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ABSTRACT

Intracranial pressure monitoring has become critical for the adequate management of patients
with severe head injury in recent years. Several other recommendations for intracranial pressure
monitoring have also been described, specially for patients with subarachnoid hemorrhage with
ventricular enlargement, and spontaneous intracerebral hematomas. The immediate postoperative
period of elective surgeries that require brain retraction is another instance where intracranial
pressure monitoring could provide useful informations to optimize outcome. Expensive methods
make it almost prohibitive to smaller centers in our Country.

We describe our protocol of routine intracranial pressure monitoring using an intraventricular
catheter connected to an external strain gauge transducer adapted to an ordinary invasive pressure
monitor, in a countryside university hospital, and analyze the data of intracranial pressure and
cerebral perfusion pressure obtained with regards to outcome and also investigate the more
common complications of the method.

We conclude that intracranial pressure monitoring could be safely applied at a low cost to improve
the management of those patients.
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RESUMO

Monitorizagdo da pressao intracraniana de rotina em hospital universitario rural

A monitorizagdo da presséao intracraniana tornou-se critica para o manuseio adequado de pacientes
com trauma craniencefalico grave nos ultimos anos. Diversas outras recomendag¢bes para
monitorizagdo da presséo intracraniana também foram descritas, especialmente para pacientes
com hemorragia subaracnéidea com dilatagdo ventricular e hematomas intracerebrais
espontaneos. O periodo pés-operatério imediato de cirurgias eletivas que necessitem de retragdo
cerebral é outro exemplo em que essa monitorizagdo pode fornecer informagbes importantes
para otimizar o resultado final. Métodos caros tornam a monitorizagdo da pressao intracraniana
proibitiva para centros menores em nosso pais que tratam deste tipo de paciente.

N6s descrevemos nosso protocolo de monitorizagdo da pressdo intracraniana de rotina utilizando
um cateter intraventricular conectado a um transdutor de pressdo externo adaptado a um monitor
de pressédo invasiva usual em um hospital universitario em zona rural. Analisamos os dados de
presséo intracraniana e pressdo de perfusdo cerebral obtidos em relagdo a evolugédo e
investigamos as complicagcbes do método.

Concluimos que a monitorizagdo de pressédo intracraniana pode ser realizada de maneira segura,
a baixo custo, para melhorar o manuseio desses pacientes.

PALAVRAS-CHAVE

Monitorizagdo da presséo intracraniana. Terapia intensiva.



Introduction

Great emphasis has been placed in the last years on
the possibility of secondary insults in patients with brain
damage, even under intensive care treatment, leading to
an unfavorable outcome. Intracranial pressure (ICP)
monitoring has taken part in the diagnostic and therapeutic
arsenal to detect and treat patients with conditions that
disturb normal ICP and cerebral perfusion pressure (CPP).
Marmarou et al.”’ were one of the first investigators to
consistently describe the influence of intracranial
hypertension and systemic hypotension, which ultimately
modify the CPP, on the negative outcome of patients with
severe head injury. Several protocols have been published
since, focusing on ICP control and CPP enhancement,
most of them based on what can be called a "head trauma
mode]"!*19:2025.26:32.33.34374344 T egg information is available
regarding the management of patients with non-traumatic
disorders that can potentially raise ICP and also regarding
the patients in the immediate postoperative period of
elective surgeries for pathologies that require brain
retraction®®!%1215:2229313545 Nonetheless, [CP monitoring
has been widely used for all these purposes. Another
clear advantage of this usage is the reduction in
unnecessary and potentially hazardous therapeutic tools
for patients under controlled ICP, such as hyperven-
tilation, osmotic diuresis and prolonged sedation'®?%,
On the other hand, expensive equipment such as high-
fidelity fiberoptic devices could be required which often
make it not viable to most of the hospitals in our Country.

The recently published Guidelines for the Mana-
gement of Severe Head Injury has renewed our interest
to routinely monitor our patients with intracranial lesions
under some specific conditions utilizing an intraven-
tricular catheter connected to an ordinary invasive
pressure monitor 2%, It is not our purpose to test the
reliability of this method, which has been done
elsewhere'***#1 but rather to investigate the feasibility
to perform it under a routine basis in a countryside
hospital in order to stimulate its more widespread usage.

