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Preface

The first international symposium on intracranial pressure was held in Hannover Germany in 1972, and 8
symposia have been held since that time in all parts of the world. This volume provides a summary of the tenth
symposium which was held in Williamsburg, Virginia, and marked the 25" anniversary of our initial meeting. In
these past 25 years, significant strides have been made in understanding the cause and effects of raised intracranial
pressure, and this symposium represented a milestone in our quest for knowledge to help improve patient outcome.
It is here that we expanded the scope of our meeting to include additional forms of neuromonitoring to provide a
broader view of the pathophysiologic changes occurring in injured or diseased brain. Important contributions were
made in experimental and clinical studies of brain tissue oxygen, neurochemical measures utilizing microdialysis,
jugular oximetry, near infrared spectroscopy, cerebral blood flow and magnetic resonance spectroscopy to name
a few. These other monitoring modalities were welcomed at our ICP symposium and it is natural that results of
these additional probes into the brain are discussed in concert with the first brain probe, intracranial pressure.

The Williamsburg symposium attracted 417 scientists from all parts of the world and 298 abstracts were
accepted for presentation at the meeting. A total of 182 manuscripts were submitted and of these, 107 manuscripts
were selected for expanded publication. The remainder of the abstracts (191) are also published in this volume.
The top six categories containing most abstracts are: Pathophysiology of ICP, Hydrocephalus, Traumatic Brain
Injury, Management of ICP and CPP, Brain Oxygen Monitoring and Neuromonitoring in the ICU. Combined,
these topics accounted for 65% of the abstracts. The symposium also scheduled several workshops, which allowed
the veteran scientists more time to discuss their research and recommend new areas of investigation to the younger
investigators. These workshops were fully attended by the participants and expanded our knowledge base. In
addition, a special satellite meeting of “Neurochemical Monitoring in the Intensive Care Unit” was held following
the ICP symposium, which attracted more scientists to present their most recent findings and to complement our
general theme of neuromonitoring. These manuscripts are contained in a separate volume.

We were also fortunate during the opening ceremony to hear videotaped introductory comments by Professor
Lundberg, who is doing well and enjoying retirement on the farm of his parents in Lund, Sweden. Professor
Lundberg commented on the fact that the ICP symposia are an odd phenomenon in the jungle of medical
associations, since there is no permanent organization, no president, no staff, no formal membership, no society,
no written rules, etc. etc. How is it possible, he asked, that such a loosely built association has been kept living
during 25 years, prospering and developing in to an almost indispensable ingredient of scientific neurosurgery?
We found the answer in Williamsburg where the number of new investigators represented a large percentage of
participants. The ICP symposia for the past 25 years have welcomed these young scientists to the field and have
provided a fertile ground to learn, grow and eventually become the seasoned investigators that brain research so
desperately needs.

The scientific works presented in this volume document the current state of the art in ICP research and the field
of neuromonitoring. We look forward to continued progress at our next symposium to be held in Cambridge,
England, in the year 2000. Finally, we wish to acknowledge the competent collaboration of R. Petri-Wieder of
Springer-Verlag, Vienna in the production of this volume.

Anthony Marmarou
on behalf of the Advisory Board
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Summary

Hyperventilation (HV) is routinely used in the management of
increased intracranial pressure (ICP) in severe head injury. How-
ever, this treatment continues to be controversial because it has
been reported that long-lasting reduced cerebral blood flow (CBF)
due to profound sustained hypocapnia may contribute to the
development or deterioration of ischemic lesions. Our goal in this
study was to analyze the effects of sustained hyperventilation on
cerebral hemodynamics (CBF, ICP) and metabolism (arterio jugu-
lar differences of lactates = AVDL). Co,-reactivity and CBF was
estimated using AVDO, (arteriojugular differences of oxygen
content). Global cerebral ischemia and increased anaerobic
metabolism were considered according to AVDO, and AVDL
respectively. Thirty-three patients with severe and moderate head
injury and increased ICP were included. Within 72 hours after
accident, patients were hyperventilated for a period of 4 hours.
During this time jugular oxygen saturation (SjO,), arterial oxygen
saturation (Sa0,), ICP, mean arterial blood pressure (MABP),
AVDO, and AVDL were recorded.

In our study, most patients preserved CO,-reactivity (88.2%). In
these cases HV was very effective in lowering ICP. Our findings
showed that this reduction was due to a CBF decrease. According
to basal AVDO, twenty-five patients (75.7%) were considered as
hyperemic and eight (24.2%) as not hyperemic. Global ischemia
and increased anaerobic metabolism were detected in one case in
the non-hyperemic group. According to AVDO, and AVDL, no
adverse effects were found during four hours of HV in hyperemic
patients. Nevertheless, AVDO, and AVDL are global measure-
ments and might not detect regional ischemia surrounding focal
lesions such as contusions and haematomas. We suggest that moni-
toring of AVDO, or other haemometabolic variables should be
mandatory when sustained HV is used in the management of head
injury patients.

Keywords: Cerebral ischemia; head injury; sustained hypocapnia.

Introduction

Autoregulation and CO,-reactivity can be impaired
independently of each other in many brain insults,
the so called “dissociated vasoparalysis”. In most

patients with severe head injury and increased intrac-
ranial pressure (ICP), autoregulation is impaired in
the first days, although CO,-reactivity is usually pre-
served. This fact has many clinical implications. In
these patients, uncontrollable intracranial hyperten-
sion is the most frequent cause of death. Vascular
mechanisms have been classically considered in some
type of lesions (swelling) as the most important
etiopathogenic factor. Hyperventilation (HV) has
been routinely used for many years with a demon-
strated effectiveness for decreasing ICP. However,
this treatment continues to be controversial because
it has been reported that long-lasting diminished ce-
rebral blood flow (CBF) due to profound sustained
hypocapnia may contribute to the development or
deterioration of ischemic lesions. Our goal in this
study was to analyze the effects of HV in cerebral
hemodynamics and metabolism of severe head
injury.

Material and Methods

In this prospective study 33 consecutive patients with severe and
moderate head injury (GSC < 12) and increased ICP (>20mmHg)
were included. Those patients with pulmonary disorders which
did not allow modifications of the ventilation parameters were
excluded. The protocol used in our study was reviewed and ap-
proved by the Ethics committee of the Vall d’Hebron University
Hospitals.

Study Protocol

ICP, §jO, and MABP were continuously monitored in all patients
with a GCS score below or equal to eight. Within 72 hours after
accident, patients were hyperventilated for a period of four hours.
First arterial and jugular samples were extracted to establish
baseline values. Then minute ventilation was increased to de-



crease basal arterial pCO, and this change was maintained for a
period of four hours. Continuous capnography was used to pre-
vent significant variations of arterial pCO,. During this time arte-
rial and jugular samples were extracted at 30 minutes, 1 hour, 2
hours and 4 hours to determine AVDO, and arterial pCO,. ICP
and MABP were also recorded. AVDL were measured before
hyperventilation and at 30 minutes and 4 hours after induced
hypocapnia.

CO,-reactivity was tested in all patients according to previously
reported methodology [13]. Intact CO,-reactivity was considered
when changes in estimated CBF were greater than 1%. AVDO,
were calculated by using the following equation: AVDO, = 1.34 x
Hb x [(Sa0, - §j0,)/100]. AVDO, at one hour, two hours and four
hours were corrected for spontaneous changes in pCO, according
to the pCO, at 30 minutes.

Expressed as 100%, the percent change of CBF (1/AVDO,)
relative to the baseline value was calculated according to the fol-
lowing equation:

CBF% =100-[(1/AVDO,5 — 1/AVDO,,)/(1/AVDO,) x 100],
where AVDO,; are the basal AVDO, and AVDO,,;, the AVDO,
at 30 minutes, one hour, two hours or four hours of HV.

Assuming a normal range of AVDO, of 1.7-3.8umol/ml [9],
AVDO, < 1.7umol/ml was considered as brain hyperemia and
AVDO, > 3.8umol/ml as suggestive of brain ischemia. Increased
anaerobic metabolism was considered when ADVL > —0.42 umol/
ml [8].

Statistical Analysis

Statistical analysis was carried out using the BMDP package.
Mean * SD was used to summarize variables. The level of statisti-
cal significance was established at 0.05.

Results

Mean age in our group was 31.6 + 14.4 years. Twenty-
six patients were male (81.3%) and six female
(18.7%). Initial GSC was 6.0 + 3.3. The study was
carried out 58 + 4.2 hours after accident. According
to CT scan findings and based on Marshall’s classifi-
cation, fourteen patients had a type II injury, ten
a type III, four a type V and three a type VI. In
our study most patients preserved CO,-reactivity
(88.2%). We did not use data from the three patients
with abolished CO,-reactivity for analysis. The main

variables recorded during the test are summarized in
Table 1.
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Fig. 1. Induced ICP, CBF, pCO, and blood pH changes during the
hyperventilation period

Hyperventilation acutely decreased arterial pCO,,
ICP and CBF. The decrease was most marked during
the first hour and showed a mild tendency to return
to baseline values during the following hour. After
the second hour there were no significant changes
(Fig. 1).

According to the basal AVDO, twenty-eight pa-
tients (93.3%) were considered as hyperemic. In the
hyperemic group, no patient developed cerebral
ischemia according to AV DO, and AVDL. In the
non hyperemic group only one patient developed
cerebral ischemia and increased cerebral metabolism
at 30 minutes of HV (Fig. 2). HV was immediately
stopped and the patient was later diagnosed as
having vasospasm.

Outcome was assessed according to the Glasgow
Outcome Scale at 6 months. 39.3% of patients had
a bad outcome: 4 died, 2 were in a persistent vegeta-
tive state and 7 were severely disabled and 60.6%

Table 1. Summary of Main Recorded Variables During Hyperventilation Period

BASAL 30min 1 hour 2 hours 4 hours
pCO, (mmHg) 348+39 241137 232+38 233+38 231+£33
pH blood 7.35+0.07 7494003 7471004 7.42%0.12 7.50 £ 0.06
ICP (mmHg) 277 +12.9 78+11.0 102+64 153+7.7 162+ 6.5
CPP (mmHg) 53.1+13.1 769 +£11.0 765+99 752 +£11.1 74.4+£10.7
CBF% 100 579+ 13.9 62.7+t16.1 69.8+239 67.0+16.5
AVDO, (umol/ml) 121+04 22407 20406 1.8%05 1.8+0.6
AVDL (umol/ml) 0.01+£027 -0.09£0.26 -0.01 £ 0.06
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Fig. 2. AVDO, and AVDI during the hyperventilation period.
The limits of ischemia are marked by dotted lines

had a good outcome: 9 good recovery, 11 moderate
disability.

Discussion
Hyperemia

AVDO, showed a hyperemic CBF pattern in most of
our patients (93.3%). This percent is higher than in
other series published in the literature [6,11]. This
could be for three reasons: 1) Most of the patients
(72.7%) in our series had a diffuse head injury (types
IT and IIT and Marshall’s classification). 2) The length
of time from the accident to admittance to our study
was in most cases more than 24 hours. A trend to-
ward normal to elevated CBF unrelated to a de-
creased CMRO, after the first hours of accident has
been described by some authors [11]. 3) An inclusion
criteria in our study was the presence of elevated
ICP and hyperemia has been associated with a high
occurrence of intracranial hypertension in diffuse
injuries [11].

CO,-Reactivity

CO,-reactivity was preserved in most of our patients.
This corresponds to findings in other studies [7,11].
HYV was very effective in lowering ICP during four
hours in these cases. The clinical implication is that
many patients with head injury and increased ICP
could benefit from HV during at least four hours as a
therapeutic method.

Hemodynamic Changes

HV decreased CBF and ICP significantly in our pa-
tients. Our findings showed that ICP reduction was
related to a CBF decrease. The highest decrease of
CBF and ICP was during the first hour with a slight
tendency to return to baseline values during the sec-
ond hour. However, during the following two hours
CBF and ICP continued to be significantly reduced
to around 40% of basal values. No tendency to lose
CBF response to HV was noticed after the first two
hours. A tolerance to HV effects, which begins
around 6 hours and is complete within 30 hours, has
been described [2]. This coincides with studies of
CSF adaptation in animal experiments [10]. How-
ever, there are fewer studies on the effects of sus-
tained hyperventilation in patients with head injury.
Cold [4] proposed that in these patients CSF pH
adaptation could be delayed. In our study HV was
used during only four hours and we cannot predict its
effect after this time.

Arterial pH increased during the first 30 min-
utes after induced hypocapnia. This coincided with
the initial fall of CBF and ICP. Blood pH increase
was then maintained without significant variation
throughout the four hours. This suggests that the
increase in arterial pH was responsible for initial
changes found in CBF and ICP probably mediated
by changes in CSF pH. Further changes in CBF can-
not be explained by blood pH variations. They may
be due to changes in CSF pH as being reported in
other studies [12].

Ischemia

Since Adams and Graham [1] described the high in-
cidence of postmortem ischemic brain damage, many
authors have pointed out the possibility of develop-
ment or deterioration of ischemic lesions due to HV.
Muizelaar [10] found a poor outcome in his group of
hyperventilated patients, and Cold [3] described a
CBF decrease close to ischemic threshold caused by
acute HV.

According to our AVDO, and AVDL results, only
one patient in the non hyperemic group showed
ischemia. Our data may suggest that in this hy-
peremic period patients would benefit from HV. This
agrees with Obrist ef al.(11) who found no adverse
effects of HV in hyperemic patients. However, it
should be emphasized that in our study regional
ischemia may not be detected as AVDO, are an
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estimate of global CBF. Moreover, blood lactates
may not represent lactates in CSF after several hours
of HV. CSF lactates have been found to be more
related to high ICP and outcome than blood lactates
[5]. Further studies of lactates in CSF are necessary
to confirm our data.
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Summary

Cerebral ischemia due to low cerebral perfusion pressure (CPP) is
the most important secondary effect of severe head injury. There
is consensus regarding the maintenance of this pressure at levels
above 70mmHg. One way to elevate CPP is by increasing mean
arterial pressure (MAP). In this study, the authors attain this
target by using adrenergic vasopressors investigating the effective-
ness of dopamine, noradrenaline and methoxamine in 16 severe
head injured patients. The results were: a) the increase of MAP
effectively increased CPP without changes in intracranial pressure
(ICP) and cerebral extraction of oxygen (CEQ,); b) noradrenaline
at a dose of 0.5mg to Smg/h was effective and safe and might be
considered the drug of choice; ¢) dopamine was not as effective at
a high dose of 10 to 42.5ug/kg/min; d) methoxamine given as a
bolus was an effective way to control sudden decreases in MAP. It
made the patients more responsive to dopamine. No important
undesirable reactions occurred during the study.

Keywords:  Cerebral

Vasopressors.

perfusion pressure; head injured;

Introduction

Cerebral ischemia due to low cerebral perfusion
pressure (CPP) is one of the most important second-
ary events affecting outcome following severe head
injury [9,18]. In this setting, increasing CPP can help
to avoid diffuse and regional ischemia.

The optimal value of CPP following head injury,
has not been established by prospective randomized
controlled clinical trials (Class 1 data). Until new
evidence becomes available, it is recommended to
mantain CPP above 70mmHg [10,13] or even higher
(20,21), with an intracranial pressure (ICP) under
20-25mmHg.

One of the ways to increase CPP is by raising mean
arterial pressure (MAP) and in order to attain this, it

is standard practice to use adrenergic vasopressor
drugs. Nodradrenaline and dopamine administered
by infusion — two adrenergic cathecolamine drugs-
are by far the most used vasopressors [4,15]. On the
other hand, methoxamine - an adrenergic non
cathecolamine alfa 1 agonist drug — commonly used
in bolus, has not been studied in this setting, and
could be an interesting option.

The aim of this work was to investigate the differ-
ence in effectiveness of these three drugs, their side
effects and the possible repercussion of their use on
ICP.

Materials and Methods

Our study focused on 16 patients, 15 males and 1 female, ranging
in age from 23 to 60 (mean = 38.8 + 12.9). These patients were
admitted to the Intensive Care Unit (ICU) of the University Hos-
pital de Clinicas, Montevideo, Uruguay, over a period of 13
months, from August 1995 to September 1996.

ACT of the head was performed at admission in all cases and for
control whenever the clinical condition of the patient demanded.
Twelve patients were operated upon for mass lesions, two of them
twice. CT findings and clinical characteristics are presented in
Table 1. All patients underwent monitoring of intra-arterial blood
pressure, intracranial pressure, jugular bulb oxigen saturation
(SjO,) and arterial oxygen saturation (SaO,). ICP was monitored
with a subdural catheter in the 12 surgical cases and with a
subdural screw in the 4 non-surgical ones. The sensors were con-
nected directly to external transducers [3]. They were zeroed at
the same level of the arterial transducer at the external auditory
meatus. The accuracy of the ICP records was assured, applying the
Mc Graw methodology for subdural hydraulic measurements [26].
Sj0, was monitored through a jugular bulb catheter, inserted retro-
gradely in the jugular vein on the right side [12]. X-ray verification
of the correct catheter position was obtained in all patients before
sampling jugular blood [2]. Intermittent samples of arterial and
jugular bulb oxygen saturation were obtained simultaneously.
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Table 1. Clinical Characteristics of 16 Patients with Severe Head Injury"

CT classification
Case Age Fixed and
number (years)/sex Cause of injury GCSs dilated pupil(s) Marshall Lobato
1 25, M Motorcycle accident 5 Yes 11 DAI + BC
2 32,F Gunshot wound 7 No (SH operated)
3 47, M Fall 9 No EML SH + HS
4 28,M Assault 6 No 11 ucC
5 35, M Motorcycle accident 9 No EML"® SH+HS +UC
6 26, M ? 3 Yes EML SH + SAH
7 43, M Motor vehicle accident 8 No II DAI + UC
8 25, M Motor vehicle accident 3 No EML*® EH + UC
9 53, M ? 7 No EML SH + BC
10 56, M Motorcycle accident 11 No EML SH + BC
11 60, M Pedestrian 6 No 11 SH + BC
12 25, M Assault 3 Yes EML EHB
13 48, M Motor vehicle accident 5 No EML SH + BC
14 50, M Motor vehicle accident 8 No EML SH + BC
15 47, M ? 8 No EML ucC
16 23, M Motorcycle accident 5 Yes EML UC + DAI

GCSs Glasgow Coma Scale score on admission; CT classification classification based on computerized tomography, according to Marshall
H er al. [16], and Lobato H et al. [15]. EML evacuated mass lesion; EML" evacuated twice; DA/ diffuse axonal injury; BC bilateral
contusions; SH subdural hematoma; HS hemispheric swelling, UC unilateral contusion; SAH subarachnoid haemorrhage; EH extradural

hematoma; EHB extradural hematoma bilateral.

CPP was calculated according to the formula CPP = Mean Arterial
Pressure (MAP) — Mean Intracranial Pressure (MICP). Cerebral
Extraction of Oxigen (CEO,) was calculated according to the
formula CEO, =Sa0, - §jO,. The normal range for CEO, is 24%—
42% [8].

Two patients underwent hemodynamic monitoring with a Swan
Ganz catheter (cases 5,11).

After achieving adequate intravascular volume expansion, vaso-
pressors were applied, and the dose was adjusted to raise MAP in
order to reach a CPP above 70mm Hg. Drugs were given in the
following hourly sequence: 1) dopamine infusion (dopamine 1); 2)
noradrenaline infusion; 3) methoxamine boluses; 4) dopamine in-
fusion post-methoxamine (dopa 2). No direct treatment to lower
ICP was attempted and, the ventilatory pattern was not changed
during this trial period with vasopressors.

