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INTRAVENTRICULAR PRESSURE MONITORING IN
PATIENTS WITH THALAMIC AND GANGLIONIC
HEMORRHAGES
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ABSTRACT - In the present study, we have evaluated the use of intraventricular pressure catheters in thalamic and
ganglionic hemorrhages. Ten patients admitted in our Emergency Department in Glasgow Coma Scale (GCS)
equal or below 13 enrolled the study (at least one point should have been lost in the eye opening score to exclude
purely aphasic patients that were fully alert). After a complete clinical and neurological evaluation, computed
tomography scans were obtained and the volume of the hematomas, as well as presence or absence of
hydrocephalus, were considered. Intraventricular pressure catheters connected in parallel to external derivation
systems were implanted and patients were thereafter sent to the ICU. Patients that presented mass effect lesions
with sustained increased ICP levels or clinical and neurological deterioration were submitted in addition, to the
surgical evacuation of the hematomas. Clinical evolution, complications and the rehabilitation of the patients
were recorded. Clinical outcome was assessed with the Glasgow Outcome Score. In all but three patients the
initial intracranial pressure levels were bellow 20 mmHg (mean for all patients was 14.1 ± 6.5 mmHg).
Notwithstanding, these three patients were extremely difficult to treat. For this group of patients mortality was
100%. Among the patients that presented ICP levels bellow 20 mmHg, 04 developed hydrocephalus and 03 did
not display ventricular dilation. As expected, the major benefits concerning the intraventricular pressure catheters
connected in parallel with external derivation systems were observed in the group of patients that presented ICP
levels bellow 20 mmHg and had hydrocephalus. Mild non-statistically significant correlations for all the three
groups were achieved either when the initial GCS and ICP levels (r=-0.28, p=0.43) or when ICP levels and the
volumes of the hematomas were compared (r=0.38, p=0.28). In addition, no significant correlations were observed
concerning the final outcome of the patients and the variables previously evaluated.

KEY WORDS: intracranial pressure, thalamic and ganglionic hemorrhage, intraventricular catheters, cerebral
hematomas, stroke, hypertension.
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RESUMO -     No presente estudo avaliamos o uso de catéteres de monitorização intraventricular em pacientes com
hemorragia talâmica e nos gânglios da base. Dez pacientes admitidos em nosso serviço de emergência com Escala
de Coma de Glasgow (ECG) igual ou abaixo de 13 (com pelo menos um ponto perdido no item de abertura ocular
para afastarmos pacientes alertas com afasia) foram analisados. Após uma avaliação neurológica completa, foram
obtidas tomografias computadorizadas de crânio sendo desta forma avaliados o volume dos hematomas e a
presença ou não de hidrocefalia. Catéteres de monitorização de pressão intraventricular, conectados em paralelo
a um sistema de derivação ventricular externa (DVE) foram implantados nos pacientes, que a seguir foram levados
a unidade de terapia intensiva. Pacientes cujas lesões apresentassem efeito de massa com a pressão intracraniana
(PIC) elevada, a despeito das medidas clínicas utilizadas para controlá-la, ou com deterioração neurológica
progressiva, foram submetidos a drenagem dos hematomas. Sete dentre os 10 pacientes deste estudo mostraram
níveis de PIC abaixo de 20 mmHg (média de 14,1 ± 6,5 mmHg para todos os pacientes). Nos três restantes no
entanto, a mortalidade foi muito alta pela refratariedade terapêutica (100%). Dentre os pacientes com PIC abaixo
de 20 mmHg, 04 desenvolveram hidrocefalia. Este grupo apresentou o maior benefício do implante do sistema de
monitorização intraventricular com DVE. Nossa análise estatística mostrou apenas uma correlação fraca entre o
(ECG) inicial e os níveis de PIC (r=-0,28, p=0,43), bem como quando os níveis de PIC foram relacionados ao
volume dos hematomas (r=0,38, p=0,28). Correlações estatisticamente significantes também não foram
encontradas quando a evolução final dos pacientes foi comparada as variáveis previamente citadas.

PALAVRAS-CHAVE: pressão intracraniana, hemorragias talâmicas e de gânglios da base, catéteres intraventriculares;
AVCH, hematomas cerebrais, hipertensão.
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Intracerebral hemorrhages are relatively common
in neurological practice, particularly if the variety of
entities that constitutes this diagnostic group is con-
sidered. Among those, ganglionic and thalamic he-
morrhages receive major attention since, in addition
of being prevalent, these conditions intrinsically carry
prominent levels of morbidity and mortality. In the-
rapeutic terms, although several studies have been
published, there is no consensus regarding the dif-
ferent types of clinical and surgical procedures1-4. No-
wadays it seems that, aside from a few exceptions,
conservative measures in an intensive care unit and
the surgical evacuation of these lesions tend to evolve
similarly in terms of prognosis1-3,5-7.

