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Objective: To determine potential predictors of good outcome in primary medium to large intracerebral
haemorrhages (ICH) which could be useful for selecting patients for surgical procedures.
Methods: Subjects were 138 patients with spontaneous hemispheric ICH .20 ml. They were non-
surgically treated and were admitted consecutively to 15 hospitals within the first 12 hours of symptom
onset (mean (SD), 5.8 (3.1) hours). Haematoma volume was measured on computed tomography (CT) at
admission. Stroke severity was assessed by the Canadian stroke scale (CSS). Good outcome was defined
as modified Rankin score (2 at three months.
Results: At the end of the follow up period, 45 patients (32.6%) had good outcome. Baseline stroke
severity, systolic and diastolic blood pressure, body temperature, and acute phase reaction biochemical
markers (ESR, C-reactive protein, fibrinogen, neutrophil count) were significantly associated with good
outcome in bivariate analyses. Of the initial CT scan variables, intraventricular contamination, deep
location, mass effect, and greater ICH volume were related to poor outcome. On multiple logistic
regression analysis, cortical location of bleeding (odds ratio 3.79 (95% confidence interval 1.2 to 12.01);
p = 0.023), high CSS score (OR 2.3 (1.6 to 3.1); p,0.0001), and low fibrinogen concentrations (OR 0.92
(0.87 to 0.97); p =0.001) were independent predictors of good outcome. These three factors correctly
classified 85% of patients.
Conclusions: Good outcome in medium to large ICH can be predicted on admission by three readily
assessable factors (CSS score, ICH location, and fibrinogen levels). These predictors may be helpful in
selecting patients for surgical treatment.

S
pontaneous intracerebral haemorrhage (ICH) accounts
for approximately 4–14% of all strokes and is associated
with a high mortality and morbidity.1 2 Between 32%

and 50% of patients die within the first month,3 4 and only
20% are independent six months after intracerebral bleed-
ing.4 5 Despite the seriousness of the condition, the best
therapeutic option for patients suffering from spontaneous
supratentorial ICH remains to be established. However, on
the basis of a few positive studies,6 7 the Stroke Council of the
American Heart Association has recommended the surgical
removal of moderate to large lobar ICH in the case of young
patients who are clinically deteriorating.8

Several clinical and radiological factors such as age, level of
consciousness, hypertension, volume of the haematoma,
volume of peripheral oedema, midline shift displacement
on initial computed tomography (CT), and intraventricular
spread of the bleeding appear to be markers of poor prognosis
after spontaneous ICH.9–16 However, only a few studies have
attempted to identify factors related to a favourable
functional outcome in patients suffering from spontaneous
supratentorial ICH,11 17 and most of these did not use
haematological variables in their analyses.
Our aim in the present study was to investigate easily

identifiable predictors of a good outcome in medium to large
spontaneous supratentorial ICH, suitable for selecting
patients who might benefit from surgical procedures while
avoiding the harmful effects of surgery in those with
potential for spontaneous recovery.

METHODS
We studied 138 patients (54% male, mean (SD) age, 70 (11)
years), consecutively admitted to 15 Spanish hospitals with a
spontaneous supratentorial ICH of volume.20 ml diagnosed

by cranial CT within the first 12 hours after symptom onset.
The cut off value for ICH volume was in accordance with that
used in clinical trials investigating the role of surgical
evacuation in patients with spontaneous cerebral haema-
tomas.18 The subjects were selected from a total of 266
patients recruited between May 1999 and April 2001 to a
prospective multicentre study of spontaneous hemispheric
ICH. The recruitment period for each hospital was different,
resulting in more subjects being included by hospitals that
recruited patients over a longer period of time (see appendix).
Patients with haematoma secondary to head injury, con-
genital or acquired coagulation abnormalities, or any
secondary cause of haemorrhage requiring surgical treatment
such as cerebral aneurysm, arteriovenous malformation, or
tumour were excluded.
The remaining 128 patients in the multicentre study were

excluded for the following reasons: 114 had a haematoma
volume ,20 ml; 10 were lost to follow up at 90 days; and
four were in a comatose state on admission, so would not
have contributed to the objective of the study (the surgical
removal of blood is of no benefit when there is a very low
level of consciousness8).
The study was approved by the ethics committees of the

different hospitals and informed consent was obtained from
the patients or their relatives.
In summary, our protocol included a medical history

recording potential vascular risk factors, clinical examination,
blood and coagulation tests, 12-lead electrocardiogram, and
chest radiography. All patients underwent cranial CT on
admission. The scans were evaluated at the coordinating