The infusion rate of dopamine and noradrenaline, the number
of bolus of methoxamine and their respective dose was recorded
every 15 minutes for 45 minutes. Simultaneously, ICP, MAP and
CPP were measured or calculated. CEO, was obtained at 15 and
45 minutes. The mean values of vasopressors dose, ICP, MAP,
CPP and CEO, were analyzed (Table 2), and the result was com-
pared by one-way analysis of variance (ANOVA). The Newmans
Keuls method was used to identify significant differences among
the different groups of “means”.

In order to continue the statistical analysis, the whole group was
divided into two: 1) group A, 7 patients, measured from basal
conditions. In this group, basal values of ICP, MAP, CPP and CEO,
were compared with the mean values obtained with each vasopres-
sor; 2) group B, 7 patients as well. They were so ill that they were
already receiving dopamine before enrolling into this protocol.
In this group, it was considered unethical to withdraw the vaso-
pressors. The values obtained with dopamine in this group were
considered as baseline values and consequently compared with
those obtained under the other 3 situations. Two remaining
cases (patients 13, 16) were not statistically analyzed because they
were already under nodradrenaline on admission to the ICU.
Kruskal-Wallis test for the two groups was applied to them for
comparisons.

The level of statistical significance was established at 0.05.

Results

An ANOVA test for comparing mean of ICP, MAP,
CPP and CEO, of the entire group of patients in
the five respective situations (basal, dopamine 1,
noradrenaline, methoxamine and dopamine 2 post
methoxamine) showed significant differences among
means of MAP and means of CPP (p = 0.008). For
means of ICP and CEO, no significant differences
were detected (p = 0.8 and 0.6 respectively) (see
Table 3).

The Neuman-Keuls test detected significant dif-
ferences (p = 0.05) between two clusters: mean
CPP with methoxamine and dopamine 2 (post
methoxamine) on one side and mean CPP basal, with
dopamine 1 and with noradrenaline, on the other.

According to the Kruskal Wallis test in the group
A there was a significant increase of MAP and CPP
with noradrenaline, methoxamine and dopamine 2
(post methoxamine) (Fig. 1) while in the group B a
significant increase in MAP and CPP was noted with
noradrenaline and dopamine 2 (post methoxamine)
(Fig. 2).

As side effects: dopamine clearly induced or fa-
cilitated polyuria in cases 2, 9 and 10. Noradrenaline
did not show undesirable effects. Its hypertensive
response was mild in four (cases 1, 4, 7, 11).
Methoxamine showed transitory bradycardia in
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Table 2. Basal Data, Vasopressor Dose, ICP, CPP and CEO, of 16 Severe Head Injured Patients
Case Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
B ICP 16 16 8 21 22 14 27
CPP 64 64 60 60 65 68 64
CEO2 36 21 57 255 25 135 23
D1 dosel 115 10 10 10 36 20 10 425 15 10 24 37 10 12
ICP 136 17 9 14 19 165 24 20 26 105 21 3715 20 243
CPP 83 575 915 81 71 45 665 69 59 59.5 62 43 665 73
CEO2 295 18 35 19 19 26 26 205 245 285 275 25 28.5
N dose2 06 05 1 05 05 16 0.5 20 15 05 09 25 05 05 05 5
ICP 15 18 11 17 21 205 23 235 125 135 20 32 615 215 245 14
CPP 78 63 97 80.5 815 81 655 117 795 69 63 535 435 85 855 76
CEO2 34 24 34 19 14 185 25 27 255 365 235 355 275 295 115
Mtx dose/n 402 60/3 60/3  60/3 60/3 60/3 1203 12013 60/3 120/3  60/3  20/1  60/3 40/2
ICP 85 18 1.5 115 19 22 225 125 16 26 51 18 32 12
CPP 106.5 77 99 104 88 735 935 595 715 685 59 120 985 54
CEO2 38 18 33 225 19 23 28 15 30 335 275 144
D2 dosel 115 83 8 10 345 10 42.5 10 37 10 124 20
ICP 85 175 105 15 275 235 22 18.5 305 495 33 14
CPP 1305 72 69 107 93.5 1035 78 73.5 695 68 95 70.5
CEO2 28 18 39 19 9 18 15.5 285 335 275 11

B basal data, D] dopamine, N noradrenaline, Mtx methoxamine, D2 dopamine postmethoxamine, ICP intracranial pressure, CPP cerebral
perfusion pressure, CEO, cerebral extraction of oxygen, dosel pg/kg/min, dose2 mg/h, dose/n total dose of methoxamine / total amount

of bolus.

Table 3. Mean Data of ICP, MAP, CPP and CEO, of 16 Head Injured Patients in Basal Condition and after Vasopressor Trial

Basal Dopamine 1 Norad. Methox. Dopamine 2 ANOVA p Value
Doses (mean) - 18.4 pg/kg/min 1.2mg/h 67mg 17.8 ug/kg/min -
Doses (ranks) - 10.0-42.5 0.5-5.0 20-120 8-42.5 -
ICP (mean) 17.7 19.4 21.8 200 225 ns
MAP (mean) 81.4 85.7 97.9 103.7 108.4 p <0.05
CPP (mean) 63.6 66.2 76.1 83.7 85.9 p<0.05
CEOQO2 (mean) 28.7 251 25.6 251 224 ns

ICP intracranial pressure, MAP mean arterial pressure, CPP cerebral perfusion pressure, CEO, cerebral extraction of oxygen, ns not

significant.

four (cases 1, 3, 9, 14). Two of them required
atropina, one was an atrio-ventricular block. In two
patients there was a paradoxical hypotensive effect
(cases 9 and 16 of group B) after repeated bolus. In
other two cases (cases 2 and 15) it clearly caused
olyguria.

Discussion

In the management of severe head injury it was
determined that it was not only necessary to lower
ICP but simultaneously also increase MAP in order
to obtain an adequate increase of CPP. The increase
in MAP has the theoretical danger of an unwanted
increase in ICP due to surpassing of the upper limit
of autoregulation or by defective autoregulation.
Both mechanisms might induce a “pressure passive”

vasodilatation and transcapillary fluid filtration at the
defective autoregulation areas [1]. Although prob-
able, this has not been demonstrated in clinical B
studies.

The present study, as well as previous ones,
[5,6,7,20,22] showed that within certain limits it is
safe to increase MAP. In our study, without knowl-
edge of autoregulation stage of the patients, the
increase of MAP with adrenergic vasopressors in a
significant value of 20-27mm Hg resulted in a signifi-
cant increase of CPP of 15-22mmHg without
changes in ICP, and CEO2 [24].

Rosner [21] has indicated a CPP mean of
113mmHg as a turning point. After that, his patients
started to increase ICP. In our study, some patients
even reached a CPP of 125mmHg after a bolus of
methoxamine without increasing of the ICP.
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Fig. 1. Patients of Group A (in basal conditions) (a) Response
of intracranial pressure after administration of different vasopres-
sors: there were no significant differences. (b) Response of
cerebral perfusion pressure after administration of different
vasopressors: there were significant differences with noradrena-
line, methoxamine and dopamine postmethoxamine. *Significance
p < 0.05 relative to basal condition. B basal, D/ dopamine
initial, N noradrenaline, Mtx methoxamine, D2 dopamine
postmethoxamine

A better knowledge of this upper limit would
allow a higher CPP ceiling and thus act to increase
regional cerebral blood flows optimizing the
ischemia treatment.

A second point of discussion is to know which of
the adrenergic drugs used is the most suitable for
CPP optinization.

In the present study, dopamine (al, B1, B2, D1 and
D2 agonist) was not as effective even at a high dose,
perhaps due to its vasodilatatory (2, D1) and
polyurique effect (D1, D2), [25] both decreasing its
vasopressor power. However, we did not reach
megadoses of dopamine (60ug/kg/min) as other au-
thors did. Noradrenaline (o1, o2, B1 agonist) at a
dose of 0.5mg-5mg/h was effective and reliable with-
out untoward effects. It might be considered the drug
of choice even though the response was not the ex-
pected one in a few cases. Perhaps this was due to a
subclinical cardiac insufficiency as a result of potent
vasoconstriction increasing afterload.

Methoxamine, a strong ol agonist [14] has the ad-
vantage of a sustained effect even after a single bolus
injection that can also be repeated. It is an effective

A. Biestro et al.
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Fig. 2. Patients of group B (after initial treatment with dopamine).
(a) Response of intracranial pressure to differents vasopres-
sors: there were no significant differences. (b) Response of cere-
bral perfusion pressure to differents vasopressors: there were
significant differences with noradrenaline and dopamine 2.
*Significance p < 0.05 relative to dopamine 1. DI dopamine
initial, N noradrenalina, Mtx methoxamine, D2 dopamine
postmethoxamine

means to control sudden decreases of CPP due to
arterial hypotension which is very common during
the care of these patients in the ICU. Increasing the
velocity of infusion of another vasopressor might not
be sufficiently rapid to correct sudden hypotension.
However, careful attention should be paid, using this
drug because in some cases repeated boluses of
methoxamine could generate hypotension probably
by an increased afterload and also by adenosine lib-
eration [11]. We did not find a relationship between
this paradoxical hypotension and the presence of
bradycardia.

An interesting effect of methoxamine seen in
the present study was an improvement of the
perfomance of dopamine (dopamine 2 post
methoxamine), perhaps through a counter effect on
the vasodilatation and polyuria induced by it.
Dopamine in turn improves the cardiac perfomance
under methoxamine. Recently, noradrenaline
bolus has been studied as well in human beings
(1-4pg/kg) [23]. However, its short action and the
cumbersome preparation of “microbolus” makes it
unsuitable.
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Summary

Despite opioids are routinely used for analgesia in head injured
patients, the effects of such drugs on ICP and cerebral hemo-
dynamics remain controversial. Cerebrovascular autoregulation
(CAR) could be an important factor in the ICP increases reported
after opiod administration. In order to describe the effects on
intracranial pressure of fentanyl and correlated such efects with
autoregulation status, we studied 30 consecutive severe head
injury patients who received fentanyl (2 ug/kg) intravenously over
one minute. Prior to study, CAR was assessed. Monitoring
included MAP, HR, Sa0,, ETCO,, SjO, and ICP. Changes in
cerebral blood flow (CBF) were estimated from relative changes
in AVDO,. Patients mean GCS was 5.7 £ 1.7 (mean + STD) and
mean ICP on admission was 23.8 + 16.3mmHg. Fentanyl caused
significant increases in ICP and decreases in MAP and CPP, but
CBF remained unchanged when estimated by AVDO.. In patients
with preserved CAR (34.5%), opiod-induced ICP increase was
greater (but not statistically significant) than in those with
impaired CAR (65.5%). We conclude than fentanyl moderately
increased ICP and decreased MAP and CPP. Our data suggests
that in patients with preserved CAR, potent opioids could cause
greater increases of ICP, probably due to activation of the
vasodilatadory cascade.

Keywords: CBF; fentanyl; head injury; opoids.

Introduction

Synthetic opioids are routinely used for analgesia in
severe head-injured patients as part of the manage-
ment of increased intracranial pressure (ICP). How-
ever, the cerebrovascular effects of opioids remain
controversial. Studies in laboratory animals and hu-
mans have shown increases, decreases or no change
in cerebral blood flow (CBF) and/or ICP after
opioid administration. Most of these studies found a
concomitant decrease in mean arterial pressure
(MABP) and recently, it has been suggested that
systemic hypotension could in fact be responsible for

the increases in ICP observed after the administra-
tion of potent opioids such as fentanyl or sufentanil
[2,11]. In patients with low intracranial compliance
and intact autoregulation, reduced MABP would be
expected to result in vasodilation, increased blood
volume and thus increased ICP. Cerebrovascular
autoregulation (CAR), which is impaired in at least
50% of severe head injured patients [5,7], could be an
important factor in the ICP increases reported after
opioid administration. In order to investigate the role
of CAR in opioid-induced cerebral hemodynamic
changes, we studied the effect of fentanyl upon ICP
and CBF in patients with severe head injury and high
ICP in whom the status of autoregulatory mecha-
nisms were previously assessed.

Materials and Methods

After institutional approval, 30 consecutively admitted patients
with severe head injury (post-resuscitation Glasgow coma scale
score <8) and a diffuse brain lesion were included in this study.

All patients underwent monitoring of blood pressure and cen-
tral venous pressure. Heart rate was measured from a standard
ECG lead and mean arterial blood pressure (MABP) was calcu-
lated. Arterial oxygen saturation (Sa0,) from a pulse oxymeter
and end-tidal CO, (ETCO,) by capnography were continuosly
monitored. A frontal intraparenchymatous Camino transducer
(Camino Laboratories, San Diego, CA) was used to monitor ICP.
Continuous jugular venous oxygen saturation (SjO,) monitoring
was regularly performed. From these variables, cerebral per-
fussion pressure (CPP) and cerebral arteriojugular venous oxygen
content difference (AVDO,) were calculated for estimation of
CBF. All AVDO, values were corrected for changes in pCO,. The
methodology used to test both autoregulation and CO, reactivity
has been previously described [7].

Patients received fentanyl (2ug/kg) intravenously over one
minute. Prior to infusion, MABP. HR, ICP, CVP, T, EtCO,, Sa0O,
and SjO, were recorded and CPP calculated. At time 0 (T,), the
study drug was infused, and all the above measurements were
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repeated at T,, Ts, Ty, Tys, Tag, Tos, Ty, Ty, Tsp and T, Arterial and
jugular blood samples were collected at T,, T, and T, for AVDO,
measurements.

The mean values obtained for each of the measured and calcu-
lated variable were analyzed within groups by repeated-measures
ANOVA. Differences between groups were tested by two way
ANOVA. For all analysis, statistical significance was inferred
when p < 0.05.

Results

Mean age of our group (23 male/7 female) was 30.2 +
13.2 (mean £ STD), GCS was of 5.7 £ 1.7 and mean
ICP on admission was of 23.8 + 16.3. Hemodynamic
instability forced the exclusion of one patient during
the first day of study. Of the 29 left, 19 (65.5%)
showed impaired/abolished autoregulation and 10
(34.5%) had preserved autoregulation. Cerebro-
vascular response to CO, was preserved in all cases
(CO;R > 1%). Blood gases, pH, temperature and
CVP were unchanged by opioid administration.
Fentanyl induced significant decreases in MABP
(of 4.5 £ 0.1mmHg) and increases in ICP (of 2.8 =
1.1mmHg) at 2 and 5 minutes postadministration of
the drug (Fig. 1). While ICP returned to baseline
levels after 30 minutes, MABP was persistently lower
than preinfusion values at 1 hour. The fall in MABP
and the increase of ICP resulted in a transient but
important fall in CPP (of 5.3 £ 1.1mmHg). A small
decrease of AVDO, (from 1.55 £ 0.5 to 144 =+
0.6umol/ml) was observed at 5 minutes (Fig. 1) but
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Fig. 1. Fentanyl-induced changes in ICP, MAPB and AVDO,.
MABP at 5 and 10 minutes was significantly lower than baseline
value, while ICP was significantly higher at 5, 10, 30, 40, and 50
minutes (p < 0.05). The decrease in AVDO, did not reach statisti-
cal significance. Results are presented as mean + SEM
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this decrease was not statistically significant. Esti-
mated CBF increased by 14% at 5 minutes after ad-
ministration, returning at 1 hour to baseline levels.
When patients were classified in function of their
autoregulation status (Fig. 2), no significant changes
in ICP were found between groups after fentanyl
administration, although patients with preserved
CAR seemed to experience a major rise in ICP in
comparison with the group with impaired/abolished
CAR (4.8 vs 2.3mmHg).

Discussion

Several studies in humans [1,3,8,10] have reported
increases in ICP or CBF after the administration of
synthetic opioids such as fentanyl, sufentanil and
alfentanil. By contrast, Werner [11] observed no
change in ICP in patients with mantained MABP but
a significant increase in patients with decreased
MABP, whereas CBF velocity as an index of flow did
not change regardless of changes in MABP. When
systemic hypotension was blunted by the administra-
tion of phenylephrine, another study [2] found that
changes in cerebrospinal fluid pressure were mini-
mized. Both authors concluded that opioid-induced
ICP elevations could be related to autoregulatory
vasodilation secondary to systemic hypotension
rather than increases in CBF.

According to Obrist et al. [5], about half the pa-
tients with severe head injury have a variable degree

—e— preserved CAR
..... v impaired CAR

ICP (mmHg)

1T 71 T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50 55 60

time (minutes)

Fig. 2. Autoregulation status and ICP changes after fentanyl.
CAR cerebral autoregulation. No statistical differences were
found between patients with preserved CAR and impaired CAR.
Results are presented as mean £ SEM
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of autoregulation impairment. A recent study by our
group [7] found that 57% of the patients with a dif-
fuse injury had impaired/abolished autoregulation.
In the present study, our initial hypothesis was that
ICP would only increase in the intact-autoregulation
group and would follow MABP or remain unchanged
in the impaired-autoregulation group. Although ICP
elevation was greater in patients with preserved
autoregulation, both groups showed ICP increases
after fentanyl administration.

Besides changes in systemic hemodynamic
variables, intrinsic properties such as direct
cerebrovasodilation or changes in cerebral metabo-
lism could also explain ICP increases after fentanyl
administration. Different types of opioid recep-
tor binding have been demonstrated on cerebral
microvessels [6], and some endogenous agonists have
been proved to cause pial artery dilatation [9]. How-
ever, little is known concerning the effects of syn-
thetic opioids on cerebral circulation in the injured
human brain. On the other hand, opioids may affect
cerebral metabolism (CMRO,) which could indi-
rectly induce cerebral vasodilation or constriction.
Conflicting results regarding this point may be due to
background anesthetic technique. Moreover, it has
been observed that some anesthetic agents can alter
the cerebrovascular effects of opioids. Although
opioids do not uncouple CBF to CMRO,, Milde [4]
found a small decrease in CMRO, and a 14% in-
crease in CBF after fentanyl administration in dogs
which received no other anesthetic drug.

In conclusion, fentanyl moderately increases ICP
and decreases MABP and CPP in patients with
severe head injury. No differences were found in
the ICP response between patients with preserved
and impaired autoregulation, suggesting that other
mechanisms related to intrinsic properties of opioids
may be implicated in the ICP increase observed after
the administration of such drugs.

M. de Nadal er al.: Effects on Intracranial Pressure of Fentanyl

Acknowledgement

This study has been partially supported by Grant number 96/1783
from the Fondo de Investigaciones Sanitarias de la Seguridad
Social (FISS).

