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ABSTRACT

Background. Primary intracerebral haemorrhage is a neurological condition associated with high morbidity 
and mortality. Outcome prediction is necessary to allocate the available resources in such cases judicially. 
Our study aims to identify the radiological predictors of in-hospital mortality based on a plain CT study of 
the brain at admission and to develop a prognostic scoring system based on them.
Material and methods. We collected the clinical and radiological data from 182 consecutive patients who 
presented with primary spontaneous ICH. Bivariate analysis of radiological predictors of in-hospital mortali-
ty was undertaken using unadjusted logistic regression. Those variables found to have signifi cance were put 
into a multivariate logistic regression model. The Results of multivariate logistic regression were treated as 
a foundation for developing the scoring system. 
Results. The mortality rate in our series was 23.6% (N = 43). After multivariate analysis, Midline shift (MLS), 
presence or absence of intraventricular haemorrhage (IVH), Volume of ICH and Location of haematoma were 
signifi cant predictors of mortality. Based on the identifi ed radiological variables, a fi ve-score prognostic scoring 
system (AUROC = 0.925, 95% CI 0.887–0.964)) was developed, with higher scores indicating higher mortality.
Conclusions. The established scoring system, MIVL, may help physicians to do better patient counselling 
regarding outcomes. 

Introduction

Primary spontaneous intracerebral haemorrhage 
(PSICH) accounts for about 4–14% of all forms of 
stroke and carries a high mortality rate approach-

ing 40% [1–6]. Both medical and surgical treat-
ments are available, but which modality would 
benefi t an individual patient is yet to be clear 
[7, 8]. Clinical decisions regarding management 
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strategies are not often straightforward, given the 
ethical, moral and medical aspects involved in it. 
It is critical to strike the right balance between 
excessive but futile healthcare inputs on one side 
and dangerous self-fulfi lling prophecies on the 
other. Such decisions assume paramount impor-
tance, especially when the resources are limited, 
to allocate them to the right patient with a high 
overall chance of survival. Literature is rife with 
several complex prognostic models, including 
clinical, biochemical, and radiological parameters 
but a scoring system based on radiological vari-
ables alone is lacking [9]. Therefore, in this study, 
we aim to defi ne the radiological predictors of 
in-hospital mortality in PSICH based on informa-
tion gathered from a plain CT scan of the brain 
obtained at admission and to develop a scoring 
system that can be adapted in such settings to 
enable easy exchange of objective prognostic 
information between healthcare professionals 
across various disciplines.

Materials and methods

After obtaining approval from the institutional 
ethics committee, we retrospectively analysed 
the data collected as a part of a single-centre 
prospective cohort study of primary ICH under-
taken at our tertiary care teaching hospital. 
Patients who presented with PSICH to our hospi-
tal between May 2017 and May 2018 were recruit-
ed for the study. The patients or their responsible 
bystanders consented to the study. Basic demo-
graphic information and a detailed clinical history 
to reveal the chronology of events were collected. 
The Glasgow Coma Scale (GCS) score on admis-
sion and history of hypertension, diabetes melli-
tus, alcoholism and smoking were also recorded. 
For the study, the primary intracerebral haema-
toma was defi ned as spontaneous blood leakage 
into the supratentorial brain parenchyma, docu-
mented by a plain CT study of the brain. In-hos-
pital mortality was defi ned as mortality occurring 
within the fi rst 30 days of admission. Patients 
with infratentorial bleeds, age above 80 years, 
with multiple haemorrhages, presenting after 24 
hrs of ictus and with secondary ICH due to any 
cause were excluded from the study.

