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Objectifs
1.  Discuter les facteurs de mauvais pronostic et 

l’importance de la gestion rapide et urgente 
de l’hémorragie intracérébrale 

2.  Réviser l'évidence des interventions médicales dans 
la phase aiguë de l’hémorragie intracérébrale 

3.  Réviser l'évidence des interventions chirurgicales 
dans la phase aiguë de l’hémorragie intracérébrale 
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ICH Score 
échelle	  GCS	   points	  

3-‐4	   2	  

5-‐12	   1	  

13+	   0	  

Volume	  

≥30	  cc	   1	  

<30	  cc	   0	  

Extension	  
intraventriculaire?	  

Oui	   1	  

Non	   0	  

Localisa:on	  
infratentorielle?	  

points	  

Oui	   1	  

Non	   0	  

Age	  

≥80	  ans	   1	  

<80	  ans	   0	  

Total	  0-‐6	  

Hemphill JC et al. Stroke 2001



association and were therefore weighted the same in the ICH
Score. IVH and infratentorial ICH origin are dichotomous
variables with points assigned when present. ICH volume was
dichotomized to !30 and !30 cm3. Thirty cubic centimeters
was chosen because it represented a cut point for increased
mortality in the UCSF ICH cohort, is easy to remember, and
is similar to ICH volume cut points used in prior models.13,14
Furthermore, no patient with infratentorial ICH origin in the
UCSF ICH cohort had a hematoma volume !30 cm3.
Additional points were not assigned for larger hematomas
(eg, "60 cm3) because, when tested, this did not improve the
accuracy of the ICH Score and would have represented equal
weighting with the GCS score, which was not justified on the
basis of strength of outcome association in the logistic
regression model.
The ICH Score was an accurate predictor of outcome

assessed as 30-day mortality (Figure). The range of ICH
Scores was 0 to 5, and ICH Scores from the cohort were
distributed among the various categories. Each increase in the
ICH Score was associated with a progressive increase in
30-day mortality (P!0.005 for trend). This was evident in the
entire cohort of ICH patients, as well as when patients were
divided into supratentorial and infratentorial subgroups
(P!0.005 for both subgroups), suggesting that the ICH Score
is an applicable risk stratification tool to all ICH patients, not
just a particular subgroup. No patient with an ICH Score of 0
died, whereas all patients with an ICH Score of 5 died.
Thirty-day mortality rates for patients with ICH Scores of 1,
2, 3, and 4 were 13%, 26%, 72%, and 97%, respectively. No
patient in the UCSF ICH cohort had an ICH Score of 6
because no patient with an infratentorial ICH had a hematoma
volume!30 cm3. However, given that no patient with an ICH
Score of 5 survived, an ICH Score of 6 would be expected to
be associated with a very high risk of mortality.

Discussion
Clinical grading scales play an important role in the evalua-
tion and management of patients with acute neurological
disorders, especially traumatic brain injury and various types
of stroke. Examples of widely used clinical grading scales
include the GCS for traumatic brain injury (and other disor-

ders), the Hunt-Hess and World Federation of Neurological
Surgeons (WFNS) scales for aneurysmal SAH, the National
Institutes of Health Stroke Scale (NIHSS) for ischemic
stroke, and the Spetzler-Martin scale for arteriovenous mal-
formations.21–25 However, despite the common occurrence
and high morbidity of ICH, there remains no widely used
clinical grading scale for ICH.
Clinical grading scales serve several valuable purposes that

follow from the standardization of assessment afforded by
these tools. While many grading scales are used for prognos-
tication and treatment selection in neurological disease, the
foremost purpose of these scales is to improve communica-
tion and consistency among healthcare providers. This, in
fact, was the initial purpose behind the GCS21 and has
become a fundamental aspect of the clinical care of patients
with traumatic brain injury (GCS), aneurysmal SAH (Hunt-
Hess and WFNS), and ischemic stroke (NIHSS). From this
standardized assessment has followed the ability to use these
scales for risk stratification for treatment selection in clinical
care and enrollment criteria for clinical research.
Several prognostic models for ICH have been previously

developed and validated.13–16,26–28 These models have found
several characteristics associated with outcome, as measured
by mortality and functional outcome. Among these various
characteristics, level of consciousness on hospital admission
(often assessed as GCS score) and hematoma volume have
usually been the most robust outcome predictors, with other
factors, such as presence and amount of IVH, also associated
with outcome in some models.13–16,28 A number of these
models have been demonstrated as highly accurate in predict-
ing long-term outcome, and this finding has led to the use of
GCS score and ICH hematoma volume as enrollment criteria
for various studies of intervention in ICH.7,8,29 However,
several of these models use complex algebraic equations in
outcome prediction, and none have been simplified into a
standard clinical grading scale analogous to the GCS, NIHSS,
Hunt-Hess, WFNS, or Spetzler-Martin scales. It is likely that
this lack of a uniform ICH scale has contributed to variability
in enrollment criteria for ICH studies as well as to heteroge-
neity in clinical ICH care.
To be generally applicable, a clinical grading scale must be

simple enough to use without significant special training,
statistical knowledge, or extensive time commitment. It also
must be reliable in patient stratification and should be
composed of elements that are associated with outcome and
that would likely be assessed, in general, as part of routine
clinical care. In essentially every clinical grading scale there
exists a compromise between simplicity and accuracy of
outcome prediction. To strike the appropriate balance be-
tween these 2 factors, the general purpose of the grading scale
must be considered. The ICH Score is a clinical grading scale
composed of factors related to a basic neurological examina-
tion (GCS), a baseline patient characteristic (age), and initial
neuroimaging (ICH volume, IVH, infratentorial/supratentori-
al origin). The purpose of this grading scale is to provide a
standard assessment tool that can be easily and rapidly
determined at the time of ICH presentation by physicians
without special training in stroke neurology and that will

The ICH Score and 30-day mortality. Thirty-day mortality
increases as ICH Score increases. No patient with an ICH Score
of 0 died. All patients with an ICH Score of 5 died. No patient in
the UCSF ICH cohort had an ICH Score of 6, although this
would be expected to be associated with mortality.
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<30	  cc	   30-‐60	  cc	   >60	  cc	  
%	  	  Mortalité	  	  	  	  	  	  	  

	  -‐Lobaire	  
	  -‐Profond	  

7%	  
23%	  

60%	  
64%	  

70%	  
93%	  

Broderick J et al. Stroke 1993

Le volume de l’hématome prédit la 
mortalité à 30 jours 

Volume	  



33.9	  cc	   90.8	  cc	  

       GCS ≥ 2 points 

       20% patients avec HIC1 

L’HIC est une urgence médicale!

