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Intraparenchymal intracranial pressure 
monitoring in patients with acute liver failure

Alejandra T. Rabadán, Natalia Spaho, Diego Hernández, Adrián Gadano, Eduardo de Santibañes

Abstract – Background: Elevated intracranial pressure (ICP) is a common cause of death in acute liver failure 
(ALF) and is determinant for decision-making regarding the timing of liver transplantation. The recommended 
type ICP monitoring device is controversial in ALF patients. Epidural devices had less risk of hemorrhagic 
complications, but they are less reliable than intraparenchymal ones.    Method: Twenty-three patients with 
ALF were treated, and 19 of them received a liver transplant. Seventeen patients had ICP monitoring because 
of grade III-IV encephalopathy. All patients received fresh plasma (2-3 units) before and during placing the 
intraparenchymal device.    Results: Eleven cases (64.7%) had elevated ICP, and 6 patients (35.2%) had normal 
values. One patient (5.9%) had an asymptomatic small intraparenchymal haemorrhage <1cm3 in CTscan, which 
did not prevent the liver transplantation.    Conclusion: In our experience, intraparenchymal ICP monitoring in 
patients with ALF seems to be an accurate method with a low risk of complications. 
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Monitoreo intraparenquimatoso de presión intracraneana en pacientes con falla hepática aguda

Resumen – Antecedentes: La presión intracraneana elevada (PIC) es una causa frecuente de muerte en la falla 
hepática aguda (FHA) y es determinante para la toma de decisiones respecto del momento del transplante 
hepático. El tipo de dispositivo para el monitoreo de OIC es controversial em los pacientes em FHA. Los 
dispositivos epidurales tienen menos riesgo de complicaciones hemorrágicas, pero son menos confiables que 
los intraparenquimatosos.    Método: Veintitrés pacientes con FHA fueron tratados, y 19 de ellos recibieron 
un transplante hepático. Diecisiete pacientes tuvieron monitoreo de PIC debido a encefalopatía grado III-
IV. Todos los pacientes recibieron plasma fresco (2-3 unidades) antes y durante la colocación de la fibra 
intraparenquimatosa.    Resultados: Once casos (64.7%) tuvieron PIC elevada, y 6 pacientes (35.2%) tuvieron 
valores normales. Un paciente (5.9%) tuvo una pequeña hemorragia intraparenquimatosa asintomática 
<1cm3 en TAC, la cual no impidió el transplante hepático.    Conclusión: En nuestra experiencia, el monitoreo 
intraparenquimatoso de presión intracraneana en pacientes con FHA parece ser un método preciso y con bajo 
riesgo de complicaciones. 

Palabras clave: falla hepática fulminante; complicaciones hemorrrágicas; monitoreo de presión intracraneana.
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Being intracranial hypertension the most common, im-
mediate cause of death in acute liver failure, intracranial 
pressure (ICP) monitoring has become a procedure of par-
amount importance1,2. 

In acute liver failure (ALF), whether fulminant or sub-
fulminant, epidural transducers -although less accurate- 
are currently recommended for ICP monitoring based on 
their lower rate of hemorrhagic complications as com-
pared with subdural, intraparenchymal, or intraventricu-
lar transducers3,4. 

On the other hand, since the precise knowledge of ICP 
is determinant for the management of patients with ALF 
and for decision-making regarding the opportunity of a 

liver transplantation, we used a highly reliable method for 
ICP monitoring, such as the intraparenchymal transducer. 

The objective of this presentation was to analyse the 
hemorrhagic complications of ICP monitoring with this 
type of device in patients with ALF who were candidates 
for liver transplantation. 

METHOD
We present a consecutive series of 23 adult patients with 

ALF and encephalopathy. Nineteen of them received a liver 

transplant (period 1990-2004). Of this series, 17 patients had 

ICP monitoring because of grade III-IV encephalopathy grade. 

Thirteen patients had fulminant liver failure, while 4 had sub-
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fulminant liver failure. Causes of liver failure were: hepatitis A 
virus, 3 patients; hepatitis B virus, 3 patients; autoimmune hep-
atitis, 11 patients; Budd-Chiari syndrome, 1 patient; cryptogenic, 
4; and toxic hepatitis, 1 patient (Table 1). 

