pressão intracraniana (PIC) tem desempenhado um papel 
importante nos pacientes com lesão cerebral difusa traumática. O objetivo do presente 
estudo foi descrever os resultados de uma série de 57 pacientes com tumefação cerebral 
difusa submetidos à monitoração da PIC. Método: Cinquenta e oito pacientes com lesão 
axonal difusa foram avaliados prospectivamente. Na Escala de Coma de Glasgow (GCS) os 
escores variaram de 4 a 12. Os grupos de pacientes, foram divididos de acordo com a GCS 
e a idade. Avaliação neurológica tardia foi classificada como favorável, desfavorável, e da 
morte. Resultados: Mecanismos de lesão predominantes foram os acidentes de veículos 
em 72,4% e quedas em 15,6%; 54% dos pacientes tiveram escores GCS entre 6 e 8. Não 
houve diferença estatística entre os grupos separados por idade. No grupo de adultos 
(n=47), 44,7% evoluíram favoravelmente. Conclusão: As lesões difusas tipo III apresentam 
resultados funcionais desfavoráveis. Acreditamos que a monitoração intermitente de PIC 
com drenagem de líquido cefalorraquidiano seja um método simples e aplicável no apoio 
ao tratamento destes pacientes
Palavras-chave: traumatismo craniocerebral, líquido cefalorraquidiano, lesão axonal.
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Management of posttraumatic brain swelling is still 
a challenge in contemporary neurosurgery and criti-
cal care medicine. According to Traumatic Coma Data 
Bank (TCDB), 83% of patients who present traumatic 
brain swelling have unfavorable outcome1. Mortality rate 
reach 77%, 39%, and 22%, among those with absent, com-
pressed, and normal basal cisterns respectively2. Patho-
physiology of this condition remains poorly understood, 
and, as a consequence, results of its treatment are dis-
appointing. Although it has been demonstrated that de-
compressive craniectomy may improve cerebral hemo-
dynamics in patients presenting intracranial hyperten-
sion associated with severe brain swelling3, its clinical 
efficacy regarding outcome has not been established so 
far and complications have been related to this method4. 
Furthermore, clear-cut indications for performing such a 
procedure have not yet been delineated. Today there are 
several invasive methods to monitor intracranial pres-
sure (ICP)5-7. However, use of an intraventricular cathe-
ter is the only method which permits both ICP control, 
by draining cerebrospinal fluid (CSF), and ICP monitor-
ing. Furthermore, authors have suggested that patients 
submitted to continuous CSF drainage may present bet-
ter outcome and lower levels of ICP8-11 and, an increase 
in the clearance of CSF proinflammatory substances re-
lated to the traumatic event may be expected and it may 
represent an advantage of this method12.

We have routinely used continuous ventricular CSF 
drainage with ICP monitoring in diffuse posttraumatic 
brain swelling since 2000. The purpose of this study is  
to present our experience in the use of continuous  
ventricular CSF drainage with intermittent ICP monitor-
ing in the management of posttraumatic bihemispheric 
brain swelling.

METHOD
Procedures performed in this study were approved 

by the ethical committee of our hospital. Preoperative 
medical management followed guidelines of the Amer-
ican College of Surgeons (Advanced Trauma Life Sup-
port)13, and the Brazilian Society of Neurosurgery. Af-
ter stabilization of respiratory and systemic hemodynam-
ic parameters, patients who had developed neurological 
abnormality underwent brain computerized tomography 
(CT) scans.

Fifty-eight patients admitted at the Clinical’s Hospi-
tal of University of São Paulo Medical School met the in-
clusion criteria and were evaluated prospectively in five 
years. They suffered traumatic brain injury and sustained 
Glasgow Coma Scale (GCS) 4-12 points for a period over 
six hours. The (CT) scans disclosed diffuse brain swell-
ing. Basal cisterns were absent or compressed with mid-
line shift of 0 to 5 mm, no high- or mixed-density lesion 

greater than 25 cm was found (Diffuse Injury type III)14. 
The Glasgow Coma Scale score varied from 4 to 12. Pa-
tients not treated postoperatively in an intensive care unit 
were not included in this study.