Moon JS et al. Crit Care Med 2008;36:172-175



Brott T et al. Stroke 1997

26%	   12%	  

HM Growth : ≥ 33% volume increase*

L’expansion de l’hématome est un 
phénomène aigu 



FACTEURS	  DE	  RISQUES	  DE	  
L’EXPANSION	  DE	  L’HEMATOME	  



Volume initial de l’hématome et le risque 
de expansion

Discussion

Using ICH patient data from VISTA, our results confirm that
baseline haematoma volume is strongly associated with
absolute haemorrhage expansion, ENW, and clinical outcome.
We show that haemorrhage volumes under 10 ml are asso-
ciated with better clinical outcomes and lower likelihood of
absolute growth. Furthermore, haemorrhages under 3 ml may
represent a particularly stable subgroup that will not benefit in
haemostatic ICH trials, although this last finding may be
unique to our sample and requires external validation.

These findings are consistent with the published literature
suggesting an association between baseline haematoma vo-
lume and haemorrhage expansion (3, 7, 8). Using a large,
independent cohort of patients with ICH, this study provides
further insight into the relationship between baseline haema-
toma volume and haemorrhage expansion (Fig 1).

We did not find an effect of baseline haematoma volume on
expansion when using the relative definition of 33% growth.
Haematomas under 10 ml would require at most a growth of
3!3 ml to meet this definition. This difference may be lower
than the error rate of the technique used to measure the

haemorrhage volume; Kazui et al. (1) used a cohort of ICH
patients with comparable haematoma volumes, as did our
study, and reported that their threshold detectable difference
between readers for relative haematoma growth was 40%.
Furthermore, the recent phase III recombinant factor VIIa trial
had comparable baseline haematoma volumes as our study, yet
a decrease of 3!8 ml had no discernible clinical effect (10)
suggesting small absolute growths in small haematomas are
less likely to be clinically meaningful. The 33% growth defini-
tion originally proposed in the Brott et al. (20) study had larger
mean baseline haematoma volumes compared with ours.

Patients with baseline IVH had higher three-month mor-
tality, despite having lower odds of significant haematoma
expansion. Poor outcomes associated with IVH are well
documented in the literature (2, 21). The association between

Table 3 Multivariable-adjusted independent predictors of clinical
outcomes (only Pr0!05 shown)

Outcome Variable P OR (95% CI)

ENW Volume!

Volumeo10 ml 0!041 0!3 (0!1–0!9)
Volume 10–19 ml 0!564 0!8 (0!3–1!9)
Volume 20–29 ml 0!408 0!6 (0!2–1!9)

Prior antiplatelet 0!006 2!7 (1!3–5!4)
90-day mRSZ4 Volume!

Volumeo10 ml o0!001 0!3 (0!1–0!5)
Volume 10–19 ml o0!001 0!2 (0!1–0!5)
Volume 20–29 ml 0!010 0!3 (0!2–0!8)

Agew

Age 70–79 o0!001 4!9 (2!8–8!5)
AgeZ80 o0!001 10!2 (4!4–23!6)

Prior stroke 0!049 2!2 (1!0–4!9)
Prior hypertension 0!004 2!6 (1!4–5!1)
Anticoagulant use 0!009 5!7 (1!5–21!2)
Baseline glucose 0!033 1!1 (1!0–1!2)
Baseline NIHSS o0!001 1!2 (1!1–1!2)
IVH 0!002 2!3 (1!4–3!8)

90-day mortality Volume!

Volumeo10 ml o0!001 0!1 (0!03–0!3)
Volume 10–19 ml 0!001 0!3 (0!1–0!6)
Volume 20–29 ml 0!103 0!5 (0!2–1!2)

Agew

Age 70–79 0!001 3!3 (1!7–6!4)
AgeZ80 o0!001 6!3 (2!8–14!4)

Prior stroke 0!002 3!8 (1!7–8!7)
Baseline glucosez 0!017 1!1 (1!0–1!3)
IVH 0!016 2!2 (1!2–4!1)

!As compared with volume 430 ml. wAs compared with age o70.
zPer mmol/l. IVH, intraventricular haemorrhage.

Fig. 1 Percentage of patients meeting various expansion definitions based
upon baseline haematoma volume.

& 2010 The Authors.
International Journal of Stroke & 2010 World Stroke Organization Vol 6, June 2010, 201–206204

Research D. Dowlatshahi et al.
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Larger baseline ICH volume and earlier time to scan
predict subsequent ICH expansion.11,12 The recently reported
CT angiographic “spot sign”13–15 is an important predictor of
ICH growth and is being prospectively verified.16 Other
imaging predictors of poor outcome include early ICH
expansion,17 intraventricular extension,18,19 midline shift,20,21

and hydrocephalus.22 Rating systems have been used that
incorporate clinical and radiological features of ICH into a
variety of prognostic scores.23,24

In addition to volume and location, appearances of ICH on
CT vary widely. Two major imaging characteristics that have
received little attention are lesion shape (irregular versus
regular) and clot density variation (homogeneous versus
heterogeneous). Conceptually, a hematoma arising from a
solitary focus will tend to present a more regular expanding
lesion edge, growing from one epicenter, with more homo-
geneous density of blood. A hemorrhage arising from multi-
ple foci is more likely to present an irregular lesion edge at its
expanding interface with the brain. A heterogeneous CT
density might reflect active hemorrhage, more variable hem-
orrhagic time course, and multifocality. Heterogeneous
bleeds are potentially fed by multiple bleeding vessels result-
ing in patches of hypoattenuating liquid blood from very
recent bleeding alongside hyperattenuating thrombus. We
therefore hypothesized that irregular shape and density het-
erogeneity on baseline CT ICH appearance would predict
ICH growth. To measure these characteristics, we created 2
novel categorical scales aimed at developing a simple
imaging-based prognostic instrument. We evaluated this hy-
pothesis on the placebo data set from the proof-of-concept
trial of recombinant activated Factor VII.6

Methods
The data set comprised the baseline CT brain scans of the placebo
group of the randomized, double-blind, placebo-controlled Phase IIb
trial of recombinant activated Factor VII for ICH, reported previ-
ously, in which CT scans were obtained within 3 hours of ictus.6 Of
the 96 patients in this group, 90 baseline CT scans were transferred
for analysis from Bioimaging Technologies, Newtown, Pa. Six
patients’ scans could not be analyzed at our center because of file
compatibility reasons. Baseline volume, volume change at 24 hours,
and time-to-scan data did not vary significantly from the complete
data set. Baseline volume and volume change at 24 hours for each
included patient were derived from the previously published data set
using the planimetric ICH volume calculations of one neuroradiolo-
gist.25 Volume data were not recalculated for this study. Intraven-
tricular blood, when present, was not included in the volume
calculations. The dependent variable, ICH growth between baseline
and 24-hour CT scan, was prespecified to be examined continuously
and using 3 binary growth definitions: (1) any ICH growth; (2)
!33% or !12.5 mL ICH growth; and (3) radial growth !1 mm (the
median radial expansion for the data set).

