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Abs t rac t  The prognosis of supra- 
tentorial haematomas is based on 
clinical signs and radiological fea- 
tures. The role of  evoked potentials 
has not been evaluated systemati- 
cally. In a prospective study of 
supratentorial haemorrhage a number 
of clinical (17), radiological (3) and 
evoked potential (2) parameters were 
evaluated employing univariate lo- 
gistic regression analysis in 69 pa- 
tients and multivariate logistic re- 
gression stepdown analysis in 51 pa- 
tients. The outcome was graded on 
the basis of the Barthel index (BI) 
score at 3 months as good (BI > 12) 
or poor (death or BI < 12) recovery. 
Employing univariate analysis the 
significant prognostic variables were 
Glasgow Coma Scale, Canadian 
Neurological Scale, tendon reflex, 

associated medical complications, 
urinary incontinence, ventricular ex- 
tension of the haematoma and motor 
evoked potentials. Using multivariate 
logistic regression analysis the best 
set of parameters in relation to out- 
come inlcuded Glasgow Coma Scale 
(P < 0.05), Canadian Neurological 
Scale (P < 0.05), tendon reflex (P < 
0.1), ventricular extent (P < 0.01) 
and motor evoked potentials (P < 
0.05). From this study it is concluded 
that, in addition to clinical and radio- 
logical parameters, motor evoked po- 
tentials also have an important role 
in predicting outcome. 
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Introduction 

The predictors of the outcome of intracerebral haemor- 
rhage (ICH) have been reported on the basis of a number 
of clinical and radiological features, such as: level of con- 
sciousness, blood pressure, pupillary change, gaze paraly- 
sis, degree of  weakness, size of haematoma, intraventric- 
ular blood and midline shift [6, 12]. There have been, 
however, few studies on somatosensory evoked potential 
(SEP) and motor evoked potential (MEP) changes in 
stroke, and none has systematically evaluated the role of 
evoked potentials in predicting the outcome [21, 24]. Re- 
cent studies on ischaemic strokes and pure motor hemi- 
plegia due to putaminal haemorrhage have reported the 
role of  a recordable MEP in predicting good outcome [10, 

18], but such information is lacking regarding ICH. A 
number of prognostic variables may jointly affect the out- 
come. Multivariate analysis has been employed to study 
the simulatenous effect of different variables influencing 
the recovery from ICH [22, 25]. In the first study of its 
kind, we report our results concerning the role of clinical, 
radiological and evoked potential paramters in predicting 
functional recovery from supratentorial haematoma em- 
ploying multivariate logistic regression analysis. 

Subjects and methods 

During the period 1991-1993 we examined 105 consecutive pa- 
tients with spontaneous ICH, 79 of whom were followed up for at 
least 3 months. Sixty-nine of these patients had supratentorial and 
10 infratentorial haemorrhage. The clinical, radiological and elec- 
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trophysiological variables of the patients with supratentorial haem- 
orrhage have been analysed in this study. The patients with 
aneurysm, arteriovenous malformation, tumour bleed and antico- 
agulant bleeds were excluded. All the patients were admitted under 
the authors' care and were personally examined (U. K. M. and J. K.) 
after a mean duration of 6.5 (range 1-20) days and followed at 1- 
and 3-month intervals. The diagnosis of haematoma was con- 
firmed by CT in all patients. The haematomas were classified on 
the basis of their maximum diameter as small (< 2 cm), medium 
(2-4 cm) and large (> 4 cm) [1]. The midline shift, if exceeding 5 
mm, and ventricular extension of the haematoma were also 
recorded. The haematomas were classified according to their loca- 
tion as lobar, thalamic and putaminal. MEPs were recorded by 
stimulating the motor cortex and the spinous process of the sev- 
enth cervical vertebra employing a Digitimer D 180 electrical stim- 
ulator and recording from the abductor digiti minimi in a belly ten- 
don montage. Inexcitability of central motor pathways was re- 
garded as abnormal [19]. Median SEPs were recorded by stimulat- 
ing the median nerve at the wrist by a 0.1 ms square wave pulse at 
3 Hz to elicit a painless twitch of the thumb. The recording elec- 
trodes were placed over the contralateral parietal cortex (CPC) and 
Erb's point with a midfrontal reference. A bandpass of 3 Hz-3 
kHz, a sweep time of 100 ms, and a gain of 2 gV/div is ion  were 
used to twice average 512 responses. Cortical potentials (N20, 
P25, N30, P45) were recorded. The absence of N20 or subsequent 
potentials was regarded as abnormal [16]. SEP and MEP studies 
could be performed in 51 patients only. In 18 patients electrophys- 
iological investigations could not be performed because of unwill- 
ingness of the patients to undergo the study (3), young age (1) and 
serious clinical conditions (14). The last-mentioned however, were 
not an absolute contraindication for MEP studies. 