A plain CT scan of the brain performed on 
admission was analysed, and the parameters 

such as volume of haematoma, midline shift 
(MLS), intraventricular haemorrhage (IVH), pres-
ence or absence of hydrocephalus, side of hae-
matoma and location of haematoma (deep/
superfi cial) were noted. The volume of haema-
toma was measured by the method described 
by Kothari et al. [10] using the formula ABC/2, 
where A is the measure in the measurement of 
the most substantial haemorrhage dimension, 
B the diameter at 90 degrees to A, and C is the 
number of slices with haemorrhage multiplied by 
its thickness. For defi ning the location, the axial 
CT cut passing through the foramen of Monro 
was taken. First, a vertical line is drawn through 
the midline, and another line 2cm lateral to this 
line on either side is adjusted to scales. Next, 
two horizontal lines are drawn along this cut's 
most prominent anterior and posterior portion 
of the lateral ventricles. If the haematoma occu-
pies the rectangle bounded by these four lines, 
it is classifi ed as deep or zone 1. The primary 
outcome was in-hospital mortality, which was 
defi ned as death in the hospital during the cur-
rent admission or within 30 days after. In-hos-
pital mortality was considered a poor outcome, 
and the absence of this was defi ned as recovery 
the study.

All data were analysed using SPSS software 
version 16.0 (SPSS Inc., Chicago, Illinois, USA). 
Continuous variables were stated as means with 
standard deviations, and categorical variables 
as percentages. The association between indi-
vidual radiological parameters and outcome were 
fi rst estimated using bivariate logistic regression 
analysis. Then, those radiological parameters 
showing statistical signifi cance were analysed 
using a multivariate logistic regression model. 
Two continuous variables, hematoma volume 
and MLS were dichotomized using maximum 
sensitivity and specifi city values obtained from 
the receiver operating curve (ROC). The regres-
sion coeffi cients of each factor in the multivariate 
logistic model were transformed into a risk score 
by dividing them by the smallest regression coef-
fi cient among the variables and then rounding 
the quotients to the nearest integer for develop-
ing the risk scoring system. Model performance 
consisting of the area under the receiver operat-
ing curve (AUROC) and Hosmer-Lemeshow good-
ness-of-fi t test were further assessed. A p-value 
less than 0.05 was considered signifi cant.
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Results

The initial cohort included a total of 201 cases. 
After applying all the inclusion and exclusion cri-
teria, 182 subjects were recruited for the study. 
Males constituted 56.6% (N = 103) of our sub-
jects. The whole cohort had a mortality rate of 
23.6% (N = 43). The mean age was 62.90 years 
(median 64.5 years, range 31 to 79 years). Most, 
53.84% (N = 98), presented with headache and 
altered sensorium. Headache alone was the pre-
senting symptom in 20.3% (N = 37) patients, while 
25.8% (N = 47) were unconscious at presentation. 
Prominent risk factors identifi ed were hyperten-
sion 112 (61.5%), smoking 108 (59.3%), diabetes 
mellitus 61 (33.5%), and alcohol intake 58 (31.9%) 
in that order. Mortality was high within the fi rst 48 
hours of ictus (N = 20, 46.5%), and their present-
ing GCS were also signifi cantly low (7 vs 13, P < 

0.001). The mean hospital stay was 11 days. Most 
were managed along aggressive medical lines 
(88.4%, N = 161), while a surgical procedure was 
performed in 11.5% of patients (N = 21). Cranioto-
my and evacuation were done in 8.8% (N = 16) of 
patients, and external ventricular drainage alone 
in 2.7% (N = 5). A signifi cant difference in out-
come was not observed between the medical and 
surgical groups (P = 0.119).

The haematoma volume ranged from 4 ml to 
230 ml (mean 45.5 ml). Patients with poor out-
comes had a mean haematoma volume of 93.9 ml 
compared to 27.6 ml in those with recovery. The 
midline shift for the whole series ranged from 0 
to 12 mm, with a mean of 2.8 mm. Figures 1 and 
2 show a ROC that was made to test the predic-
tive accuracy of these variables (haematoma vol-
ume and MLS). IVH was present in 31.9% (N = 58) 
and hydrocephalus in 36% (N = 66) of subjects. 

Table 1. Results of bivariate Logistic regression analysis.