Blinded to growth and clinical data, 2 novel 5-point categorical
scales were created, reflecting the spectrum of appearance of ICH
shape and Hounsfield unit density variation (Figure 1A), to provide
an agreed visual representation of the terms “regular/irregular” and
“homogeneous/heterogeneous.” The 2 scales ranged from Category
1 (most regular shape and most homogeneous density) to Category 5
(most irregular shape and most heterogeneous density). Each pro-
gressive category added an extra lesion edge irregularity on the shape
scale or degree of density variation on the density scale. In cases of
“satellite” bleed(s), progressive irregularity and heterogeneity fea-
tures could be joined or separate from the principal hemorrhage. If a
hematoma had more numerous lesion edge irregularities or more

heterogeneous density than represented on the scale, they were
assigned a Category 5 (maximum) rating. Intraventricular blood,
when present, was not included in these ratings.

Three raters independently reviewed the scans: a neuroradiologist
(B.T.), a stroke imaging fellow (C.B.), and a brain imaging scientist
(S.C.). An initial training session was conducted to facilitate con-
sensus application of the scales using images external to the trial
data set. Each observer, blinded to growth and clinical data, then
independently applied these 2 scales to randomly presented axial
CT scan slices allocating the most representative category. Each
rater received the same randomization generated using MATLAB
Version 7.4.0 (The MathWorks Inc). In addition, a randomly selected
set of 10% of images was represented to the raters to allow within-
rater reliability studies. Shape and density scores were analyzed
using the largest ICH slice (usually the central axial slice in the
vertical dimension) as determined by an automated calculation of
slice-by-slice pixel count for each ICH. For this calculation, slice
dimensions were those derived from the regions of interest created
using Analyze (Mayo Clinic) imaging analysis software by the trial
neuroradiologist for planimetric volume calculation.

For descriptive purposes, baseline volumes were divided into tertiles
labeled “small” (0 to 10 mL), “medium” (10 to 25 mL), and “large” (25
to 106 mL). Shape Categories 1 and 2 were labeled “regular” and
Categories 3 to 5 “irregular.” Density Categories 1 and 2 were labeled
“homogeneous” and Categories 3 to 5 “heterogeneous” (Figure 1B).

To enable analysis of any interactions between shape, density, and
time and their effect on ICH growth, times to scan were dichoto-
mized into 2 periods, "90 minutes and !90 minutes.

Statistical Analysis
Standard tests for normality were applied. Given that many of the
outcomes were not consistent with a normal distribution, nonpara-
metric methods were used for 2-group (Mann–Whitney U test) and
multiple-group (Kruskal-Wallis test) comparisons citing median

Figure 1. A, Shape (left) and density (right) categorical scales
and (B) examples of homogeneous, regular ICH (left) and het-
erogeneous, irregular ICH (right).
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Apparence	   Densité	  (HU)	  

Barras	  C	  et	  al.	  FAST	  inves>gators.	  Stroke	  2009	  

ment.26 Baseline median ICH volume was 14 mL (IQR, 28
mL). Median volume change was 2.5 mL (IQR, 11.5 mL).
Median time to baseline scan was 1.75 hours (IQR, 0.63
hours) from ictus.

Median growth was significantly higher in the large base-
line volume group (7.39 mL; IQR, 17.8) compared with the
small group (1.10 mL; IQR, 2.08; P!0.001; Figure 3A)
Median growth was higher in the heterogeneous than the

homogeneous group (5.07 mL; IQR, 18.01 versus 1.21 mL;
IQR 3.77; P"0.008; Figure 3B). There was a trend to higher
median growth in irregular ICHs (2.69 mL; IQR, 13.14)
compared with regular ICHs (1.32 mL; IQR, 4.51; P"0.084;
Figure 3C). Large ICHs were more irregularly shaped (97%)
than medium (83%) and small (57%) ICHs (P!0.001; Figure
4A). Similarly, large ICHs were more heterogeneous (83%)
compared with medium (63%) and small ICHs (17%;
P!0.001; Figure 4B).

In multivariate analysis, heterogeneous lesions under-
went significantly greater mean growth, with growth
defined as a continuous variable, and after adjustment for
baseline ICH volume and time to scan (P"0.046). With a
binary radial growth definition, heterogeneous bleeds
showed a trend toward greater growth (P"0.07). Other
binary growth definitions showed no such association.
Irregular shape showed no significant independent rela-
tionship to growth (P"0.159, growth as a continuous
variable) regardless of growth model after adjustment for
baseline ICH volume and time to scan (Table).

There was a strong relationship between shape irregularity
and density heterogeneity. Irregularly shaped ICHs were more
likely to be rated as heterogeneous in density (P!0.001). After
dichotomizing times to scan into !90 minutes (n"28) and #90
minutes (n"62) subgroups, there was no significant interaction
with either shape or density in their effect on volume change
using a continuous scale of growth. The association between
density heterogeneity and growth was consistent and signif-
icant at both time points. Although the effect of density
heterogeneity on growth appeared to diminish with time,
there was no significant difference in this effect between the
2 time categories.

Discussion
In this novel study, we have explored the prediction of acute
ICH growth by the assessment of hematoma shape and

Figure 3. Box plots of ICH growth between baseline and
24-hour CT scan depict greater growth in (A) large versus small
baseline volume bleeds (P!0.001); (B) heterogeneous versus
homogeneous density bleeds (P"0.008); and (C) irregular versus
regular shaped bleeds (P"0.084).

Figure 4. Proportions (%) of (A) regular/irregular and (B) homo-
geneous/heterogeneous hemorrhages for each tertile of baseline
volume. Between-group differences are statistically significant
(P!0.001).
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Post-contrast CT

SPOT SIGN: Exemple
NCCT de base

33.9 cc

ASA���
Rivaroxaban 20 mg die (Ccr <50)

Wada R, Aviv R et al. Stroke 2007

CTA –Images de Source



SPOT SIGN: Définition

•  Définition:
-  1+ de foyer de rehaussement de 1-2 mm localisés `a l’intérieur de l’hematome (image de sources –CTA)
-  Apparence de “spot” ou  serpingineux sans connexion avec des vaisseaux sanguins
-  Densité (HU) 2x plus que le fond de l’hématome (~ >120 HU) sans hyperdensité correspondant sur 

NCCT
•  Presence d’extravasation sur le CT post-contrast

NCCT de base

33.9 cc 90.8 cc

NCCT de contrôle à 24 h



Prediction of haematoma growth and outcome in 
patients with intracerebral haemorrhage using the 

CTA spot sign (PREDICT)

Demchuk A et al. Lancet Neurology 2012

Articles

www.thelancet.com/neurology   Vol 11   April 2012 309

Statistical analysis
We analysed data using standard descriptive statistics 
stratifi ed by presence of the CTA spot sign. A multivariable 
model was designed to allow for adjusted estimates of the 
role of the CTA spot sign in predicting the primary 
outcome. In this model we considered the CTA spot sign 
as a forced variable. We considered additional variables 
that showed univariable association with the primary 
outcome and included them in the fi nal model if they 
showed evidence of a signifi cant eff ect (p<0·05) or if there 
was evidence of confounding on the CTA spot-sign 
variable. We assessed two-way interactions among the 
variables in the fi nal model only. We used a generalised 
linear mixed model, binomial family, with log link to 
directly generate risk ratios as an eff ect size measure. We 
calculated sensitivities, specifi cities, PPV, and NPV for a 
CTA spot sign to predict the primary outcome. Finally, we 
used Kaplan-Meier analysis to explore the relationship 
between spot-sign status and case-fatality. Several patients 
had missing clinical outcomes, and they were censored at 
day 1, since we knew their vital status at the time of their 
follow-up CT scan.