Thirteen patients presented intracranial lesion with 
mass effect (1 epidural hematoma, 6 subdural hemato-
mas, 3 epidural and subdural hematomas, and 3 with 
gunshot injuries). They were taken to the operating room 
immediately after the diagnosis. In these cases, the deci-
sion of monitoring was based on postoperative CT scan 
results. Patients were divided into three groups accord-
ing to the GCS scores obtained previously to ICP moni-
toring. Group 1 included patients with scores from 4 to 
5, group 2 included scores from 6 to 8, and group 3 scores 
from 9 to 12. Patients were also grouped by age in pedi-
atric (younger than 17 years old) and adult (17 years old 
or older).

ICP quantitative values and complications related to 
ventricular catheterization and ICP monitoring, such as 
infections and hemorrhages, were noted down. Infection 
was diagnosed by a CSF pleocytosis, positive culture, or 
hypoglicorraquia associated with clinical signs of infec-
tion15. Patient neurological assessment at hospital dis-
charge was classified as favorable (able to care for self ), 
unfavorable (unable to care for self ), and death.

ICP monitoring technique
The procedure was carried out in the operating room. 

Parameters of catheter implantation were based on previ-
ous report16. Linear incision was performed, under general 
anesthesia, just 1.0 cm anterior to the coronal and 3.0 cm 
lateral to the sagital suture. Catheters (external unidirec-
tional flow catheter, Ventura®, São José do Rio Preto, SP 
- Brazil) were positioned in the frontal horn and con-
nected to a hydrostatic system. Overall, successful cath-
eterization was achieved in no more than three attempts 
(Figs 1 and 2). The hydrostatic system was connected to 
a one-way valve with two outlets, one for a collector bag 
and other for an external microtransducer connected to 
the monitor (Dixtal, Manaus, AM, Brasil). The drainage 
system was calibrated at 10 mmHg over the foramen of 
Monro, after calibration in 10 mmHg, the EVD system 
was kept open for 45 minutes with continuous drainage 
for 15 minutes, the closing being performed every hour to 
monitor ICP. Continuous CSF passage was allowed when 
ICP had overcome this value.

ICP values were measured intermittently three times 
a day or whenever clinically necessary. ICP values up to 
20 mmHg were considered abnormal. After catheter in-
sertion, patients were taken to intensive care unit. Gen-
eral and specific procedures to keep ICP and brain per-
fusion under control were based on the guidelines previ-
ously mentioned17,18.
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No patient underwent hypothermia. Ceftriaxone (1g 
IV twice a day) was used routinely as infection prophylaxis.

Statistical analysis
Median values and standard deviation was obtained 

from all data. Groups by age were evaluated by the non-
parametric test of Kruskal-Wallis. Statistical analyses 
were performed at 0.05 level of significance.

RESULTS
Eleven patients were 16 years old or younger and 47 

older. Fifty-eight patients (48 male and 10 female) with 
average age of 29 years old (from 4 to 65 years old) were 
included in this study. Mechanisms of injury were respec-

tively: 42 (72.4%) motorized vehicle accidents, 9 (15.6%) 
falls, 4 (6.6%) assaults, and 3 (5.1%) gunshots. Twelve 
(22.2%) patients were monitored with scores between 4 
and 5 at GCS, 32 (54%) between 6 and 8, and 14 (23.8%) 
between 9 and 12. Four (9.5%) patients presented ICP 
over 15 mmHg at the first measurement at ICU. All pa-
tients evolved to normal ICP values after a few days of 
continuous drainage and ICU therapy. We have not seen 
the collapse of the ventricle in any patient

Patients with GCS scores 4-6 (Group I) comprised 
20.7% (n=12) of the total,

Whereas group II (GCS scores 6-8) and III (GCS 
scores 9-12) constituted 55.2% (n=32) and 24.2% (n=14). 
In the group I, five patients (41.6%) had favorable out-

Fig 1. [A] CT scan depicting the posttraumatic diffuse injury 
(Type III - see text for details). [B] Postoperative aspect with intra-
ventricular catheter.