Sl No Radiological variable P-value OR 95% confi dence interval
(lower–upper)

1 Midline shift 0.00 25.938 10.288–65.412
2 Volume 0.00 7.395 3.275–16.697
3 Intraventricular haemorrhage 0.00 6.988 2.541–19.214
4 Hydrocephalus 0.062 0.510 0.252–1.033
5 Zone 0.00 12.061 5.125–28.366
6 Site 0.826 0.926 0.466–1.839

Figure 1. ROC (Receiver operating curve) shows the accuracy 
of Midline shift for a favourable outcome

Figure 2. ROC (Receiver operating curve) shows the accuracy 
of volume of haematoma for a favourable outcome.
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Haematoma volume, MLS, IVH and location of 
haematoma attained statistical signifi cance for 
in-hospital mortality on bivariate analysis (see 
Table 1). Haematoma volume and MLS were 
closely correlated with GCS. (Pearson correla-
tion -0.663 and -0.612, respectively, P <.001). GCS 
was signifi cantly low in patients with IVH and 
hydrocephalus (P < 001). On multivariate analysis 
MLS, the presence or absence of IVH, the volume 
of ICH and the location of haematoma were sig-
nifi cant predictors of mortality (see Table 2).

The fi nal risk prediction model contained 
four variables statistically signifi cantly associ-
ated with in-hospital mortality in the multivariate 

logistic regression analysis. The regression coef-
fi cients of all variables in the risk prediction mod-
el were transformed into risk scores, as demon-
strated in Table 3.The risk scoring system, named 
MIVL, contained the following variables: 1) Mid-
line shift (≤6 mm vs >6 mm), 2) Intraventricular 
haemorrhage (present or absent), 3) Volume (≤30 
ml vs >30 ml), 4) Location of hematoma (deep vs 
superfi cial) as defi ned above. The sum of scores 
ranged from a minimum of 0 to a maximum of 5. 
No patient with a score of 0 died, while 18 (94.7%) 
patients with a score of 5 expired 30 days after 
admission (see Figure 3). The Hosmer-Lemeshow 
test yielded a P value of 0.438, indicating ade-

Figure 3. The Y-axis shows in-hospital mortality and the X-axis showing the MIVL score.

Table 2. OR for in-hospital mortality.

Predictor variable OR (95% CI) P-value
Intraventricular haemorrhage

Present
Absent

6.7 (2.16–20.71)
—

0.001

Volume
>30ml
≤30ml

4.7 (1.4–15.1)
—

0.009

Midline shift
>6mm
≤6mm

14.5 (4.8–43.7)
—

0.001

Zone
�I
�II

4.7 (1.5–14.8)
—

0.007

Table 3. Determinants of the score.

Variable Regression 
coeffi cient

Risk 
score

Intraventricular haemorrhage
Absent
Present

0
1.903

0
1

Volume of haemorrhage
≤30 ml
>30ml

0
1.548

0
1

Midline shift
≤6mm
>6mm

0
2.680

0
2

Zone of hematoma
Zone 2
Zone 1

0
1.566

0
1
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quate goodness-of-fi t of the model. In the evalu-
ation of the predictive accuracy of the model, the 
MIVL score was able to achieve an area under the 
curve (AUROC) of 0.925. Figure 4 represents the 
ROC curve for components of score.

Discussion

Any prognostic scoring model must be simple and 
accurate, though it would be counterintuitive to 
assume to be both. In this study, we attempted to 
develop a simple scoring system based on radio-
logical parameters only to prognosticate patients 
with primary spontaneous supratentorial intrac-
erebral bleed. Clinical grading scales serve the 
purpose of providing consistency and standardi-
sation of prognostication in neurological condi-
tions. The intracerebral haemorrhage (ICH) score, 
one of the fi rst available scores, is the most wide-
ly used for prognostication purposes to estimate 
30-day mortality following spontaneous ICH [11].  
The score is based on the location and volume 
of ICH, presence of IVH, GCS on admission and 
age of the patient. The score ranged from 0 (best 
outcome) to 6 (worst outcome). Thirty-day mor-
tality rates for ICH scores 1, 2, 3 and 4 were 13%, 
26%, 72% and 97%, respectively. In their cohort, 
no patient with a score of 0 died, and all patients 
with a score of 5 died. No patient had a score of 6 
in their cohort. 