Intracranial pressure (ICP) monitoring devices ha-
ve recently been used in several conditions for the
management not only of ICP but also cerebral per-
fusion pressure. Nevertheless, only a few studies sub-
mitted patients with thalamic and ganglionic
hemorrhages to intracranial pressure monitoring and
most of them only through subarachnoid screw devi-
ces8. Intraventricular catheters have the advantages
of measuring the ICP more uniformly and, when con-
nected to an external derivation system, provide a
manner for decreasing ICP by draining cerebrospinal
fluid (CSF)9. In this sense, this procedure might be
regarded as both, diagnostic and therapeutic.

In the present study, we have decided to inves-
tigate the monitoring guidance and therapeutic adju-
vant effects provided by the implantation of intra-
ventricular catheters in patients with thalamic and
ganglionic hemorrhages.

METHOD
Patients with ganglionic and thalamic hemorrhages en-

rolled in the present study were admitted in the emergency
room of the University of São Paulo (HC-FMUSP) between
March 2000 and January 2001, in Glasgow Coma Scale
(GCS) below or equal 13 (at least one point should have
been lost in the eye opening score to exclude purely aphasic
patients that were fully alert). Ten patients fulfilled the
criteria mentioned above. After complete clinical and
neurological evaluations were peformed, computed to-
mography (CT) scans were regularly obtained and the volu-
me of the hematomas, as well as presence or absence of
hydrocephalus were considered. The volume of the
hematomas was measured according to the formula:
length x width x height x 0.510-12. Both, length and width,
were obtained from the CT slices demonstrating the largest
hyperdense area of the hematomas. The height was
determined by the number of slices in which the hemato-
ma was clearly observed.

Surgical procedures and postoperative management -
Intraventricular pressure catheters connected in parallel to
external derivation systems (EVD) (Camino system) were im-

Fig 1. Initial axial CT scan from one of our patients displaying a
mass effect hemorrhage with no hydrocephalus. Due to an
increased ICP level, this patient was submitted to the evacuation
of the hematoma but did not present a satisfactory evolution.

Fig 2. Initial axial CT from one of our patients displaying a non-
volumous hemorrhage with an important hydrocephalus. In this
case, the ICP intraventricular catheter was not only important as
a diagnostic tool concerning ICP levels, but also therapeutic.
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planted in the patients that enrolled the study. After the
procedures, patients were sent to the ICU, where they re-
ceived appropriate clinical treatment. Regular ICU measures
to control ICP were used when pressure levels above 20
mmHg were reached, including the opening of the external
drainage system. Patients that presented mass effect lesions
with sustained increased ICP levels or clinical and
neurological deterioration were submitted in addition, to
the surgical evacuation of the hematomas. It is important
to mention here that all catheters were tunneled and ce-
phalhotin was used prophylactically until the removal of
the systems, which occurred as soon as the patients im-
proved or the hydrocephalus was stable. Patients that nee-
ded the intraventricular catheters for more than one week
had them systematically changed. Weaving of the systems
was progressively performed by elevating gradually the drift
chamber of the external ventricular draining system until it
could be safely closed (in our service when ICP levels were
constantly bellow 15 mmHg). Clinical evolution, com-
plications and the rehabilitation of the patients until they
were discharged from the hospital were recorded. Clinical
outcome was evaluated with the Glasgow Outcome Score
(GOS). All the procedures performed in our study were
approved by the ethical committee of our hospital.

Statistical analysis - Correlation and regression analysis
were used to evaluate possible correlations between ICP
levels, the volume of the hematomas, the initial GCS and
the evolution of the patients. Correlations were respectively
considered strong, moderate and mild when r≥0.75,
0.75<r≤0.50 and r<0.50. Statistically significant
regression analysis values were considered when p≤0.05.

RESULTS
The clinical and radiographic data obtained in our

study, as well as the ICP levels and clinical outcome
of the 10 patients evaluated are depicted in Table 1.
Among the patients that enrolled our study, 07 were
men and 03 were women. The mean age of our
population ranged from 33-86 years (56.4 ± 15.2
years). All patients presented previous systemic hy-
pertension, two were diabetic and one has had a
previous ischemic cerebrovascular accident. All family
members that were interviewed described an abrupt
onset of the clinical manifestations. The period elap-
sed from the acute event to the patient�s admission
varied from 4 to 48 hours (mean 13.8 ±13.5 hours).
The later value was observed in a patient that was

Table 1. Clinical features, ICP levels and evolution of the patients with thalamic and ganglionic hemorrhages.