Abbreviations: CSS, Canadian stroke scale; ICH, intracerebral
haemorrhage; mRS, modified Rankin score
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centre by a single investigator who was blind to the clinical
data. Topographic classification of the haematoma was
assessed according to previously defined criteria.19

Haematomas that predominantly affected the subcortical
white matter of the cerebral lobes were defined as lobar,
while those in the basal ganglia, thalamus, or both were
defined as deep. The presence of intraventricular blood
associated with bleeding outside the ventricles was consid-
ered to represent intraventricular spread of the haematoma
regardless of the total volume of intraventricular bleeding
(which was not quantified). Neither the presence nor the
quantity of subarachnoid haemorrhage was evaluated in this
study. Mass effect was defined as the presence of midline
shift displacement by .5 mm on cranial CT. The presence of
peripheral hypodensity surrounding the area of bleeding was
also evaluated on the initial CT. The volume of hypodensity
was calculated by subtracting the ICH volume from that of
the total lesion, as previously described.19 The ICH volume
was also calculated by using the formula 0.56a6b6c (where
a and b are the largest perpendicular diameters of the
haemotoma measured on the CT scan, and c is the number of
slices multiplied by the slice thickness).

Stroke severity was evaluated by an experienced neuro-
logist using the Canadian stroke scale (CSS)20 on admission.
The CSS measures level of consciousness, orientation, and
weakness in arm, hand, and leg, with a total score ranging
from 1.5 (maximum deficit) to 10 (absence of deficit).20 The
modified Rankin score (mRS) was used to evaluate the
outcome of patients at three months. Patients with an mRS
of (2 were considered to have a good outcome, while those
with an mRS of .2 were considered to have a poor outcome.
After the initial evaluation, which was carried out in the

emergency department, the patients were admitted into a
neurological ward or acute stroke unit where they were
attended by a specialised stroke and nursing team.
Antihypertensive drugs were given if the systolic blood
pressure was .185 mm Hg and/or the diastolic blood
pressure was .105 mm Hg. Metamizol or acetaminophen
was used to treat hyperthermia (body temperature .37.5 C̊).
Subcutaneous low dose heparin was given as prophylaxis
against deep venous thrombosis and pulmonary thromboem-
bolism. None of the patients received glucose solutions or
steroids. Intravenous mannitol was given in 37 patients with
suspected severe intracranial hypertension.

Table 1 Baseline vascular risk factors, clinical characteristics, radiological variables, and
biochemical values in patients with good and poor outcome

Variable Good outcome (n = 45) Poor outcome (n = 93) p Value

Male sex 18 (40.0%) 56 (60.2%) 0.030
Age (years) 67.7 (10.8) 71.1 (10.4) 0.073
Mean time from stroke onset to admission (h) 6.6 (2.9) 5.7 (3.1) ,0.001

Vascular risk factors
Arterial hypertension 26 (57.8%) 70 (75.3%) 0.048
Cigarette smoking 18 (40.0%) 35 (38.0%) 0.853
Alcohol intake (.40 g/day) 14 (31.1%) 24 (25.8%) 0.546
Diabetes mellitus 9 (20.0%) 14 (15.1%) 0.473
Previous stroke or TIA 8 (17.8%) 5 (5.4%) 0.156

Clinical characteristics on admission
Canadian stroke scale score 5.7 (1.9) 3.4 (1.5) ,0.001
Vomiting 11 (25.6%) 25 (26.9%) 1.0
Headache 19 (42.2%) 15 (16.1%) 0.001
Seizures 2 (4.4%) 7 (7.5%) 0.718

Radiological variables on cranial CT
Location of the ICH 0.009
Deep 26 (57.8%) 74 (79.6%)
Cortical 19 (42.2%) 19 (20.4%)