We did the statistical analyses using SPSS 18.0 and 
STATA 11.0. We estimated that a sample size of 
162 patients, with about half in each of the 0–3 h and 
0–6 h windows, would allow us to detect an absolute 
diff erence of 30% in the 0–3 h window and a 25% 
diff erence in the 3–6 h window in the proportion of 
patients with haematoma expansion, between those with 
a CTA spot-sign and those without it. 

Role of the funding source
The study sponsors had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the manuscript. The corresponding author had full 
access to all data in the study and had fi nal responsibility 
for the decision to submit for publication.

Results
268 patients were enrolled in 12 centres in six countries 
from June 24, 2006, to Sept 6, 2010. No adverse events were 
reported directly attributable to the CT angiogram. 
40 patients were excluded from the primary analysis for 
the following reasons: 14 were treated with rFVIIa before 
follow-up CT; 15 were treated with surgical evacuation 
before follow-up CT; seven died before follow-up CT, and 
four did not have a follow-up CT for unknown reasons. 
The excluded population had a high spot-sign positive rate 
of 64% (nine of 14) with rFVIIa treatment, 57% (four of 
seven) with early death, and 47% (seven of 15) with early 
surgery. 

The primary analysis included 228 patients. Their 
median baseline ICH volume was 19·9 mL (range 
1·5–80·9) in the CTA spot-sign positive group and 10·0 mL 
(0·1–102·7) in the CTA spot-sign negative group (table 1) 
For the primary study outcome, median ICH volume 
expansion  was 8·6 mL (–9·3 to 121·7) in the CTA spot-sign 

positive group versus 0·4 mL (–11·7 to 98·3) in the CTA 
spot-sign negative group (p<0·001). The CTA spot positive 
sign was associated with a more severe clinical presentation 

Figure 1: A sign with spot-like appearance on CTA in a patient with 
intracerebral haemorrhage 
CTA=CT angiography. The spot sign (green arrow) measures 2·2 mm in maximal 
axial diameter, and has a density of 173 Hounsfi eld units. The spot sign is located 
within the haematoma, has no connection to any outside vessel, and is absent 
on baseline non-contrast CT, as per published criteria.20

Baseline non-contrast CT
 (total haematoma
 volume 19·6 mL)

Baseline CTA (single
spot-sign positive)

24 h follow-up 
non-contrast CT 

(total haematoma 
volume 110·8 mL)

Spot-sign positive  
(N=61)

Spot-sign negative 
(N=167)

p value

Demographic

Age (years) 73 (38–90) 70 (21–100) 0·183

Male sex 32 (52%) 98 (59%) 0·451

White ethnic origin 39/47 (83%) 121/136 (89%) 0·371

Clinical

Hypertension 49/59 (83%) 121/162 (75%) 0·212

Diabetes mellitus 12/56 (21%) 27/149 (18%) 0·690

Current smoker 6/56 (11%) 20/149 (13%) 0·814

Hypercholesterolaemia 11/56 (20%) 35/149 (23%) 0·707

Coronary artery disease 8/56 (14%) 18/148 (12%) 0·646

Previous ICH 3/56 (5%) 4/149 (3%) 0·394

Antiplatelet use 7 (11%) 16/165 (10%) 0·804

Anticoagulant use 8 (13%) 11/165 (7%) 0·174

Premorbid mRS score 0 (0–3) 0 (0–3) 0·005

Glasgow coma scale score 13·5 (6–15) 15 (5–15) 0·016

NIHSS score 17 (5–26) 11 (0–31) <0·001

Systolic blood pressure (mmHg ) 180 (110–240) 174·5 (100–270) 0·606

Diastolic blood pressure ( mmHg ) 95 (47–180) 91·5 (50–160) 0·601

Glucose (mmol/L) 8·6 (4·8–51) 8·3 (1·0–34·6) 0·889

Platelets (×10⁹ cells per L) 215 (58–453) 232 (3–2286) 0·790

INR 1·03 (0·9–4·3) 1·04 (0·7–4·4) 0·844

Creatinine (µmol/L) 79·5 (36–175) 77 (38–203) 0·621

Imaging

ICH volume (mL) 19·9 (1·5–80·9) 10·0 (0·1–102·7) <0·001

IVH volume ( mL) 0·4 (0–46·8) 0 (0–49·6) 0·005

Process measures

Time from onset to baseline CT (min) 117 (46–400) 144 (22–470) 0·189

Time from onset to CTA (min) 134 (49–413) 172 (32–475) 0·179

Data are n/N (%) or median (range). ICH=intracerebral haemorrhage. mRS=modifi ed Rankin scale. NIHSS=National 
Institutes of Health stroke scale. INR=international normalised ratio. IVH=intraventricular haemorrhage. 
CTA=CT angiography. 
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Statistical analysis
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outcome. In this model we considered the CTA spot sign 
as a forced variable. We considered additional variables 
that showed univariable association with the primary 
outcome and included them in the fi nal model if they 
showed evidence of a signifi cant eff ect (p<0·05) or if there 
was evidence of confounding on the CTA spot-sign 
variable. We assessed two-way interactions among the 
variables in the fi nal model only. We used a generalised 
linear mixed model, binomial family, with log link to 
directly generate risk ratios as an eff ect size measure. We 
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patients with haematoma expansion, between those with 
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of 64% (nine of 14) with rFVIIa treatment, 57% (four of 
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median baseline ICH volume was 19·9 mL (range 
1·5–80·9) in the CTA spot-sign positive group and 10·0 mL 
(0·1–102·7) in the CTA spot-sign negative group (table 1) 
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spot-sign negative group (p<0·001). The CTA spot positive 
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within the haematoma, has no connection to any outside vessel, and is absent 
on baseline non-contrast CT, as per published criteria.20
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defi ned by lower Glasgow coma scale and higher NIHSS 
scores (table 1). Anticoagulant use seemed to be slightly 
more common in the CTA spot-sign positive group (13% 
vs 7%; p=0·17). 

Time from onset to CTA was ≤180 min in 131 (57%) of 
all patients and 181–360 min in 97 (43%) patients. The 
CTA spot sign was not more common in the early 
imaging group (≤180 min from onset; p=0·29). For this 
reason, we present our results unstratifi ed by onset-to-
imaging time. Median time from baseline CT to follow-
up CT was 23·8 h for spot-sign negative and 22·5 h for 

spot-sign positive patients. Median time from symptom 
onset to follow-up CT was 26·1 h for spot-sign negative 
and 24·2 h for spot-sign positive patients. 

