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Summary 

The present study compares the clinical outcome, as expressed 
by the Glasgow outcome scale, of two groups of severely head injured 
patients treated before (49 patients) and after (72 patients) the es- 
tablishment of a neurosurgical intensive care (NIC) unit at the de- 
partment of neurosurgery, Uppsala University Hospital. The number 
of "good recoveries" increased significantly after the establishment 
of the NIC. This was confirmed by univariate analysis (p < 0.05) 
and by multivariate analysis using the logistic regression model to 
adjust for differences between the two groups of patients (p < 0.05, 
p < 0.005). The most striking improvement was found in patients 
with a Glasgow coma motor score (GCS M) >~ 4 on admission. In 
this subgroup of patients the "good recoveries" increased from 15% 
to 52%. The object of NIC is basically to prevent or minimize 
secondary brain daraage, and it seems logical that the effect of such 
care is most obvious in GCS M ~> 4 patients in whom a good outcome 
can be anticipated if secondary damage can be prevented or mini- 
mized. 

In conclusion, the present study shows that improved clinical 
outcome after severe head injury can be achieved by organizing an 
NIC unit with a well trained staff capable of providing this care 24 
hours a day using established methods of surveillance and treatment. 

Keywords: Head injury; neurosurgical intensive care; clinical out- 
come. 

Introduction 

During recent decades neurosurgical intensive care 
(NIC) has developed into a subspeciality of neurosur- 
gery for managing acute cerebral conditions such as 
head injury, cerebrovascular states, and complicated 
postoperative care, and many NIC units have been 
established. Clinical and experimental studies have 
made important contributions to the development of 
NIC, and head injury care can actually be considered 
as the embryo from which NIC has emerged. 

Studies on management of head injury have shown 
the importance of careful neurological surveillance, ur- 
gent surgical removal of expansive haematomas, con- 
tinuous monitoring of intracr0mial pressure (ICP), and 

treatment of raised ICP using controlled hyperventi- 
lation, osmotherapy, and deep barbiturate coma 1' 2, 4, 
13, is, 16, 19, 2s. The identification of complications that 

aggravate brain damage, such as hypotension, hypox- 
aemia, hyperthermia, and epileptic seizures, have also 
been significant for the development of NIC 23' 24. 

Like other forms of intensive care NIC is costly. It 
is associated with complications, including those re- 
lated to the prolonged use of intraventricular catheters, 
endotracheal tubes, multiple intravenous and intra-ar- 
terial lines, and the use of potentially harmful drugs. 
In individual patients such complications may even 
counteract the beneficial effects of the treatment. Most 
studies on head injuries have been focused on specific 
aspects of diagnosis and/or treatment rather than on 
the care as a whole. Studies devoted to the evaluation 
of NIC of patients with head injury have reached con- 
flicting conclusions regarding the value of the "ag- 
gressive" management included in the concept of NIC l' 
3,4, 5, 8, 11, 12, 17, 18, 22 

An NIC unit has recently been established at this 
department of neurosurgery. The resulting change in 
the management of severe head injury has enabled us 
to compare the clinical results of NIC with those of 
previous, more conventional care; this was the main 
object of the present study. Further, we wished to an- 
alyse in particular the effects on clinical outcome of 
so-called "avoidable factors ''24 appearing during the 
first week after injury. 

Material and Methods 

Patients 

The present investigation is based on an analysis of the records 
of 358 patients with head injury. 121 patients had severe head injury 
defined as set out by Jennett et al.l~ 49 of these patients were treated 
before (1980-81; Group I) and 72 after (1987-88; Group II) the 
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establishment of the NIC unit. Patients undergoing surgery were 
included only if they remained in coma for more than 6 hours after 
operation. Patients dying within 6 hours of injury, and patients with 
penetrating head injuries were excluded. In 1980-81 28% and in 
1987-88 39% of all head injured patients admitted were included in 
the study. 

The mean age of the two groups was 37 and 36 years, respectively 
(Fig. I A). Traffic accidents were the predominant cause of injury, 
accounting for 43% and 64%, respectively (Fig. 1 B). Multiple injury, 
defined as associated chest injury, abdominal injury requiring sur- 
gical intervention, major fracture of one or more extremities, or 
spinal injury was present in 9 patients (18%) in Group I and in 13 
patients (18 %) in Group II. The extracranial injury was given priority 
in the initial management of 2 patients in Group I and 3 in Group 
II. The clinical state on admission was graded according to the 
Glasgow Coma Scale motor score (GCS M). The distribution of the 
GCS M score on admission was nearly identical in the two groups 
(Fig. 1 C). The few patients with a GCS M score of f> 5 on admission 
deteriorated later to be classified as severe injury (Fig. 1 C). In Group 
159% and in Group I157% of the patients had an abnormal reaction 
to pain stimulation (abnormal flexion, extension, or no reaction) on 
admission. The pupillary light responses differed somewhat 
(Fig. 1 D): a larger proportion of patients had bilaterally reactive 
pupils in Group I (70%) than in Group II (59%). 

