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Abstract. Objective: to determine the outcome of stroke
patients undergoing mechanical ventilation.

Design: retrospective chart review and follow-up tele-
phone interview.

Setting: medical ICU in a multidisciplinary university
hospital.

Patients and participants: 199 stroke patients from
1984 — 1989 where the final diagnosis was stroke.
Interventions: all patients were admitted for the need of
mechanical ventilation.

Measurements and results: demographic information,
previous relevant diseases, stroke type, general clinical
and neurological data, biochemical variables, severity of
illness were recorded for the first 24 h following ICU ad-
mission. A 1-year follow-up was performed, including
mortality and functional status of survivors. Of 170 even-
tually analyzable patients, 123 (72.4%) died during their
ICU stay and 156 (91.8%) during the first year. Three
variables were independently associated with one-year
mortality: Glasgow score <10 (p <0.03), bradycardia
(p <0.001), absence of brainstem reflexes (p <0.0004).
Conclusion: overall prognosis of stroke needing mechani-
cal ventilation is poor, strongly linked to symptoms of
neurological impairment.
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During the 70s several studies tried to assess to role and
benefit of stroke intensive care units (SICU) in the
management of acute stroke [1—7]. Subsequent to the
success of coronary intensive care units, a reduction in
overall mortality was expected. Some studies attempted
to compare the outcome of stroke in SICU and in general
medical wards. Despite selection bias, some authors con-
cluded in favour of the beneficial role played by the SICU
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management in acute stroke; this has been confirmed by
a more recent study [8]. However, most studies showed
that there was no striking effect on overall mortality but
that intensive care management of stroke patients re-
duced functional disability and the need for long-term
hospital care [9, 10]. Nevertheless, those studies could not
assess beneficial effect of SICU management in some
sub-groups of stroke patients like comatose or patients
with poor neurological scores. Few studies are available
that attempted to assess prognosis of these patients.
Nouailhat [11] demonstrated that in spite of an overall
mortality reaching 87%, long-term outcome in comatose
patients did not result in poor quality of life in survivors.
Beside coma, respiratory failure leading to mechanical
ventilation is another cause of ICU admission and there
is currently no available data on outcome of those pa-
tients needing respiratory support after acute stroke. To
assess prognosis of these patients and determine factors
influencing survival or death, we designed a retrospective
study over a 5-year period.

Patients and methods

During a 5 year period from 01/01/84 to 31/12/88, 199 patients were
referred to our intensive care unit (ICU) for mechanical ventilation dur-
ing the course of an acute stroke. The diagnosis of stroke was confirmed
by CT scan, cerebral angiography, lumbar puncture or autopsy. Clinical
and biological data were recorded according to a standardized way. Ac-
cording to the diagnosis, the following subgroups were considered:
ischemic strokes were divided into carotid ischemic stroke, vertebro-bas-
ilar ischemic stroke, undetermined ischemic stroke; hemorrhagic strokes
were divided into lobar cerebral hemorrhage, sub-arachnoid hemor-
rhage, infra-tentorial hemorrhage and intraventricular hemorrhage
(either isolated or associated to other form of stroke).

The following data were recorded for each patient: age, sex, previous
history of cardiac ischemic disease or other cardiac disease, previous
history of stroke, of hypertension, of diabetes or alcoholism. Clinical
data were recorded for the first 24 h following ICU admission: heart
rate, blood pressure, temperature, diuresis and cause of mechanical ven-
tilation. Neurological data included status epilepticus defined as two or
more crisis without normal consciousness between two crisis, Babinski
sign, brainstem reflexes (pupillary light and corneal reflexes). Biological



data recorded were hematocrit, white blood cell count, urea, sodium,
potassium, bicarbonates and blood glucose. Glasgow coma score (GCS)
and simplified acute physiological score (SAPS) were recorded. Coma
was defined as a GCS <10 thus including coma and stupor. Follow-up
data were established according to the medical files of the medical units
in which patients were hospitalized after ICU discharge. Long-term fol-
low-up information was obtained by mail questionaire or phone calls to
the family or to the patient’s physician. The cause of death was obtain-
ed according to medical files. Survivors neurological status was defined
according to a 4-class scale:

® Class 1: no sequelae; could return to previous occupation

® Class 2: functional sequelae; autonomic but slightly impaired.
@ Class 3: important sequelae; severely impaired.

® Class 4: bed-ridden.