Sex Age ∆t BP GCS CT Hydr. ICP OR Complications Outcome
mmHg cm3 mmHg

ICP above 20 mmHg

M 69 6h 18x11 10 32 No 21 Yes Hypertension Death
Renal failure

M 65 14h 16x8 11 36 Yes 23 Yes Pneumonia GOS 3

M 46 6h  16x11 4 12 Yes 24 - Sepsis Death

ICP below 20 mmHg without hydrocephalus

F 33 4h 16x10 9 27 No 12 Yes Pneumonia Death
Renal failure

M 59 8h 19x12 13 18 No 10 - Pneumonia Death
Ischemic stroke

Renal failure
Sepsis

M 58 5h 15x9 13 18 No 7 - - GOS 5

ICP below 20 mmHg with hydrocephalus

F 86 24h 13x8 13 16 Yes 9 - - GOS 4

M 39 8h 21x13 7 18 Yes 8 - - GOS 3

M 53 48h 21x13 9 24 Yes 17 - Pneumonia Death
Myocardial
infarction

F 56 15h 19x12 4 27 Yes 10 - Pneumonia Death
Ventriculitis

∆t, time between the ictal event and admission at our service; BP, blood pressure; GCS, Glasgow coma score; CT, volume
of the hematomas in cm3 measured according to the initial CT scan; Hydr, hydrocephalus; OR, patients submitted to the
surgical evacuation of the hematomas.
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maintained in his house under familial care for two
days and was brought to the hospital only after de-
terioration in his clinical condition and level of cons-
ciousness was noticed. All but one patient (BP=13x8)
presented increased levels of blood pressure in the
emergency room (mean systolic 17 ± 2.6 mmHg and
diastolic 11 ± 2.9 mmHg). The Glasgow Coma Scale
initially obtained varied from 4 to 13 (mean of 9.3
± 3.4). No initial metabolic or coagulation dys-
function was noticed. The volume of the hemato-
mas ranged from 12 to 36 cm3 (mean of 22.8 ± 7.7
cm3). Only a weak, non-statistically significant cor-
relation was obtained between the volume of the
hematomas and the initial GCS recorded for our pa-
tients (r=0.05, p=0.88).

1 - ICP levels above 20 mmHg. In all but three
patients the initial intracranial pressure levels were
bellow 20 mmHg (mean for all patients was 14.1 ±
6.5 mmHg). Notwithstanding, these three patients
were extremely difficult to treat. Two of them pre-
sented refractory ICP levels with no ventricular dila-
tion and had their hematomas surgically removed
(volumes of 32 and 36 cm3) (Figure 1). The other
patients also had difficult to control ICP levels but
did present hydrocephalus. As expected, all patients
in this group presented very poor outcomes, de-
veloping acute renal failure, pneumonia and sepsis.
For this group of patients (ICP above 20 mmHg)
mortality was 100%.

2 - ICP levels below 20 mmHg. Among the pa-
tients that presented ICP levels bellow 20 mmHg,
04 developed hydrocephalus and 03 did not display
ventricular dilatation.

2.1 - ICP levels below 20 mmHg without hydro-
cephalus. One of the patients initially enrolled in this
group evolved with clinical deterioration and was
submitted to the surgical removal of the clot but
developed pneumonia, acute renal failure due to
systemic hypertension and died. One of the two ad-
ditional patients also deceased from a superposed
ischemic cerebrovascular accident. Mortality rate for
this group was therefore 67%.

2.2 - ICP levels below 20 mmHg with hydroce-
phalus. The major benefits concerning the intraven-
tricular pressure catheters connected in parallel with
external derivation systems were evidently observed
in the group of 04 patients that presented ICP levels
bellow 20 mmHg and had hydrocephalus (Figure 2).
Under these circumstances, as expected, lower mor-
tality levels were observed (n=2 or 50%). One of
the patients died acutely from a myocardial infarction
and the other developed ventriculitis and sepsis.

Mild non-statistically significant correlations for
all the three groups were achieved either when the
initial GCS and ICP levels (r=-0.28, p=0.43) or when
ICP levels and the volumes of the hematomas were
compared (r=0.38, p=0.28). In addition, no signifi-
cant correlations were observed concerning the fi-
nal outcome of the patients and the variables pre-
viously evaluated. The patients that were discharged
from the hospital presented GOS levels of 3, 3, 4
and 5. Those outcome levels did not change in further
(3-6 months) clinical evaluations.