Site investigator interpretations for contrast extra vasation 
were prospectively collected for 129 patients. A comparison 
of the interpretation of contrast extravasation  by the site 
investigators and determination of the spot-sign by the 
core laboratory neuroradiologist revealed good agreement, 
with a kappa of 0·72, despite the fact that the defi nition of 
spot sign was not established at the start of the study and 
no formal site investigator training took place.

Haematoma expansion, according to all defi nitions used, 
was signifi cantly more frequent in the CTA spot-sign 
positive group than in the spot-sign-negative group 
(table 2).21 Multivariable analysis did not alter the estimate 
of the eff ect size for the CTA spot sign (table 3). However, a 
multiplicative interaction between use of anticoagulants 
and time from onset to CTA was identifi ed. The direction 
of eff ect of this interaction was such that if a patient was 
imaged within 90 min of onset, there was no eff ect of 
anticoagulation use in predicting haematoma expansion. If 
the patient was imaged later than 90 min after onset, 
anticoagulant use was an important predictor of haematoma 
expansion. Age, sex, clinical stroke severity, and blood 
pressure were not predictors of haematoma expansion. 

Our biological premise was that the CTA spot sign is a 
marker of active haemorrhage that occurs before the ICH 
expands in volume, implying that the CTA spot sign and 
the resulting ICH volume are in a direct causal pathway. 
However, this premise might be incorrect in all or some 
cases. For example, peripheral CTA spot signs might be 
due to the mass eff ect of the ICH causing vascular tearing 
and contrast extravasation. Therefore, we also considered a 
model that included both the spot sign and baseline ICH 
volume as predictors of the primary outcome, adjusting 
for time from onset to CTA. In this model, the CTA spot 
sign continued to be a predictor of the primary outcome 
(relative risk, RR 2·6, 95% CI 1·8–3·7) whereas baseline 
ICH volume was not (RR 1·0, 0·9–1·0). There was no 
evidence of an interaction between ICH volume and the 
CTA spot sign in predicting the primary outcome, nor of 
signifi cant confounding.

For an haematoma expansion >6 mL or >33%, the PPV 
for the CTA spot sign was 61% (95% CI 47–73), and the 
NPV was 78% (71–84), with 51% (39–63) sensitivity and 
85% (78–90) specifi city. For haematoma expansion, contrast 
extravasation assessed by site investigator had a PPV of 
58%, NPV of 80%, 50% sensitivity, and 85% specifi city. 

Clinical neurological deterioration of four points or 
more on the NIHSS score occurred in 17 (32%) of 53 
versus 19 (14%) of 139 patients with the CTA-spot sign 
(RR 2·3, 95% CI 1·3–4·2). mRS scores at 90 days were 
median 5 in the spot-sign positive group and 3 in the 
spot-sign negative group.

Mortality at 3 months was 43·4% (23 of 53) in the CTA 
spot-sign positive group versus 19·6% (31 of 158) in the 
CTA spot-sign negative group (age-adjusted hazard ratio, 

Spot-sign positive 
(n=61)

Spot-sign negative 
(n=167)

p value

Primary imaging outcome

Met either 6 mL or 33% growth criteria 37 (60·7%) 36 (21·6%) <0·001

Component and secondary imaging outcomes

Absolute ICH growth (mL) 8·6 (–9·3 to 121·7) 0·4 (–11·7 to 98·3) <0·001

Relative ICH growth (%) 37·7 (–22·7 to 941·0) 5·0 (–100 to 361·5) <0·001

Absolute IVH growth (mL) 0·6 (–12·5 to 78·3) 0 (–20·8 to 47·7) <0·001

Absolute total growth (mL) 12·7 (–15·5 to 200·0) 0·3 (–22·4 to 98·3) <0·001

Met 6 mL growth criteria 34 (55·7%) 23 (13·8%) <0·001

Met 12·5 mL growth criteria 28 (45·9%) 12 (7·2%) <0·001

Met 33% growth criteria 33 (54·1%) 31 (18·6%) <0·001

Met either 12·5 mL or 33% growth criteria 34 (55·7%) 32 (19·2%) <0·001

Secondary clinical outcomes

4-point worsening in NIHSS score at 24 h 17/53 (32·1%) 19/139 (13·7%) 0·006

mRS score at 90 days 5 (0–6) 3 (0–6) <0·001

Mortality at 3 months* 23/53 (43·4%) 31/158 (19·6%) 0·001

Data are n/N (%) or median (range). ICH=intracerebral haemorrhage. IVH=intraventricular haemorrhage. 
NIHSS=National Institutes of Health stroke scale. mRS=modifi ed Rankin scale. *Adjustment for age and baseline 
Glasgow coma scale score does not change these proportions. 

Table 2: Primary and secondary study outcomes

RR (95% CI)

Univariable (selected variables)

Age >80 years* 1·2 (0·8-1·9)

Male sex 1·1 (0·7-1·7)

Hypertension 1·0 (0·6-1·6)

Diabetes mellitus 1·0 (0·6-1·6)

Antiplatelet use 1·2 (0·7-2·1)

Anticoagulant use 2·8 (2·0-3·9)

Systolic blood pressure >200* 0·6 (0·3-1·2)

NIHSS score ≥18* 1·7 (1·1-2·5)

Onset-to-CTA time <90 min 1·9 (1·2-2·7)

CTA spot-sign positive 2·8 (2·0-4·0)

Multivariable model†

CTA spot-sign positive 2·3 (1·6-3·1)

RR=relative risk. NIHSS=National Institutes of Health stroke scale. 
CTA=CT angiography. *Dichotomised at the population 75th percentile. 
†Interaction term—anticoagulation use by onset-to-CTA time <90 min, p=0·006.

Table 3: Predictors of the primary outcome 
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HR 2·4, 95% CI 1·4–4·0; p=0·002). The association 
between CTA spot-sign positive group and mortality 
remained signifi cant in a sensitivity analysis whether 
patients lost to follow-up were assigned a mRS of 0 or 6 
(data not shown). Kaplan-Meier analysis revealed an early 
diff erence in mortality between CTA spot-sign positive 
and CTA spot-sign negative groups, which was sustained 
during the follow-up period (p=0·0006; fi gure 2).

In a post-hoc analysis, we assessed the role of 
coagulopathy in predicting outcome. Of 204 patients with 
international normalised ratio and activated partial 
thromboplastin time (aPTT) values at baseline, 169 (83%) 
had no evidence of coagulopathy (baseline international 
normalised ratio <1·2 or a PTT<40 s) and the spot-sign 
frequency was 25% (42 of 169), compared with 11 (31%) of 
35 patients with a coagulopathy (p=0·406). For this 
subgroup analysis of patients without coagulopathy 
(169 patients) who had follow-up CT, the median baseline 
ICH volume was 18·8 mL (range 1·5–80·8) in the CTA 
spot-sign positive group and 10·0 mL (0·1–81·5) in the 
CTA spot-sign negative group (p<0·001). Median ICH 
volume expansion was 6·0 mL (–3·0 to 83·9) in the CTA 
spot-sign-positive patients versus 0·2 mL (–10·6 to 98·3) 
in the CTA spot-sign-negative patients (p<0·001). 
24 patients had missing international normalised ratio 
vales, PTT values, or both, and among these eight had the 
spot sign of whom fi ve met the primary outcome.