Clinical material and methods

Twenty patients admitted to the Intensive Care
Unit (ICU) between March 2000 and July 2001
underwent intracranial pressure monitoring and were
therefore included in the study. They were further
divided into an elective ICP monitoring group (Group
1;n=6,30%) and an emergency ICP monitoring group
(Group 2; n=14, 70%).

In all patients an intraventricular catheter was placed
in the frontal horn of the lateral ventricle ipsilateral to
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the lesion or on the right side in diffuse lesions. An
incision was made with a scalpel to the tip of the catheter
along one of the rows of fenestrations so that the guide
could be placed outside it in order to easily detect any
CSF outflow and reduce the need for repeated
punctures. The method of insertion is described
elsewhere'®. The catheter was, then, connected to a
three-way stopcock device with a disposable dome
membrane (Novatrans Dome MX848; Medex Inc.,
Dublin, Ohio, USA) which is coupled to an external
pressure transducer (MX 860; Medex Inc.) linked to an
invasive pressure monitor (Biomonitor 7 - IPX0; Bese,
Belo Horizonte, MG, Brasil) on one side, and to an
external closed collector system on the other side. Mean
intracranial pressure was displayed alongside its wave.
The monitor was settled to record the last 12 hours ICP
variation curve. CSF was drained whenever ICP
exceeded 20 mmHg for at least 5 minutes to exclude any
manipulation artifacts. The patients were maintained
under sedation with midazolan dripping and,
occasionally, intermittent phentanyl during the
monitoring period so that respiratory parameters could
be kept within desired values. The monitor was
recalibrated whenever the patient head was reposi-
tioned. Every ICP reading that was not accompanied
by its wave was considered artifactual and discarded;
the system was checked for CSF draining and the
catheter was repositioned as needed. We focused on
keeping CPP over 70 mmHg, although we did not
deliberately use any measures to specifically raise it
other than the ICP control and volume expansion and/
or vasopressors needed to stabilize the patient's
hemodynamics. Arterial blood gases and hemograms
were recorded and documented as daily averages.
Ventilatory parameters were managed to maintain SatO2
between 95-100% and PaCO2 initially around 35-40
mmHg. In patients with ICP that could not be controlled
by repeated CSF draining, mannitol was added in doses
0f 0.25 to 0.5 g/kg every four hours; hyperventilation
was then instituted, with a PaCO2 goal of never less
than 25 mmHg. These measures were initiated in a
stepwise fashion. No mannitol or hyperventilation were
used if ICP was normal or could be controlled by CSF
draining alone and they were always tapered off if ICP
returned to satisfactory values.

The data of the patients studied in this report
are shown in table 1. Patients operated on for
pathologies that required brain retraction were kept
under general anesthesia to the end of the procedure
and taken to the ICU with a ventricular catheter in
place to be monitored. No mannitol administration
or hyperventilation were done on a regular basis.
Those patients comprise the elective ICP monito-
ring group (Group 1).
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In the emergency ICP monitoring group (Group 2) all
patients with a post-resuscitation Glasgow Coma Scale
(GCS) score of 8 or less with abnormality on the CT scan
or cerebral angiography (if a CT scan was not available)
underwent endotracheal intubation and taken to the
operating theater, if needed, and then to the ICU to be
monitored. Patients with a GCS score of 8 or less and no
radiological abnormality were monitored if they had at
least two out of three criteria: a) abnormal posturing; b)
admission systolic pressure £ 90 mmHg; c) age over 40
years. Mannitol was administered empirically before the
ventriculostomy was performed if the patient
neurological condition deteriorates at least 2 points in
the GCS or if presents signs of acute brain herniation.

The ICP monitoring was removed when the ICP
persisted for at least 24 hours under 20 mmHg without
the need for CSF drainage. We initially established that
if ventriculitis develops the catheter would also be
removed.

A Glasgow Outcome Scale (GOS) of 1-2 was defined
as bad outcome, while a GOS of 3-5 was defined as
good outcome.