Outcome was graded as good or poor recovery on the basis of 
Barthel index (BI) score at 3 months. A score of 12 or more was 
defined as good and below 12 as poor recovery [13]. Deaths were 
included in the poor recovery group for the purposes of statistical 
analysis. 

The risk factors listed in Table 1 were analyzed initially by uni- 
variate logistic regression analysis (69 patients), which was fol- 
lowed by multivariate conditional logistic regression analysis (51 
patients) to model the relation between the risk factors and recov- 
ery [17]. The dichotomous dependent variable, recovery (I1) was 
assigned a value of 1 when the outcome was good (3-months BI >_ 
12) and a value of 0 when the outcome was poor (death or 3-month 
BI 0-11). If X1, X2, X3...Xp were the characteristics related to the 
outcome, then the logistic regression model specified that the con- 
ditional probability of recovery was as follows 

P ( Y  = 1/XI, X2,X3...Xp) = 1/1 + e x p [ - ( A  + P~.,BjX))] (1) 
j - I  

The multivariate logistic risk function could be formulated as Eq. 
1, where Bj is the logistic coefficient and A is the constant. The pa- 
rameters of the model were obtained by the maximum likelihood 
method [2]. Initially all the variables were analysed, but later the 
best model was obtained using stepwise logistic regression analy- 
sis. To study any selection bias, the clinical characteristics of the 
patients who were excluded from the multivariate analysis (n = 18) 
were compared with the group included in multivariate logistic re- 
gression analysis (n = 51). Student's t-test was employed for con- 
tinuous variables [age, Glasgow Coma Scale (GCS), Canadian Neu- 
rological Scale] and test of difference between proportions for 
categorical variables (sex, size of haematoma and medical compli- 
cations). 

Table 1 Variables related to recovery from supratentorial intra- 
cerebral haemorrhage (ICH) 

Demographic 
Age 
Sex 

Clinical 
Previous stroke 
Alcohol 
Pulse pressure 
Headache 
Vomiting 
Glasgow Coma Scale (GCS) 
Canadian Neurological Sclae 
Activities of daily life 
Power (MRC) 
Tone 
Reflex 
Medical complications 
Renal impairment 
Pupils 
Incontinence 

Radiological 
Size 
Ventricular extension 
Midline sift 

Electrophysiological 
Motor evoked potentials 
Sensory evoked potentials 

Results 

Our  resul ts  are  ba sed  on  69 pa t ien ts  wi th  supra ten tor ia l  
I C H  w h o  w e r e  f o l l o w e d  up for  a p e r i o d  o f  3 mon ths .  The  
m e a n  age  o f  these  pa t ien ts  was  51 years  ( range  4 - 8 3 ) ;  
there  w e r e  47 ma les .  A h i s to ry  o f  h e a d a c h e  was  r epor t ed  

by  5 0 %  and  o f  v o m i t i n g  also by  5 0 %  o f  pat ients .  T h i r t e e n  
pa t ien ts  w e r e  d e e p l y  c o m a t o s e ,  19 had  a m o d e r a t e  and 37 
had  a m i l d  d e g r e e  o f  i m p a i r m e n t  o f  consc iousnes s .  T h e  
ove ra l l  s eve r i ty  o f  s t roke  was  a s sessed  by  the C a n a d i a n  
N e u r o l o g i c a l  Sca l e  at the t i m e  o f  a d m i s s i o n  and r e v e a l e d  
that  the  s t roke  was  s eve re  in 39, m o d e r a t e  in 21 and m i l d  
in 9 pat ients .  The  m e a n  C a n a d i a n  N e u r o l o g i c a l  Sca le  score  
at the  t i m e  o f  a d m i s s i o n  was  3.8 ( range  1 .5-11 .5) .  T h e  
h e m i p l e g i a  was  s e v e r e  ( M R C  grade  0 - 1 )  in 53 and  par t ia l  
(g rade  I I I - I V )  in 11 pat ients .  T h e  m u s c l e  tone  on the 
h e m i p l e g i c  s ide was  r e d u c e d  in 26 pa t ien ts  and i n c r e a s e d  
in 26 pat ients .  H y p o t o n i a  was  a s soc i a t ed  w i t h  d i m i n i s h e d  
t e n d o n  j e rks  in 15. On  a d m i s s i o n  pup i l l a ry  a s y m m e t r y  
was  p r e sen t  in 22 and u r ina ry  i n c o n t i n e n c e  in 41 pat ients .  
T h e  h a e m a t o m a s  w e r e  p u t a m i n a l  in 38, t h a l a m i c  in 17 
and l oba r  in 14 pat ients ;  25 o f  t h e m  c o m m u n i c a t e d  wi th  
the ven t r i cu l a r  sys tem.  M i d l i n e  shif t  was  p re sen t  in 35 pa-  
t ients.  T h e  h a e m a t o m a s  w e r e  sma l l  in 10, o f  m e d i u m  size  
in 46 and la rge  in 13 pat ients .  M E P  and S E P  s tudies  w e r e  
ca r r i ed  out  in 51 pa t ien ts  but  po ten t ia l s  w e r e  u n r e c o r d a b l e  
in 29 patients each. Th i r ty - two  patients  had a good  recovery,  
20 a p o o r  one  and 17 died.  T h e  m e d i c a l  c o m p l i c a t i o n s  in 
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Table 2 The significant prog- 
nostic variables in relation to 
the outcome of supratentorial 
ICH 