DISCUSSION

Our results have shown, as in other series1-3,8,9,13,14,
that thalamic and ganglionar hemorrhages related
to systemic hypertension are very morbid condi-
tions1,2. Patients with initial pressures above 20
mmHg presented very poor outcomes, independent
of the implantation of intraventricular catheters and
CSF drainage. Patients with initial pressure levels
bellow 20 mmHg that did not present hydrocephalus
also evolved poorly, independent of the ICP devices.
Our best results were achieved in the group of pa-
tients that presented ICP levels bellow 20 mmHg and
hydrocephalus. Under these circumstances, the mor-
bidity and mortality are better and the potential cli-
nical aggravation related to the development of the
ventricular dilation can be controlled with the exter-
nal drainage device, that is also therapeutic. The opti-
mum treatment for hypertensive ganglionar and tha-
lamic hemorrhages is still a matter of debate1-3,5-7,
particularly if we take into account the functional
recovery of these patients. Although we might
consider that mobility in a wheelchair and communi-
cation by gesticulation do not constitute a total
disability, these achievements certainly do not re-
present a useful quality of life6. In this sense, several
studies have been performed in order to compare
the outcome of patients submitted to surgical re-
section of these lesion versus the ones treated ex-
clusively with conservative measurements1-3,5-7,13. It
is generally accepted that surgery for the evacuation
of these hematomas per se does not provide additi-
onal functional benefits and nowadays it is only in-
dicated for patients that present rapidly clinical de-
teriorating conditions5-7,14.

Important alternatives in this sense are the so called
minimally invasive procedures. One of the most utilized
is the stereotactic aspiration of these lesions and the
local application of thrombolytic agents15-18. Despite
of the good results reported by several studies15,17,18,
these procedures still carry potential risks such as the
expansion of the hematomas and rebleeding17. The-
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refore, although promising, the formal indications and
some technical aspects concerning this therapeutic
modality still need further improvements. The implan-
tation of intracranial pressure monitoring devices is
nowadays extensively used in several conditions for
the management not only of ICP but also cerebral
perfusion pressure and is considered a common
procedure in almost all neurological ICUs. Nevertheless,
only a few studies submitted patients with thalamic
and ganglionic hemorrhages to intracranial pressure
monitoring and most of them only through subara-
chnoid screw devices8. Intraventricular catheters have
the advantages of measuring the ICP more uniformly
and, when connected to an external derivation system,
provide a manner for decreasing ICP by draining
cerebrospinal fluid. Potential complications of this
therapeutic strategy are hemorrhage during catheter
placement and infection (we had one case of
ventriculitis in our series)9,19,20.

 Several other studies performed with external
ventricular draining systems in diverse forms of cere-
bral and intraventricular hemorrhages did not find
improvements in either morbidity or mortality, due
to the severity of these conditions9. The absence of
ventricular blood clots in most of our patients and
the reduced size of the hematomas, as compared to
studies in which intralobar, intraventricular and other
intracerebral hematomas were considered, may
account for the absence of therapeutic effects related
to CSF drainage previously reported (as was the case
for our patients in which hydrocephalus was not pre-
sent). Other studies with EVD concluded that the
patients with best prognosis are the ones with small
ICH volumes (such as the ones observed in thalamic
and ganglionic hemorrhages), ICP levels under
control (bellow 20 mmHg) and stable clinical
conditions8,9. Similarly, in our study the group of
patients that presented ICP levels bellow 20 mmHg
and hydrocephalus turned out better when
compared to the other ones. We believe that under
these circumstances the EVD system effectively
maintains the cerebral perfusion pressure and ICP
under physiological conditions. Therefore, according
to our results, although derived from a small sample,
patients with ICP levels above 20 mmHg tend to have
a poor prognosis despite of the therapeutic measures
utilized to treat them. Patients with ICP levels bellow
20 mmHg tend to present a better prognosis,
specially when hydrocephalus is present.

At this time, the ideal strategy considering the
approach for these hematomas has not been deve-
loped, since the literature is still acquiring data re-

lated to the improvement of the so far proposed
techniques (such as stereotaxy, thrombolitic agents,
among others). Although we cannot provide any
resolute inferences for the management of these
conditions, our results contribute to the literature
providing additional data regarding a minimally
invasive therapeutic approach for both, monitoring
ICP and draining CSF in order to control the
devastating clinical outcome produce by thalamic
and ganglionic hemorrhages.
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