Data regarding initial and average ICP and CPP
readings, pupillary asymmetry, neurological dete-
rioration, pathological waveforms, complications and

outcome were registered and plotted in a spreadsheet
for further analysis. They are presented as mean +
standard deviation when appropriate. Comparisons
were computed with Student’s t-test and Fisher’s exact
test with the assistance of a commercially available
software (InStat 3.05 for Windows; GraphPad Software
Inc., San Diego, California, USA).

Results

ICP, CPP readings and outcome

We were able to place the catheter in the proposed
frontal horn in all cases in this series. Moreover, we
noted an evident learning curve towards the last ten
patients who rarely needed more than one successful
puncture, even in cases with severe diffuse swelling
and a slit ventricle. Patients were monitored for a mean
period of 3.6 = 2.5 (range 1-11) days; their age varied
from 8-65 years (mean 38.1 + 15.9). There were 9 women
(45%) and 11 men (55%) (Tables 1 and 2).

Table 1
Clinical data of monitored patients*
Case Age/Sex Diagnosis Initial GCS  Initial ICP Initial CPP Pupillary Neurological
Score (mmHg) (mmHg) asymmetry  deterioration
Group 11
1 49,F ACo0A aneurysm 15 9 101 NA NA
2 43,M ACoA aneurysm 14 8 112 NA NA
3 48,F ICAbif aneurysm 15 12 94 NA NA
4 50,F Parafalcine meningioma 15 7 103 NA NA
5 65,F Sellar/parasellar meningioma 14 16 147 NA NA
6 21, M Temporal lobe cavernoma 15 6 120 NA NA
Group 2}
7 30,M TICH 4 15 75 R>L N
8 41,F SAH +ICH +IVH 8 28 187 = Y
9 46, F SAH +1VH 8 20 170 = Y
10 10,F ASDH + DBS 6 22 58 = Y
11 31,M DALI + focal contusion 6 18 58 L>R N
12 43, M ASDH + bilateral contusions 4 26 87 R>L Y
13 29, M DBS 7 14 116 = N
14 8, M DBS 7 14 79 = Y
15 30,M DBS + deep TICH + contusion 8 27 66 = Y
16 47, M TICH 8 20 76 = Y
17 52,F TICH 6 26 124 R>L Y
18 62,F SAH +IVH 8 20 96 = N
19 42,M DBS 6 18 102 = N
20 16,M DBS + bilateral contusions 8 17 93 = N

* AcoA = anterior communicating artery; ICAbif = internal carotid artery bifurcation; TICH = traumatic intracerebral hematoma; ICH = spontaneous

intracerebral hematoma; SAH = subarachnoid hemorrhage; IVH = intraventricular hemorrhage; ASDH = acute subdural hematoma; DBS = diffuse brain