Intraventricular bleeding 11 (24.4%) 40 (43.0%) 0.039
Mass effect 21 (47.7%) 68 (73.1%) 0.007
Peripheral hypodensity 37 (86.0%) 89 (95.7%) 0.072
Volume of peripheral hypodensity (ml) 14.9 (18.0) 18.4 (17.3) 0.278
Volume of the ICH (ml) 58.2 (26.4) 78.2 (54.2) 0.004
Leukoaraiosis 19 (42.2%) 43 (46.2%) 0.717
Old lesions 8 (17.8%) 11 (12.0%) 0.431

Biochemistry and vital signs on admission
Plasma glucose (mg/dl) 143.3 (32.4) 153.9 (46.9) 0.180
Packed cell volume (%) 41.2 (3.7) 42.3 (4.3) 0.172
Neutrophil count (6103/mm3) 8.3 (2.9) 11.0 (7.3) 0.018
Platelet count (6105/mm3) 192.3 (61.1) 198.4 (62.3) 0.589
Plasma fibrinogen* (mg/dl) 359.8 (87.6) 461.0 (144.2) ,0.001
Prothrombin time (%) 93.4 (10.7) 93.3 (10.3) 0.637
aPTT (s) 29.8 (4.5) 27.5 (3.0) 0.003
C reactive protein* (mg/l) 3.7 (5.1) 13.2 (13.4) 0.020
ESR* 17.0 (14.8) 29.7 (19.3) ,0.001
Systolic blood pressure (mm Hg) 168.6 (28.6) 184.2 (27.3) 0.003
Diastolic blood pressure (mm Hg) 93.5 (17.3) 100.9 (17.9) 0.021
Body temperature ( C̊) 36.5 (0.5) 36.7 (0.8) 0.038

Values are mean (SD) or n (%).
*Fibrinogen, C reactive protein, and ESR levels were obtained from 42, 8, and 35 patients of the 45 with a good
outcome, and from 87, 16, and 81 patients of the 93 with a poor outcome.
aPTT, activated partial thromboplastin time; CT, computed tomography; ESR, erythrocyte sedimentation rate; ICH,
intracerebral haemorrhage; TIA, transient ischaemic attack.
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Laboratory tests
Blood samples were drawn from all patients on admission.
Samples were collected in glass test tubes containing citrate
and centrifuged at 30006g for five minutes. Fibrinogen levels
were analysed using a coagulometric method (PT-fibrinogen
HS, HemosilTM) and C reactive protein using a cromogenic
method (IL Test Protein C, HemosilTM). Biochemical variables
and cell counts were obtained using standard methods.
Determinations were carried out in an independent labora-
tory blinded to clinical and radiological data.

Statistical analysis
Comparisons of proportions between groups of patients were
made using the x2 test. Continuous variables are expressed as
mean (SD), and compared using Student’s t test or the
Mann–Whitney test as appropriate. We used the Spearman
correlation to analyse the association between the clinical
variables and biological acute phase reactants.
Logistic regression analysis was employed to find the best

predictive model of good outcome. Age and those variables
with a p value,0.05 in the univariate analyses were included
as covariates. The positive correlation between the variables
related to the acute phase response (biochemical or haema-
tological markers and body temperature) precluded us from
carrying out the analysis with all these variables in the same
model. In the end, fibrinogen concentration was the variable
used in the analysis as this gave the model with the greatest
predictive capacity. Both forward and backward variable
selection methods were used. We determined the sensitivity
and specificity of the model and assessed goodness of fit with
the Hosmer and Lemeshow statistic.

RESULTS
Of the 138 patients studied, 45 (32.6%) had a good outcome
at three months, 54 (39.1%) were dependent (mRS 3–5), and
39 (28.3%) had died. Table 1 summarises the main
characteristics of the population studied. Patients with a
good outcome were less likely to have a history of
hypertension. The time from onset of the symptoms to
admission was longer in patients with a good outcome, and
they also more often had headache on admission. They had
lower baseline stroke severity, lower systolic and diastolic
blood pressure, and were more often male. The acute phase
response was weaker in patients with a good outcome, as
reflected by their lower baseline body temperature and lower
fibrinogen concentrations, neutrophil count, erythrocyte
sedimentation rates (ESR), and C reactive protein levels.
Among the radiological variables at baseline, larger volume