References

1. Albanese J, Durbec O, Viviand X, et al (1993) Sufentanil
increases intracranial pressure in patients with head trauma.
Anesthesiology 79: 493—-497

2. Jamali S, Ravussin P, Archer D, Goutallier D, Parker F,
Ecoffey C (1996) The effects of bolus administration of
opioids on cerebrospinal fluid pressure in patients with
supratentorial lesions. Anaesth Analg 82: 600-606

3. Marx W, Shah N, Long, et a/ (1989) Sufentanil, alfentanil and
fentanyl: impact on cerebrospinal fluid pressure in patients
with brain tumors. J Neurosurg Anesthesiol 1: 3-7

4. Milde LN, Milde JH, Gallagher WJ (1989) Cerebral effects of
fentanyl in dogs. Br J Anaesth 63: 710-715

5. Obrist WD, Langfitt TW, Jaggi JL, Cruz J, Gennarelli TA
(1984) Cerebral blood flow and metabolism in comatose
patients with acute head injury. Relationship to intracranial
hypertension. J Neurosurg 61: 241-253

6. Peroutka SJ, Moskowitz MA, Reinhard JF, Snyder SH (1980)
Neurotransmitter receptor binding in bovine cerebral
microvessel. Science 208: 610-613

7. Sahuquillo J, Poca MA, Ausina A, Baguena M, Gracia RM,
Rubio E (1996) Arterio-jugular differences of oxygen for bed-
side assessment of CO,-reactivity and autoregulation in the
acute phase of severe head injury. Acta Neurochir (Wien) 138:
435-444

8. Sperry RJ, Bailey PL, Reichman MV, Peterson JC, Petersen
PB, Pace NL (1992) Fentanyl and sufentanil increase intracra-
nial pressure in head trauma patients. Anesthesiology 77: 416-
420

9. Thorogood MC, Armstead WM (1995) Influence of brain in-
jury on opioid-induced pial artery vasodilation. Am J Physiol
269: H1776-1783

10. Trindle MR, Dodson BA, Rampil 1J (1993) Effects of fentanyl
versus sufentanil in equianesthetic doses on middle cerebral
artery blood flow velocity. Anesthesiology 78: 454460

11. Werner C, Kochs E, Bause H, Hoffman WE, Schulte am Esch
J (1995) Effects of sufentanil on cerebral hemodynamics and
intracranial pressure in patients with brain injury. Anesthesi-
ology 83: 721-726

Correspondence: M. de Nadal, M.D., Unidad de
Neurotraumatologia, Hospital de Traumatologia, Hospitals Vall
d’Hebron, Paseo Vall d’Hebron 119-129, 08035 Barcelona, Spain.



Acta Neurochir (1998) [Suppl] 71: 13-15
© Springer-Verlag 1998

The Possible Role of CSF Hydrodynamic Parameters Following in

Management of SAH Patients

M. Heinsoo, J. Eelmie, M. Kuklane, T. Tomberg, A. Tikk, and T. Asser

Department of Neurology and Neurosurgery, University of Tartu, Estonia

Summary

It is suggested that reduced intracranial compliance may be
present even when measured ICP is normal and may precede
clinical deterioration. Our findings reflect a decompensation of
hydrodynamic parameters more pronounced 4-7 postictal days,
when compliance is reduced not only in patients with poor clinical
condition, but also in patients with Hunt-Hess grade I-III. In-
creased CSF outflow resistance in the first few days is not surpris-
ing; it is thought to be due to the blockage of flow of CSF through
the basal subarachnoid cisterns and clogging of the arachnoid villi
with erythrocytes and fibrin. Enlargement of ventricles seen on
CT scan at the same time suggests the development of acute
hydrocephalus. During the first days after SAH, our data reflects
evidence of ventricular enlargement in patients presenting with
both poor and better clinical condition. We conclude that the
monitoring of ICP and dynamic measuring of CSF hydrodynamic
parameters is important for longer than the generally accepted few
days for selected cases after SAH.

Keywords: CSF dynamics; Hydrocephalus; SAH.

Introduction

Increase of ICP plays a determinate role in the devel-
opment of secondary brain damage following sub-
arachnoid hemorrhage (SAH) and may be caused by
hemorrhage itself, edema formation and disturbance
of CSF dynamics [1]. ICP response after SAH and
following pathophysiological changes probably de-
pends principally on the volume of hemorrhage. A
study in 52 patients in acute stage after SAH (moni-
toring of ICP for a mean of 8 days after ictus) showed
that mean intracranial pressure rose as clinical grade
worsened [5]. On the other hand, it is known that
before ICP rises, there is possibly some compen-
sation of intracranial system dysequilibrium which
depends upon the compliance of the intracranial

system. Reduced intracranial compliance may be
present even when measured ICP is normal [6].

Hydrocephalus and vasospasm are well-
recognized sequelae of SAH from ruptured intracra-
nial aneurysms and additionally affect intracranial
balance [2].

Following the time course of CSF hydrodynamic
parameters in the acute stage of SAH is the aim of
this investigation.

Methods

In 32 aneurysmatic SAH patients ICP was monitored through a
ventricular catheter using Bell-Howell external transducer. Serial
measurements of pressure-volume index (PVI), compliance (C),
elastance (E) and resistance to CSF absorption R were performed
using repeated bolus-infusion tests.

Clinical features of each case were documented using Hunt and
Hess grading scale.

Dynamic CT scanning was performed in the case of negative
change in neurological status during postictal period. For estima-
tion of ventricular size dynamics, Evans ratio and bicaudate index
were calculated.

Results

In days 1-3 after SAH, mean ICP in patients with
Hunt-Hess grade [-1II was as low as 4.7mmHg com-
pared to 13.9mmHg the same time in patients with
Hunt-Hess grade IV-V. During the next few days
ICP showed a tendency to increase and reached its
maximum in both groups by the end of the first week
after ictus (Table 1).

C in patients with Hunt-Hess grade IV-V indi-
cated worsening in the intracranial compliance at the
end of first week after ictus (Table 1). R reached its
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Table 1. CSF Hydrodynamic Parameters Dynamics after SAH. Mean values (SD)

ICP ICP C C R R
in patients  in patients  in patients  in patients  in patients  in patiens
Days  with Hunt-  with Hunt-  with Hunt-  with Hunt-  with Hunt-  with Hunt-
after  Hess grade Hess grade  Hess grade  Hess grade  Hess grade  Hess grade
SAH I-II v-v I-1II IvV-v I-1I1 Iv-v
2-3 4.7 (3.9) 13.9(143) 0.42(0.1) 0.65 (0.6) 3.3 (0) 6.3 (7.5)
4-5 12.8(10.8)  17.1 (4.3) 0.58 (0.4) 0.29 (0.1) 247 (36.1)  16.5(10.9)
6-7  155(107) 15.0(12.8) 0.58 (0.4) 0.21 (0.07) 4.2 (4.0) 21.0 (9.6)
89 122 (87) 40 (4.2) 0.95 (0.4) 0.48 (0.2) 6.1 (4.6) 6.6 (7.9)
10-11 9.8 (83) 16.2 (5.8) 0.38 (0.19)  1.05 (0) 52(3.9) 8.4 (0)
1220 128(52) 2.1 (1.4) 0.38 (0.19)  1.39(035) 184 (19.3) 6.7 (3.6)

ICP N = <15mmHg; Compliance (C) N = 0.2-0.6 ml/mm Hg; CSF outflow resistance (R) N =

<10mm Hg/ml/min.

28 v T . . . ; S
: Hunt-Hess I-11t

Hunt-Hess V-V

R (mm Hg/ml/min)

8-9 12-20 21>
Days after SAH

23 4.5 6-7 10-11

Fig. 1. Dynamics of CSF outflow resistance (R) in Hunt-Hess I-
III and IV-V groups

maximum at 4-7 days after SAH and then showed a
tendency to decrease in both patients groups. The
second peak of increased CSF outflow resistance ap-
peared in the days 12-20 after SAH (Fig. 1). Calcu-
lated Evans ratio indicated ventricular enlargement
most evident in days 2-3 and twelve or more days
after ictus (Fig. 2).

Discussion

Raised ICP has been found in several studies of pa-
tients with ruptured intracranial aneurysm, and it is
higher in patients with worse clinical condition. [5].
Also in our study, highest values of ICP were mea-
sured in patients with Hunt-Hess grade IV-V, most
evident in days 4-7 after ictus. In the same time
decreased values of compliance appeared, which
indicates brain edema formation. Also vasospasm,
which may develop at any time in the acute stage of
aneurysmatic SAH has highest incidense in days 5-7

| Hunt-Hess I-Nli . : : K]

05¢F

:Hunt-Hess V-V
0.46 Toees -

Evans index

0.22

4-5 12-20 21>

2-3

6-7 89
Days after SAH

10-11

Fig. 2. Dynamics of EVANS ratio in Hunt-Hess I-I1I and IV-V
groups

after rupture [8] and may be one cause of CSF hydro-
dynamic parameters dysequilibrium.

Hydrocephalus may occur during both the early
phase (10-30% of patients with SAH) and in 10-15%
of patients in the long-term phase after SAH, as dem-
onstrated on a CT or MRI scan [7]. Increased CSF
outflow resistance in the first days is not surprising; it
is thought to be due to the blockage of flow of CSF
through the basal subarachnoid cisterns and clogging
of the arachnoid villi with erythrocytes and fibrin [4].
Our data are reflecting, in the first days after SAH,
evidence of ventricular enlargement in patients with
both, better and poorer clinical condition.

During the long-term phase after SAH, one cause
of hydrocephalus is scarring of the arachnoid gran-
ules and disturbances in CSF absorption. The treat-
ment for chronic hydrocephalus after SAH is
placement of a permanent ventricular shunt [7]. In
our study 6.2% of patients required delayed shunting
due to clinical deterioration.
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Table 2. Ventricular Size (Evans ratio) Dynamics after SAH.
Mean values (SD)

Mean Evans ratio
(SD) in patients
with Hunt-Hess

Mean Evans ratio
(SD) in patients with

Days after SAH  Hunt-Hess grade I-1II  grade IV-V
2-3 0.37 (0.07) 0.39 (0.03)
8-9 0.28 (0.11) 0.33 (0.08)

12-20 0.35 (0.1) 0.40 (0)

Evans ratio by normal ventricular size = 0.1-0.2; in the case of
cerebral edema <=0.1 and hydrocephalus >=0.3.

Monitoring of ICP and CSF hydrodynamic param-
eters helps the neurointensivist achieve or approach
normal ICP, improve intracranial compliance and
maintain adequate cerebral perfusion pressures [6].
In long-term phase after SAH, measuring intra-
cranial hydrodynamic parameters may be a helpful
tool to decide whether hydrocephalus is caused due
to cerebral atrophic processes following ischemic
damage or due to disturbed CSF resorption [9,10].

We conclude that monitoring of ICP and dynamic
measuring of CSF hydrodynamic parameters is im-
portant for longer than the generally accepted few
days for selected cases after SAH.
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Hypertension

E. Kunze, J. Meixensberger, M. Janka, N. Sorensen, and K. Roosen

Department of Neurosurgery, University of Wiirzburg, Federal Republic of Germany

Summary

There has been controversial discussion about the benefits of
decompressive craniectomy in patients with critically raised intra-
cranial pressure (ICP) after severe head injury. The aim of this
retrospective study was to analyze the results of secondary
decompressive craniectomy in patients with uncontrollable raised
ICP after maximum aggressive medical treatment. The data of
28 patients (mean age 22 years, range 8—44 years) with severe
head injury and posttraumatic cerebral edema were analyzed
retrospectively. Surgery was not indicated in patients with vast
primary lesions, hypoxia, ischemic infarction, brainstem injuries
and central herniation. The outcome was classified according
to the Glascow Outcome Scale (GOS) after one year. The
decompressive crainectomy was performed an average of 68 hours
after trauma, and ICP (<25 mm Hg) decreased always while cere-
bral perfusion pressure (CPP > 75mm Hg) improved as well as
cerebral blood flow and microcirculation to normal values. 15
patients (56%) had a good outcome after one year (GOS 4 + 5).

5 patients (18%) were severely disabled, 4 patients (14%)
remained in vegetative state and 3 patients (11%) died.
Decompressive craniectomy should be kept in mind as the last
therapeutic step, especially in young patients with head injury and
raised ICP, which is not controllable with conservative methods.

Keywords: Decompressive craniectomy; head injury; uncon-
trollable raised ICP.

Introduction

Decompressive craniectomy in patients with criti-
cally raised intracranial pressure after severe head
injury is still a subject of controversial discussion [1-
10]. In 1905 Harvey Cushing established the principle
of decompressive craniectomy as a treatment for in-
creased ICP [1]. Although first systematic studies of
Venes and Cooper in 1975 and 1976 demonstrated
good outcome, this fact did not influence further
strategy [7]. The aim of this retrospective study was
to analyze the results of secondary decompressive

craniectomy in patients with uncontrollable raised
ICP after maximum conservative treatment.

Material and Methods

The data of 28 patients (mean age 22 years, range 844 years) with
a severe head injury and posttraumatic cerebral edema were ana-
lyzed retrospectively. If the maximal conservative therapy with
head elevation (head over body with 30-45°) and midline kept
head, moderate hyperventilation, osmodiuretics, barbiturate and
THAM, CSF drainage failed to lower ICP, uni- or bilateral
decompressive craniectomy from frontal to the temporoparietal
region (minimal diameter >8cm) was performed. The decom-
pressive effect obviously depends on the volume gained by
craniectomy [9]. Considering the mechanisms of herniation, de-
compression should be extended far enough to the bottom of the
middle fossa to relieve pressure caused by mediobasal herniation,
the parietal extension should reach the midline to avoid compres-
sion of the bridging veins. Incision of the dura was performed as
large as possible. At the end of the study, duraplasty was per-
formed in nearly every case. When a patient showed a hemispheric
edema, a unilateral craniectomy was done; in case of general brain
swelling, bilateral decompression was performed.

Surgery was not indicated in patients with vast primary lesions,
hypoxia, ischemic infarction, brainstem injuries, central herniation
and primary unisocoria.

The outcome was classified according to Glascow Outcome Scale
(GOS) one year after trauma. The calottal defect was covered,
after clinical recovery, either with the sterilized bone graft or with
plastic material for protective and cosmetic reasons.

Results

Thirteen of the 28 patients show an initial GCS from
3-6, 2 patients of these had shock and resuscitation
was done to six patients who were classified with
GCS from 7 to 8. Three patients had an initial score
of 9-12 (1 patient had a shock). Twenty-four of the
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28 patients show a severe closed head injury, and 4
patients show a CSF leak.

Twenty-four of the patients had one or more con-
tusions, unilateral or bilateral. Ten of these patients
had a small epidural or subdural haematoma without
mass effect and no evidence of herniation. Twelve
patients showed an initial midline shift. Seventeen
of the 28 patients got a unilateral craniectomy, 11
patients were bilaterally decompressed because of
generalized brain edema. To estimate the efficiency
and the prognosis of these patients, the Glascow Out-
come Score after one year was used.

Decompressive craniectomy was performed in the
mean time of 68 hours following the trauma. In
detail: 3 patients were decompressed in the first 24
hours, 9 patients in the first 48 hours, 8 patients
within 3 days and the rest of 8 patients were decom-
pressed up to day 6.

Table 1 compares pre- and postoperative values of
ICP and CPP: in terms of ICP, we found preoperative
values of 41.7mmHg (standard deviation of the
mean of 10.1mmHg) and postoperative values of
20.6mmHg (standard deviation of the mean of
15.3mmHg) CPP changed to values of 78.9 (sdm
of 7.2mm Hg) 24 hours after decompression (Fig. 1).

16 patients (57%) had a good outcome after one
year (GOS 4,5), 5 patients (18%) were severely dis-
abled (GOS 3), 4 patients (14%) remained in vegeta-
tive state while 3 patients (11%) died (Table 1).

The bad outcome of the patients (GOS 1,2) was
caused by different factors. One patient with GOS
2 showed postoperatively demarcated brainstem
ischemia, another patient developed a MCA-infarct
without mass effect, one a global edema and the
fourth patient with an GOS 2 after one year showed
progredient demarcations of his multiple contusions.

Fig. 1. ICP/CPP pre- and postoperatively
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Reasons for death were caused by raised intracra-
nial pressure and consecutive herniation in one pa-
tient; two other patients had a cardiac arrest during
follow-up period.

Regarding the age in comparison to the GOS, one
finds significantly better outcome in younger pa-
tients: 80% of the patients under 30 years had a final
GOS of 4 or 5, while just 80% of the older patients
got 2 or less in the mean (Fig. 2).

Discussion

Decompression of the brain by turning the closed
cavity of the skull into an open one is a traditional
neurosurgical concept. It has been applied in several
conditions of uncontrollable raised ICP. Indications
include head injury, cerebellar infarction and mas-
sive stroke [1-10]. But there is still a controversial
discussion about decompression in trauma surgery,
although it has been reported in rather large num-
bers of patients in the last decades. Still, today, the

Table 1. Initial Glasgow Coma-Score (GCS) and Postoperative
Glasgow Outcome Score (GOS) after One Year

Primary GCS n Shock Resocitation
3-6 13/28 2 2
7-8 6/28 1 -
9-12 3/28 1 -
13-15 6/28 - -
GOS n %
4/5 16 57
3 5 18
2 4 14
3 11

Fig. 2. Outcome depending on patient age
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only indication that seems to be widely accepted is
cerebella infarction with consecutive deterioration.

However, in our opinion decompressive crani-
ectomy should be taken into consideration in
patients with uncontrollable raised ICP to avoid
irreversible brain damage after failed conservative
treatment.

The benefit of this surgical procedure depends
considerably on a careful indication and preferably
on young head injured patients.
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Summary

The concomitant effects of infusions of catecholamines on cere-
bral blood flow (CBF), intracranial pressure (ICP), arterio-venous
oxygen content difference (AVDO,), and cerebral oxygen utiliza-
tion (COU) were prospectively studied in an intact cerebral
autoregulatory model.

Epinephrine, norepinephrine and dopamine were infused at
doses used in clinical practice in awake, chronically catheterized
sheep (n = 5). Mean arterial pressure (MAP), CBF and ICP were
measured continuously, COU was expressed as 3CBF x AVDO,.

All 3 drugs significantly increased MAP in a dose dependent
manner. Norepinephrine and epinephrine had no significant ef-
fects on ICP, CBF, AVDO, or COU at infusions of 0-60ug/min.
Infusions of dopamine from 0-60 pug/kg/min resulted in statistically
significant increases in ICP (+34.5 + 3.7 to +97.2 + 6.8) and CBF
(+13.3 £ 3.2 to +52.6 £ 24.3) (% change baseline + SEM, 95% ClI,
ANOVA), reduction in AVDO, (3.54 £ 0.2. to 2.69 £ 0.2mg%)
and a biphasic response in COU. In the intact physiological model,
induced hypertension by epinephrine and norepinephrine is not
associated with global changes in CBF, ICP or COU which remain
constant. At equivalent doses, dopamine causes cerebral
hyperaemia, increased ICP and increased global cerebral oxygen
utilization.

Keywords: AVDO,; Dopamine; Epinephrine; Norepinephrine;
Oxygen utilisation.

Introduction

Augmentation of cerebral perfusion in patients with
disturbed autoregulation is now advocated to pre-
vent cerebral hypoperfusion, particularly in trau-
matic head injury and subarachnoid haemorrhage.
This is primarily achieved with fluid based strategies
to achieve a euvolaemic state and supplemented with
inotropic or vasopressor agents.

The aim of this study was to analyze the concomi-
tant effects of infusions of norepinephrine, epineph-
rine and dopamine on cerebral blood flow (CBF),

intracranial pressure (ICP), difference in arterio-
venous oxygen content (AVDO,) and cerebral oxy-
gen utilisation (COU) using infusion rates commonly
used in clinical practice.

Ethical approval for this study was obtained
from the University of Adelaide Animal Ethics
Committee and animals were handled in accordance
with the Australian Code of Practice for the Care and
Use of Animals for Scientific Purposes.