In both groups the diagnosis of the intracranial lesion was almost 
always based on computerized tomography (CT). The CT findings 
were categorized as epidural haematoma (EDH), acute subdural 
haematoma (SDH), intracerebral haematoma/expansive contusion 
(ICH), or "no-mass-lesion" (defined as normal CT, CT with signs 
of diffuse swelling, and/or with small, often scattered contusions; 
Fig. 1E). In Group I 31% and in Group II 43% of cases were 
classified as "no-mass lesions". 

Management 

In Group I 76% of the patients and in Group II 65% were first 
admitted to one of the 22 hospitals in the region, and most were 
initially managed in telephone cooperation with the neurosurgical 
department before referral. Patients directly admitted to the uni- 
versity hospital unit were initially treated by a general surgeon and 
an anaesthesiologist. The initial resuscitation, including intubation 
of most unconscious patients, emergency care, and ambulance trans- 
port system were similar during the two periods. 

Urgent evacuation of expansive intracranial haematomas was 
performed similarly during both periods, but the subsequent neu- 
rosnrgical management differed in several respects. The major prin- 
ciples of management are shown in Table 1. One important difference 
was that on the NIC unit patients were treated by specially trained 
staff, and all aspects of the care were related to the underlying brain 
injury. Further, the neurological state was continuously assessed by 
doctors and trained NIC nurses and the parameters of the GCS, 
focal neurological signs and pupillary size and reactivity were noted 
on a bed-side observation chart, and the ECG, intra-arterial blood 
pressure, central venous pressure, cerebral perfusion pressure, ar- 
terial oxygen saturation, were continuously monitored. Factors 
known to aggravate ischaemic brain injury such as systemic hypo- 

Fig. 1 A-E. A) Age distribution in the two series. B) Causes of the 
head injuries. C) Glasgow Coma Scale Motor score (GCS M) at the 
time of admission. D) Pupillary light response at the time of ad- 
mission. E) CT diagnoses 
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Table 1. The Major Componems of the Regimen Protocols Used in 1980-81 and in 1987-88 
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"Conventional" neurosurgical care (1980-81) Neuro-intensive care (1987-88) 

* no neurological observation chart 

* CT scan on admission and in cases of  deterioration 
1.5 CT scans during the first week (mean value) 

* no ICP monitoring 

Diagnostic methods 

* beside neurological observation chart 

* repeated CT scan controls 
2.3 CT scans during the first week (mean value) 

* ICP monitoring in 46% of  patients 

Surgical management 

* expansive intracranial haematomas urgently evacuated * expansive intracranial haematomas urgently evacuated 

* lobe resection performed in 8% of patients * lobe resection performed in 21% of patients 
in all cases combined with the evacuation of an intracraniaI focal one third of  these performed in the absence of an intracranial 
mass focal mass 

Non-surgical management 

General ICU if prolonged hyperventilation, respiratory compli- General ICU only in severe multiple injuries 
cations, or multiple injuries present 

* 7.5 days of  hyperventilation (mean value of survivors) 

* 1.2 arterial blood gas analyses/day (first week) 

* short period of  weaning before extubation 

Respiratory care 

* 10.8 days of hyerventilation. (mean value of  survivors) 

* vigorous respiratory care 
3.8 blood gas analyses/day (first week) and continuous moni- 
toring of  end-tidal carbon dioxide and in some cases pulsoximetry 

* slow and controlled weaning with ICP-monitoring 
tracheostomy often used 

* arterial line for continuous blood pressure in some cases 

* slight dehydration 

Circulation 

* arterial line for continuous blood pressure 
hypotension vigorously treated 

* normovolaemia 
clear fluid for 1-2 days followed by total parenteral or enteral 
nutrition 

* no standardized treatment of hyperthermia 

Metabolism 

* standardized treatment of hyperthermia (~  38 ~ 
continuous body temperature control in selected cases 

* steroids administered to 96% of patients 

Steroids 

* steroids administered to 25% of patients 

* mannitol administered to 65% of patients 

Mannitol 

* mannitol administered to 76% of  patients 

High-dose barbiturates 

* high-dose thiopenhtone infusion (without ICP-monitoring) in * high-dose thiopentone infusion in 14% of patients 
4% of patients in all cases guided by ICP-monitoring and EEG 

tension, hypoxaemia, hyperthermia, hyperglycaemia, and epileptic 
seizures were carefully watched for and treated throughout the period 
of NIC. In the 1987-88 period CT was used more frequently and 
was often repeated after 24 to 48 h. 