Mean values are given with SEM. Numerical variables were analyzed
with Fisher’s exact test. Follow-up ranged from 1 to 5 years. Survival
curves were generated by the Kaplan-Meier modified life table method
that related survival to the onset of stroke [12]. Survival curves were
constructed until the end of the first year of follow-up. Comparisons
between sub-groups were made using the log-rank test. Variables related
to risk factors or stroke-related factors were analyzed by univariate anal-
ysis. Fifteen variables: Diabetes melitus, hypertension, hyperglycemia,
urea, GCS, seizures, pupillary or corneal reflexes (entered as a single
variable), hemorrhagic stroke, SAPS, hyperkalemia, Babinski sign,
bradycardia, tachycardia, age, were analyzed through a Cox
multivariate analysis model [13]. A p value of less than 0.05 was consid-
ered significant.

Results

The main end-point of the study was to assess the prog-
nosis of stroke at one-year follow-up. A total of 170 pa-
tients could eventually be included since 13 patients were
exciuded because they presented with transient ischemic
stroke or cerebral venous thrombosis, 13 patients were ex-
cluded because of unreliable diagnosis and 3 more pa-
tients were lost during follow-up.

On admission, mean age was 63+1 (sex ratio
men/women 1.25), mean SAPS 18.5+1 and mean Glas-
gow score 6+ 1. Most of the patients (n = 131) were ad-
mitted in the ICU within 24 h following the onset of
stroke; others (n = 39), were admitted secondarily after
initial treatment in medical 'or neurological wards. There
was 143 (84%) patients who presented with coma. CT
scan was performed in 140 patients (82.4%). Ischemic
strokes represented 79 (46.5%) cases and hemorrhagic
strokes 91 (53.5%). Table 1 summarizes the relation to
outcome of the different stroke types. Overall prognosis
was poor: 72.4% of the patients died during the critical
care unit stay, 91.8% died during the first year and only
8.2% could regain home. Mechanical ventilation was in-
dicated due to coma (43%), respiratory failure (alveolar
hypoventilation, pneumonia, pulmonary embolism, air-
way obstruction or aspiration) (27%), status epilepticus
(10%) or circulatory failure (cardiogenic, septic or
hypovolemic shock) (8%). Death was related to coma
with cerebral herniation or brain death (60%), respirato-
ry failure including pneumonia and pulmonary embolism
(15.3%) or circulatory failure (11.8%). Among the
deaths, 65.4% occurred during the first seven days fol-
lowing ICU admission and there was no secondary “mor-
tality peak” in our population. Mean delays between ad-
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Table 1. Prognosis according to stroke type

n %o 1-year survival (%)

Ischemic strokes

Carotid 45 26.4 7 (15)

Vertebro-basilar 20 14.7 1(5)

Undetermined 14 10.5 2 (149
Hemorrhagic strokes

Lobar 45 26.4 2 (4.5)

Infra-tentorial 38 22.5 1 (6)

SAH? 35 20.5 0

Ventricular 17 10 0

3 SAH: Subarachnoid hemorrhage. The total number of hemorrhagic
strokes exceeds 91 due to the associated forms

mission and death were different according to the cause
of death: 4.5+2.3 days (extreme 1—105 days) for coma,
34+ 11 days (extreme 1—300 days) for circulatory failure
and 102+18 days (extreme 9-360 days) for respiratory
failure. At the end of the first year of follow-up, 13 pa-
tients had survived their stroke (Table 2) of whom 10 pre-
sented initially with ischemic stroke and 3 with hemor-
rhagic stroke. Seven one-year survivors initially presented
with coma. Two patients were in functional class 1 (mean
age 73). Five patients were in functional class 2 (mean age
55); 2 of them could return to work. Lastly, 6 patients
were in functional class 3 (mean age 57). There was no
bedridden patient at 1 year follow-up.

Previous diseases had no effect on outcome except
diabetes mellitus that developed limited significance
(p = 0.035) and was associated with better survival. This
effect disappeared after multivariate analysis. Age had no
effect on outcome; there was no significant difference for
age between the “survivors” and “non-survivors” sub-
groups (survivors 62.2+4; non-survivors 64.4=+1.5;
p = 0.8) although patients with ischemic stroke were sig-
nificantly older than patients with hemorrhagic stroke
(Isch:65, Hem:61.5, p <0.01). Survival was significantly
affected by the stroke type: ischemic strokes (17.3% sur-
vival) did much better than hemorrhagic strokes (3.3%
survival) at the end of the first year (p <0.0002). In the
ischemic group, vertebro-basilar strokes had the worse
prognosis with only 4.8% of survivors at one year. In the
hemorrhagic group, infra-tentorial hemorrhage and SAH
had the worse prognosis with no survivors at one-year

Table 2. Functional outcome of survivors

Functional Ischemic Hemorrhagic Total
class (n) (n) n)
1 2 0 2
7 Good
outcome
2 4 1 5
3 4 2
6 Poor
outcome
4 0 0 0
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Fig. 1. Survival curves at 1-year follow-up according to the cause of me-
chanical ventilation (p <0.001). The curves has been constructed until
the end of the first month but statistical significance was achieved until
the third month. 7, ventilatory support for status epilepticus (n = 15);
2, ventilatory support for respiratory failure (n = 38); 3, ventilatory
support for coma (n = 77)

follow-up. The cause of mechanical ventilation had a sig-
nificant effect on outcome until the third month. Patients
intubated for the management of coma had an overmor-
tality when compared to patients intubated for respirato-
ry failure or for status epilepticus (p <0.001) (Fig. 1).