Materials and Methods

A two stage preparation was used in 5 adult female merino sheep
(approximately S0kg weight). Under general anaesthesia, the ca-
rotid artery and internal jugular vein were exposed. Vascular cath-
eters were then inserted using the Seldinger technique under
image intensification into the aortic root, right atrium and superior
vena cava for measurement of systemic pressures, blood sampling
and administration of drug [3]. A craniotomy was then performed
and an ultrasonic Doppler transducer (Tritonics Medical in-
struments, Iowa) placed on the dorsal sagittal sinus to measure
CBF using previously published methods [4]. A blood sampling
catheter was placed in the sagittal sinus “downstream” of the
probe [1]. An intraparenchymal strain gauge catheter (Codman
Microsensor) placed through the same craniotomy to measure
ICP. The craniotomy was closed and all intravascular catheters
secured and connected to a continuous heparinized flushing sys-
tem. A period of 7-10 days elapsed between insertion and mea-
surements to allow a fibrous scar to develop around the flowmeter
and the sagittal sinus. This ensures minimal movement between
the two and a constant angle between the ultrasonic beam and the
direction of blood flow. Changes in vessel diameter in response
to anticipated changes in perfusion pressure caused by infused
pressors or changes in posture are therefore minimized [4].

On day of measurement, the awake animal was placed in a
supportive sling. Each animal acted as its own control. In random
order, the animal received ramped infusions of the three cat-
echolamines. Epinephrine and norepinephrine were infused at
rates at 10, 20, 40, 60 ug/min in 5 minute periods; dopamine at the
rates at pg/kg/min. These concentrations were delivered at the
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equivalent ml/hr. Changes in CBF and ICP were recorded using
a continuous computerised acquisition system sampling at 1Hz
and expressed as relative change in frequency shift from baseline;
absolute changes in MAP were recorded in mm Hg also sampling
at 1Hz. Blood samples were taken intermittently in 5 minute
intervals from the aortic root and sagittal sinus to measure
AVDO,; COU was expressed as 3CBF x AVDO,.

Measurements were made continuously for a baseline period of
ten minutes, during the ramped infusion and post infusion until
parameters returned to baseline values.

On completion of the study, the animal was returned to a hold-
ing area with free access to food and water.

Results

As expected, all three drugs produced a significant
increase in MAP with prompt return to baseline val-
ues on cessation of the infusion. There were variable
effects on ICP by the three agents (Fig. 1). Norepi-
nephrine did not increase ICP, while epinephrine
produced a modest dose dependent increase in ICP
at doses greater 40ug/min. Dopamine produced a
significant increase in ICP at doses greater than
20pug/kg/min (+78.6 + 13.1 to +97.2 + 6.8% change
baseline + SEM). On cessation of the infusions, ICP
returned to baseline values with 5-10 minutes.

The effects of the infusions on CBF and AVDO,
are shown in Fig. 2. No significant change in CBF
from baseline occurred with norepinephrine or epi-
nephrine over the range of infusion and into the post
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Fig. 1. Effect of catecholamine infusions on MAP (top panel) and
ICP (lower panel). All catecholamines produced a dose dependent
increase in MAP. Dopamine increased ICP from baseline at dose
>20ug/kg/min. Values are displayed and mean + SEM
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infusion period. Dopamine produced a statistically
significant rise in CBF when the infusion rate ex-
ceeded 40pug/kg/min (+13.3 £ 3.2 to +52.6 + 24.3%
change baseline + SEM, 95% CI, ANOVA). On ces-
sation of infusion, cerebral blood flow returned to
baseline levels within 5-10 minutes.

No significant change in AVDQO, and COU from
baseline occurred with norepinephrine or epineph-
rine over the rang of infusion and into the post in-
fusion period. Dopamine produced a significant
reduction in AVDO, when dose exceeded 20pug/kg/
min. At similar doses, global COU had a biphasic
response: there was an initial decrease when dose
exceeded 20pug/kg/min followed by an increase that
approached baseline levels at 60pg/kg/min (Table 1).
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Fig. 2. Effect of catecholamine infusions on CBF (top panel) and
AVDO, (lower panel). Dopamine produced a dose dependent
significant increase in CBF (95%CI, ANOVA) which was associ-
ated with a reduction in AVDO,. Norepinephrine and epinephrine
did not alter CBF or AVDO,

Table 1. Effect of Dopamine Infusion

Dopamine CBF (% change  AVDO,

(ng/kg/min) baseline) (mg%) COuU

10 +133+32 354+0.2 391.8 £31.5
20 +6.8 +34 32103 338.5+36.3
40 +21.0+6.7 297+03 351.1 £40.0
60 +52.6 £24.3 269+£02 40741700
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On cessation of infusion, AVDO, and COU returned
to baseline levels within 5-10 minutes.

Discussion

There is conflicting opinion both about the drug of
choice to achieve a desired cerebral perfusion pres-
sure and the effects that these agents may have on
cerebrovascular dynamics in patients with normal or
impaired autoregulation. There is a paucity of con-
trolled data both in animal studies and in clinical
trials addressing these issues. This is the first con-
trolled animal study analysing the effects of exog-
enous catecholamine infusions using a continuous
measurement of CBF in an intact cerebral
autoregulatory model. Norepinephrine, epinephrine
and dopamine augmented MAP to an equivalent
degree. While the effects of the infusions on ICP was
variable, with dopamine producing a significant in-
crease in ICP from baseline, the effects on ICP must
be taken in the context of effect on cerebral perfu-
sion pressure (CPP). The absolute changes in ICP
were not associated with reductions in CPP in the
presence of induced systemic hypertension which is
not unexpected in a model with intact cerebral
autoregulation.

Dopamine produced a significant increase in CBF
which was associated with a reduction in AVDOQ, in
the presence of compensated cerebral metabolism.
In an awake, intact cerebral autoregulatory model,
these findings implicate cerebral hyperaemia as the
predominant for elevation in ICP and reduced
AVDO,. The mechanism whereby dopamine pro-
duces a central cerebrovascular effect that is quite
distinct from norepinephrine and epinephrine at
equivalent doses is unclear. All infusions were associ-
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ated with equivalent systemic effects across a dose
range that stimulates B and o receptor populations
[2]. As catecholamines do not cross the intact blood
brain barrier, the absence of significant cerebrovas-
cular effects by norepinephrine and epinephrine
would suggest that dopamine was acting via a non-
adrenergic mechanism or that uptake across the
blood barrier was occurring with resultant effects on
CBF and oxygen extraction; however, these two pos-
tulated mechanisms remain speculative. No reduc-
tion in CBF was identified by any of the three
catecholamines which would suggest that selective
cerebral vasoconstriction at high doses does not
occur in the intact brain. In conclusion, in the intact
cerebral autoregulatory model, induced hyperten-
sion by epinephrine and norepinephrine is not asso-
ciated with changes in CBF, ICP or COU which
remains constant. At equivalent doses, dopamine
causes cerebral hyperaemia, increased ICP and
increased global cerebral oxygen utilisation.
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Summary

In order to select the optimal neurointensive treatment for
patients with severe head injury and intracranial hypertension,
the effects of hypothermia (HT), barbiturates (BT), and osmotic
agents (OT) on focal and diffuse cerebral oxygen metabolism were
evaluated by means of continuous monitoring of bifrontal regional
oxygen saturation (rSO,), jugular bulb oxygen saturation (SjO,),
jugular bulb temperature (Tjb). intracranial pressure (ICP), and
cerebral perfusion pressure (CPP).

Patients and Methods: Cerebral oxygen metabolism in SjO, and
1SO,, ICP, CPP, and Tjb were continuously monitored in severe
head injury patients with Glasgow Coma Scale <8, ages 10-62: 13
with focal and 10 with diffuse injuries. The effects of BT (n = 6),
HT (n =9), and OT (n = 8) on these parameters (ICP/CPP, SjO,,
and rSO,) were compared. Evaluations were performed in terms
of: a) Percentage of abnormal values based on normal control
values; ICP < 20mm Hg, CPP > 60mm Hg, SjO, 55-75%, and rSO,
60-80% were calculated. b) Effects of pentobarbital dose (mg/kg/
h) for the parameters compared among <1.0, 1.1-2.0, 2.1-3.0, and
>3.1. c) Effects of Tjb (°C) on parameters compared among
hyperthermia (>38°C), normothermia (36-37.9°C), mild hypo-
thermia (34-35.9°C) and moderate hypothermia (<33.9°C).
Results: a) Abnormal data differed significantly among the three
treatment groups. rSO, showing ischemia on the affected side was
more marked in BT than in HT or OT. b) ICP decreases and CPP
increases correlated significantly with the pentobarbital dose.
c) ICP decreases and CPP increases correlated significantly with
decreased Tjb.

Conclusion: The therapeutic effects of hypothermia, barbiturates,
and osmotherapy on cerebral oxygen metabolism and ICP/CPP
are different according to the underlying pathological lesions of
patients with severe head injury.

Keywords: Barbiturate; head injury: hypothermia; osmotherapy;
oxygen metabolism.

Introduction

Secondary brain damage accompanying increased
intracranial pressure (ICP), which includes trans-
tentorial herniation and cerebral ischemia, as well as

primary brain damage due to severe head injury, are
important factors that greatly influence outcome [2].
Among the neurointensive treatment procedures for
increased ICP, the effects of hyperventilation and
osmotherapy (OT) using diuretics or hyperosmolar
agents have long been known [6,21]. The effects of
barbiturate therapy (BT), not only on ICP but also
on cerebral blood flow (CBF) and metabolism, have
also been assessed experimentally [12,19] and clini-
cally [15,16,19]. The effects of hypothermia (HT), for
protecting and resuscitating the brain upon sustain-
ing damage accompanying severe head injury and
cerebral ischemia, have been experimentally eluci-
dated in recent years as well [7,18]. HT has been
applied clinically to severe head injury patients, and
the influence of HT on cerebral oxygen metabolism
including the arteriovenous oxygen-content differ-
ence (AVDO,) and cerebral metabolic rate of oxy-
gen (CMRO,), as well as ICP, cerebral perfusion
pressure (CPP) and CBF are also being assessed
[3,20]. Every previous evaluation of cerebral oxygen
metabolism, however, is fragmentary, and this pa-
rameter has not been evaluated with time in severe
head injury patients, whose condition may change
abruptly in neurointensive care settings. In contrast
to this situation, monitoring of regional oxygen satu-
ration (rSO,) by near-infrared spectroscopy and
jugular bulb venous oxygen saturation (SjO,) has al-
lowed the continuous evaluation of cerebral oxygen
metabolism, and this methodology has been applied
to neurointensive treatment [14,17].

The purpose of this study was to determine the
effects of various neurointensive treatments, on oxy-
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gen metabolism at focal regions in the brain as well as
the global brain. In addition, ICP and CPP of severe
head injury patients were assessed by continuously
monitoring rSO, of the frontal lobe on the affected
and non-affected sides, SjO, and jugular venous
blood temperature (Tjb).

Subjects and Methods

The subjects were 23 patients with severe head injuries (13 focal
and 10 diffuse injuries), who showed a Glasgow Coma Scale
(GCS) of 8 or lower on admission. All patients received hyperven-
tilation and OT by the administration of 10% Glycerol or 20%
Mannitol (800 ml/day). HT was carried outin 9, BT in 6, and OT in
8 patients [including 3 patients given hypertonic saline solution
therapy]. Table 1 shows background factors of the subjects: age,
type of brain injury, GCS on admission, and the outcome 3 months
after injury. Regional SO, was determined simultaneously in the
frontal region on the affected and non-affected sides, which had
been evaluated by computed tomography, by means of two de-
vices of INVOS-3100 (Somanetics Inc.), or TOS96 (Tostec Inc.).
SjO, and Tjb were also measured by a jugular bulb catheter
(Opticath, Abott Co.). In addition, ICP and CPP were also moni-
tored in 19 patients. Monitoring data was stored in a computer.
The randomized data collected at the same time point every 20-30
minutes were extracted, and analyzed.

The data were evaluated according to the following three items:

a) Assessment of the effects of various neurointensive treatments
procedures. Twenty data points each were extracted every 10
minutes. According to changes in each parameter, abnormal
value was determinated by the following criteria; >20mm Hg,
CPP < 60mmHg, SjO, < 55% or SO, < 60% as showing
ischemic abnormal, and SjO, >75% or rSO, > 80% as showing
hyperemic abnormal [16,20]. The effects of the treatments
were assessed on the basis of the frequency of abnormal
values.

b) Comparison of BT effects according to pentobarbital dose ad-
ministered. Data were obtained from each patient every 20-30
minutes, and the effects of BT were classified into 4 groups

Table 1. Background Factors of the Three Treatment Groups

Groups BT HT oT p value
n 6 9 8
Age 2715 49+ 14 42+ 14 ns’
(range) (10-54) (25-62) (17-59)
Type of injury ns"
focal 4 4 5
diffuse 2 5 3
GCS 4+2 4+2 612 ns’
GOS p < 0.005°
GR (%) 0 (0) 4 (44) 2(25)
MD (%) 2(33) 4 (44) 1(125)
SD (%) 1(17) 0(0) 1(12.5)
VS (%) 1(17) 0(0) 2(25)
D (%) 2(33) 1(11) 2(25)

*ANOVA, *¢***". BT barbiturate therapy, HT hypothermia, OT
osmotherapy, GCS Glasgow coma scale, GOS Glasgow outcome
scale, GR good recovery, MD moderate disability, SD severe dis-
ability, VS vegetative, D dead, ns not significant.

23

according to the pentobarbital dose: <1.0mg/kg/h for the small
dose group, 1.1 to 2.0mg/kg/h and 2/1-3.0mg/kg/h for the
moderate dose groups, and >3.1mg/kg/h for the large dose
group. Changes in each parameter were compared among the
4 groups.

c) Comparison of HT effects. HT effects were classified into 4
groups according to Tjb: >38°C for hyperthermia, 36-37.9°C
for normothermia, 34-35.9°C or mild hypothermia, and
<33.9°C or moderate hypothermia. Changes in each param-
eter were compared among the 4 groups.

Results

a) Frequencies of abnormal values for each param-
eter during each neurointensive treatment (Table
2). The frequencies of abnormal ICP values
were significantly (p < 0.0001) higher in the BT
group than in the OT and HT groups. The fre-
quency of an abnormal CPP value was signifi-
cantly (p < 0.0001) lower in the BT and OT
groups than in the HT group. With regard to the
frequency of abnormal SjO, values, ischemic
abnormal (SjO, < 55%) tended to be low in the
OT group while that hyperemic abnormal (§jO,
> 75%) tended to be low in the BT groups. The
frequency of ischemic abnormal rSO, (<60%)
on the non-affected side was 100% (all treat-
ment groups), and this parameter tended to be
high in the BT group. The frequency of ischemic
abnormal rSO, (<60%) on the affected side was
significantly (p < 0.0001) elevated in the BT
group, while the frequency of hyperemic abnor-
mal SO, (>80%) was low in the BT and OT
groups (p < 0.0001). There were thus distinct
differences among the treatment groups.

b) Relationship between pentobarbital dose and
each parameter (Table 3). ICP was significantly
(p < 0.05) decreased and CPP tended to be el-
evated as the pentobarbital dose increase. No
distinct tendency was identified for either §jO,
or 1SO,.

¢) Relationship between Tjb and each parameter
(Table 4). ICP tended to be decreased, CPP to
be elevated, with the decline in Tjb. However,
there were no marked differences in SjO, or
rSO, among the groups. PetCO, tended to de-
crease at moderate and severe hypothermia.

Discussion

Neurointensive treatments, such as OT, BT and HT,
are used in conjunction with surgical treatment in
order to prevent secondary brain injuries due to cere-
bral ischemia and cerebral herniation, which are as-
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Table 2. Frequencies of Abnormal Values for Each Parameter in the Three Neurointensive Treatment Groups
Frequency of abnormal value (%)
BT (n = 120) HT (n = 180) OT (n = 160) p value®
ICP (mmHg) 83 (69) 66 (36) 24 (30, n = 80) p < 0.0001
CPP (mmHg) 28 (23) 70 (39) 26 (32, n = 80) p < 0.0001
SjO, (%) <55% 14 (12) 35(19) 16 (10) p < 0.0001
>75% 10 (8) 28 (16) 29 (18) p < 0.0001
Affected side rSO, (%) <60% 42 (35) 15 (8) 9(7) p < 0.0001
>80% 18 (15) 57 (31) 21 (13) p < 0.0001
Non-affected side 1SO, (%) <60% 31 (26) 34 (19) 34 (21) p < 0.0001
>80% 4(3) 18 (10) 9 (6) p < 0.0001

a

saturation.

x”***. ICP intracranial pressure, CPP cerebral purfusion pressure, SjO, jugular bulb venous oxygen saturation, rSO, regional oxygen

Table 3. Effects of Pentobarbital Doses on ICP, CPP, SjO,, rSO,, and PetCO,

Pentbarbital =31 2.1-3.0 1.1-2.0 =1.0 p value
(mg/kg/h) n=230 n=230 n=350 n=350 (ANOVA)
ICP (mmHg) 10+7  24+14  33+5 3748  p<005
CPP (mm Hg) 103+15 86+22 82+13 68+12 s

SjO, (%) 67+6 69+38 67+8 62t9 ns
Affected side rSO, (%) 6412 628 6910 69 £ 10 ns
Non-affected side rSO, (%) 73£15 73+£19 66118 59112 ns

PetCO, (mm Hg) 2+2 23+6 255 25+1 ns

Values are expressed as means * standard deviation, /CP intracranial pressure, CPP cerebral
perfusion pressure, SjO, jugular bulb venous oxygen saturation, rSO, regional oxygen satura-

tion, PetCO, end-tidal CO, partial pressure, ns not significant.

Table 4. Effects of Tjb on ICP, CPP, SjO,, rSO,, and PetCO,

Tjb (°C) =380 37.9-36.0 359-340 =339 p value
n=49 n=2_80 n=90 n =381 (ANOVA)
ICP (mmHg) 18+5 2015 15£9 12+8 p <0.05
CPP (mm Hg) 8B1£19  78+17 88+ 17 91+18  p<0.05
SjO, (%) 67+8  69+7 71+ 10 68+8  ms
Affected side rSO, (%) 7348 72+8 70+8 70+9  ns
Non-affected side r1SO, (%) 69 £ 2 693 6817 6717 ns
PetCO, (mmHg) 31£8 33x7 28+6 25+7 ns

Values are expressed as means = standard deviation, /CP intracranial pressure, CPP cerebral
perfusion pressure, $jO, jugular bulb venous oxygen saturation, rSO, regional oxygen satura-

tion, PetCO, end-tidal CO, partial pressure, ns not significant.

sociated with or secondary to increased ICP, sys-
temic hypotension and hypoxia, as well as primary
brain injury due to head injury. Not only monitoring
of CPP but also monitoring of cerebral oxygen me-
tabolism by determination of SjO, and rSO, have
been applied to such treatments with reference to
cerebral ischemia based on ICP regulation [14,17].
In this series, with regard to the frequency of ab-
normal values obtained during each neurointensive

treatment, the frequency of abnormal ICP values was
significantly higher in the BT group than in the HT
and OT groups. The ICP decrease was, however,
dependent on the pentobarbital dose. The frequency
of abnormal CPP values was significantly reduced in
the BT group, further demonstrating the marked ef-
fects of BT. BT is known to induce decreases in
cerebral blood flow volume and ICP, which are medi-
ated by the decreased CBF accompanying cardiac
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suppression and decreases in venous pressure, blood
pressure reflex and sympathetic activity [8]. However
BT has also been recognized as being ineffective for
increased ICP in some patients with severe head inju-
ries [13].