Fig 2. [A] Preoperative CT scan from a patient of the pediatric 
group depicting a Type III posttraumatic injury. [B] Postoperative 
CT scan. Sulci and cisterns may be now better visualized.
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Fig 3. Graphic depicting the relationship between clinical outcome 
and GCS scores at the time of intraventricular monitoring.
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come, three (25%) unfavorable and 4 (33.3%) deceased. In 
the group II, 13 (40.6%) evolved favorably, 15 (46.8%) un-
favorably and 4 (12.5%) to death. Among the patients in 
the group III, 9 (64.2%) evolved favorably, 5 (35.7%) un-
favorably and none deceased (Fig 3).

There were no statistical differences, regarding out-
come, between groups separated by age (p>0.05). In the 
children group (younger than 17) (n=11), six (54.5%) pre-
sented favorable outcome, whereas five (45.5%) evolved 
unfavorably. In the adults group (n=47), 44.7% and 55.3% 
evolved favorably and unfavorably, respectively (Fig 4).

The overall rate of infection (ventriculites) was 8.3%. 
Two of these patients with ventriculitis were victims of 
gunshot wound. Three patients (5.1%) presented CSF in-
fection diagnosed within the 5th and 6th days of ICP mon-
itoring. None presented CSF infection before the fourth 
day of ICP monitoring. Two patients (3.4%) presented 
ventriculitis in the 13th and 25th days respectively. They 
developed shunt dependent hydrocephalus and system-
ic infection, thus, intraventricular catheter needed to re-
main longer than 7 days. All cases revealed positive cul-
ture results (Klebisiella pneumoniae–1, Acinetobacter 
baumanii–3, Proteus mirabilis–1). CSF cell count never 
went over 500 cells/mm3. Infection contributed neither 
to patient clinical worsening nor death (p>00.5). In this 
series there was no intracranial bleeding and no patient 
needed decompressive craniectomy.

DISCUSSION
Although there is no “class I” evidence, ICP monitor-

ing is accepted worldwide as useful, if not essential, for 
management of severely head-injured patients. Intraven-
tricular drain connected to an external pressure transduc-
er is still considered to be a “golden standard” method be-
cause it provides the most reliable ICP value and offers 
the immediate treatment of elevated intracranial pressure 
by means of CSF drainage19,20, when compared with other 
methods21. It is noteworthy that intracranial optical sen-
sors usually evolve with a drift in calibration that may dif-
ficult the evaluation of ICP measurements22.

In patients with reduced intracranial compliance, in-
termittent or continuous drainage of CSF through a ven-
triculostomy catheter can be an effective means of con-
trolling ICP and may constitute an alternative to an ear-
ly decompressive craniectomy23.

Other authors associate lumbar drainage with intra-
ventricular drainage in order to improve ICP lowering24. 
Several neurosurgical centers around the world have used 
ventriculostomy catheters in patients with posttraumatic 
brain swelling. This methodology has been routinely used 
in our program since 200017.

Various studies have indicated that CSF drainage may 
improve outcome of patients sustaining posttraumatic 

brain swelling9. A meta-analysis of 14 studies has sug-
gested that the use of ventricular drainage lowered mor-
tality rates in series which have routinely employed CSF 
drainage (21%) when compared to those that had used it 
occasionally (35%) or those which had never used (43%)18. 
However, the non-randomized nature of these analyses 
must be kept in mind. In our study the overall mortali-
ty rate was 13,6% and mainly related to the GCS scores.

There is evidence that the ventricular system, when 
adequately vented, provides a sink for drainage of inter-
stitial fluid associated with cerebral edema25. This way, in-
terstitial fluid, which communicates with ventricular flu-
id, may be continuously drained through ventricular cath-
eter. Additionally, high concentrations of proinflammato-
ry chemokines, such as leukotriene C4 and interleukin-6, 
detected in the CSF following severe head injury may be 
reduced by the continuous CSF clearance10.