Univariate analysis could isolate ten factors significantly

Table 3. Univariate and multivariate analysis of risk factors

related to worse prognosis (Table 3): coma (Glasgow score
< 10), absence of pupillary light reflexes, absence of cor-
neal reflexes, absence of status epilepticus, previous
history of diabetes mellitus, hemorrhagic stroke, absence
or bilateral Babinski sign (as opposed to unilateral Babin-
ski sign wich was associated to better prognosis),
SAPS>15, bradycardia (heart rate <55/mn) and
hyperkalemia (K* >35,5meq/l). Fifteen factors were re-
evaluated through a Cox multivariate analysis model.
Among these, coma, bradycardia and absence of brain-
stem reflexes were independant predictors of death (Ta-
ble 3).

Discussion

As previously shown in the studies of Nouailhat et al. [11,
14] the present results provide evidence that overall prog-
nosis in stroke patients admitted to ICU is poor despite
unlimited support of vital functions including mechanical
ventilation, careful monitoring of cardio-vascular parame-
ters as well as fluid and electrolyte balance and symptom-
atic therapy of brain edema. Criteria of entry in our ICU
— the need for mechanical ventilation — generated a se-
lection bias responsible for the high proportion of coma-
tose patients that also may explain the unusual ratio be-
tween hemorrhagic and ischemic strokes in this population.

n % of D p
survivors univariate multivariate
Age 0.21 0.06
Previous disease
Ischemic cardiopathy 23 10 0.6
Other cardiopathy 29 8.5 0.3
Stroke 30 10.5 0.5
Hypertension 75 8 0.7
Diabetes melitus 26 11.5 0.028 0.06
Alcoholism 26 10.3 0.4
Clinical factors
Hypertension (BP > 190 mmHg) 38 8 0.3 0.73
Shock (BP <80 mmHg) 17 12 0.1 0.8
Fever (T°>38°5) 20 15 0.3
Tachycardia 33 8 0.3 0.054
Bradycardia 24 4 0.038 0.001S
Biological factors
Hematocrit<30% or >50% 20 13.5 0.3
Sodium < 130 or > 150 meq/1 32 6.2 0.4
Potassium > 5.5 meq/1 16 0 0.028 0.39
Blood Glucose> 14 mmol/| 68 4.4 0.19 0.32
Urea> 21 mmol/1 10 0 0.14 0.27
Acidosis (HCO3 ~ <20 meq/l) 25 6 0.3
Leucocytes >15000/mm? 65 7.8 0.5
Neurological factors
Coma (GCS<10) 143 4.2 0.0001S 0.03S
Loss of brainstem reflexes 104 1 0.00001S 0.00004S
Absence of status epilepticus 155 5.2 0.028 0.13
Hemorrhagic stroke 91 3.5 0.0002S 0.09
No or bilateral BBK sign 120 5 0.0009S 0.49
Ventricular hemorrhage 38 5.4 0.6
Others
SAPS< 15 63 15.8 0.0004S 0.56




Mean age of our patients was similar to previous stud-
ies but does not have any prognostic significance. Some
authors showed that older stroke patients were at particu-
lar risk of early death {15, 16]. In these studies overall
gravity of patients was less than in the present population
whose early death was strongly related to coma as shown
in Fig. 1. In the present study, neurological impairement
very likely outweighed age-related gravity. This issue is of
practical importance since it means that older patients
with limited neurological impairment could more benefit
from ICU admission than younger comatose patients.
Presumably, neurological severity also explains that pre-
vious diseases or associated illness did not demonstrate
an influence on outcome.