Table 3 Logistic regression 
model showing most signifi- 
cant parameters for recovery 
from supratentorial ICH [likeli- 
hood ratio statistics (5 df) 
35.31] 

Variable Level Number of Number with Z score 
patients poor recovery 

GCS 
< 6 1 13 9 2.08* 
6-12 2 19 12 
> 12 3 37 16 

Canadian Neurological Scale 
< 3.5 1 39 28 3.63** 
3.5-7 2 21 9 
>7  3 9 0 

Reflex 
Hypo 1 15 12 3.05** 
Hyper 2 38 21 
Normal 3 16 4 

Medical complications 
Present 1 34 25 3.17 ** 
Absent 2 35 12 

Incontinence 
Present 1 41 29 3.32** 
Absent 2 28 8 

Ventricular extension 
Present 1 25 18 2.26* 
Absent 2 44 19 

MEPs 
Unrecordable 1 29 20 2.79* 
Recordable 2 22 5 

* P < 0.05, ** P < 0.01 

Variable Regression SE Odds 95 % confidence interval 
coefficient Ratio 

Upper Lower P 

Glasgow Coma Scale -2.07 1.04 0.13 0.97 0.02 < 0.05 
score 
Canadian Neurological 1.01 0.44 2.75 6.54 1.16 < 0.05 
Scale score 
Reflex 1.36 0.87 3.91 21.65 0.70 < 0.10 
Ventricular extension 3.30 1.22 27.09 295.13 2.49 < 0.01 
MEPs 2.47 1.05 11.85 93.15 1.51 < 0.05 
Constant -9.31 

the later patients included pulmonary  compl ica t ions  (n = 3) 
sep t icaemia  (n = 4) and myoca rd i a l  infarct ion (n -- 2). 

The  impor tan t  var iables  der ived  by  univar ia te  logis t ic  
regress ion  analysis  for pred ic t ing  ou tcome o f  ICH in- 
cluded:  Canadian  Neuro log ica l  Sca le  score, tendon ref lex 
on the hemip leg ic  side, med ica l  compl ica t ions ,  inconti-  
nence (P < 0.01), GCS,  ventr icular  ex tens ion  and MEPs  
(P < 0.05). The  propor t ion  of  pat ients  with a poor  out- 
come  with each of  these var iables  is shown in Table 2. A 
mul t ivar ia te  s tepdown var iable  select ion procedure  was 
used to der ive  the best  set of  parameters  for predic t ing  the 
outcome.  These  var iables  inc luded GCS,  Canadian  Neu-  

ro logica l  Sca le  score, tendon reflex,  ventr icular  extension 
o f  h a e m a t o m a  and M E R  Some  factors l ike medica l  com-  
pl ica t ions  and ur inary incont inence  were s ignif icant  in the 
ini t ial  analysis  but  did  not  f igure  in the final mul t ivar ia te  
analysis .  The  best  mode l  for  predic t ing  recovery  f rom 
supratentor ia l  ICH at 3 months  is shown in Table 3. The 
age, GCS and Canadian  Neuro log ica l  Scale  score (mean,  
SD) of  the pat ients  exc luded  f rom mul t ivar ia te  analysis  
(n = 18) was 50.7, SD 20.7 years,  9.6, SD 5.0 and 3.9, SD 
2.9 and that of  the pat ients  inc luded in the mul t ivar ia te  
analysis  (n = 51) was 50.9, SD 12.7 years ,  11.6, SD 3.9 
and 3.8, SD 2.7 respect ively.  In the former  group there 
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were 4 females; 4 patients had large and 9 had medium- 
size haematomas. In the latter group there were 18 females; 
9 patients had large and 37 medium-size haematomas. 
These differences were not statistically significant. 