swelling; DAI = diffuse axonal injury; NA = not applicable. T Elective (post operative) monitoring group. { Emergency monitoring group.
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Table 2
Intracranial pressure monitoring data, complications and outcome*
Case Mean ICP Mean CPP Plateau Dayst Complications 3 mo.
(mmHg)/range (mmHg)/range waves GOS
Group 1
1 14.4 + 4.8 (8-25) 90.2 £9.67 (113-71) N 3 Diabetes insipidus 5
2 14.1 £ 3.6 (8-20) 91.2 + 8.7 (112-82) N 3 5
3 14.6 £ 5.1 (9-23) 92.9 £ 4.7 (100-85) N 2 Gram neg. meningitis + DVT 5
4 11.6 £ 3.5 (7-19) 97.5+ 7.5 (115-86) N 2 5
5 23.2 +£5.1(16-28) 62 + 61.8 (147-12) N 1 Acute tumor bed hemorrhage + catheter obstruction 1
6 8.9+22 (6-12) 92.3 +12.4 (120-80) N 2 5
Group 2
7 16.1 +2.4 (10-20) 82.1 £ 15.7 (122-59) N 4 Hypothalamic insufficiency 1
8 15.1+£5.9(7-32) 120 + 29.5 (184-92) N 6 Catheter obstruction + rebleeding 2
9 26.3 + 8.1 (11-42) 100 + 22.3 (148-60) N 11 ARF + PE 1
10 24.9 £ 7.1 (16-35) 40.1 £ 17.2 (62-13) Y 1 Catheter obstruction 1
11 17.2 £4.9 (9-23) 92.5 +21.7 (123-58) N 3 MRSA sepsis 3
12 28.7 £ 10.3 (16-58) 66.3 £ 21.6 (106-29) Y 3 1
13 18.7 + 8.3 (5-38) 96.2 £ 15.7 (136-60) N 6 ARDS 5
14 21.5+£ 6.0 (14-30) 70.8 £ 11.2 (91-56) N 1 Pulmonar contusion 1
15 30.9 + 14.7 (8-69) 71.2 £21.6 (99-20) Y 7 Nosocomial pneumonia 1
16 16.4 + 6.1 (8-27) 82.9 + 13.8 (114-61) N 3 5
17 32.3 £ 14.2 (12-58) 74.8 +25.3 (124-23) Y 2 1
18 20.3 + 5.6 (12-32) 113 £21.5 (161-77) N 7 Nosocomial pneumonia 3
19 18.6 £ 6.1 (10-32) 86.1 + 8.2 (102-70) N 2 5
20 17.8 + 5.7 (10-28) 98.6 + 11.4 (126-84) N 3 5

* GOS = Glasgow outcome scale at three months; DVT = deep vein thrombosis; PE = pulmonary embolism; ARF = acute renal failure; ARDS = adult

respiratory distress syndrome; MRSA = methycillin resistant Staphylococcus aureus.t Total days of ICP monitoring.

In all patients in Group 1, the initial ICP was less
than 20 mmHg, which is probably related to the fact
that all of them were in an immediate postoperative
period of surgeries that required a craniotomy, dural
and cisternal opening and, eventually, ventricular
drainage*'. All of them had a good outcome, except for
case n° 5 who died from complications of the primary
surgical procedure (Table 2); three patients presented
ICP peaks over 20 mmHg which were successfully
managed by CSF drainage only.

In Group 2, the initial ICP varied from 14 to 28 mmHg
(mean 20.4 + 4.8). In this group, six out of eight patients
with initial ICP of 20 mmHg, or over, had an unfavorable
outcome while two out of four patients with initial ICP of
less than 20 mmHg died or were left vegetative, although
it did not reach statistical significance (p =0.15).

In Group 2 the initial CPP varied from 58 to
187 mmHg (mean 99.1 +39.1). An initial CPP of over
70 mmHg also did not correlate well with good
outcome (p=0.61).

Mean ICP variations among patients in Group 2
correlated well with outcome. Patients with a GOS of 1-
2 had a mean ICP of 24.5 + 6.4 mmHg while patients
with a GOS of 3-5 had amean ICP of 18.2+ 1.3 mm Hg
(p=0.03). In contrast, the difference between CPP mean
values in Group 2 for good and bad outcomes was not
statistically significant (p =0.14).
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A total of eight patients presented with neurological
deterioration in the emergency monitoring group before
ventriculostomy was instituted. That also had a good
correlation with a bad outcome (p =0.02).

We were able to observe Lundberg plateau waves
in four patients that died in this series (p = 0.06), all of
them in Group 2 (Table 2).

Complications

No cases of overt ventricular infection were detected
during the monitoring period. We decided not to search
for catheter colonization, which is almost always present
in patients kept with the device for prolonged times,
usually more than 3-5 days. A febrile patient with white
blood cell count alterations was always investigated in
a broad context, which also included a CSF bacte-
riological study. One patient in Group 1 developed a
Gram negative bacillus meningitis seven days after she
had been discharged from the ICU and ten days after the
intraventricular catheter had been removed; in this way,
we could not attribute this complication to the ICP
monitoring technique itself, also considering that she
was in a postoperative period of a protracted surgery.
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Three patients (15%) had a catheter obstruction,
which was observed as an interruption of CSF outflow
and disappearance of the ICP wave, that could not be
managed by repositioning alone and required the
removal of the original system. In one patient, we were
able to place another catheter into the contralateral
ventricle and maintain our protocol. In other two
patients, we could not have it done after three attempts,
so we decided to abandon the procedure. In both cases,
the ICP readings before the detected obstruction were
over 40 mmHg. The patients were in a shock state
receiving vasopressor agents. Both died in a 24 hour-
period. In one of them (case n® 10) the necropsy did
not reveal any lesions that could be related to the
catheter placement.