Discussion
This prospective multicentre study confi rms the 
association between the CTA spot sign and haematoma 
expansion. The CTA spot sign is highly predictive of 
haematoma expansion irrespective of haematoma 
expansion defi nition and for both intraparenchymal and 
intraventricular haemorrhage growth. The CTA spot sign 
is associated with a poor prognosis, high rates of early 
clinical deterioration, and mortality, often occurring 
within days after onset. The spot sign is also associated 
with larger haemorrhage, more severe clinical 
presentation, and decompression of the haemorrhage 
into the intraventricular space. Larger haemorrhages tend 
to cause more dramatic clinical symptoms and hence 
earlier presentation to hospital. Anticoagulation therapy 
might simply result in a greater phenotypic expression of 
the spot sign, such as multiple spot signs, and result in 
greater haematoma expansion by prevention of clotting. 

These correlations have implications for future trial 
design in patients with acute intracerebral haemorrhage. 
The relevance of the interaction between anticoagulant 
use and time from onset to CTA should be considered as 
hypothesis-generating and needs to be further explored. 
Although it might be biologically plausible, and consistent 
with previous studies, to consider time the most 
important variable in predicting haematoma expansion, 
the reasons why this interaction occurs are less than 
clear. Imaging studies using various techniques have 
identifi ed a relationship between contrast extravasation 

and haematoma expansion (panel). In 1972, Kowada and 
colleagues22 showed contrast extravasation in fi ve of 
12 patients who underwent serial cerebral angiography 
within 5 h of ICH onset. Extravasated contrast in the 
arterial phase grew in size and density until the early 
venous phase and predicted haematoma expansion at 
surgical evacuation. Contrast extravasation on MRI has 
also been shown to be an indicator of continued 
haemorrhage in patients with acute ICH.23

With the advent of multislice spiral CT, CTA is becoming 
a standard vascular imaging approach for the early 
assessment of patients with ischaemic stroke and for the 
identifi cation of secondary causes of ICH, such as 
aneurysms and arteriovenous malformations.24 The link 
between CTA fi ndings and ICH prognosis was fi rst 
described in a large retrospective study by Becker and 
colleagues,25 in which they showed that extravasation of 
radiographic contrast on CTA was an independent 
predictor of in-hospital mortality. Contrast extravasation 
was seen 52 (46%) of 113 patients at the time of CT. The 
presence of contrast extravasation was associated with 
increased mortality (63·5% vs 16·4% in those without it). 
Prediction of haematoma expansion by contrast 
extravasation on CTA has been described in reports of a 
number of single-centre studies.9–14 Wada and colleagues9 
coined the term CTA spot sign to describe foci of contrast 
enhancement within an acute primary parenchymal 
haematoma seen on CTA source images. CTA spot sign 
occurred in about a third of patients scanned within 3 h of 
symptom onset. In three single-centre studies, specifi city 
and PPV of the CTA spot sign declined with longer times 
from onset to CTA, althought the NPV remained unaff ected 
by time from onset to CTA.9–11 

The PREDICT study confi rms the fi ndings of these 
single-centre studies, but the PPV and NPV of the CTA 

Figure 2: Risk of death by CTA spot-sign status
Log-rank test p=0·0006. Shaded areas represent 95% confi dence intervals.
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Interventions Potentielles en HIC

1.  Réduction de la TA

2.  Traitement hémostatique 
–  Coagulation normale 
–  Coagulation anormale

3.  Options chirurgicales



INTERACT: Effet de la réduction de la TA 
sur le volume d’hématome

201 mm Hg, respectively. Absolute growth in hematoma
volume was not significantly associated with baseline systolic
BP levels (Figure 1; P trend!0.26); neither was proportional
growth in hematoma volume (Figure 2; P trend!0.12). For
the 3 groups defined by tertiles of achieved on-treatment
systolic BP of "144, 144 to 158, and !159 mm Hg, the
median values were 135, 150, and 167 mm Hg, respectively.
The association of absolute hematoma growth with achieved
on-treatment systolic BP was strong and continuous in the
range of achieved systolic BP levels of 135 to 167 mm Hg
(Figure 1). These associations remained strong after control-
ling for age, sex, hematoma location, baseline hematoma
volume, time from onset of ICH to CT, and study treatment
(P trend!0.03). Similar associations were observed between
achieved on-treatment systolic BP and proportional hema-
toma growth (Figure 2; P trend!0.03). Similar effects of
baseline and achieved on-treatment systolic BP were ob-
served for proportional increase in hematoma volume after
excluding baseline hematoma volume from the multivariate
model. There were no clear differences in the effects of
baseline or achieved on-treatment BP on either absolute or
proportional growth of hematoma obtained for patient groups
defined by age ("65 versus !65 years), sex, randomized
treatment allocation, location of hematoma (lobar versus
other), method of CT analysis (multislice planimetric and
voxel threshold techniques versus the ABC/2 method), and

time of 24-hour CT (within versus beyond 3 hours; all P
homogeneity #0.1). In contrast to systolic BP, neither base-
line nor achieved on-treatment diastolic BP was significantly
associated with absolute and proportional hematoma growth
(all P trend #0.2).

Figure 3 also shows that there were significant associations
of achieved systolic BP with absolute and proportional
increase in hematoma volume (P!0.01 and 0.04, respec-
tively). Table 2 shows the results of multiple regression
analysis, where achieved on-treatment systolic BP was posi-
tively associated with absolute and proportional increase in
hematoma volume, but these associations did not reach
standard levels of statistical significance (P!0.06 and 0.13
for absolute and proportional increase, respectively).

Achieved on-treatment systolic BP was associated with
hematoma volume at 24 hours as well, being 9.5 (95% CI: 8.6
to 10.5), 10.1 (95% CI: 9.1 to 11.3), and 11.3 (95% CI: 10.3
to 12.5) ml for the 3 groups defined by tertiles of achieved
on-treatment systolic BP after controlling for age, sex, hema-
toma location, baseline hematoma volume, time from onset of
ICH to CT scan, and study treatment (P trend!0.004).

Discussion
The main results from the pilot phase of INTERACT showed
that early intensive BP lowering reduced hematoma growth in
patients treated within 6 hours after the onset of ICH,8,9
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Figure 1. Absolute increase in hema-
toma volume according to tertiles of
baseline and achieved on-treatment sys-
tolic BP (SBP) levels. Estimates and P
values were controlled for age, sex,
hematoma location, baseline hematoma
volume, time from onset to CT scan, and
study treatment. Solid boxes represent
estimates of hematoma growth. Centers
of the boxes are placed at the estimates
and at median values of SBP; areas of
the boxes are proportional to the recip-
rocal of the variance of the estimates.
Vertical lines represent 95% CIs. P
trend!0.26 for baseline and 0.03 for
achieved SBP.