The effects of HT, in terms of protecting and re-
suscitating the brain which has sustained damage
accompanying severe head injury and cerebral
ischemia, have been experimentally clarified in re-
cent years [7,18]. As to the effects of HT in patients
with severe head injuries, HT is known to improve
CPP as a result of the decrease in ICP [10,20]. In the
present series as well, CPP tended to be elevated as
Tjb fell, but the frequency of abnormal CPP values
was highest in the HT group.

BT has also been investigated experimentally for
its effects not only on ICP but also on CBF and
metabolism [12,19], as well as in clinical cases receiv-
ing neurointensive treatment [15,16,19]. HT effects
on cerebral oxygen metabolism involving CBF to
ICP/CPP, AVDO, and CMRO, are also being in-
vestigated [3,20]. It has been experimentally de-
monstrated, by the determination of CMRO,, that
cerebral oxygen consumption decreases as body tem-
perature falls [7]. The decrease in cerebral oxygen
consumption is considered to be effective for pre-
venting secondary brain damage, such as cerebral
ischemia accompanying decreased CBF after head
injury. With regard to frequency of abnormal SjO,
values, the frequency of SjO, < 55% tended to be
higher in the HT group while that of SjO, > 75%
tended to be higher in OT than in the other groups.
There was thus a difference in the effect of each
neurointensive treatment on oxygen metabolism of
the global brain.

Concerning the frequency of abnormal rSO, on the
non-affected side, all treatment groups tended to
show SO, lower than 60%. On the affected side. the
frequency of r1SO, < 60% was high in the BT group,
whereas the frequency of rSO, > 80% tended to be
high in the HT group. Based on the changes in rSO,,
the presence of abnormalities in regional cerebral
oxygen metabolism, particularly on the affected
side, were estimated. There was thus a difference in
the regional cerebral oxygen metabolism response
among the treatment groups. A certain investigator
was apprehensive as to the reliability of rSO, values
determined in severe head injury patients [20]. but
SO, reportedly does not change even under hypoth-
ermic anesthesia [1]. The changes in pentobarbital
dose and Tjb showed no marked differences in terms
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of cerebral oxygen metabolism among the groups.
However, the influence of PetCO, can not be ne-
glected that PetCO, was decreased as Tjb fell in the
HT group.

In any event, selection of individual or combined
use of neurointensive treatment procedures on the
basis of monitoring not only ICP/CPP but also CBF
and cerebral oxygen metabolism is considered to be
important.
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Summary

Intracranial hypertension (ICH) is a frequent finding in patients
with a severe head injury. High intracranial pressure (ICP) has
been associated with certain computerized tomography (CT) ab-
normalities. The classification proposed by Marshall et al. based on
CT scan findings, uses the status of the mesencephalic cisterns. the
degree of midline shift, and the presence or absence of focal lesions
to categorize the patients into different prognostic groups. Our aim
in this study was to analyze the ICP evolution pattern in the
different groups of lesions of this classification.

Patients and methods: We present the results of a prospective
study in 94 patients with severe head injury. in whom ICP was
monitored for at least 6 hours. ICP evolution was classified into
three different categories: 1) ICP always < 20mm Hg, 2) Intracra-
nial hypertension at some time during monitoring, but controlled
by medical or surgical treatment, 3) Uncontrollable ICP. The ICP
pattern was correlated with the final CT diagnostic category.
Conclusions: 3 patients had a normal CT scan, and none of them
presented intracranial hypertension. In diffuse injury type II. the
ICP evolution may be quite different. Patients with bilateral brain
swelling (Diffuse Injury III) have a high risk of increased ICP
(63.2%). Although in our study the frequency of Diffuse Injury IV
was low, all patients in this category had a refractory ICP. In the
category of evacuated mass lesions, two thirds of the patients
presented an intracranial hypertension. In one third, ICP was
refractory to treatment. 85% of patients with a non-evacuated
mass lesion showed an increased ICP.

Keywords: Computerized tomography:; head injury; ICP monitor-
ing; intracranial hypertension.

In patients with severe head injury, the initial CT
scan allows us to classify patients into different diag-
nostic categories. At present, the Traumatic Coma
Data Bank classification is the most widely accepted
and used. According to the status of the mesencepha-
lic cisterns, degree of midline shift and presence or
absence of high or mixed density lesions >25cc. this

classification differentiates between 4 categories of
diffuse injury and 2 types of focal injury [6]. Different
studies have shown a direct relationship between
these categories and outcome [5]. Our aim in this
study is to analyze the evolution pattern of intracra-
nial pressure (ICP) in the different groups of this
classification.

Patients and Methods

Between January 1993 and December 1995, a prospective study
was carried out in 94 patients with severe head injury (post-
resuscitation Glasgow coma scale score <8). In each patient, the
following information was prospectively determined: initial GCS
score, pupillary examination, demographic characteristics, mecha-
nism of injury, and preadmission hypoxia or shock. In all cases,
we collected information about sequential CT scan findings, ICP
evolution and outcome.

Head Injury Classification

In all patients, a CT scan was performed after admission to our
center. Patients were included in the different categories proposed
by Marshall et al. [6]. According to this classification, patients were
included into one of the following categories: Diffuse injury I: no
visible intracranial pathology seen on CT scan; Diffuse injury I1
cisterns are present with midline shift 0-5mm and/or high or
mixed-density lesions <25cc: Diffuse injury III: cisterns com-
pressed or absent with midline shift 0-5mm and/or high or mixed-
density lesions <25cc; Diffuse injury IV: midline shift >5mm
without high or mixed-density lesion >25cc; Evacuated mass le-
sion: any lesion surgically evacuated; Nonevacuated mass lesion:
high or mixed-density lesion >25cc not surgically evacuated. In
each patient at least one control CT scan was performed during
the first week after injury. If these control CT scans showed
significant changes in the lesions, patients were recategorized
accordingly.
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Table 1. Clinical Data

M. A. Poca et al.

Complicated”
diffuse injury

Uncomplicated®
diffuse injury

Evacuated
mass lesion

Nonevacuated
mass lesion

13

40+ 21.1
48+1.6
23.1%

7.7%

n 37 21 23

Age* 265+14 283%8 31711
GCS* 56+0.2 521 59+0.7
Puplis* (ab.) 29.7% 40% 45.5%
Hypoxia* 18.9% 25% 4.5%
Hypotension* 54% 20% 22.7%

“For statistical analysis, diffuse injuries type I and type II were reclassified under the category
“uncomplicated diffuse injury”. ®Diffuse injury type III and type IV were also reclassified

under the category “complicated diffuse injury”. *P > 0.05.

ICP Monitoring

In every patient, brain tissue pressure was monitored for at least 6
hours (CAMINO ICP monitor). A modification of Marshall’s ICP
patterns was used to describe the patient’s ICP evolution [4]. ICP
evolution was summarized into three categories: 1) ICP always <
20mm Hg, 2) Intracranial hypertension at some time during moni-
toring, controllable by medical or surgical treatment, and 3)
Uncontrollable ICP. In those patients who developed high ICP,
the time when ICP rose was recorded and all possible related
factors screened. The ICP pattern was correlated with the initial
and final CT diagnostic categories.

Outcome

Outcome was evaluated at six months of injury and assessed using
the dichotomized Glasgow Outcome Scale (GOS): good outcome
(patients with good recovery and moderate disability) and bad
outcome (patients severely disabled, vegetative or dead).

Results

Figure 1 shows the ICP evolution and outcome for
each diagnostic category. Table 1 summarizes the
clinical information for the study group. Patients’

Fig. 1. Incidence of intracranial
hypertension, ICP evolution and
outcome in each final diagnostic
category

age, Glasgow score, pupillary response, hypoxia and
hypotension recorded on admission were not sig-
nificantly different for each intracranial diagnostic
category.

Discussion

Intracranial hypertension (ICH) is a frequent finding
in patients with a severe head injury. In a prospective
study Narayan et al. reported that the incidence of
ICH in patients with an abnormal CT scan was be-
tween 53-63% [7]. However, ICH may also be
present in patients with a severe head injury and a
normal CT as well as in some patients with a moder-
ate or even mild head injury. Different authors have
demonstrated the correlation between high ICP and
a bad outcome in severe head injured patients. The
classification proposed by Marshall et al. based on CT
scan findings, uses the status of the mesencephalic
cisterns, the degree of midline shift, and the presence
or absence of focal lesions to categorize the patients
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into different prognostic groups. Below, we present
and discuss our ICP findings in 94 patients classi-
fied according the different groups proposed by
Marshall’s classification [6].

Diffuse Injury Type I

In our study, the initial CT scan was normal in only
three patients. None of these patients presented in-
tracranial hypertension at any time during monitor-
ing. In one of the three cases, the control CT scan
showed a new lesion (small cerebral contusion) and
the patient was reclassified in the category of diffuse
injury type 2. Our findings correspond with those
published by Lobato et al., who reported that one in
every three severely head injured patients with a nor-
mal CT scan at admission presents new lesions in the
control CT scans [3]. Although high ICP was not
present in our patients, it has been shown that be-
tween 10-15% of patients with a severe head injury
and a normal initial CT scan will present an intracra-
nial hypertension during their evolution [2,7]. The
guidelines to severe head injury management recom-
mend that ICP monitoring is appropriate in this type
of patients if two or more of the following features
are noted at admission: age over 40 years, unilateral
or bilateral motor posturing and systolic blood pres-
sure below 90mmHg [1].

Diffuse Injury Type Il

Small brain contusions are the most frequent findings
in patients with a head injury. In our study, 35 pa-
tients showed a diffuse injury type II in the admission
CT scan. Three of these patients showed an oblitera-
tion of the perimesencephalic cisterns in the control
CT scan and were recategorized into diffuse injury
type III. One patient presented a new lesion >25cc,
which was not evacuated (final diagnostic category:
nonevacuated mass lesion). Four additional patients,
initially in other diagnostic categories, were included
in the diffuse injury type II group. Thus, the analysis
of the ICP evolution in this diagnostic category has
been carried out in 35 patients. In diffuse injury
type 11, a variety of pathological processes may be
present: patients with only a small lesion, patients
with multiple lesions and cases with or without mid-
line shift (<Smm). Given this context, the ICP evolu-
tion may be quite different. Ten of the 35 patients
(28.6%) presented intracranial hypertension. In nine
of theses cases, the ICP was normal at the beginning,
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exceeded 20mmHg during the patients’ evolution
and was finally controlled by medical treatment. All
these 9 patients presented a moderate intracranial
hypertension (mean ICP between 20 and 30mmHg).
Intracranial hypertension was uncontrollable in only
one patient in this diagnostic category. We did not
find any significant differences between patients with
normal ICP and patients with intracranial hyperten-
sion, although 5 of the 10 patients with high ICP
presented a midline shift in the CT scan. 26% of the
patients with a diffuse injury type II showed a bad
outcome.

Diffuse Injury Type 111

Patients with brain swelling presented high ICP in
63.2% of cases. In one third of all the patients in this
category, ICP was uncontrollable from the initial
reading and all these patients died. 58% of the pa-
tients with brain swelling presented a bad outcome.
These findings suggest a very strong relationship be-
tween the appearance of perimesencephalic cisterns
in the CT scan, frequency of intracranial hyperten-
sion and bad outcome. In this group of patients,
hyperemia may be the main cause of high ICP. In
these patients, we need to incorporate multimodality
monitoring and use very aggressive treatment to im-
prove their outcome.

Diffuse Injury Type IV

Only 6 patients showed a midline shift above 5mm
without focal lesions >25cc. These patients presented
high ICP from the first hours of monitoring. Four
patients, showed an improvement in the midline shift
in serial CT scans and were reclassified. The 2 re-
maining patients with midline shift >5mm presented
an uncontrollable ICP. Four of the 6 patients in this
diagnostic category presented a bad outcome. All
these 4 patients presented abnormal motor response
and abnormal pupillary findings at admission and in
all cases the unilateral brain swelling was accompa-
nied by a small subdural hematoma. However, the
remaining 2 patients with a diffuse injury type IV
presented a good recovery. These 2 patients had nor-
mal motor response and normal pupils at admission
and the serial CT scans showed a correction in the
midline shift. These last 2 patients who were reclassi-
fied into diffuse injury type II, presented a moderate
intracranial hypertension (mean ICP between 20 and
40mm Hg) and ICP was finally controlled by medical
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treatment. Our findings coincide with those of
Marshall et al. According to these authors’ results,
although the frequency of diffuse head injury with
midline shift is relatively low, its high mortality rate
suggests that these patients may represent a target
group for testing innovative therapies [6].

Evacuated Mass Lesion

This diagnostic category includes a heterogeneous
group of patients. The biggest problem related to this
category, is that the patients’ prognosis may vary,
according to the nature of the evacuated mass lesion
(epidural, subdural or intracerebral hematomas or
brain contusion). 65.2% of patients in this diagnostic
category presented intracranial hypertension. Mean
ICP differed greatly between patients. In 30.4% of
cases, intracranial hypertension was uncontrollable
and all these patients had a bad outcome. The high
incidence of intracranial hypertension after surgery
suggests that ICP monitoring may also be necessary
in some patients with moderate or mild head injury
who need surgical treatment.

Nonevacuated Mass Lesion

Thirteen patients presented at admission or in con-
trol CT scans an acute subdural hematoma or several
brain contusions >25cc which were not evacuated.
Surgical treatment was not carried out due to the
patients’ clinical condition or the location and multi-
plicity of the lesions. In 11 of these patients, high ICP
values were recorded in the first hours after sensor
implantation. In 5 of these 11 cases, intracranial hy-

M. A. Poca et al.: Intracranial Hypertension after Severe Head Injury

pertension could not to be controlled. Only 2 patients
presented ICP values below 20mm Hg during the to-
tal recording time. The ICP evolution in this category
confirms that the presence of lesions with a volume
above 25cc are strongly predictive of intracranial
hypertension. In this context, high ICP may be diffi-
cult to control without surgical treatment.
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Treatment of Elevated Intracranial Pressure by Infusions of 10% Saline in

Severely Head Injured Patients

C. Schatzmann, H. E. Heissler, K. Konig, P. Klinge-Xhemajli, E. Rickels, M. Miihling,

M. Borschel, and M. Samii

Neurochirurgische Klinik, Medizinische Hochschule Hannover, Federal Republic of Germany

Summary

The management of intracranial pressure (ICP) is a factor in out-
come of patients with head trauma. However, recent studies have
revealed that the current strategies, which have been applied to
control ICP for adequate cerebral perfusion, are unsatisfactory.
Against this background, the efficacy of short-term infusions of
hypertonic saline on ICP was investigated.

In severely head injured (SHI) patients, hypertonic saline
(100ml 10% NaCl) was administered when standard agents (man-
nitol, sorbitol, THAM) failed in reducing ICP. To evaluate the
pressure reduction after saline infusions the resulting ICP relax-
ations were analysed statistically in respect to the parameters am-
plitude, duration and dynamic behaviour of the ICP responses.

In 42 randomized relaxations, the relative ICP decrease was
43% [28%-58%] (median [interquartile range]). The correspond-
ing pressure drop was 18mmHg [15-27mmHg]. Relaxations
lasted for 93min [64-126 min] and a relative ICP minimum was
reached 26 min [12-33 min] after infusion. In the individual cases
the temporal course of the parameters amplitude and decline
interval depict a tendency toward lower and higher values,
respectively, under conditions of a generally increasing ICP.

As expected, the infusion of hypertonic saline reduces ICP in
patients suffering from SHI. The pressure drop, duration and
dynamic behaviour are suspected to depend both on the pressure
level to reduce and concomitant medications.

Keywords: Elevated intracranial pressure; head injured patients;
hypertonic saline.

Introduction

For the effective treatment of elevated intracranial
pressure (ICP) criteria represent a challenge despite
numerous strategies to this day. Use of hypertonic
agents is a basic element of this therapy. Admin-
istration of hypertonic solutions which have mainly
found use in emergency medicine for small-volume-
resuscitation has seen more frequent use [S]. From
animal experiments first, results about the effects
of hypertonic saline on intracranial pressure were

available [1,2,4,7,8]; however, clinical use has hardly
been documented [3,6,9]. In the present study the
efficacy of infusions of hypertonic saline in severly
head injured patients was assessed.

Patients and Methods

Six patients (4 male, 2 female) were treated in the order of their
appearance in the intensive care unit. With the exception of one
patient (SAH, Hunt-Hess 5) all patients suffered from trauma and
severe head injury. The mean age of patients was 40 years (range
16-73 years) and the median score of Glasgow Coma Scale was 6
(range 3-7) at the time of admission. All patients were subjected
to a standardized treatment protocol for raised ICP, i.e. therapy
was initiated when either the ICP exceeds 25mmHg or cerebral
perfusion pressure (CPP) drops below 70 mm Hg. If the efficacy of
standard intracranial pressure relaxing agents (mannitol, THAM,
sorbitol) was exhausted, 100ml of hypertonic saline (10%) was
administered intravenously over 5 minutes. Infusions were omit-
ted when renal failure was known or plasma sodium and plasma
osmolality were higher than 150mmol/l and 325mOsmol/l,
respectively.

The traces of 42 relaxations were observed and recorded in the
context of the multisensory monitoring. The vital parameters such
as mean arterial pressure (MAP), intracranial pressure (ICP),
jugular oxymetry (SvjO,), and brain tissue oxygenation (tpO,)
were monitored for at least 60 minutes after saline administration
with a sample rate of 15 seconds. Perfusion pressure was calcu-
lated as the difference of MAP and ICP. Unless otherwise noted
the data is given as means + the standard deviation.

Results

The initial ICP was 52 £ 16mmHg and the saline-
induced minimum ICP was 30 + 14mmHg. The re-
sulting pressure decrease was —22 + 13mmHg, i.e.
—-43 + 17% from baseline values. This was reached
after 24 £ 15 minutes. The ICP-lowering lasted 101 +
59 (n = 27) minutes. In 74% (n = 31) of relaxations
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Fig. 1. Efficacy of 10% NaCl administration. Intracranial pressure
(52 £ 16mm Hg) baseline values at t = 0, maximum ICP decrease
(30 £14mmHg) at 24 + 15 minutes and recovery of ICP to baseline
at 101 + 59 minutes. Splines approximates the basic bahaviour of
transient ICP relaxation due to hypertonic saline infusions

ICP remained under the baseline values for 1 hour at
least. The efficacy of saline infusions was observed
to fade by the frequency of administration in the
individual case.

Discussion

As expected, infusions of hypertonic saline decreases
intracranial pressure sufficiently, and with its well-
known stabilizing influence on circulation [1], a ben-
eficial effect on cerebral perfusion could be expected.
However, one patient who is not included in the data
presented did not respond to hypertonic saline infu-
sion. The pharmacodynamics on intracranial pres-
sure varied markedly, i.e. after an initial decrease,
the intracranial pressure remained stable at a low
level or was restored within an hour to baseline pres-
sure. In some case an overshoot could be observed
which is likely due to a progressively increasing ICP
through-out the patient’s course.

Fisher et al. [3] described the use of 3% saline in 18
children. The responses at 30 and 120 minutes after
administration led to an increase in CPP of 10 and
3mmHg, respectively. Furthermore, six of 18 pa-
tients did not respond to saline infusions. Horn et al.
[6] observed 23 relaxations in 8 patients treated with
7.5% saline that showed maximum ICP decrease of
19+ 7mmHg at 95 £ 54 minutes post administration.
Pressure relaxations lasted for 162 + 45 minutes. In 2
patients and two administration of 28.5% saline
Worthley et al. [9] lowered intracranial pressure by
40 and S50mmHg for 24 and 12 hours, respectively.