In most severely injured patients with diffuse brain injury or 
intracranial haematomas not improving significantly after surgery 
the ICP was continuously monitored via an intraventricular catheter 
or an epidural pressure transducer (Honeywell). Rise in ICP was 



60 P.-E. W/irme etal.: Neurosurgical Intensive Care Improves Outcome After Severe Head Injury 

treated when the baseline ICP exceeded 20-25 mmHg. Some patients 
with a lower baseline ICP but with frequent, high, plateau-like waves 
lasting for 5 min or more, often elicited by tracheal suction, were 
also considered to have an ICP increase requiring treatment. Con- 
trolled mild hyperventilation (PCO2 3.5-4.5 kPa) was used in almost 
all cases in both groups of patients. During the 1987-88 period 
hyperventilation was generally used for longer periods, usually until 
the patient regained consciousness (obeying commands) or for about 
14 days after injury, and weaning from the ventilator was slow and 
carefully checked clinically and in many cases with ICP monitoring. 
Further, in the 1987-88 period CSF drainage was sometimes done, 
but this was not regularly used to control ICP. 

Osmotherapy was used similarly in both groups in emergency 
situations. In 1987-88, however, subsequent mannitol treatment was 
in most instances guided by ICP monitoring. 

High-dose thiopentone infusion was used to treat elevated in- 
tracranial pressure in 4% of the Group I patients. In Group II 14% 
of the patients were thus treated, but under ICP-monitoring; this 
treatment was largely used in cases of raised ICP due to diffuse 
cerebral swelling. 

Lobe resection was performed in 8% of Group I patients and 
in 21% of Group II patients. The indication was based on clinical 

deterioration and on CT findings in Group I and in Group II also 
on ICP-recordings. In some patients both barbiturate treatment and 

lobe resection were used. 
High-dose steroid treatment was used less often in Group II and 

was in fact not included in the management protocol. In most in- 
stances the drug had been instituted before referral, and was with- 
drawn at the NIC unit. 

Complications, that is, systemic hypotension, hypoxaemia, hy- 
perthermia, and epileptic seizures, were systematically searched for 
in the medical records. The following definitions were used; systemic 
hypotension, systolic blood pressure < 90mmHg on any occasion; 
hypoxaemia, PO2 < 10kPa on any occasion; hyperthermia, rectal 
temperature exceeding 39 ~ on at least 2 separate occasions; the 
presence of seizures was based on clinical observation. Fewer notes 
on these parameters were found in the 1980-81 records than in those 
from 1987-88, and comparison of their true incidence would seem 
impossible. Available information from all patients of both groups 
was therefore used to study the relation between these complications 
and the clinical outcome. 

parameters of the model, the odds ratio (OR) associated with each 
variable was computed. The OR was used as the basic measure of 
relative risk in the multivariate analysis. The rather small number 
of observations meant that in models with many explanatory vari- 
ables the estimated parameters were somewhat uncertain and the 
results should be treated with some caution. 

Results 

The clinical outcome 6 months after injury is shown 
in Fig. 2A. In 1980-81 12% of the patients made a 
good recovery while 31% did so in 1987-88. This dif- 
ference was significant in the univariate analysis 
(p < 0.05). In a first multivariate analysis only variables 
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The clinical outcome 6 months after injury was assessed ac- 
cording to the Glasgow Outcome Scale (GOS) 9 as noted in hospital 

and practitioners records or at interviews. 

Statistical Methods 

In the univariate analyses of dichotomous variables Fisher's exact 
test was used to test for differences between groups. For categorial 
variables with more than two categories a standard chi-square test 
for homogeneity was employed. Differences between groups in the 
case of continuous variables were tested by the standard t-test. 