Discussion 

The mortality in cases of ICH has been reported to range 
between 14% and 58% [5, 22, 23, 27]. Surviving patients 
may have varying degrees of disability. Most studies have 
evaluated the prognostic factors in reference to mortality 
[22, 25]. Little attention has been paid to the factors influ- 
encing the overall functional outcome. Most studies have 
evaluated the clinical and radiological paramaters for as- 
sessing the prognosis of ICH patients and have generally 
relied upon univariate analysis. The prognostic factors 
have inlcuded age, GCS score, systolic blood pressure, 
pulse pressure, gaze palsies, severity of weakness, pres- 
ence of brain stem and cerbellar deficit, interval stroke 
course, size of haemorrhage, location of haemorrhage, bi- 
lateral plantar extensor and chronicity of hypertension [7, 
14, 15, 25-27]. A number of these variables may be si- 
multaneously influencing the outcome; therefore, a multi- 
ple regression analysis has been performed to study the 
combined effect. A model, comprising GCS, Canadian 
Neurological Scale, tendon reflex on the hemiplegic side, 
ventricular extension and MEP, was found to be suitable 
for predicting the 3-months outcome in our study. 

The canadian Neurological Scale assesses the severtiy 
of stroke. It evaluates the level of consciousness, orienta- 
tion, speech and weakness. It is easy to administer, has high 
inter-rater reliability [4] and can be used even in comatose 
or uncooperative patients. The previous studies have re- 
ported a good correlation between the score and 6-month 
outcome in stroke patients [3]. The level of consciousness 
was assessed by GCS, which has been most consistently 
associated with the outcome of stroke [5, 11, 23] and fig- 
ured in our study as well. On initial examination hypore- 
flexia may signify a state of neuronal shock and suggests 
severe damage and the possibility of a poor outcome. In- 
traventricular communication of haematoma was found to 
be a significant prognostic factor in our study as well as in 
a number of other studies [5, 14, 23, 27]. Intraventricular 
communication in lobar and putaminal haemorrhage may 
be related to size, i.e. only the large haematoma would 
communicate into the ventricle. On the other hand, a rela- 
tively small thalamic haemorrhage, if medially located, 
may have ventricular extension. This may explain the dis- 
crepancy between the size and ventricular communication 
in our study. As with our findings, the size of the haematoma 
was not found to be a significant prognostic variable in 
another study [5], although most studies have emphazised 
the importance of size in predicting the outcome of ICH 
[9, 14, 26]. The location of the haematoma may also be an 
important prognostic variable, as illustrated by a medium- 

size occipital haematoma with a good outcome (patients 
43, 44, 48), whereas a small medial putaminal haematoma 
in a critical location may be associated with profound 
clinical abnormalities and a poor outcome (patient 15). 
The importance of the location of the haematoma has also 
been highlighted in another study [22]. 

In our study, MEP was a significant parameter predict- 
ing the outcome. We have included the inexcitability of 
the motor pathway as the criterion of abnormality. La- 
tency of MEPs can be influenced by the level of preacti- 
vation, which is not possible in a comatose or paralysed 
patient; therefore, the prolongation of central motor con- 
duction time has not been used as the criterion for defin- 
ing the abnormality in our study. The importance of the 
primary motor area or its connections in recovery from 
hemiplegia has been emphasized [8]. By MEP study, we 
can objectively assess the integrity of the motor pathways. 
Recently the importance of recordable MEPs (delayed or 
normal) in predicting recovery from ischaemic stroke has 
been reported [10]. Our studies on ischaemic stroke and 
putaminal haemorrhage leading to pure motor hemiplegia 
have also revealed similar results [18, 20]. In a comatose 
patient assessment of motor functions is not very reliable. 
An MEP study in such a situation may offer the advan- 
tages of objectivity and simplicity. 

The medical complications and urinary incontinence, 
although initially significant, did not achieve statistical 
significance in the multivariate analysis. This does not un- 
dermine the importance of these variables; however, these 
do not provide additional information in the presence of 
the variables included in the final model. 

Our results are based on consecutive patients with 
supratentorial haemorrhage. Eighteen patients could not 
be included in the multivariate logistic regression analysis 
owing the lack of evoked potential studies. These patients, 
however, were not significantly different in important de- 
mographic (age, sex), clinical (GCS, Canadian Neurolog- 
ical Scale) and radiological (haematoma size) variables 
compared with the group of patients on whom our model 
is based. This excludes any selection bias in our study. 
Our results, therefore, are applicable to the group of 
supratentorial haematomas as a whole. There have been 
only a few studies employing the multivariate analysis for 
the prognistication of ICH. In a retrospective study of 112 
patients with supratentorial ICH, GCS, haematoma size 
and ventricular extension were found to predict the out- 
come at the end of 2 weeks [22]. In another study com- 
prising 94 patients, the factors predicting 30-day survival 
included ventricular extension and GCS [25]. The results 
of these studies differ from ours because of the end-point, 
which was 3-months outcome rather than mortality at the 
end of 15 or 30 days [22, 25]. We have evaluated not only 
the role of clinical and CT changes but also the evoked 
potential parameters. Our study highlights the important 
role of MEPs in addition to clinical and radiological fea- 
tures in predicting the outcome. 
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