Ch. Schatzmann et al.
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Fig. 2. Sample intracranial pressure relaxation epoch. Time series
of mean arterial pressure (MAP), intracranial pressure (ICP),
cerebral perfusion pressure (CPP), jugular bulb oxygenation
(SvjO,), and brain tissue oxygen pressure (tpO,) before, during
and after administration of 10% saline (arrow) in a severely head
injured patient. All pressure have unit mm Hg; SvjO, is given in
percent

Obviously a clear coherence exists between pressure
relaxation, and duration of ICP lowering with con-
centration. Time to maximum ICP decrease appears
reciprocal to concentration.

In our patients, no adverse side effects have been
observed by the administration of hypertonic saline
and we therefore consider 10% saline infusions a
reasonable completion in treatment protocol for
raised ICP.
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Summary

To investigate the more effective route of oral administration of
glycerol to decrease the raised ICP, two different routes were
employed in the clinical practice. The one was through a Naso-
Gastric tube, and the other was through an Entero-Duodenal
tube. Pharmacokinetics of glycerol in relation to the decrease of
ICP, and the changes of other parameters which could influence
the serum osmotic pressure were sequentially monitored for initial
30 minutes.

In the group of Entero-Duodenal route, the time to reach to the
maximum glycerol concentration (Tmax) was faster, the maximum
concentration of glycerol (Cmas) was higher, and ICP reduction
rate was greater than these in the group of Naso-Gastric route.

Other parameters (Na, K, BUN and Glucose) showed no signifi-
cant difference between the two routes.

It can be concluded that the Entero-Duodenal administration of
glycerol is the more effective route to decrease the raised ICP,
when it is administered orally.

Keywords: Changes of ICP; duodenal administration; serum
glycerol.

Introduction

Glycerol is one of the hypertonic agents which has
been used to decrease the raised ICP. One of the
benefits of glycerol is that it can be administered
venously or orally [1,3].

The potential to decrease the ICP is reported that
both routes of administration have almost the same
effect to decrease the raised ICP [1]. In our institute,
oral administration of glycerol has been employed
either through a Naso-Gastric tube or an Entero-
Duodenal tube.

To investigate which route of glycerol administra-
tion is more effective to control the raised ICP, phar-
macokinetics of glycerol in relation to the decrease of
ICP and other parameters which influence the serum

osmotic pressure were sequentially monitored and
the changes of these parameters were compared
between the two different routes.

Materials and Methods

Nine severe head injured patients with increased ICP
(29.6mmHg), which was continuously monitored by subdural
balloon method were subjected for this study. 50% of glycerol
(0.5g/Kg) was administered in one minute through a Naso-Gastric
tube in 4 patient and through an Entero-Duodenal tube in 5 pa-
tients. Serum glycerol concentration was sequentially measured
(1, 3, 5, 10, 15, 30 minutes) by the enzymatic method using Glyc-
erol-Lypid Test (Berlinger-Manheim) [2] and at the same time
intervals, serum osmotic pressure, Na, K, Cl, Cr, BUN and Glu-
cose were measured. The pharmacokinetics of glycerol were calcu-
lated and analyzed by compartment method assisted by MULTI
computer program.

Results

In all nine cases, after glycerol administration, the
time course of serum glycerol concentration showed
arapid elevation and reached to a maximum concen-
tration of serum glycerol within 10 minutes accom-
panied by the rapid elevation of serum osmotic
pressure.

The time course of ICP showed an immediate re-
sponse to decrease and reached to a maximum reduc-
tion within 30 minutes (Fig. 1).

If we made a grouping of nine cases according the
different route of glycerol administration, the time
course of serum glycerol concentration, serum os-
motic pressure and ICP took different time courses
between Naso-Gastric and Entero-Duodenal glyc-
erol administration (Fig. 2a—c).
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Fig. 1. Time course of serum glycerol concentration, serum
osmotic pressure and ICP in all nine cases after glycerol
administration

The pharmacokinetic parameters of serum glyc-
erol and the changes of ICP showed that, through
an Entero-Duodenal route, the time to reach to
the maximum concentration of glycerol was faster
(Tmax _6.8), the maximum glycerol concentration
was higher (Cmax _1529), and the reduction rate of
ICP was greater than these parameters through a
Naso-Gastric route. Although, statistical analysis of
these data showed that the maximum reduction of
ICP for 30 minutes was significant, however Tmax
and Cmax were not significant between the two dif-
ferent glycerol administration routes (Table 1).

Time course of other parameters such as Na, K, Cl,
Cr, BUN and Glucose showed no significant changes
between the two different glycerol administration
routes.

Discussion

Glycerol is a water soluble, tri-alcochol chemical,
hypertonic agent, rapidly absorbed from gastrointes-
tinal tract, elevates serum osmotic pressure resulting
to decrease the raised ICP [1]. The driving force to
decrease the ICP seemed to be created within a few
minutes after the administration of glycerol to the
gastrointestinal tract [1,3].

Our results show that if we take the route of
Entero-Duodenal glycerol administration, the maxi-
mum serum glycerol concentration is reached faster
and higher, and also a greater reduction of ICP can
be obtained than through a route of Naso-Gastric
administration. Although, Tmax and Cmax between
the two routes were not statistical significant in spite
of the significant ICP reduction within 30 minutes.
This may be due to the large distribution of standard
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Fig. 2. Time course of serum glycerol concentration (a), serum
osmotic pressure (b) and ICP (c) through a Naso-Gastric (N-G)
and an Entero-Duodenal (E-D) route

deviation, especially in a group of Naso-Gastric glyc-
erol administration in the clinical practice.

The basic concept of the action to decrease the ICP
of hypertonic solution, demonstrated by intravenous
administration of mannitol [4], may be applied to
the oral glycerol administration as well. The most
effective way of administration of hypertonic solu-
tion is a bolus administration. However, intravenous
bolus administration of glycerol have a possible side
effects — volume over load in patients with heart
failure and hemolysis that may cause renal failure.
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Table 1. Pharmacokinetic Parameters after Glycerol Administration

Parameters
Route of Changes of
administration Tmax Cmax Ka I1CP
Naso-Gastric (4) 76152 1376 + 897 1.267 £0.95 10.7 £ 4.5 «
Entero-Duodenal (5) 6.8+0.7 1529 £ 820 0.608 £ 0.07 17.0£6.2

Tmax (min): time to reach to the naximum glycerol concentration

Cmax (ug/ml): maximum glycerol concentration

Ka: absorption rate constant

ICP (mm Hg): maximum reduction of ICP for 30 minutes
(mean £ SD, p. = 0.05, *significant)

Fifty percent of oral glycerol contains no Na, 0.5g/kg
is a relatively small amount compared to the 10%
intravenous glycerol solution which contains 0.9%
Na, 5% fructose, can be administered safely as a
bolus through Entero-Duodenal route without dis-
turbing the serum electrolytes balance and clinical
condition.

Conclusion

If glycerol is administered orally, a study of pharma-
cokinetics of serum glycerol combined with sequen-
tial changes of other serum parameters to decrease
the raised ICP, demonstrated that the Entero-
Duodenal administration is a more effective route
of glycerol administration. The driving force to
decrease the raised ICP was created within a few
minutes after the administration of glycerol through

this route. Clinical benefits of the oral administration
of glycerol were discussed.
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Summary

The retrospective results of external lumbar drainage in 7 adult
patients with severe closed head injury and intracranial pressure
(ICP) refractory to aggressive management strategies are pre-
sented. All patients had Glasgow Coma Scale (GCS) scores of 8 or
less within 24 hours after admission and were treated by a staircase
protocol including sedation, ventricular drainage, hyperventila-
tion and mannitol. In three cases barbiturate drugs and an artifi-
cially induced hypothermia were used. Four patients required
surgical evacuation of mass lesions. Three patients made a good
functional recovery, 2 were severely disabled and 2 patients died.
In none of the patients clinical signs of cerebral herniation oc-
curred. We recommend additional external lumbar drainage in
adults with severe head injury unresponsive to agressive ICP con-
trol with open basilar cisterns and absent focal mass lesions on
computerized-tomography scan before drainage.

Keywords: Adults; head injury; intracranial hypertension; lumbar
drain.

Introduction

Patients who sustain severe closed head injury fre-
quently develop increased intracranial pressure
(ICP) and, therefore, require ICP monitoring
[1,3,10]. In the absence of focal mass lesions, which
require prompt surgical evacuation, management
strategies are aimed at ICP control in adjunction with
control of cerebral perfusion pressure (CPP). High
intensity treatment of ICP consists of sedation, pa-
ralysis, hyperventilation, ventricular drainage, man-
nitol and barbiturates in a staircase approach [8].
Some institutions also use artificially induced hypo-
thermia. Raised ICP refractory to high intensity
treatment is generally associated with a poor
outcome [10,14]. Second-tier therapies such as
decompressive craniectomies [5] have been de-

scribed, and neuroprotective agents acting upon
excitatory neurotransmitters are currently under in-
vestigation. Recently, however, controlled lumbar
drainage has been described as another potentially
useful treatment for pediatric patients with severe
head injury and raised ICP despite maximum man-
agement strategies [2,7]. In this preliminary paper we
report our experience with this treatment modality in
a small group of seven adult patients with head injury
in which agressive ICP and CPP control failed or
became ineffective.

Materials and Methods

The patient group consisted of 7 patients, four males and three
females, aged 21-35 years (mean 26 years) with severe head injury.
All patients had a Glasgow Coma Scale (GCS) score of 8 or less
within 24 hours after admission and underwent a ventriculostomy.
In the presence of focal mass lesions prompt surgical evacuation
was instituted. All patients were treated by sedation, intermittent
hyperventilation, ventricular drainage and mannitol to lower ICP
and vasopressor agents to maintain adequate CPP. Three patients
had an artificially induced moderate hypothermia (down to 32°C)
and received a barbiturate coma titrated to burst suppression.
Lumbar drainage was only instituted in the absence of focal mass
lesions and with discernible basilar cisterns on computerized-
tomography (CT) scan. Drainage height was set to 5-15cm above
Monro. The follow-up period was at least 6 months after injury
using the Glasgow Coma Outcome (GOS) scale.

Results

On admission 6 of the 7 patients had a GCS score less
than 8 and one patient deteriorated to a GCS score
of 5 within 24 hours after admission due to an epi-
dural hematoma. Two patients sustained injuries in
a traffic accident, five patients fell. Four of the seven
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patients showed absent pupillary reactions on admis-
sion, but had normal light reactions after treatment.
Two patients had diffuse edema and contusions, four
patients required surgery for mass lesions and one
patient had a small subdural hematoma (<1cm)
which was not evacuated.

Prior to lumbar drainage, all patients had discern-
ible basilar cisterns on the CT-scan and ICPs above
25mmHg despite aggressive ICP management strate-
gies. Three patients had an artificially induced hypo-
thermia down to 32-33°C and received barbiturate
drugs. Two patients developed progressive brain
edema in conjunction with sepsis and died. In none of
the patients clinical signs of cerebral herniation oc-
curred 24 hours post-drain placement. After six
months 3 of the 5 survivors had a good outcome and
two patients were severely disabled. Clinical fea-
tures, cause of injury, GCS and pupillary reactions on
admission, CT-findings, surgical interventions, ICP
before and after drainage (1, 4 and 12 hours) and
Glasgow Outcome Scale (GOS) categories are sum-
marized in Table 1.

Discussion

Raised ICP is a common phenomenon after severe
head injury and may indicate brain damage and limi-
tation of cerebral blood flow, producing further brain
dysfunction and damage [11]. In the treatment of
head injury, agressive monitoring and treatment of
elevated ICP clearly improves the patients outcome
[10,14]. However, despite maximum management
strategies a number of patients develop uncontrolled
intracranial hypertension which is associated with a
high mortality [3].

In concordance with Baldwin et al. [2] lumbar
drainage was only instituted in the presence of dis-
cernible basilar cisterns. Why some patients with un-

Table 1. Patient Data

R. B. Willemse and S. M. Egeler-Peerdeman

controllable ICP still have discernible basilar cisterns
on CT-scan is unclear. The presence of cerebrospinal
fluid (CSF) in the basilar cisterns on CT-scan in con-
junction with increased ICP might reflect a CSF-
circulation disorder. Possibly, in closed head injury,
compression of the aquaduct in combination with
CSF-formation in the choroid plexus of the fourth
ventricle can lead to accumulation of CSF in the
spinal and basilar compartments. Especially, if there
is an additional absorption disorder due to the pres-
ence of blood in the CSF spaces and secondary com-
pression of the superior sagittal sinus in the presence
of increased ICP [13]. Consequently, ventricular CSF
drainage alone is insufficient to divert all CSF and
lower ICP. Lumbar drainage of accumulated CSF in
the spinal and basilar compartments could therefore
lead to a lowering of ICP.

To date, the use of lumbar drainage in uncon-
trollable intracranial hypertension has only been
described in pediatric head injury [2,7]. Levy et al.
[7] hypothesized mechanisms comparable to pseu-
dotumor cerebri as an explanation for the effects of
lumbar drainage. However, the pathophysiology of
diffuse pediatric head injury is still a matter of de-
bate. Bruce et al. [4], emphasized the hyperemic na-
ture of this condition, however, more recent reports
indicate mechanisms comparable to those in aduit
head injury [12,15]. Therefore, the management of
uncontrolled ICP in adults with closed head injury
with lumbar drainage might be as valuable as in
pediatric head injury patients.

To our knowledge this is the first report about
lumbar drainage in adults with uncontrollable ICP.
Five of the seven patients had a lasting decrease in
ICP after lumbar drainage and survived. Whether
the outcome would be worse if these patients were
not treated by lumbar drainage is unclear. However,
the presence of increased ICP can induce secondary

Age Drain ICp

Case  (yrs)/  Cause of GCS Pupillary placed  (pre-/post)

No. sex injury (admission)  reaction  Lesion Surgery  Barbiturates  (day) (mmHg) GOS
1 27M  fall 1-2-1 ~/- contusions no no 3 27/9-5-4 severe
2 24/M  fall 3-4-1 ++ EDH yes,3X  no 2 34/21-18-26  good
3 21/F bike vs. car  4-6-4 ++ EDH yes no 7 32/7-7-13 good
4 26/ fall 1-3-1 ~/- contusions  no no 8 43/10-9-23 severe
5 24/F  fall 1-2-1 ++ SDH no yes 1 30/14-11-18  good
6 26/F ped. vs.car  1-2-1 —/- SDH yes yes 2 25/36-4-15 dead
7 35M fall 1-2-1 —/- SDH/EDH  yes,2x  yes 3 50/11-21-50  dead

M male; F female; ped. pedestrian; + reactive; — non-reactive; EDH epidural hematoma; SDH subdural hematoma.
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brain damage, which might have been avoided by
lumbar drainage. Two patients died due to progres-
sive brain edema which could not be avoided by bar-
biturates, hypothermia or lumbar drainage. In none
of the patients clinical signs of cerebral herniation
occurred within 24 hours post-drain placement.

The possible hazard of lumbar puncture, induction
of transtentorial or tonsillar herniation, is not sup-
ported by evidence. A large clinical series and review
of early reports have indicated that the incidence of
cerebral herniation after lumbar CSF drainage in
patients with elevated ICP was less than 1.2% [6].
Herniation occurs only in the presence of some de-
gree of obstruction of normal CSF pathways between
the cranial and spinal subarachnoid spaces. There-
fore, the presence of discernible basilar cisterns is an
important factor when considering lumbar drainage
in the presence of increased ICP.

Since the introduction of the ventricular catheter
to monitor ICP and drainage of CSF, the controver-
sial use of lumbar puncture lost its importance in the
management of increased ICP. However the results
give the impression that lumbar drainage might be
useful in the management of raised ICP and conse-
quently in the reduction of the extent of secondary
brain damage in selected patients. Further investiga-
tions are justified to elucidate the potential value of
this treatment.
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Summary

Thermal diffusion flowmetry is a continuous quantitative tech-
nique of measuring regional cerebral blood flow utilizing a silastic
strip probe placed through a craniotomy or craniectomy in the
operating room. A new bolt like application of this technology is
now available for commercial use and is especially designed
for bedside placement in trauma patients. This new trauma bolt
is tested in juvenile pigs who are subjected to episodes of
hypercapnea to increase cerebral blood flow, and records signifi-
cant changes in blood flow. Another feature of the trauma bolt is
a second port for the placement of an intracranial pressure (ICP)
monitor. Placement of the probe and ICP monitor were easier
than with the silastic probe and had relatively little complication.

Keywords: CBF trauma bolt; cerebral blood flow: thermal
diffusion.

Introduction

The use of thermal diffusion to determine blood flow
in a tissue was first described in 1933. Brawley [2]
utilized a Peltier stack with a thermal differential
placed upon the cortical surface to determine cere-
bral blood flow (CBF). This probe has undergone
many modifications and currently utilizes a silastic
strip with two gold plates to create and measure ther-
mal differentials. The differential is then correlated
to a quantitative blood flow using a determined tissue
constant for human brain. This probe (Flowtronics,
Phoenix, AZ) is commercially available and requires
a burrhole created in the operating room for passage
of the silastic probe under the skull with a tunneled
exit wound under the scalp, for later removal.

In an attempt to create a thermal diffusion
flowmetry (TDF) probe that could be placed in the
emergency room or intensive care unit a new bolt
like probe has been created and is currently available
commercially. This bolt utilizes a smaller circular

probe on the end of a piston which is passed through
a skull secured bolt and can be adjusted for proper
placement on the cortical surface. The burr hole re-
quired measures 11cm. in diameter which can be
created with a twist drill. An added feature of the
trauma bolt probe is the ability to pass an intracranial
pressure (ICP) monitor through a separate port.

This new trauma bolt was tested in our laboratory
to determine ease of placement and reactivity of
the CBF and ICP recordings after a hypercapnic
challenge.

Materials and Methods

Juvenile pigs (weighing 5-10kg) were sedated with Ketamine
(10mg/kg, intramuscular) and then anesthetized with isoflurane
(3% in 100% O, induction, 0.25-1.0% in 60:40 N,O:O,, mainte-
nance). Attention was then turned towards establishing venous
and arterial access via the femoral artery and vein. The animal was
then turned and placed in a stabilized head holder. A rectal tem-
perature probe was placed and a feedback controlled warming
blanket was used to maintain body temperature at 37.5°C. The
scalp was divided in an anterior to posterior fashion and dissected
laterally exposing the bony skull surface. A Hudson-Brace
hand drill was then used to create bilateral burr holes in the
parietal regions. The dura mater was then carefully reflected and
cauterized in a cruciform fashion to expose the cortical surface.
Measurements to determine the skull thickness and depth to the
cortical surface were made for proper placement of the probe
surface.

The trauma bolt with the piston set flush to the bolt sleeve’s
cortical surface is then screwed to the appropriate depth so as not
to penetrate the cortical tissue. The probe is then attached to the
monitor and the specific calibration programmed. The piston is
then advanced utilizing the micrometer scale on the side to deter-
mine the depth of the probe surface. The CBF recording is moni-
tored during the advancement of the piston and after an adequate
CBF measurement is determined the confidence of the contact is
determined. This confidence factor is a ratio of the temperature
recorded at both gold plates after the heating element is turned
off. This also allows determination of the cortical temperature and
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Fig. 1. ICP change pre- and post-CO, challenge

assures normothermia. The ICP monitor is then passed to a prede-
termined length so that no more than one centimeter is exposed
past the probe surface.