In the multivariate analyses the logistic regression model was 
used. In this model it is assumed that the logarithm of the odds of 
"good recovery" is a linear function of explanatory variables such 
as period (1980-81 versus 1987-88), age, GCS M score on admission, 
pupil reactivity, "mass/no mass" lesion, presence or absence of mul- 
tiple injury. The model enables estimation of the effects of variables 
after adjusting for the effects of other variables. From the estimated 
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Fig. 2 A-C. A) Clinical outcome according to the Glasgow Outcome 
Scale (GOS) 6 months after injury. B) Clinical outcome 6 months 
after injury among patients with a GCS M score of 1-3 at the time 
of admission. C) Clinical outcome 6 months after injury among 
patients with a GCS M score of ~> 4 at the time of admission 
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Table 2. The Two Multivariate Analyses with "'Good Recovery'" (GOS) as the Dependant Variable 
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First multivariate analysis 

3 SE0) p 

Second multivariate analysis 

SE(~) p 

Time period (1980-81 versus 1987-88) 1.28" 0.65 0.048 

Variables present on admission 
GCS motor  score 0.58 0.19 0.0025 

Age -0 .043  0.016 0.0065 

Presence of  "mass"  lesion 0.36 0.68 0.60 

Cause of  injury 
fall versus traffic accident -0 .01  0.80 0.99 

other causes versus traffic accident - 0 . 4 0  0.91 0.66 

Presence of multiple il~iury - 1.47 0.86 0.09 

Pupillary light respone 

one versus neither reacting 
two versus neither reacting 

Variables present durON the first week of NIC 

Number  of  CT scans 

Epilepsy 

Systemic hypotension 
Durat ion of  hyperventilation 

- 0 . 0 2  0.71 0.98 

4.33** 1.35 0.0014 

0.47 0.37 0.20 

-0 .107  0.035 0.0020 

0.25 1.11 0.82 

1.34 1.41 0.34 

1.85 1.37 0.18 

- 0.50 1.28 0.69 

0.03 1.72 0.99 

1.38 1.37 0.31 

- 0 . 3 9  1.12 0.73 

-2 .71  1.30 0.037 

- 3.73 1.30 0.0042 

- 3.53 1.09 0.0012 

* O R =  3.59. 
** O R =  75.6. 
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Fig. 3. The day of  surgery in relation to the head injury and to the 

clinical outcome (GOS) in 15 lobe-resected patients 

with few missing observations, important in the uni- 
variate analysis, were included (119 observations). In 
a second multivariate analysis with a small number of 
further variables added, the number of available ob- 
servations was reduced to 101. Both the multivariate 
analyses showed that the GOS GR group had increased 
significantly in 1987-88 (p < 0.05 and p < 0.005, re- 
spectively). Consequently this improvement was not 
due to other interfering variables such as differences 
between the two populations of patients regarding 
GCS M scores, pupil reactivity, age, multiple injury, or 
"mass/no-mass" lesions (Table2). Multivariate anal- 
ysis further confirmed the well known relation between 
poor clinical outcome and increasing age and low 
GCS M score on admission (Table 2). The mortality 

was not particularly studied, but decreased from 41% 
in 1980-81 to 31% in 1987-88. 

We categorized the two populations of the patients 
in accordance with the GCS M score on admission into 
two subgroups, those with a GCS M score of 1-3 (no 
reaction to pain, extension, or abnormal flexion; 70 
patients) and those with a GCSM score of >~ 4 (51 
patients) and compared their clinical outcome. In the 
GCS M 1-3 subgroup a slight reduction in VS and D 
and a comparable increase of GR and SD patients was 
found (Fig. 2 B). The differences were not confirmed 
statistically. In the GCS M ~> 4 subgroup, the popor- 
tion of patients making a good recovery increased from 
15% to 52%, and there was a corresponding decrease 
in all other outcome groups (p = 0.016, Fisher's exact 
test; Fig. 2 C). 

There was a significant increase in the number of 
lobe resections performed in 1987-88. The outcome for 
these 15 patients is shown in Fig. 3. In 10 the resected 
lobe harboured a focal lesion (haematoma and/or focal 
oedema), while 5 had diffuse brain swelling only. Of 
the 5 patients with diffuse injury 2 made a good re- 
covery, 1 was severely disabled, and 2 died; in 3 of 
these patients lobe resection was undertaken when 
high-dose barbiturate treatment had failed to control 
ICP. The interval between injury and lobe resection is 
also shown in Fig. 3. It should be noted that all lobe 
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Table 3. The Proportion (%) of Patients with a Complication ( Hypotension, Hypoxemia, Hyperthermia, Epilepsy) Grouped According to GCS 
M Score and GOS 

Hypotension Hypoxaemia Hyperthermia Epilepsy 

GCS M score all 1-3 >14 all i-3 />4 all 1-3 >/4 all 1-3 >~4 

GOS: GR, MD (%) 33 38 29 55 45 60 10 15 7 16 23 10 
GOS: SD, VS, D (%) 54 59 45 69 72 60 21 18 27 27 24 32 

resections, including those carried out several days after 
injury, were performed urgently to control rapidly pro- 
gressive signs of  herniation and/or ICP rise. 