Table 1. Continued

Characteristic

Baseline Systolic BP, mm Hg Achieved Systolic BP, mm Hg

"171 (n!117)
171 to 190

(n!113) #190 (n!116) P* "144 (n!116)
144 to 158

(n!114) #158 (n!116) P*

Brainstem 3 2 6 4 0 6

Cerebellum 3 6 3 4 4 3

Left hemisphere 52 50 53 0.75 49 46 59 0.08

Intraventricular
extension

32 23 32 0.97 22 28 37 0.009

Early intensive BP
lowering

52 48 51 0.84 71 52 28 "0.0001

Data are %, mean (SD), or median (interquartile range). ACE indicates angiotensin-converting enzyme; NIHSS, National Institutes of Health Stroke Scale; GCS,
Glasgow Coma Scale.

*Data are based on an ANCOVA, a Wilcoxon test, or a "2 test.
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201 mm Hg, respectively. Absolute growth in hematoma
volume was not significantly associated with baseline systolic
BP levels (Figure 1; P trend!0.26); neither was proportional
growth in hematoma volume (Figure 2; P trend!0.12). For
the 3 groups defined by tertiles of achieved on-treatment
systolic BP of "144, 144 to 158, and !159 mm Hg, the
median values were 135, 150, and 167 mm Hg, respectively.
The association of absolute hematoma growth with achieved
on-treatment systolic BP was strong and continuous in the
range of achieved systolic BP levels of 135 to 167 mm Hg
(Figure 1). These associations remained strong after control-
ling for age, sex, hematoma location, baseline hematoma
volume, time from onset of ICH to CT, and study treatment
(P trend!0.03). Similar associations were observed between
achieved on-treatment systolic BP and proportional hema-
toma growth (Figure 2; P trend!0.03). Similar effects of
baseline and achieved on-treatment systolic BP were ob-
served for proportional increase in hematoma volume after
excluding baseline hematoma volume from the multivariate
model. There were no clear differences in the effects of
baseline or achieved on-treatment BP on either absolute or
proportional growth of hematoma obtained for patient groups
defined by age ("65 versus !65 years), sex, randomized
treatment allocation, location of hematoma (lobar versus
other), method of CT analysis (multislice planimetric and
voxel threshold techniques versus the ABC/2 method), and

time of 24-hour CT (within versus beyond 3 hours; all P
homogeneity #0.1). In contrast to systolic BP, neither base-
line nor achieved on-treatment diastolic BP was significantly
associated with absolute and proportional hematoma growth
(all P trend #0.2).

Figure 3 also shows that there were significant associations
of achieved systolic BP with absolute and proportional
increase in hematoma volume (P!0.01 and 0.04, respec-
tively). Table 2 shows the results of multiple regression
analysis, where achieved on-treatment systolic BP was posi-
tively associated with absolute and proportional increase in
hematoma volume, but these associations did not reach
standard levels of statistical significance (P!0.06 and 0.13
for absolute and proportional increase, respectively).

Achieved on-treatment systolic BP was associated with
hematoma volume at 24 hours as well, being 9.5 (95% CI: 8.6
to 10.5), 10.1 (95% CI: 9.1 to 11.3), and 11.3 (95% CI: 10.3
to 12.5) ml for the 3 groups defined by tertiles of achieved
on-treatment systolic BP after controlling for age, sex, hema-
toma location, baseline hematoma volume, time from onset of
ICH to CT scan, and study treatment (P trend!0.004).

Discussion
The main results from the pilot phase of INTERACT showed
that early intensive BP lowering reduced hematoma growth in
patients treated within 6 hours after the onset of ICH,8,9
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Figure 1. Absolute increase in hema-
toma volume according to tertiles of
baseline and achieved on-treatment sys-
tolic BP (SBP) levels. Estimates and P
values were controlled for age, sex,
hematoma location, baseline hematoma
volume, time from onset to CT scan, and
study treatment. Solid boxes represent
estimates of hematoma growth. Centers
of the boxes are placed at the estimates
and at median values of SBP; areas of
the boxes are proportional to the recip-
rocal of the variance of the estimates.
Vertical lines represent 95% CIs. P
trend!0.26 for baseline and 0.03 for
achieved SBP.

Table 1. Continued

Characteristic

Baseline Systolic BP, mm Hg Achieved Systolic BP, mm Hg

"171 (n!117)
171 to 190

(n!113) #190 (n!116) P* "144 (n!116)
144 to 158

(n!114) #158 (n!116) P*

Brainstem 3 2 6 4 0 6

Cerebellum 3 6 3 4 4 3

Left hemisphere 52 50 53 0.75 49 46 59 0.08

Intraventricular
extension

32 23 32 0.97 22 28 37 0.009

Early intensive BP
lowering

52 48 51 0.84 71 52 28 "0.0001

Data are %, mean (SD), or median (interquartile range). ACE indicates angiotensin-converting enzyme; NIHSS, National Institutes of Health Stroke Scale; GCS,
Glasgow Coma Scale.

*Data are based on an ANCOVA, a Wilcoxon test, or a "2 test.
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P=0.03

Adjusted Proportional increase: 16.2% vs. 6.2%, p=0.06

% achieved BP target in Intensive group:
•  42% at 1 h , 66% at 6 h

Anderson CS. Lancet Neurol 2008
Arima H et al. Hypertension 2010
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Background
Whether rapid lowering of elevated blood pressure would improve the outcome in 
patients with intracerebral hemorrhage is not known.

Methods
We randomly assigned 2839 patients who had had a spontaneous intracerebral 
hemorrhage within the previous 6 hours and who had elevated systolic blood pressure 
to receive intensive treatment to lower their blood pressure (with a target systolic 
level of <140 mm Hg within 1 hour) or guideline-recommended treatment (with a 
target systolic level of <180 mm Hg) with the use of agents of the physician’s choosing. 
The primary outcome was death or major disability, which was defined as a score 
of 3 to 6 on the modified Rankin scale (in which a score of 0 indicates no symptoms, 
a score of 5 indicates severe disability, and a score of 6 indicates death) at 90 days. 
A prespecified ordinal analysis of the modified Rankin score was also performed. 
The rate of serious adverse events was compared between the two groups.

Results
Among the 2794 participants for whom the primary outcome could be determined, 
719 of 1382 participants (52.0%) receiving intensive treatment, as compared with 
785 of 1412 (55.6%) receiving guideline-recommended treatment, had a primary 
outcome event (odds ratio with intensive treatment, 0.87; 95% confidence interval 
[CI], 0.75 to 1.01; P = 0.06). The ordinal analysis showed significantly lower modi-
fied Rankin scores with intensive treatment (odds ratio for greater disability, 0.87; 
95% CI, 0.77 to 1.00; P = 0.04). Mortality was 11.9% in the group receiving intensive 
treatment and 12.0% in the group receiving guideline-recommended treatment. 
Nonfatal serious adverse events occurred in 23.3% and 23.6% of the patients in the 
two groups, respectively.