One out of three patients with subarachnoid
hemorrhage (SAH) and associated intraventricular
hemorrhage, experienced an episode of rebleeding on
the third day. It has been already described as a
potential complication of ventriculostomy in
uncontrolled studies®.

No clinically significant intracranial hemorrhages
due to the procedure were found in this study. The
other complications noted in the patients of this series
(Table 2) could not be linked to the ICP monitoring
methodology, and were related to their basic diseases.

Discussion

ICP monitoring is recommended as a guideline in
patients with severe head injury and an abnormal
admission CT scan'®?*2334 Tt is also appropriate for
patients with severe head injury and a normal CT scan
if at least two of the following features are noted at
admission: age over 40 years, uni or bilateral motor
posturing, systolic blood pressure <90 mm Hg'®20-28.32.3343,
Ventriculostomy with or without ICP monitoring is also
recommended for patients with SAH and acute
(obstructive) hydrocephalus, with data mainly derived
from nonrandomized cohort studies and the advice that
it may be associated with an increased rebleeding
incidence'3?%3%42 In patients with spontaneous
intracerebral hemorrhages (ICH), ICP management has
been oriented based on ICP monitoring supported by
anecdotal case series®>'>¥4° Although we could not
find any formal guidelines concerning ICP monitoring
after elective intracranial surgery, there are suggestions
that it should be used liberally, specially for supra-
tentorial lesions and when some risk factors for ICP
elevation could be predicted®!102231,

Those management protocols rely, at least in part,
in a clear lack of specific medical treatments to protect
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patients from secondary injuries?®. In that way, therapy
has been based on surgical decompression of mass
lesions, artificial ventilation and ICP monitoring with
emphasis on CPP management*!**’, although it has been
recently challenged’?"*8, specifically for severe
traumatic brain lesions.

In summary, there are current indications that ICP
monitoring helps in early detection of mass lesions,
can limit the indiscriminate use of therapies to control
ICP, can reduce ICP and thus improve CPP, helps in
determining prognosis and may improve outcome'®?,
There is also a trend towards the indication for ICP
monitoring in patients with ICH for basically the same
reasons, although no controlled studies have been done
so far’. In patients with spontaneous SAH there are
also some suggestions that intracranial hypertension
may have a relationship to the duration and severity of
vasospasm leading to conclusions that ICP monitoring
could potentially detect and avoid this complication'*'>,
Regarding postoperative monitoring for supratentorial
lesions, there are studies showing that ICP elevations
can precede or, at least, parallel a deterioration event,
leading to more prompt responses once it is detected
and a theoretical improvement in outcome®!%2245. Some
reports suggest that ICP monitoring can also help and
guide the nursery for all those patients, giving
information on ICP status during frequent procedures
such as head positioning, endotracheal tube
suctioning, passive motion and so on*!7:#3°,

Although we have seen in recent years a massive
diffusion of refined techniques for ICP monitoring, with
an increasing number of types and brands of monitors,
different kinds of fiberoptic catheters and specific
transducers for placement in variable locations inside
the skull’”®, a ventricular catheter connected to an
external strain gauge transducer remains the most
accurate, cheaper, and reliable method for ICP
monitoring'®23343_ Tt also offers the benefit of draining
CSF in cases of intracranial hypertension and can be
recalibrated when needed'®?*?%, On the other side, it
has the drawback of potential obstruction of the fluid
couple and consequent loss of signal and inaccuracy,
and has to be maintained at a fixed reference point to
the patient's head to avoid erroneous readings!'®!1%20-3,
We have noted only a few cases of obstruction in our
series that needed the replacement of the catheter, all
of them in patients with severe intracranial hypertension.
According to some reports, it typically occurs in
patients with ICP over 40-50 mmHg and has usually no
adverse effects on outcome'*?*4!,