We found an association between a poor  clinical 
outcome (GOS: SD, VS, D) and the presence of certain 
complications during the entire first week after injury 
(Table 3). For  this analysis, available information from 
all 121 patients was used, except for studies on hy- 
poxaemia, where information from 1987-88 only was 
used, because in 1980-81 the number of blood gases 
was too low to allow reliable analysis. Systemic hy- 
potension was present in 54% of all patients with a 
poor  outcome, and in 33% of those with a favourable 
outcome. This difference was more pronounced among 

patients with GCS M scores of  1-3. Hypoxacmia, hy- 
perthermia, and epilepsy were also commoner in the 
patients with a poor  outcome; a conspicuous finding 
was that hyperthermia and epilepsy occurred more 
commonly in patients graded as GCS M ~> 4 and with 
a poor  outcome (Table 3). The multivariate analysis 
also showed that the presence of epilepsy or systemic 
hypotension at any time during the first week of  NIC 
was associated with a poor  outcome (Table 2). Hyp- 
oxaemia and hyperthermia were omitted from the mul- 
tivariate analysis because of  many missing observa- 
tions. 

Discussion 

There are several hazards inherent in retrospective 
clinical studies, and such studies do not generally yield 
strong evidence concerning the efficacy of  certain 
modes of treatment. However, the main object of the 
present study was not to study specific components of 
head-injury care but to compare the results of two 
different management regimens as a whole, employed 
in the same department. The issue is important  for 
many reasons, not least from a practical point of view, 
because the establishment of  an NIC unit is a major 
and costly commitment for most neurosurgical units 
and the benefits must overweight the costs. 

The comparison of two groups which have not been 
obtained by randomization must be carried through in 
a careful way. A simple univariate analysis can give 
misleading results as there is no guarantee that the 
groups are comparable with regard to important con- 
founding variables. Therefore a multivariate analysis 
is essential. The logistic regression analyses performed 
imply that adjustments have been made for the vari- 
ables included in these analyses. However, we can of 
course not be certain that other variables not consid- 
ered may not distort the results. 

The clinical outcome after severe head injury im- 

proved significantly after the establishment of an NIC 
unit and the concomitant introduction of more ag- 
gressive neurosurgical care. This improvement does not 
seem to be due to differences between the compared 
patient populations, because both multivariate and uni- 
variate analysis gave statistical support to the conclu- 
sion that the NIC did indeed increase the number of 
"good recoveries" and reduced the number of MD, VS 
and D outcome groups, whereas the number of  SD 
was unchanged. It is important to note that the re- 
duction in mortality did not as a whole result in an 
increased number of surviving but severely disabled or 
vegetative patients. Similar results have been reported 
in other studies on "aggressive" neurosurgical care 1' 2, 
22 

The clinical outcome improved strikingly among 
patients with a GCS M score of >~ 4 on admission, the 
proportion making a good recovery increasing from 
15% to 52% between the two periods. In contrast, the 
improvement in clinical outcome among patients 
graded GCS M 1-3 was much smaller and not statis- 
tically significant. There are probably several reasons 
for this difference. It is well established that the clinical 
outcome after severe head injury depends on the se- 
verity of both the primary brain injury and of any 
secondary brain injury. It seems reasonable to suppose 
that the brain injury was less severe among patients 
graded GCS M ~> 4 on admission than in the GCS M 
1-3 group, which would be consistent with a better 
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chance of good recovery unless secondary damage de- 
veloped. On the other hand, patients graded GCS M 
1-3 apparently had a severer brain injury on admission, 
which would presage a poorer outcome whether or not 
secondary brain damage developed subsequently. The 
object of NIC is basically to prevent or minimize sec- 
ondary brain damage, and it seems logical that the 
effect of such care is most obvious in GCS M /> 4 
patients in whom a good outcome can thus be antic- 
ipated if secondary damage can be prevented or min- 
imized. The clinical results in this group of patients 
with '~ severe head injuries would appear 
~o be a good indicator of the quality of head-injury 
care. 