Mc Cracken et al., in a review of 554 patients, 
have found that the ICH score did not accurately 
predict mortality [12]. Patient survival exceeded 
the ICH score predicted mortality regardless of 
the intervention. The score ranged from 0 to 11, 
and 85% of the patients with a FUNC score of 
11 reached functional independence at 90 days 
[14]. Clinical and radiological variables are often 
combined in many models, which would, howev-
er, lead to a problem of collinearity because the 
radiological variables reflect the clinical condi-
tion rather than the cause. 

The mass effect produced by the haematoma 
and associated oedema caused MLS and was 
a signifi cant prognostic variable in our study. 
There was a good correlation between hae-
matoma volume and MLS (Pearson’s correla-
tion 0.706, P < 0.05). Though it is reasonable to 
assume higher mortality to a higher degree of 
MLS, the literature does not uniformly endorse 
this. In several studies, MLS has not been a sta-
tistically signifi cant predictor of outcome [15]. 
One reason is that many of these studies have 
included infratentorial haemorrhages also, where 
MLS may be absent. Infratentorial haemorrhages 
per se constitute a distinct cohort from treatment 
and prognostic points of view and hence exclud-
ed them from our study. The shift of midline 
structures is also closely linked to brain atrophy. 
An atrophied brain may tolerate more blood with-
out producing much mass effect. Fogelholm et al. 

Figure 4. ROC curve for components of the score.
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demonstrated a signifi cant relationship between 
MLS and outcome [16]. The shift of midline struc-
tures has been the most robust outcome predic-
tor in our study and has been weighted more with 
a score of two points, which would mean that the 
prognostic implication of midline shift is more in 
spontaneous bleed.

IVH is consistently associated with poor out-
comes across several studies. IVH was asso-
ciated with a worse outcome in our study, with 
an OR of 6.7 (P < 0.001). Leira et al. [17] showed 
a 2.6 times chance of neurological deterioration 
following IVH. Blood is an irritant and can make 
the patient seizure-prone when collected in the 
ventricles. It can also obstruct the CSF pathways 
and produce hydrocephalus. Both these mecha-
nisms augment the morbidity, along with the pri-
mary cause. Diringer et al. found that the shift 
of the pineal body and hydrocephalus were sig-
nifi cant predictors of mortality [18]. Our cohort's 
hydrocephalus had no signifi cant predictor on 
bivariate analysis (OR 0.51, 95% CI 0.252–1.033), 
which may result from IVH causing hydroceph-
alus and including both variables + in a single 
model will lead to the problem of collinearity Ex 
vacuo hydrocephalus may accompany old age, 
so IVH-associated hydrocephalus can be diffi cult 
to distinguish We have excluded hydrocephalus 
in our model due to these reasons.

The volume of haematoma is a signifi cant 
prognosis predictor in several models. We have 
also identifi ed volume as a important predictor 
of poor outcomes (P < 0.001). Haematoma vol-
umes have been dichotomized into more than 
or less than 30 ml based on a trade-off between 
maximum sensitivity and specifi city as predicted 
from ROC, enhancing its ease of usage. Though 
CT scanners could measure the volume of hema-
toma more accurately, we have used the ABC/2 
method, considering the end users' ease of cal-
culation. Moreover, this method has been found 
to be accurate with good inter-rater reliability.