The animal is allowed to stabilize for 30 minutes while base-
line data is collected. The animal is then allowed to become
hypercapnic by decreasing the ventilation. Arterial blood gas
(ABG) determinations are determined before, during and after
the CO, challenges to assure adequate increases in pCO,. The
CBF and ICP changes were recorded for 13 and 8 pigs respec-
tively. Following the testing the animals were sacrificed with an
intravenous bolus of KCI and dead brain values were recorded.
The CBF values were corrected for the dead brain values.

Results

Prior to the development of the trauma bolt a silastic
probe was utilized; however, this required an operat-
ing room for craniectomy and tunneling of the probe.
We found that the bolt probe was easier to place than
the silastic probes. Contact with the cortical surface
could be assured using the micrometer scale pro-
vided on the piston after the appropriate measure-
ments for skull thickness and depth to cortical
surface were recorded. Use of the probe in the clini-
cal setting is underway and ease of placement at the
bedside should be determined.

As indicated in figures 1 and 2 CBF and ICP both
increased significantly in response to CO, challenge
(p =0.003 for CBF, p=0.001 for ICP). Average CBF
measured 29.5 +/— 3.5 pre and 47.9 +/- 5.1 post chal-
lenge (ml/100gm/min, AVG +/- SEM, n = 13, cor-
rected for dead brain value). Average ICP measured
5.0 +/- 1.2 pre and 10.5 +/- 1.0 post challenge
(mmHg, AVG +/- SEM, n = 8).
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Fig. 2. CBF change pre- and post-CO, challenge

Intraparenchymal placement of the ICP probe
through the second port did not significantly affect
the CBF values unless a major vessel was injured
during placement. Of note, the cortical surface vascu-
lar anatomy of the pig was much more abundant than
that of the human, and clinical use of this probe type
should pose less of a difficulty than use in the labora-
tory setting.

Conclusions

The trauma bolt is easy to place and allows ready
access in monitoring both ICP and CBF in the
trauma patient. Precise placement of the probe along
the cortical surface is easily observed. This bolt is
currently available commercially and should improve
the ease of continuously monitoring CBF and ICP in
the trauma patient. Use of the trauma bolt in other
neurosurgical settings such as vascular procedures
will require further study.
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Summary

The aim of head injury management is to prevent secondary in-
sults to the damaged brain. Raised intracranial pressure and low
cerebral perfusion pressure are two secondary insults which are
important determinants of outcome following severe head injury
(SHI). Traditionally ICP is measured in the right frontal region in
an attempt to minimise the effects and complications of transducer
placement. This assumes that the brain acts like a fluid and that
ICP is transmitted equally throughout the intracranial space.
Experimental studies suggest that this is not the case: expanding
mass lesions are associated with the development of ICP gradients.
Ten patients with SHI who had an unilateral mass lesion
confirmed on CT were studied. All had bilateral placement of
intraparenchymal Camino ICP transducers in the frontal regions.
Data from both transducers were recorded every two minutes and
stored electronically. The volume of the mass lesion was calculated
from the CT scan.

Significant and lasting ICP gradients between hemispheres were
found in all patients with an acute subdural haematoma (greater
than 10mmHg for longer than 10 minutes). Such differences were
not found in patients with intracerebral haematoma or contusions.
We would advocate that ICP is recorded IPSILATERAL to the
lesion in patients with SHI due to acute subdural haematoma.

Keywords: Bilateral ICP monitoring; secondary insults.

Introduction

It is widely accepted that monitoring intracranial
pressure (ICP) and cerebral perfusion pressure
(CPP) provides valuable information in the man-
agement of patients with severe head injury. They
provide information on the status of cerebral
haemodynamics and are useful in detecting and
hence mitigating secondary insults to the damaged
brain. In patients who are being monitored for a non-
evacuated mass lesion (intracerebral or subdural)
there may be ICP gradients within the brain. Previ-

ous studies have produced conflicting evidence as to
the magnitude of these gradients. Recent experimen-
tal work has shown that expanding masses can pro-
duce significant and lasting ICP gradients. If ICP
gradients do exist then the traditional placement of
the ICP transducers in the right frontal regions (our
usual practice) may lead to an underestimate of ICP
values when there is a contralateral lesion.

Methods

Ten patients with SHI who had documented unilateral mass le-
sions were studied. In each patient bilateral frontal intra-
parenchymal Camino ICP transducers were inserted. ICP and
CPP data were recorded continuously every two minutes and
stored electronically. Monitoring continued whilst clinically indi-
cated. At the end of the recording period the atmospheric pressure
reading of each transducer was recorded to ensure that the read-
ings were not biased by drift. Medical and nursing staff were
blinded to the second ICP trace so as not to alter normal practice.
In this study a detailed analysis of the first six hours of recording
from each patient has been undertaken. The volume on the intrac-
ranial mass lesion was quantified from the CT data. The CT im-
ages were converted into digital format using a back-lit scanner
and these were analysed using a software program written in
Delphi. The area of the mass lesion on each contiguous slice was
outlined with a polygon. As the CT slices were 1cm apart, a very
good approximation of the volume of the mass lesion can be
calculated. The study was approved by the Joint Ethics Committee
of Newcastle and North Tyneside Health Authority and the Uni-
versity of Newcastle upon Tyne. Consent was obtained before
entry into the study.

Results

There was a wide range in the ICP levels of the
patients which reached a maximum of 84mmHg
in the six hour period. The maximum zero offset
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Table 1. Study Population

Injury type Number of cases Volume range

Contusions 5 12-17ml
ICH 2 26-29ml
SDH 3 9-13ml
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Fig. 1. Recordings from patients with subdural haematoma

measured upon removal of the ICP catheters was
2mmHg. The recordings could be divided into two
groups: those who had sustained differences (>10
minutes) of over 10mmHg (group 1) and those in
which the readings remained within 10mmHg (group
2). The patients in group one all had a non-evacuated
subdural haematoma whilst the patients in group two
had contusions [5] or an intracerebral haematoma [2]
(Table 1).

The volumes of the abnormalities were similar, yet
there was a sustained difference (>1hr) in the read-
ings between the ipsilateral and contralateral sides
when a subdural haematoma was present.

The recordings from those with subdural hae-
matomas showed a positive difference between the
ipsilateral and contralateral recordings which ranged
up to 30mmHg (Fig. 1). In contrast, the recordings
from patients with intracerebral haematoma or con-
tusions showed a close agreement between the two
measurement sites with most of the readings con-
tained in a band with —10 to +10mmHg (Fig. 2).

Discussion

The data suggests that there may be differences
in the levels of ICP which are obtained from each
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Fig. 2. Recordings from patients with contusions or ICH

hemisphere in patients with an unrelieved subdural
haematoma. ICP values were higher ipsilateral to the
clot. Similar differences were not found in patients
with intracerebral haematomas or cerebral contusion
which were of similar size. These observations are
the subject of further investigation.

With a greater emphasis on the detection and
prevention of secondary insults, it is important to
recognize that these differences exist between the
hemispheres. There may also be more localized pres-
sure gradients which have yet to be determined. Our
data would suggest that in patients with SHI and an
acute subdural haematoma that ICP is most accu-
rately measured on the side of the clot.
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Summary

Introduction: The use of the Camino fibre-optic subdural device
for measuring Intracranial Pressure (ICP) in patients, has been
shown to correlate well with recordings from the “gold standard”
intraventricular fluid filled catheter [1]. Following this work, its use
has become standard in the clinical monitoring of patients. More
recently, laboratory studies have demonstrated accuracy, accept-
able drift and high fidelity for the new Codman Microsensor ICP
Transducer, a miniature strain gauge mounted on a flexible nylon
catheter [3]. Its performance in patients, however, has yet to be
fully assessed, in comparative studies.
Methods: Eight patients (5 head injured, 3 with an Intracerebral
haematoma) had a Codman Microsensor inserted. A Camino
Transducer was fitted immediately adjacent to it. A computerised
system was used to continuously record both ICP readings.
Results: In total 140,323 recordings were made over a wide range
of ICP values. Study periods ranged from 0.5 to 116 hours. In one
patient the Codman transducer tracing failed after several days,
probably due to fracture of electrical cable close to the interface
box. The readings from the two ICP transducers were compared
on Time Series, logistic regression and Altman-Bland plots.
Drift of the ICP recorded by the Codman microsensor, was
noted in 2 patients, 1 in positive direction (maximum 30mmHg), 1
negative (max. 20mmHg). In both cases the Camino ICP record-
ing was relatively stable. In 24% of the recordings the Codman
microsensor recorded ICP as 5 or more mmHg greater than the
Camino, this difference was 10mm Hg or greater in 9% of record-
ings. Conversely the Camino recording was 5mm Hg or more, than
the Codman, in 5% of all recordings, and 10 mmHg or more in
3%.
Conclusion: These differences could in the majority of cases (ex-
cepting the negative drift) be explained by a constant offset of the
Codman transducer, as described previously [6]. Further examina-
tion of this device is required.

Keywords: ICP transducer; microsensor; subdural.

Introduction

Continuous Intracranial Pressure (ICP) measure-
ment now forms part of the standard management of

many patients with all types of intracranial disease.
The most accurate method of measurement, by
placement of an intraventricular catheter [5] is now
rarely used, not only because of its invasive nature
and risk of infection but because of the development
of a series of devices that can be used in the
intraparenchymally/subdural space and inserted con-
veniently at the bedside. The use of the Camino
fibre-optic device for measuring ICP has been shown
to correlate well with recording from this “gold
standard” intraventricular fluid filled catheter [1].
Following this work, its use has become standard as
the sole ICP device in the clinical monitoring of pa-
tients. More recently a further device suitable for
use intraparenchymally/ in the subdural space has
become available; the Codman MicroSensor ICP
Transducer, consisting of a miniature strain gauge
mounted on a flexible nylon catheter. Laboratory
studies have demonstrated acceptable drift and high
fidelity of the microsensor [2,3], but its performance
in patients over prolonged periods has yet to be fully
assessed. This study was designed to achieve this by
comparing in vivo recordings from adjacent Codman
and Camino devices.

Method

Eight patients were included in the study, in all of whom continu-
ous ICP recording was clinically indicated. Five patients had sus-
tained a head injury and 3 patients had Intracerebral Haematomas
(ICH).

Under local anaesthetic, by the bedside, a Camino device was
inserted in the normal manner using the OLM screw fixation.
Immediately adjacent, through a similar twist drill hole, a Codman
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MicroSensor was inserted. This was held in place with a scalp
suture. A computerised system was used to record paired readings
from the two transducers at 10 second intervals for the duration of
ICP monitoring of each patient.

Results

In total 140,323 measurements were obtained with
ICP values from 0-80mm Hg. The recording periods
ranged from 3 hours to 5 days (average 2 days). No
clinical complications occurred in the insertion of
either device and there were no cases of infection.

Two of the transducers failed, one Codman and
one Camino. The Codman failed after several days
and was thought to be caused by a fracture of the
electrical cable at the interface connector. In a differ-
ent patient the Camino tracing failed after the pa-
tient pulled at the fibreoptic cable.

The paired ICP readings from each patient were
compared using time series, linear regression and
Altman-Bland plots. The analysis has shown that
there were large discrepancies between the two pres-
sure readings on a number of occasions.

The recordings from one patient showed a good
agreement between the pressure readings from the
two devices, with most of the readings differing by
less than 2mmHg. However, in 4 patients the
Codman MicroSensor recorder a positive bias rela-
tive to the Camino for the duration of the monitor-
ing. The offset was constant for each patient, but

Fig. 1. (a) Time Series and (b) Altman-Bland plot showing posi-
tive drift of Codman compared to relatively stable Camino device
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varied from 2 to 8mmHg between patients. In an-
other patient the Codman reading appeared fairly
stable, whilst the Camino recording drifted in a nega-
tive fashion (maximum deviation 15Smm Hg). In the
last two other patients the Codman device appeared
to drift, one in a positive direction (max. 30mm Hg
see Fig. 1), and the other in a negative direction
(max. 15mmHg see Fig. 2). In both cases the Camino
appeared relatively stable, hence a large discrepancy
in the level of ICP measured, for the majority of the
duration of recording.

Discussion

Insertion of a ventricular catheter, the most accurate
compartment in which to measure ICP, may be diffi-
cult because of compression of the lateral ventricular
system. It should also be avoided because of the po-
tential risk to the intervening brain parenchyma and
the risk of infection. Thus in many neurosurgical
units clinical decisions are influenced by the ICP re-
cordings obtained from a single intraparenchymal/
sub-dural device. Insertion of these devices is conve-
nient. It can be performed safely by the bedside,
under local anaesthetic by junior members of the
team. However insertion through a twist drill hole
usually employed is “blind” in the sense that one is
unsure of the actual position of the tip. Recordings
may therefore be from brain parenchyma or from the

Fig. 2. (a) Time series and (b) Altman-Bland plot showing nega-
tive drift of Codman MicroSensor
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subdural space, although in clinical practice this is
hardly relevant. We felt, therefore, that the direct
comparison of the Codman MicroSensor to the
Camino, that has been in use in our Unit for many
years, would enable us to make an accurate judgment
of the reliability and accuracy of the Codman
MicroSensor in clinical use. The bolt fixation device
of the Codman MicroSensor was avoided because we
felt that the diameter of the drill hole (about 6mm)
was too large to be safely used by the bedside. The
device was thus inserted through a twist drill hole
(diameter about 2mm) and sutured to the scalp.

Overall although the two traces tended to show
good agreement in terms of the timings of ICP
changes, there was often considerable offset between
the measurements from the two devices. In 24% of
the recordings the Codman Microsensor recorded
ICP as 5 or more mmHg greater than the Camino,
this difference was 10mmHg or more in 9% of re-
cordings. Conversely the Camino recording was
SmmHg or more, than the Codman, in 5% of all
recordings, and 10% or more in 3%. On average, the
Codman read higher than the Camino by 6mmHg.
However, the continuous monitoring of the two pres-
sures did show that the differences between them
may vary with time. This may explain results de-
scribed previously [6].

The cause of the discrepancies described is un-
clear. Although the position of the measuring part of
the sensors is not precisely known there is a good

correlation between measurement of ICP in the
subdural space and brain parenchyma [4]. If clinical
decisions are made on the basis of absolute ICP val-
ues, it appears that the management of these patients
may differ when different devices are used to moni-
tor ICP. A further investigation is planned to com-
pare in vivo and in vitro performance of each pair of
transducers under test.
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Summary

The use of indwelling cerebral monitoring devices (ICMDs) is
common in the intensive care of neurosurgical patients. ICMDs
are used to measure and treat intracranial pressure (ICP), tem-
perature, blood flow and the microchemical environment. Intra-
cranial hemorrhage (ICH) and infection are risks of ICMD use [4].
This study presents ICMD use at Detroit Receiving Hospital
(DRH) from July 1993- March 1997. Analysis of complications
associated with ICMD placement will test the hypothesis that
complication rate depends upon type of ICMD used. A log of all
patients having ICMDs at DRH has been kept since 1993. This log
was used to identify complications of ICMD placement. Each case
was reviewed and the following data obtained: diagnosis. patient
age, initial Glasgow Coma Score, Glasgow Outcome Score, type of
ICMD, number of ICMDs per patient, duration of implant and
complication. Descriptive and non-parametric statistics were used
to compare samples of interest. The following number of ICMDs
were placed: 274 ventriculostomies, 229 Camino® intra parenchy-
mal ICP monitors, and 33 other ICMDs. Complications in these
536 cases include 21 infections, 15 ICHs, 1 granuloma and 1 persis-
tent cerebrospinal fluid leak. Complication was analyzed as a
function of ICMD type using Chi-Square test for independence.
The rate of infection and ICH was significantly higher in the
ventriculostomy group (p = 0.0001). These results support the
hypothesis that complications of ICMD use are due to the type of
device implanted. The determinants of ICMD complication is
undoubtedly multifactorial. The clinician must consider the com-
plication rate related to a particular ICMD among other factors
when choosing to place an ICMD.

Keywords: Complications; infection; Glasgow Coma Score.

Introduction

Indwelling cerebral monitoring devices (ICMD’s) in
the form of ventricular puncture were first described
by Guillaume and Janny in 1951. Their use became
routine after Lundberg’s publication in 1961 that de-
scribed their accuracy in reading normal and abnor-
mal intracranial pressure waves [3]. In the 1970’s,
subarachnoid screws, subdural and epidural moni-

tors were described and commonly used, when ap-
propriate, in the place of ventricular puncture. The
use of ICMD’s has become commonplace in the
intensive care of neurologically injured and at risk
patients [5]. ICMDs may be used to monitor and
treat elevated intracranial pressure. Other ICMDs
monitor cerebral temperature, oxygen concentra-
tion, blood flow or the microchemical environment.

Recent studies suggest that management of trau-
matic brain injury based on cerebral perfusion pres-
sures may be superior to management based on
intracranial pressure alone [1]. Aggressive monitor-
ing and management of cerebral perfusion requires
continuous monitoring of intracranial pressure.
ICMD’s have been described as safe [2] and causing
rare patient morbidity [3].

It is important for clinicians to realize the relative
risks of each type of monitor placed. This study pre-
sents ICMD wuse at Detroit Receiving Hospital
(DRH) from July 1993-March 1997. Analysis of com-
plications associated with ICMD placement will test
the hypothesis that complication rate depends upon
the type of ICMD used.

Materials and Methods

A log of all patients having ICMD’s at DRH has been kept since
1993. This log was used to identify complications of ICMD place-
ment. Each case was reviewed and the following data obtained:
diagnosis, patient age, initial Glasgow Coma Score (GCS),
Glasgow Outcome Score (GOS), type of ICMD, number of
ICMD’s per patient, duration of implant and complication. The
following number of ICMD’s were placed: 274 ventriculostomies,
229 Camino® intraparenchymal ICP monitors and 33 other
ICMDs. This last category includes combination Camino® bolt-
ventriculostomies and a three way Camino® bolt which also in-
cludes a Licox tissue oximeter and a Vasomedics laser doppler.
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Results

Complications in these 536 cases include 21 infec-
tions, 15 intracranial hematomas, 1 granuloma and 1
persistent cerebrospinal leak. Complications in the
ventriculostomy group were as follows: 20 infections
(7.29%); 9 hematomas (3.28%); and 4 malfunction
due to position (1.45%). Total complications for the
ventriculostomy group was 12.04%. The complica-
tions in the Camino® group consisted of 2 intra-
cranial hematomas (0.87%) and 1 scalp granuloma.
There have been no complications associated with
other types of ICMDs to date (Fig. 1). Two complica-
tions were thought to contribute to patients’ deaths,

Fig. 1. ICMD complications Total ventric vs Camino p = 0.0001;
infect ventric vs Camino p = 0.0008

L. L. Guyot et al.

both hematomas in the ventriculostomy group (see
Fig. 2). The overall mortality for ICMD in this series
is 0.38%.

Complication was analyzed as a function of ICMD
type using the Chi-Square test for independence. The
total rate of complications (p = 0.0001) and infec-
tions (p = 0.008) were significantly higher in the
ventriculostomy group, thus supporting our hypoth-
esis that complication rate depends on the type of
ICMD placed. The rate of intracerebral hemorrhage
was not significantly different between the ven-
triculostomy and Camino® group (p = 0.108).