Neurological impairment was of major prognosis sig-
nificance in our patients. Of the 10 factors related to sur-
vival or death 1, after univariate analysis, were neurologi-
cal (Table 3). Multivariate analysis showed an indepen-
dent effect on outcome for 2 of them: coma and loss of
brainstem reflexes. The loss of conscioussness is unani-
mously recognized as the major prognosis determinant in
acute stroke patients [17—19]. The severity of coma is
usually assessed by associated signs such as brainstem re-
flexes impairment or severity of motor dysfunction [14].
In the present study, the loss of pupillary and corneal re-
flexes could not be considered as consequences of severe
coma since it has an independant predictive value on out-
come. The positive effect on outcome of status epilep-
ticus is one of the more unexpected results of our study.
Seizures have been related to worsened prognosis or to
prolonged comatose state after acute stroke [20]. In our
study, status epilepticus was mainly associated with
ischemic stroke (11 cases) and particularly with carotid
ischemic stroke (7 cases) which were of better prognosis.
Seizures or status epilepticus were unusual in extensive ce-
rebral infarction or in hemorrhagic strokes with
brainstem impairment. The low GCS in the group of pa-
tients with seizures witnessed more the loss of con-
scioussness during or immediately after the critical
episod rather than the extent of cerebral damage. Thus in
our study, status epilepticus -and unilateral Babinski
sign- presumably witnessed for limited cerebral impair-
ment due to distal vascular lesions and reflected the bet-
ter prognosis of the constituted ischemic stroke type.
However, neither seizures nor Babinski sign were signifi-
cant after multivariate analysis thus failing to be indepen-
dant factors of outcome.

After univariate analysis, 4 non-neurologic parame-
ters had significant effect on outcome: SAPS, bradycar-
dia, hyperkalemia and previous history of diabetes
melitus. SAPS score is of limited value in cerebro-vascu-
lar diseases since it was designed to express extra-neuro-
logic severity [21]. Our study confirms these data, show-
ing that SAPS has no independent effect on outcome
after multivariate analysis. This result is explained by the
fact that signs of major cerebral impairment are occulted
in the SAPS construction, leading to underestimation of
neurologic severity.

Bradycardia was found in 24 patients of whom only
one survived at one year follow-up. A first analysis was
to relate this fact to intra-cranial hypertension, thus mak-
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ing bradycardia a neurologic-like prognosis factor. How-
ever, multivariate analysis demonstrated significance
independently of coma. Moreover, the time-interval to
death in the bradycardia sub-group was different from
that of the coma sub-group (49 days, extreme 1 and 720
days, versus 4.5 days extreme 1 and 105 days). Bradycar-
dia could then represent the role of acute cardiac compli-
cations in early stroke mortality, irrespective of neurolog-
ical impairment. This hypothesis could be reinforced by
the borderline significance developped by tachycardia in
the multivariate analysis which may confirm the role of
cardiac-related death in acute stroke.

Hyperkalemia is an unexpected prognosis factor after
univariate analysis, although this effect disappeared after
multivariate analysis. This biochemical abnormality was
found in 16 patients in whom there was no survivors at
30-days follow-up. Although altered in most of these
hyperkalemic patients, renal function couid not account
for death and did not achieve by itself a significant prog-
nosis value. Since death could not be related to a direct
complication of hyperkalemia, at least in 14 out of the 16
patients, the relevance of hyperkalemia as a prognosis
factor remains unclear.

The present study confirms the major weight of coma
in predicting death. As shown in Fig. 1, almost all pa-
tients in whom coma solely imposed mechanical ventila-
tion died within 10 days, regardless of stroke type. These
data suggest that ICU management was unable to have a
beneficial effect on the natural history of stroke. Despite
symptomatic correction of factors that could clearly
worsen brain damage — hypoxia, hypercapnia, acidosis,
fluid and electrolyte disturbances — no improvement of
clinical relevance was observed in these patients. Never-
theless, some stroke patients who underwent mechanical
ventilation for respiratory failure or seizures which other-
wise would probably have died could benefit from ICU
management.

Despite high mortality, functional outcome analysis
provides some hopeful results. Thirteen patients survived
at one year follow-up with mild disability or no disable-
ment at all. Unlike anoxic encephalopathy, ICU manage-
ment of acute stroke does not lead to persistent vegetative
state.

In conclusion, this study provides some evidence that
ICU management of acute stroke does not greatly affect
natural history of stroke. Early mortality is still depen-
dent on direct neurological impairment and extent of ce-
rebral lesions for which ICU therapy is probably of very
limited impact. Level of consciousness, type of stroke,
limited cerebral lesions even when expressed by status
epilepticus are the major determinants of survival. Never-
theless, stroke patients who display acute respiratory fail-
ure in relation to aspiration pneumonia, airway obstruc-
tion, repeated seizures can clearly benefit of ICU stay re-
gardless of age, provided that underlying cerebral lesions
are relatively limited.

This rather pessimistic conclusion may not support
the view the ICU is futile for the care of acute stroke pa-
tients. Indeed, the new approaches of stroke therapy in-
cluding early thrombolysis will probably allow ICU man-
agement to be the cornerstone of stroke therapy.
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