A study has demonstrated that intermittent drainage 
of CSF was associated with twofold greater CSF concen-
trations of markers of neuronal injury (neuron specif-
ic enolase), glial injury (s100B), inflammation (interleu-
kin-6), and regeneration (vascular endothelial growth fac-
tor), and with about half the volume of CSF removal com-
pared with continuous CSF drainage12. Therefore, con-
tinuous CSF drainage can lower levels of brain water not 
only by dehydration of swollen brain but also by reducing 
both the duration and intensity of the posttraumatic brain 
inflammatory process. These effects may play a beneficial 
role in a tissue that presents a greater water/blood volume 
content ratio26,27. As a result; decreased level of ICP might 
be expected if continuous CSF drainage is employed. In 
our study, all patients underwent continuous CSF drain-
age and intracranial hypertension was found in only 4 pa-
tients during their stay in intensive care unit. Nonethe-
less, continuous CSF drainage was able to definitely con-
trol the ICP in all patients. Brain swelling with collapsed 
ventricles has been cited as a hurdle for ICP monitoring 
as it decreases availability of CSF to be drained28. In cas-
es where ventricular cavity is not reached by a catheter 
after two free-hand attempts, other means of ICP moni-
toring are indicated. Sometimes, use of frameless stereo-
tactic system to position ventricular catheter may facili-
tate the procedure and avoid complications.

Ventricular catheters are associated with risk of infec-
tion, and less frequently, with intracranial hemorrhage. 
It is has been demonstrated that the risk of infection in-
creases after five days of ventriculostomy catheter place-
ment, with an overall risk estimated 8.6%-11%28-32. Con-
versely, a study has reported that the length of ICP moni-
toring does not influence the infection rate and, therefore, 
the decision to keep the catheter should be based solely 
on the need for ICP control33. On the other hand, 2% of 
patients without ventriculostomy may develop meningi-
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tis after severe traumatic brain injury (TBI)1. Infections 
are not usually seen in patients monitored for 3 days or 
less in most series. In our protocol, ventricular catheters 
were withdrawn on the seventh day after their placement, 
except in two patients with shunt-dependent hydroceph-
alus. Eight patients remained with ventricular catheter 
longer than seven days due to CSF infection (3 patients) 
or presence of shunt-dependent hydrocephalus concom-
itantly with systemic or CSF infection (2 patients). The 
overall infection rate was 8.6% but 5.2% occurred within 
5 days following the ventricular catheterization. Two of 
these patients with ventriculitis were victims of gunshot 
wound, we believe that this condition has contributed to 
the proportion of infection. Reports of risk of intracranial 
hemorrhage as the second cause of morbidity after cathe-
ter placement varies from 1 to 2%32,33. It is more common-
ly found in patients with coagulopathies. In the current 
series there was no instance of clinically significant intra-
cerebral bleeding associated to ICP monitoring.

In our study, 27 patients (46.5%) presented favorable 
neurological outcome, and 31 patients (53.5%) unfavor-
able outcome. Mortality rate was 13.7% (8 patients). We 
believe the mortality of these patients were not the result 
of intracranial hypertension, whereas in only 6 patients 
was verified intracranial hypertension, being corrected 
by clinical measures. Intermittent monitoring every hour 
would allow us to detect any moments of intracranial hy-
pertension before generating the patient’s death. We ver-
ified eight deaths; four of these patients had very serious 
TBI with 4 points in Glasgow Coma Scale. We believe 
that the deaths are related to the severity of brain injury. 

In our study, we verified 5 (35.7%) unfavorably in 
Group III, we believe the inclusion of two patients with 
brain swelling and injury by firearms in this group have 
contributed to the negative numbers in this group. All pa-
tients (5) with unfavorable outcome had Glasgow Coma 
scale score 9. We believe that monitoring in patients with 
moderate TBI who have cerebral swelling is an impor-
tant management option, considering the incidence of 
neurological worsening and life-threatening, particularly 
in patients with nine points in Glasgow Coma Scale. Ad-
ditionally continuous drainage was able to control ICP 
and no decompressive craniectomy was necessary. The 
result of our study on use of continuous CSF drainage in 
traumatic brain swelling is encouraging as a method of 
choice for management of this condition, and indicates 
a need for randomized trials directly comparing it with 
other methods.

In conclusion, our results demonstrated that contin-
uous ventricular CSF drainage with ICP monitoring is 
a simple, safe and feasible method to manage most of 
patients with diffuse posttraumatic brain swelling. This 
study contributes to the literature revisiting continuous 

CSF ventricular drainage and ICP monitoring as a man-
ner to treat intracranial hypertension in posttraumatic bi-
hemispheric brain swelling. A randomized and well-con-
trolled trial is required to prove effectiveness of this sur-
gical technique when compared with either intermittent 
CSF drainage or non-surgical management.
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