of the ICH, deep location of the haematoma, intraventricular
spread of bleeding, and mass effect were significantly related
to poor outcome, whereas the volume of peripheral hypo-
density did not differ between the two groups of patients.
In the logistic regression analysis, time from symptom

onset to admission, headache, ICH volume, intraventricular
bleeding, systolic blood pressure, and body temperature at

admission were eliminated by both forward and backward
stepwise variable selection. Inclusion of age, sex, history of
hypertension, and mass effect provided no additional
discriminative information. Table 2 shows the operational
logistic regression model and odds ratios for each of the
factors. The significant factors in the model were the CSS
score (p,0.0001), the cortical location of ICH (p=0.023),
and fibrinogen concentrations (p=0.001). Patients with a
cortical location of bleeding were almost four times more
likely to be independent than patients with deep ICH, after
adjustment for the other factors (sensitivity of the model for
predicting a good outcome=0.81, specificity= 0.86, overall
probability of being correct=0.85). The Hosmer and
Lemeshow statistic indicated that the fit of the model to
the data was good (p=0.52).

DISCUSSION
Whereas medical treatment is recommended for patients
with small cerebral haemorrhages,8 the best therapeutic
option for those with medium to large spontaneous
supratentorial haemorrhages remains controversial. Some
studies have reported a lack of efficacy of surgical evacua-
tion21–24 whereas others have shown lower mortality in
patients who underwent surgical removal of blood.6

Therapeutic strategies should be based on the prediction of
the natural evolution of the ICH. Predictive models of
mortality and morbidity, based on clinical and radiological
variables, have already been developed in patients with
spontaneous ICH. Mortality at 30 days is correctly predicted
in 95% of patients by assessing the Glasgow coma scale
(GCS) score, ICH volume, intraventricular spread of the
bleeding, and pulse pressure.12–14

Unlike previous studies that focused on mortality, we
evaluated predictors of independence in the subgroup of
patients with the worst prognosis. To the best of our
knowledge, this is the first study seeking prognostic factors
for good outcome in patients with large haematomas which
are likely to be useful in evaluating the suitability of surgical
procedures. A low severity of neurological deficit assessed by
the CSS, together with a cortical location of the bleeding and
low fibrinogen levels, accurately predicted a good outcome in
85% of our patients. The three variables selected by the model
are easy to collect and clinically relevant.25 26 In our opinion,
these three factors include the most important elements
related to ICH prognosis; the volume of the ICH had only a
marginal effect because we were only studying large
haematomas.
Dealing with these factors in turn, the CSS total score reflects

the level of consciousness, the degree of limb paresis, and
communication abnormalities, so it combines the verbal
component of the GCS, arm strength, and the ability to walk,
which have recently been reported and validated as good
predictors of survival at 30 days and of survival in a non-
disabled state at six months after ICH.11 27

Second, the better outcome for lobar location probably
reflects less motor disturbance and reduced vulnerability to
the mass effect in cortical bleeding than in deep ICH when
the volume exceeds 20 ml. A similar result was found in
another report,28 but other studies have failed to demonstrate
an association between location and outcome in the ICH
overall.11 16 17

Third, the plasma fibrinogen level in this study was the most
powerful marker of the acute phase response to the brain
injury, an effect that was shared by other biological markers
of the stress reaction measured at admission, such as body
temperature, neutrophil count, ESR, and C reactive protein.
Fibrinogen levels have been associated with ischaemic stroke
mortality and poor outcome,29–31 but few data are available in
patients with ICH.32–35 Although increased levels of fibrinogen

Table 2 Logistic regression model of good outcome in
patients with spontaneous large supratentorial
intracerebral haemorrhage

Variable Coefficient (SE) OR (95% CI)

Constant 21.25 (1.21) –
CSS at admission 0.81 (0.16) 2.26 (1.63 to 3.13)
Cortical ICH location 1.33 (0.59) 3.79 (1.19 to 12.01)
Fibrinogen levels
(by 10 mg/dl) 20.08 (0.03) 0.92 (0.87 to 0.97)