Al-Mufti et al. researched various prognostic 
variables that could affect the outcome [19]. The 
most studied radiological predictors were the 
location, expansion, and volume of haematoma, 
swirl sign, spot sign, peri-haematoma oedema, 
IVH and hydrocephalus. Broderick et al. [20] have 
conducted a study of 30-day mortality based on 
ICH volume. For volumes more than 60cm3, they 
have reported 93% mortality for deep and 71% 

mortality for lobar locations. The location of hae-
matoma also attained statistical signifi cance in 
our model, with a score of one attributed to deep 
locations. In a similar study, Flemming et al. [21] 

described 40 ml as a critical volume which would 
predict a bad outcome. We used the ROC curve 
and identifi ed 39 ml as the optimum cut-off vol-
ume for poor outcome (sensitivity 79.6%, speci-
fi city 83%), while a generally accepted cut-off 
is set at 30 ml. A worse outcome has also been 
attributed to haematoma expansion, a volume 
increase of more than one-third [22].

Brain damage following ICH occurs in three 
stages [23]. Primary artery rupture and bleeding 
occur in the fi rst stage, haematoma expansion in 
the second stage, and brain oedema in the third 
stage. Hematoma expansion occurs in the fi rst six 
hours in about 30% of cases, accounting for the high 
mortality observed on the fi rst day of ictus. After 24 
hours, haematomas seldom enlarge [24]. We also 
observed that 46.5% of deaths occurred in the fi rst 
48 hours. By that time, the brunt of the brain dam-
age might have occurred. This pathophysiological 
profi le has clinical repercussions. It may be one 
reason early surgical intervention does not offer an 
advantage over aggressive medical counterparts 
regarding outcomes or functional independence. 
Some authors believe that surgical treatments are 
making a comeback [25], but we could not docu-
ment any signifi cant outcome advantage in our 
surgical group (P = 0.119). Though assuming that 
the outcomes may be worse for dominant side hae-
morrhages may be reasonable, we could not iden-
tify signifi cance for a particular side. A higher fre-
quency of putaminal haemorrhages was observed 
on the side of dominant A1 [26].

Different studies have attempted to elucidate 
prognostic information from radiological data in 
ICH. The leakage of contrast into the haematoma 
is called the spot sign [27] and is a grave prog-
nostic marker. It is an indication of active haem-
orrhage. Delgado Almandoz et al. [28] have devel-
oped a spot sign scoring system to predict mor-
tality and poor outcome. But this required a con-
trast CT scan, which is only sometimes taken as 
a fi rst-line investigation. The swirl sign, which is 
classically described in epidural haematoma, can 
also be seen in intracerebral haemorrhages. This 
sign shows a low attenuated area with irregular 
density in the haematoma. If this sign is present, it 
is an independent predictor of death at one month 
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[29]. Li Q et al. [30] described the blend sign as the 
presence of two areas within the haematoma, one 
relatively hypoattenuating area with an adjacent 
hyperattenuating area with well-defi ned margins 
visible to the naked eye. There should be at least 
an 18-Hounsfi eld-unit difference between the two 
areas. This sign was observed only in 16.9% of 
patients, but if present, has got 95.5% specifi city 
for predicting haematoma growth. Another sign 
described by Qi Li et al. is the black hole sign [31]. 
This is an area of hypoattenuation with clearly 
visible borders within an area of hyper attenuation 
with a difference of 28 Hounsfi eld units. The sign 
was specifi c for predicting haematoma growth and 
was present in 14.6% of patients. Of all the above 
radiological signs, the spot sign was the most reli-
able outcome predictor [32]. The heterogeneity 
of density of the haematoma itself is a marker of 
poor outcome [33]. However, the signs mentioned 
above are not present in all patients and hence 
cannot be uniformly applied to all patients.

Conclusion

In summary, based on radiological data alone, 
the MIVL score is an easy scoring system for 
risk stratifi cation and prognostication of patients 
with supratentorial ICH. The score is simple and 
will enable an exchange of prognostic informa-
tion between healthcare professionals across 
various disciplines, even if clinical data needs to 
be included, but not to be used as the best indi-
cator of prognosis. The model has been primarily 
intended to be used in places where resources are 
limited to take appropriate decisions regarding 
referral, intensive care or operative interventions 
and patient counselling regarding the potential 
outcome. However, the relatively small number of 
patients in our cohort and its single institutional 
nature are major limitations of our study. 
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