The improved outcome after the introduction of an 
NIC unit can probably be attributed to several factors, 
both diagnostic and therapeutic. The improved diag- 
nosis of impending secondary brain damage relied in 
essence on 3 factors: (i) careful continuous neurological 
surveillance of all patients, using a special bed-side 
chart throughout the period of NIC, to detect any 
neurological deterioration or absence of improvement, 
and to identify and treat medical complications (this 
was accomplished by training the whole staff, including 
nurses and assistant nurses, to achieve team-work to 
avoid the "avoidable factors"); (ii) repeated CT in pa- 
tients not improving significantly within the first 24-48 
hours; and (iii) continuous monitoring to disclose ICP 
changes. Decisions about the management of the in- 
dividual patient were essentially based on an interplay 
between these three factors; none of them alone seemed 
to provide sufficient information. This interplay is dif- 
ficult to describe or measure in a scientific sense, which 
may explain why continuous ICP monitoring has not 
yet been generally adopted routinely in the neurosur- 
gical handling of head-injured patients even though it 
was evaluated clinically more than 30 years ago 14. 

We believe that intensified diagnosis and surveil- 
lance lead to faster institution and probably more exact 
use of the therapeutic armamentarium. Few basic 
changes took place between the two periods, and no 
entirely new mode of therapy was used in 1987-88. 
However, controlled hyperventilation was used over a 
longer period in 1987-88. Weaning from the ventilator 
was slow and carefully controlled by neurological ex- 
aminations and often also by ICP monitoring. Thus 
late deterioration and/or ICP elevation could be de- 
tected. The value of prolonged controlled hyperven- 
tilation has been questioned ever since it was introduced 
to counter elevated ICP 15. In the present series mod- 
erate hyperventilation was used (PCO2 3.5-4.5kPa). 

This method is widely accepted and is based on the 
observation that head-injured patients usually hyper- 
ventilate spontaneously; the use of the ventilator cuts 
the energy expenditure due to respiratory work 7' z0 
Recently Muizelaar et  al. 21 showed in rabbits that the 
effect of hyperventilation, i.e. vasoconstriction, was 
brief and that the vessel diameter returned to normal 
during continuous hyperventilation; return to nor- 
moventilation was followed by vasodilation. They con- 
cluded that in situations with low brain compliance 
short periods of normoventilation may elicit dramatic 
ICP elevation. Their experiments underline the impor- 
tance of careful surveillance of artificially ventilated 
patients by frequent blood-gas checks and end-tidal 
CO2 monitoring, and further that discontinuation of 
hyperventilation and especially weaning should be care- 
fully monitored and should not be attempted too early. 

The increased use of barbiturates has probably 
played a role in controlling elevated ICP, but it is be- 
yond the scope of the present study to evaluate this 
treatment. The use of lobe resection to achieve internal 
decompression was often successful when the clinical 
course, ICP elevation, and/or CT findings indicated 
impending death. The fact that lobe resection was per- 
formed as late as 10 days after injury underlines the 
fact that NIC should be continued for a considerable 
time. 

The identification of "avoidable factors" by Rose 
et  al. 24 clearly improved head-injury care. Hypotension, 
hypoxaemia, hyperthermia, and epileptic seizures may 
aggravate brain damage. We found a relation between 
the occurrence of these complications at any time dur- 
ing the first week and poor outcome. Concerning hy- 
potension, this relation was pronounced in patients 
graded GCSM 1-3 on admission, whereas hyper- 
thermia, and epileptic seizures occurred more fre- 
quently in patients graded GCS M ~> 4 on admission 
and with a poor outcome. The negative effect of these 
complications are probably more obvious in GCS M 
>~ 4 patients because, the underlying brain injury is 
consistent with a favourable outcome unless such com- 
plications develop. These findings are interesting for 
several reasons. Modern intensive care, including NIC, 
involves several iatrogenic risks owing to prolonged 
use ofinvasive equipment for monitoring and treatment 
and the administration of many potentially harmful 
drugs. These risks are especially troublesome in head- 
injured patients because the injured brain is particularly 
vulnerable. The clinical results of NIC will thus always 
greatly depend on the ability to limit the complications 
of intensive care. 
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The present study shows that improved clinical out- 
come after severe head injury (i.e. an increased number 
of GR and a reduced number of disabled or dead pa- 
tients) can be achieved by organizing an NIC unit with 
well trained staff capable of providing this care 24 hours 
a day using established methods of surveillance and 
treatment. 
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