ICP monitoring was carried out with an intraparenchymal-
monitoring device, placed by neurosurgeons. Fresh plasma (me-
dian, 2 units) was administered before and during the procedure. 
A twist drill hole was performed, and bone wax, bipolar coagu-
lation of duramater, and generous irrigation were used to pro-
vide hemostasis. ICP was considered high when ≥20 mmHg. Fol-
lowing the insertion of the intraparenchymal device, and due to 
the severe clinical condition of the patients, computed tomog-
raphy scan (CT) was only performed if patients present neuro-
logical deterioration or new neurological deficit. 

RESULTS
The median age for patients was 40 years (range, 20-60 

years). There were 15 women and 8 men. ICP monitoring 
was carried out in 17 patients, while intracranial hyperten-
sion was registered in 11 cases (64.7%). In 6 patients (35.2%), 
ICP was within normal range. The median ICP for the 11 pa-
tients with intracranial hypertension was 38 mmHg (range, 

21-100 mmHg.). The median time of ICP monitoring was 5 
days, ranging from 1 to 8 days (Table 1).

Of this series, 4 patients were not transplanted (one 
of them with an autoimmune hepatitis who improved at 
48 h), 2 patients died on waitlist, and 1 patient was not 
eligible due a persistent intracranial hypertension (100 
mmHg). In the group of non-transplanted patients, 3 pre-
sented intracranial hypertension (Table 2). 

All patients had severe coagulopathy. Median pro-
thrombin time (PT) was 50 seconds (sec) (range, 21- >70 
sec). PT normal range was considered between 13-17 sec.

As a complication associated with intraparenchymal 
transducer placement, a symptomatic intraparenchymal 
bleeding was observed in one patient, clinically manifest-
ed by a seizure (1/17cases, 5.88%, CI95% 0.14–28%). CT con-
firmed the small hematoma. It was localized in the right 
frontal lobe directly related with the placement site and 
the volume was approximately 1 cc. The small volume of 
bleeding did not impede the liver transplant, which was 
carried out uneventfully. The cerebral hematoma resolved 
spontaneously without neurological consequences. 

Table 1. Descriptive data of monitoring.

No Age Sex Monitoring Highest ICP 
registered (mmHg)

Monitoring 
time (days)

PT
 (sec)

1 46 F Yes 71 5 46

2 28 M Yes 22 7 52

3 22 F Yes 38 5 70

4 47 F Yes 21 3 34

5 34 M Yes 13 2 21

6 43 M Yes 12 7 35

7 27 F Yes 5 5 25

8 33 F Yes 45 7 41

9 51 M No – – 41

10 27 F Yes 38 4 60

11 57 F Yes 35 1 60

12 46 F Yes 11 4 24.5

13 48 F Yes 23 8 42

14 56 M Yes 5 2 29

15 20 F Yes 53 7 56

16 24 F Yes 10 3 66

17 24 M Yes 100 5 >70

18 57 F No – – 67

19 36 F Yes 22 5 63

20 40 F No – – >70

21 55 M No – – 50

22 34 M No – – 23.6

23 60 F No – – 50

F, female; M, male; ICP, intracanial pressure; MAP, mean arterial pressure; mmHg, millimeters of mercury; PT, 
prothombin time; sec, seconds.
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CT will be doing if the patient is on transplant list or 
if he had encephalopathy I-II with a new focal deficit or 
if ICP is elevated.

DISCUSSION

The advent of liver transplantation as a treatment op-
tion for ALF requires also the management of associated 
hepatic encephalopathy. Diagnosis and monitoring of in-
tracranial hypertension contributes to the care of candi-
dates for liver transplantation, both before and during the 
surgical procedure. Nevertheless, in the case of patients 
with ALF, it is important to consider the disadvantages 
related with the use of an invasive method, not only be-
cause of the severe disorders of the coagulation, but also 
because of the immunological compromise associated 
with this type of pathology1-3. 