CI, confidence interval; CSS, Canadian stroke scale score; ICH,
intracerebral haemorrhage; OR, odds ratio.
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may only reflect the amount of damaged cerebral tissue, we
did not find any relation between fibrinogen concentrations
in the blood and the volume of the haematoma; however, a
modest but significant correlation was found between
fibrinogen levels and the volume of the peripheral hypoden-
sity on admission (data not shown). We previously reported
the association between high levels of inflammatory mole-
cules within 24 hours of ICH onset and the volume of the
perihaematoma brain oedema measured on days 3 to 4 after
the stroke, which supports the view that oedema is an
indicator of the inflammatory response induced by the ICH.19

As it has been shown that fibrinogen increases in response to
inflammatory molecules,36 we hypothesise that fibrinogen
levels may be reflecting the activation of inflammatory
mechanisms responsible for tissue damage around the
haematoma.
The duration of the follow up has been highly variable in

previous ICH prognostic studies. Some investigators have
evaluated outcome at the time of discharge,17 37 whereas
others recorded outcome variables at two weeks,10 one
month,11 14 three months,16 six months,11 or even one year.28

Though few patients with supratentorial ICH have a change
in their outcome status beyond two weeks, some do continue
to improve.10 The inclusion of these patients, otherwise most
probably misclassified if the outcome evaluation is not
delayed until the third month of evolution, probably resulted
in a strengthening of our model.
Because this is a multicentre study, enrolled patients were

admitted to different hospitals with different neurological
wards or stroke units. As specialised medical and nursing
personnel were taking care of the patients during the time they
were in the hospital and the same protocols of treatment were
followed in the different institutions, it is unlikely that the
outcome would have varied depending on the facility. However,
some factors such as the type of care received by the patients or
caregiver training for these particular patients—which were not
included in our analysis—might have influenced the outcome
after discharge from hospital. Moreover, because of the referral
patterns and prehospital or in-hospital deaths (in the emer-
gency department), some patients may have been missed in the
present analysis. Although most of these were probably
comatose and therefore would not have been included in the
analysis, some might not have been in coma and so this is a
possible source of bias.
The ability to predict the outcome of patients with medium

to large spontaneous supratentorial ICH may improve the
management of these patients. Where a good prognosis is
identified, patients could be spared the potential risk of
surgical interventions, and more accurate information could
be given to the patients and their relatives. Finally, a
predictive model in these patients may be a powerful tool
for use in the selection of patients for clinical trials, avoiding
the enrolment of those who could obtain no benefit from the
procedure under investigation.27

Conclusions
We have developed a simple and easy to use model for
predicting a good outcome in patients with a medium to large
spontaneous supratentorial ICH. The accuracy of our model
needs to be assessed by external validation with an
independent prospective sample of similar patients.
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APPENDIX

PARTICIPATING CENTRES, INVESTIGATORS, AND
(NUMBERS OF PATIENTS STUDIED)
Hospital Clı́nico Universitario, Santiago de Compostela: José
Castillo, Rogelio Leira (62); Hospital Universitari Doctor
Josep Trueta, Girona: Antonio Dávalos, Yolanda Silva (47);
Hospital Virgen del Rocı́o, Sevilla: Alberto Gil Peralta,
Enrique Montes (21); Hospital Virgen Blanca, León: Javier
Tejada (21); Hospital Clinic, Barcelona: Ángel Chamorro,
Nicolás Vila (20); Hospital Arquitecto Marcide, Ferrol:
Francisco López, José Aldrey (19); Hospital Clı́nico,
Valencia: José Láinez, Raquel Chamarro (17); Hospital
Provincial, Pontevedra: Manuel Martı́nez-Seijo (16);
Hospital de La Princesa, Madrid: José Vivancos, Raquel
González (13); Hospital Clı́nico, Madrid: José Egido (9);
Hospital Vall d’Hebrón, Barcelona: José Álvarez-Sabı́n, Joan
Montaner (8); Hospital Gregorio Marañón, Madrid: Antonio
Gil, Fernando Dı́az (5); Hospital Virgen de la Concha,
Zamora: José Gómez (3); Hospital La Paz, Madrid: Exuperio
Diez-Tejedor (3); Hospital Clı́nico, Zaragoza: Enrique
Mostacero (2).
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