Non-parametric statistical analysis was used to ex-
amine the data from the ventriculostomy patients
with ICMD complications. Mean GCS (9.04), GOS
(2.62) and duration (11.93 days) of ICMD were com-
pared by complication using the Mann-Whitney test.
Mean GOS (2.62) was significantly associated with
complication (p = 0.018), while no such association
was found between complication and GCS or
duration.

Discussion

Our results support the hypothesis that complica-
tion rate depends on the type of ICMD placed.
Ventriculostomy had a significantly higher number
of total complications and infections when compared
to the Camino® group. There was no such difference

Fig. 2. CT scan images of 2
ventriculostomy patients with in-
tracranial hemorrhage complica-
tions
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for hemorrhage between the ventriculostomy and
Camino® groups. The fact that insertion of both de-
vices requires dural puncture may explain hemor-
rhage rates which are not significantly different.

The analysis of the ventriculostomy group compli-
cations suggests an association between complication
and GOS, rather than presenting GCS or duration of
implant. It is possible that the complication was one
of the factors determining GOS. Further analysis
of factors determining complication and outcome
would require more data regarding the non compli-
cation groups for both ventriculostomy and other
ICMDs as a control. Such studies are in progress in
our institution.

There is no clear standard of care regarding
whether to employ an ICMD or which type of device
should be used to manage the head injured patient
[1]. When it is possible to place a ventriculostomy in
a patient with suspected elevated intracranial pres-
sure (ICP) this is preferred, as the device may be
used to measure and treat ICP with ventricular
drainage.

The clinician must weigh the risks and the benefits
of any ICMD prior to placement. If there are no
compelling reasons for ventricular drainage, an
ICMD with a lower complication rate should be used
(e.g. post craniotomy). This study serves to provide
clinicians with information comparing different types
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of ICMD’s and their complications. Further study
may ultimately demonstrate the impact of ICMD
complication and patient outcome.
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Summary

Intraventricular catheters (IVC) and Intraparenchymal fiberoptic
catheters (IPC) are the prevalent methods of intracranial pressure
(ICP) monitoring. This study assesses the complications caused by
either method. Previous studies have shown a higher complication
rate with IVC. In 156 consecutive patients, with IVC (n = 104) or
IPC (n = 52) insertion, the demographics, Glasgow coma score
(GCS), ICP, duration of monitoring, changes in monitoring de-
vice, complications and computerized tomography findings, were
recorded. The patients were categorized into severe (GCS 3-8),
moderate (GCS 9-12) and mild (GCS 13-15) groups. A retrospec-
tive, comparative analysis of both techniques was conducted, using
Kruskal-Wallis one way analysis of variance with chi square
approximation and Mann-Whitney U tests.

The use of IPC at 86.5% predominated in patients with GCS 3-
8, while IVC at 81.4% and 92% prevailed in GCS groups 9-12 and
13-15, respectively (p = 0.000). 43.2% IVC were used for 10+ days
and 25.9% for 1-3 days, while 80% of IPC were used for less than
6 days (p = 0.000). The complication rate for IVC and IPC was
25% vs 4.4% (p = 0.000). The infection rate was 4.4% and 0.6%
(p = 0.1) while, inadvertent removal 4.4% vs 1.2% (p = 04),
respectively. Malpositions occurred only with IVC (20.1%). All
documented complications were without untoward clinical
sequelae. We conclude that, IVC remains comparable to IPCs in
complications.

Keywords: Complications;
ventriculostomies.

percutaneous ICP  monitoring;

Introduction

ICP monitoring plays an integral part in management
of patients with various neurosurgical disorders in a
neurosurgical intensive care unit (NICU). The preva-
lent methods of ICP monitoring and management
include, IVC [4,9], which utilizes an external fluid-
filled transducer system, and the Camino IPC, con-
sisting of a fiberoptic catheter tipped transducer
system [11]. The center where this study was con-

ducted, uses both these methods. Hence, the compli-
cations ensuing from either, were compared under
uniform circumstances.

Material and Methods

At alevel 1 trauma center, of 156 consecutive patients, 104 under-
went IVC (Codman & Shurtleff, Inc., Randolph, MA) and 52 IPC
(Camino, Neurocare™, Inc., San Diego, CA) insertion. The demo-
graphics, GCS, ICP, CT findings, duration of monitoring, any
changes in monitoring device and complications were evaluated.
The patients were categorized into severe (GCS 3-8), moderate
(GCS 9-12) and mild (GCS 13-15) groups, respectively. The co-
hort was further classified to one of the following five diagnostic
groups: Spontaneous Subarachnoid hemorrhage (SAH), closed
head injury (CHI), Brain Tumors, Gun shot wounds and miscella-
neous (intracerebral hemorrhage, cerebellar hemorrhage, cerebel-
lar infarct, brainstem hemorrhage, granulomatous angitis).

The treatment rendered for raised ICP comprised of the follow-
ing: sedation, paralytics, hyperventilation, diuretics, cerebrospinal
fluid (CSF) drainage and barbiturate coma. The following compli-
cations were reviewed: infection, validated by positive catheter
tip or CSF culture [10], hemorrhage due to monitor insertion,
malposition of monitor, and inadvertent removal. Hemorrhage
and malposition were confirmed by CT scans. A retrospective,
comparative analysis of the two techniques was conducted, using
Kruskal-Wallis one way analysis of variance with chi square
approximation and Mann-Whitney U tests.

Results

In the selected cohort, we found the use of IVC and
IPC to be 66% and 33%, respectively. Overall, the
age ranged from 10-87 years (mean = 49.17 years,
median = 50 years). However, there was an age dif-
ference noted in the two groups, so that the age
means of the IVC and IPC groups were 56.3 and 34.8,
respectively (p = 0.000). Amongst the 156 patients,
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104 were in GCS 3-8, 27 in 9-12 and 25 in 13-15
(Fig. 1).

The use of IPC at 86.5% predominated in patients
with GCS 3-8, while IVC at 81.4% and 92% pre-
vailed in GCS groups 9-12 and 13-15, respectively (p
= 0.000). Overall, IVC were changed 62 times and
IPC 11 times, respectively. Spontaneous subarach-
noid hemorrhage (SAH) was the commonest diagno-
sis in the IVC group (n = 49); whereas closed head
injury (n = 46) comprised the majority of IPC (p =
0.001). While, 25.9% IVC remained inserted for less
than 3 days and 43.2% for more than 10 days, 42.3%
of IPC were used for less than 3 days and only 3.8%
for more than 10 days. Eighty percent of IPC were
used for less than 6 days (p = 0.000).

As can be seen from Fig. 2, complications were
encountered in 46 cases (29.4%). The IVC group had
25% (n = 39), whereas the remaining 4.4% (n = 7)
occurred with IPC (p = 0.000). The infection rate was
5.1% (8 cases); 4.4% (n =7) with IVC and 0.6% (n =
1) in the IPC group (p =0.1), respectively. Coagulase
negative staphylococci were the most common etio-
logical organisms encountered (n = 4), followed by S.
aureus (n =2) and 1 case each of KIl. Pneumoniae,
Enterobacter aerogenes and Enterobacter cloacae,
respectively. In the infected IVC group, a positive
blood culture had preceded the CSF infection by 2
days, while a concomitant urine culture was positive
in another case. Two types of hemorrhages were
found to be associated with catheter insertion i.e.,
intracerebral hemorrhage (ICH) and intraventricular
hemorrhage (IVH). IVH constituted 0.9% (n =1) of
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Fig. 1. Distribution of cases into GCS groups at initial presenta-
tion. JVC intraventricular catheter, /PC intraparenchymal cath-
eter, GCS Glasgow coma scale

the IVC group, whereas ICH comprised 1.9% each
of the IVH (n = 2) and IPC (n = 1) groups, respec-
tively. There were 21 cases of malpositions, all con-
fined to IVC (20.1%); eight occurred in the third
ventricle (7.6%) 4 ended in the thalamus (3.8%), 2 in
brainstem (1.9%), while 1 each (0.9%) in the fora-
men of Munro, suprasellar cistern, internal capsule,
midbrain, interpeduncular cistern, frontal lobe and
temporal lobe, respectively. The incidence of inad-
vertent removal was 5.7% (n = 9), which included
44% (n=7) in IVC and 1.2% (n = 2) in the IPC
group (p = 0.4). Replacement for complication such
as mechanical failure or drift was documented in
2.5% cases, of which 0.64% (n = 1) was performed in
IVC and 1.9% (n = 3) in IPC.

Discussion

IVC is the accepted “gold standard” for ICP moni-
toring, with the added advantage of direct control on
ICP by CSF drainage, as well as, the ability to admin-
ister pharmacological agents via this route. However,
they come with an established risk of infection and
hemorrhage [9,13], which thus far are complications
infrequent with IPCs. Fibroptic IPC have a compa-
rable accuracy and reliability, with a reading differ-
ence of 2-4mmHg from the IVC [6,12,14]. IVC also
need frequent calibration and the requisite fluid-
filled column is prone to trapping air bubbles, which
in turn may dampen the waveform [2,3]. IPCs are
not flawed in this manner, since they comprise of a
fiberoptic catheter tip, pressure-sensitive, transducer

. Uncomplicated
(1] Complicated
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Fig. 2. Comparison of complications between intraventricular and
intraparenchymal catheters. /VC intraventricular catheter, /PC
intraparenchymal catheter
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which has proven to be consistently reliable. How-
ever, IPCs are fragile and the delicate fiberoptic sys-
tem is more likely to fail, in face of the unavoidable
mechanical insults in the ICU setup [15]. This may
well account for 1.9% of our IPC vs 0.64% of IVC
requiring replacement.

The difference between duration of monitoring in
IVC and IPC, arises from the prevalence of a particu-
lar diagnostic category in either group. The fact that
a majority of IPC are discontinued within a week,
points to their role in short term ICP monitoring in
the absence of a reliable neurological examination.
Whereas, the use of nearly half the IVC beyond 10
days indicates their utility as an interventional mea-
sure in monitoring and managing ICP. This extended
use of IVC is also due to the patients who have
become dependent on external CSF drainage and a
significant proportion of these will go on to require a
shunting procedure.

The infection rate for IVC is cited from 0% up to
40% [4,7] compared to 0.5% to 1.7% for IPC [12,15].
Our infection rate of 4.4% for IVC and 0.6% for IPC,
is comparable with other studies. It is worthy of note
that a majority of our catheters (91%) were inserted
in an ICU setting, where a better control of the sur-
roundings appears to contribute to our favorably low
infection rate. A review of literature points to numer-
ous factors responsible for ventricular infection, e.g.,
poor technique at the time of insertion, prolonged
duration of catheterization, opening of the fluid-filled
system to air, system manipulation such as withdraw-
ing CSF or injecting drugs, ICP > 20mmHg, extra-
neous procedures at the ventriculostomy site e.g.,
dressing changes, concurrent cranial surgery, pres-
ence of intracerebral or intraventricular hemorrhage,
associated injuries like, open intracranial wounds or
skull fractures and breakdown in the system in the
form of CSF leaks [1,2,8,10,13]. Percutaneous tunnel-
ing of IVC may contribute to a diminished rate of
infection [6,4]. The IPC fibreoptic system is a closed
one, requiring calibration only once, just prior to
insertion. Hence, it avoids all the pitfalls noted
above. None of the complications from either system
led to an untoward clinical outcome.

A review of the gathered data indicates that the
pattern of use of IVC and IPC in our study was
similar to that in other trauma centers [5], with the
former being used predominantly, followed by the
latter. This study also pointed to a pattern of monitor

usage, where IVC are inserted more in the presence
of SAH, while IPC are favored in CHI. Based on the
data, our conclusion is that IVC remain comparable
to IPC in complications. IPC, due to their inability to
facilitate CSF drainage, are indicated and useful in a
subset of patients, rather than universally.
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Summary

Using a reliable non-invasive technique for ICP monitoring,
we realized 93 continuous anterior fontanelle pressure (AFP)
recordings in 86 healthy infants aged from 29 to 85 post-
conceptional (PC) weeks. For each recording, we calculated the
mean and extremes values of AFP, cerebral pulse amplitude, and
pressure waves rate and amplitude. We observed the occurrence
of plateau-waves of relatively low amplitude and duration in most
infants aged of more than 49 PC weeks. We postulate that PW
represents a physiological phenomenon which is amplified under
pathological conditions. All AFP parameters are correlated to PC
age and vary during early infancy according to an ascending
sigmoidal relation (this variation may be explained by a connec-
tion between several cranio-cerebral characteristics of the young
infant). We conclude that the interpretation of AFP recordings
must take into account [1] PC age rather than postnatal age, [2]
variation of AFP parameters with age, and [3] occurrence of
physiological plateau-waves.

Keywords: Anterior fontanelle pressure; infants; non-invasive
technique.

Introduction

ICP monitoring in neonates and young infants may
be useful in many clinical situations; at this age, in-
creased ICP may induce brain lesions and have del-
eterious effects on cerebral development. However,
little is known about the evolution of ICP parameters
in normal infants during the first months of life. Until
recently, evaluation of the ICP characteristics in nor-
mal infants was not possible because of the need for
invasive procedures. Since the past decade, a new
generation of transfontanellar devices allows reliable
non-invasive ICP monitoring through the open ante-
rior fontanelle [1,14]. Using the Rotterdam Trans-
ducer, we realized continuous anterior fontanelle

pressure { AFP) recordings in healthy infants of vari-
ous ages in order to analyse the physiological evolu-
tion of ICP parameters and pressure waves in early
infancy.

Materials and Methods

We studied 86 healthy infants aged from 29 to 85 postconceptional
(PC) weeks (18 prematures, 38 neonates and 37 infants). Informed
consent was obtained from all parents. All patients had normal
neurological history and examination at the time of monitoring,
and their psychomotor development remained normal afterwards.
We realized 93 one-night continuous AFP monitorings by means
of the Rotterdam Transducer, a transfontanellar device that has
previously been proved to record reliable information about ICP
[14]. The principles and technical details of the device have been
extensively described by de Jong and co-workers [1]. For each
recording, and after exclusion of awakening periods and motion-
induced artefacts, we analyzed mean and max AFP, mean and max
cerebral pulse amplitude (CPA), max B-wave (BW) amplitude,
plateau-wave (PW) rate, mean and max PW amplitude and
duration. We defined BW as cyclic 2-4 per min waves, and PW as
sustained spontaneous AFP increases lasting at least 2min and
reaching at least 2mmHg above the baseline. We divided our
population in 4 groups according to infant’s PC age. All AFP
variables were correlated to patient’s age in order to establish
charts of the evolution of AFP and pressure wave parameters. The
relationship between AFP parameters and infant’s age was tested
by Spearman’s regression coefficient (Rs). The extent of the
graphical relationship of AFP values with age was evaluated by
Pearson’s correlation coefficient (R”) in order to determine the
most accurate trendline (linear, logarithmic or sigmoidal).

Results

The values of AFP parameters for each age group
are summarized in Table 1. One hundred fifty-nine
PW were observed in 24 patients (extremes: 2-19 PW
per recording). PW were never observed in infants
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Table 1. Values of AFP and Pressure Waves Variables in the Three Age Groups and Statistical Analysis

N. Massager et al.

Age group No.of  Mean Max. Mean Max. Max. B-W  Mean P-W  Max. P-W Mean P-W  Max. P-W
(weeks) patients AFP AFP CPA CPA amplitude  amplitude amplitude duration duration P-W rate
Results
29-36 18 295(1.57)  4.18(1.04) 0.70 (0.32) 0.91(0.56) 1.06 (0.76) - - - - -
36-44 38 5.63(1.67)  7.92(1.84) 095(043) 158(0.99) 1.83(0.75) - - - - -
45-65 28 7.33(1.57)  10.11(2.19) 246 (0.95) 4.14(1.39) 3.30(1.05) 1298 (9.53) 1841 (13.52) 4.33 (3.09) 7.18 (5.09)  9.35(9.23)
66-85 9 10.69 (1.86)  13.01 (2.66) 3.91 (1.21) 5.89 (1.87) 6.56 (2.24) 30.00 (8.23)  45.56 (13.35)  9.50 (2.86)  15.78 (4.94) 25.83 (7.97)
Satistical analysis
Sigmoidal
progression
Pearson’s 0.82 0.80 0.86 0.84 0.85 0.83 0.86 0.74 0.73 0.68
correlation
coefficient (R%)
Correlation with age
Spearman’s 0.76 0.72 0.86 0.81 0.84 0.82 0.84 0.73 0.70 0.66
regression
coefficient (Rs)
() standard deviation; AFP arterior fontanellar pressure; CPA cerebral pulse amplitude; BW B-wave; PW plateau-wave.
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Fig. 1. Evolution of some AFP and pressure waves values with infants’ post-conceptional age: (a) mean and max AFP; (b) mean and max
CPA; (c) mean and max PW amplitude; (d) mean and max PW duration

aged less than 49 PC weeks. All AFP and pressure
waves variables are increased in older infants; these
variables were plotted on two-dimensional charts
in order to analyze their evolution according to age
during the first year of life. Except for PW rate which
follows a linear progression, all AFP variables in-

creased with age according to a sigmoidal progres-
sion (Fig. 1la-d). AFP parameters increase rapidly
between (roughly) the 30" and 50" postconceptional
week, after which they progressively stabilize;
around the 70" week, variables of AFP recordings
start again to increase until closure of the anterior
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fontanelle. The correlation between AFP parameters
and infants” PC age is very good (Rs ranged from
0.66 to 0.86); Pearson’s correlation coefficient of the
sigmoidal progression of variables with age ranged
from 0.68 to 0.86 (Table 1).

Discussion

In his original publication, Lundberg [5] introduced
the concept of “Plateau-waves” as acute elevations of
ICP rapidly rising to 50-100mm Hg and lasting from
5 to more than 20min before returning to the
baseline level. The origin and clinical significance of
PW are still debated. Using a reliable non-invasive
technique for ICP monitoring in young infants, we
observed that PW of relatively low amplitude and
duration may be found in AFP monitoring of normal
infants aged more than 49 PC weeks. Several authors
have already reported the occurrence of PW in ICP
monitoring of young infants with neurological dis-
eases [7,9]. PW were also observed in ICP recordings
of normal monkeys [3], as well as in infants with
craniostenosis or arrested hydrocephalus and normal
baseline ICP [2,12]. Some authors have postulated
that PW actually constitutes a physiological phenom-
enon which is amplified (in terms of duration and
amplitude) under pathological conditions because of
a decrease in cerebral compliance or of cerebrovas-
cular dysfunction [8,11]. Our data seem to confirm
this hypothesis.

A progressive increase of ICP with age in preterm
and full-term babies has already been reported by
both non-invasive and invasive techniques [10,14];
nevertheless, the evolution of ICP and other param-
eters of ICP monitoring (cerebral pulse amplitude
and pressure waves (during early infancy has, to
our knowledge, never been extensively studied. By
means of a non-invasive device, we found that all
variables of the ICP monitoring (including pres-
sure waves) increase gradually with age following a
sigmoidal curve. Schematically, AFP parameters in-
crease rapidly during the first 3 months after birth;
they reach a plateau during the next 3 months; they
further increase after this time until fontanelle clo-
sure. The reasons for this evolution are unknown.
Some cranio-cerebral characteristics of the young in-
fant probably play a role on this progression, such as
progressive closure of sutures and fontanels, head
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growth rate, variations of cerebral compliance [6],
capacities of modulation of cerebrospinal fluid ab-
sorption and CSF flow, and maturation of the brain
stem and their control mechanisms [4]. Our study
demonstrates that infants’ post-conceptional age has
to be taken into account for an accurate interpreta-
tion of AFP recordings.
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