In the common neurosurgical practice, ICP monitor-
ing can be performed using intraventricular, intraparen-
chymal, subdural, or epidural devices. The intraventricular 
transducer is widely accepted as the “gold standard sys-
tem” for ICP monitoring, being its main complication the 

bacterial colonization with an incidence of up to 40%. In 
patients without coagulopathy, the reported incidence of 
hemorrhagic complications was 1.1%, and the incidence of 
the device malfunction was 6.3%. Intraparenchymal trans-
ducers are currently most used because the procedure 
of placement is very easy and it is associated with a low 
rate of complications. The main disadvantage is the dys-
function of the optical fiber (9-40%). The hemorrhagic 
complication is observed in 2.8% of the cases, and the in-
cidence of bacterial colonization has been brought down 
to 0-14% of the cases5-7 . In a prospective study of intra-
parenchymal monitoring, haemorrhage was observed in 
2.1% of patients without alteration of the coagulation, and 
in 15.3% of their counterparts with coagulopathy8. In an-
other study, 118 patients with intracranial pathology but 
without coagulopathy were evaluated, and the incidence 
of observed complications was: infection (0.7%), intrapa-
renchymal haematoma (5.1%) and complications related 
with technical aspects (23.5%)9. Subdural devices present 
an infection incidence of 4-5%, whereas the risk of haem-
orrhage is extremely low6,7 .

In ALF, the election of the type of ICP monitoring is 
very important owed to the high risk of bleeding attribut-
able to the basal coagulopathy. The majority of authors 
recommend the epidural monitoring as a safer procedure, 
in spite of its lower accuracy3,10. Blei et al. reported a se-
ries of patients with ALF, with a lesser index of complica-
tions (3.8%) with the use of epidural transducers, com-
pared with complications observed with subdural and 
intraparenchymal devices, which presented a procedure-
related bleeding incidence of 20% and 22% respectively. 
Fatal haemorrhage occurred in 1%, 5%, and 4% of patients 
with epidural, subdural, and intraparenchymal monitors, 
respectively1. In a study of 36 patients with intracranial 
hypertension and encephalopathy grade IV, Keays et al. 
reported few complications, including bleeding at the 
placement site of epidural ICP transducers3. The Mayo 
Clinic group published an analysis of 11 patients with ALF 
and ICP monitoring using subdural devices, showing only 
one patient presenting a complication, a focal haemor-
rhage secondary to the transducer placement11.

Since the first report in 1993, the majority of the cen-
ters use epidural transducers in patients with acute liver 
failure in order to avoid hemorrhagic complications3. The 
first patient of our present series was treated in 1990 with 
intraparenchymal device, and following this case, the pro-
cedure continued in the same way. We are reporting a 
retrospective study, and we would like to emphasize that 
the present communication is focused on the technical 
aspects and not on the management and effectiveness 
of the treatment of intracranial hypertension. In our se-
ries, we used intraparenchymal transducers to privilege 

Table 2. Descriptive data of pathology.

Nº Hepatopathy Encephalopathy Transplant

1 Autoimmune grade III Yes

2 HBV grade III-IV Yes

3 Cryptogenic grade III-IV Yes

4 Toxic grade IV Yes

5 Cryptogenic grade III Yes

6 Autoimmune grade III Yes

7 Cryptogenic grade IV Yes

8 Cryptogenic grade III-IV Yes

9 Autoimmune grade II-III Yes

10 Autoimmune grade III Yes

11 HVA grade III-IV Yes

12 Autoimmune grade IV Yes

13 HVA grade IV Yes

14 Autoimmune grade IV No

15 Autoimmune grade III-V No

16 Autoimmune grade IV Yes

17 HBV grade III-IV No

18 HBV grade II Yes

19 Budd-Chiari grade III Yes

20 Autoimmune grade II-III Yes

21 HVA grade II Yes

22 Autoimmune grade II Yes

23 Autoimmune grade II Yes

HVB, hepatitis B virus; HVA, hepatitis A virus.
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the accuracy of ICP monitoring for patients with ALF. The 
monitor used was Camino Inc, and no malfunctions of ICP 
devices occurred in this group of patients. Prevention of 
complications was performed by prophylactic administra-
tion of periprocedural fresh plasma, and by the placement 
of devices done by neurosurgeons in all cases. The pro-
cedure was a blind insertion via a twist drill hole. It was 
carried out by neurosurgeons in the Intensive Care Unit. 
Coagulation was used to control bleeding. 

In our series, the incidence of complications was simi-
lar to that obtained by other authors who utilized subdu-
ral or epidural transducers. No infectious complications 
were observed, and the median ICP-monitoring time was 
5 days (range, 1-8 days). 

In conclusion, based on our experience we can suggest 
that intraparenchymal ICP monitoring in patients with ALF 
is a precise method, with a low risk of complications. The 
possibility of hemorrhagic complications at the place-
ment site is similar to patients without coagulopathy with 
the appropriate prophylactic treatment.
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