The major complications of intraventricular
indwelling catheters are infection (sometimes reported
as colonization, adding some confusion to its clinical
significance) and hemorrhage, although they rarely
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become symptomatic'®1?293%  The differences in

incidence of complications from one method of ICP
monitoring to another, particularly for ICH, is probably
multifactorial '3, Undoubtedly, the need for multiple
punctures raises this risk. Nonetheless, we could feel
progressively more comfortable to reach even severely
compressed ventricles, something that may seem rather
difficult for the unskilled one. In that way, no clinically
significant hematomas were noted in our study group.

Regarding intracranial plateau waves, we could
observe them, typically, in patients with uncontrollable
intracranial hypertension. Although some have noted
that their presence per se do not increase the incidence
of unfavorable outcomes’, they denote a depletion in
the pressure-volume reserve and can be used along
ICP data to construct a dynamic index of prognosis®.
All of our patients with plateau waves died, with a
discreet statistical relation towards bad outcome,
probably because of the study population size.

Although we presented a small series, we could
find a strong correlation between mean ICP and
outcome, while mean CPP did not follow that
correlation. Juul ef al?' have suggested recently that
protocols aiming at increasing CPP but not attempting
to reduce ICP are unacceptable. Marshall?, in a broad
review of head injury management, says that CPP
should be kept under acceptable values but there is
little evidence that raising it produces any definable
benefit on final result. Cruz’ adds that "normal-to-
increased CPP holds absolutely no correlation with
cerebral oxygen metabolism (both oxygen extraction
and consumption), thus ruling out any beneficial effect
of normal-to-increased CPP levels". Our option to not
deliberately elevate CPP seems reasonable in this
scenario.

The time course of deterioration, specifically with
regards to ICP levels, has been a controversial subject.
There are strong data suggesting that neurological
worsening correlates well with unfavorable outcome?!,
as we could also observe, but few reports have shown
that intracranial hypertension clearly precedes these
events. Nevertheless, there is some potential for
prediction and, thus, avoidance of deterioration both
in elective and emergency situations.

In view of all facts, the Brazilian Neurosurgical
Society has recently published and recommended a
guideline somewhat similar to the one developed by
the Brain Trauma Foundation in cooperation with the
American Association of Neurological Surgeons
regarding the general management and ICP monitoring
indications for patients with severe head injury?. There
are few reports, though, that focus on ICP monitoring
protocols in the Brazilian literature, all of them
belonging to huge reference centers>!®!!. Most smaller
centers in our Country still deal with those patients in
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a somewhat anarchic way, without evident criteria for
utilization of usual therapeutic tools such as mannitol
and hyperventilation, no measurement of what is done,
no clear-cut endpoint for them and even with the usage
of outdated therapies such as corticosteroids and
dehydration. Ghajar et al.'®, in a recent survey of critical
care management of severely head-injured patients in
America stressed the need to establish guidelines that
could be followed not only by reference trauma centers,
but also by units that treat fewer patients, aiming at
improving the standard of care. They add that it should
be moderated by practical and financial considerations
in order to broaden its range. ICP monitoring by a fluid
coupled catheter connected to an external strain gauge
transducer suits our needs to adhere to those
recommendations since it is a inexpensive, reliable and
easy method with few complications that most of the
time do not interfere with results.

Conclusions

Routine intracranial pressure monitoring with
intraventricular indwelling catheter connected to an
external strain gauge transducer is a safe and
reproducible method of ICP monitoring even with
limited resources circumstances. It proved to be
easily applied, helped us to choose and modulate
therapies and provided hints that clarified the
prognosis of the patients, at a definitely low cost,
since we could apply the equipment already available
at our institution. Further, we have had few
complications related to the method with no
interference on the final outcome. We suggest it
should be used routinely in centers that care for
patients with severe traumatic and spontaneous brain
injuries and also after elective surgeries that require
brain retraction, and can not afford to expensive
apparatuses. The main purpose, after all, is to
optimize and try to improve outcome.
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