Conclusions
In patients with intracerebral hemorrhage, intensive lowering of blood pressure 
did not result in a significant reduction in the rate of the primary outcome of 
death or severe disability. An ordinal analysis of modified Rankin scores indi-
cated improved functional outcomes with intensive lowering of blood pressure. 
(Funded by the National Health and Medical Research Council of Australia; 
 INTERACT2 ClinicalTrials.gov number, NCT00716079.)
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•  N=2,839
•  <6 heures du début des symptomes de l’HIC 
•  Randomisés à un tx intensif (<140mmHg) ou tx standard 

(<180 mmHg)
•  Agents antihypertenseurs à la discretion des MD
•  mRS 3-6 à 90 jours
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1) L’expansion de l’hématome est un phénomene 
précoce…

Brott T et al. Stroke 1997

26%	   12%	  

HM Growth : ≥ 33% volume increase*

Temps moyen entre début 
des sx et randomisation: 

3.7 heures
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INTERACT 2: évènements adverses

Intensive (n=1399) Guideline (n=1430) P-value
Death (90 days) 12 % 12 % 0.96
END at 24 hours
(4 points NIHSS, 2 points GCS)

14.5 % 15.1% 0.62

Nonfatal Serious Adverse Events 23.3 23.6 0.92
•  Any END 3.4 3.8
•  Recurrent ICH 0.3 0.3
•  Ischemic or undiff. stroke 0.6 0.6
•  Acute coronary event 0.4 0.3
•  Severe hypotension 

(hypotension + clincial sx 
necessitating IV fluids, 
vasopressors, dialysis)

0.5 0.6



Lésions DWI + a l’IRM en HIC

Prevalence: 14-41 %
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Garg R K et al. Stroke. 2012;43:67-71

Kimberly WT et al. Neurology 2009 Menon RS et al. Ann Neurol 2012
Prabhakaran S et al. Stroke 2010    Kang DW et al. Neurology 2012
Gregoire SM et al, Brain 2011 Garg R et al. Stroke 2012



Predicteurs des lésions DWI+ 
n Time	  to	  

MRI	  
(median) 

DWI	  (%)	   Significant	  associa:ons 

Prabhakaran	  et	  al.	  
(2010) 

118 1	  day 23% •  Prior	  ischemic	  stroke	  	  
•  MAP	  lowering	  >40%*	  
•  Craniotomy 

Menon	  et	  al	  (2012) 138 2	  days 35% •  ICH	  volume	  
•  Microbleeds	  
•  Large	  early	  reduc:on	  MAP** 

Kang	  et	  al	  (2012) 97 3	  days 27% •  Microbleeds	  >2	  
•  Moderate-‐severe	  LA 

Gregoire	  et	  al	  
(2011) 

114	  
(39	  CAA) 

7	  days 14% •  White	  maher	  disease	  
•  Lobar	  microbleeds	  
•  More	  common	  in	  CAA	  pa\ents 

Kimberly	  et	  al	  
(2009) 

78	  CAA 15% •  Higher	  burden	  of	  hemorrhage	  
•  (no	  associa\on	  with	  WMH,	  infarcts	  APOE	  status	  or	  vascular	  risk	  

factors) 

Garg	  et	  al	  (2012) 95 2	  days 41% •  Greater	  BP	  reduc:on	  from	  baseline***	  
•  DWI	  associated	  with	  worse	  func\onal	  outcomes	  at	  3	  months	  

Total n=640 26% 

*	  median	  %	  maximal	  lowering	  of	  MAP	  before	  MRI	  (ini>al-‐lowest	  MAP/ini>al	  MAP)	  before	  MRI	  
**	  BP	  taken	  at	  3	  >me	  points:	  admission,	  highest	  prior	  to	  MRI,	  and	  at	  1	  month	  
***	  BP	  measurements	  q	  4	  hours	  for	  96	  hours	  
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predictor of perihematoma tissue volume reaching moderate 
(R=0.59, β=0.60, P<0.001) and severe ischemic thresholds 
(R=0.66, β=0.94, P<0.001).

Remote DWI Lesions
A total of 42 DWI lesions remote from the hematoma/perihe-
matoma region were found in 17 patients (range 1–6 lesions/
patient; 14.5% prevalence). The mean volume of remote DWI 
lesions was 0.44±0.3 mL. Fifty percent of remote DWI lesions 
were cortical in location, while the remainder were subcorti-
cal with the exception of 1 infratentorial  lesion. Remote DWI 
lesions in 11 patients (66%) were located in the hemisphere 
contralateral to the hematoma. Three patients with DWI 
lesions underwent cerebral angiography before MRI and were 
excluded from further analyses.

Baseline clinical characteristics were similar between 
patients with and without remote DWI lesions, with the excep-
tion of higher rates of antiplatelet and antihypertensive drug 
use in patients with remote DWI lesions (Table 2). A history 
of prior ICH was also more common in patients with DWI 
lesions. There was a trend to larger hematoma volumes in 
patients with remote DWI lesions (16.2 [5.1–65.5] mL) rela-
tive to those without (8.6 [2.5–22.0] mL, P=0.06). Lobar ICH 
location was also more frequent in patients with remote DWI 
lesions (71.4%) compared with those without (41%, P=0.03).

The median leukoariaosis volume was 6.8 (1.5–17.8) mL 
in all patients. Inter-rater agreement for leukoariosis volumes 
was excellent (intraclass correlation coefficients 0.99). Median 
leukoaraoisis volumes were larger in patients with remote 
DWI lesions (17.4 [9.6–46.5] mL versus 5.3 [0.5–16.9] mL 
[P=0.02]). Microbleed burden (P=0.76) and microbleed loca-
tion (P=0.55) did not differ between patients with and without 
remote DWI lesions.

Blood Pressure Treatment and DWI Lesion 
Development
BP data were available in 103/117 patients (88.0%). Fourteen 
patients were excluded from BP analysis because of late hos-
pital arrival (symptom onset or last time seen well ≥24 hours; 
n=10) or transfer from another hospital without accompany-
ing BP documentation (n=4). All patients with remote DWI 
lesions and 34 of 38 patients (89.5%) with perihematoma 
DWI lesions had available 24-hour BP data.

Mean admission SBP was similar in patients with 
(166.7±30.9 mm Hg) and without DWI lesions in any location 
(161.1±30.3 mm Hg, P=0.36; Figure 3A). The median maxi-
mal SBP drop at any time point during the first 24 hours rela-
tive to admission BP did not differ between patients with (−29 
[−54, −15] mm Hg) and without perihermatoma DWI lesions 
(−26.5 [−46, −9] mm Hg, P=0.33) or between patients with 
(−20.5 [−55, −10] mm Hg) and without remote DWI lesions 
(−27 [−46, −13] mm Hg, P=0.96). The median SBP drop at 
all time points relative to admission BP did not differ across 
patient groups (Figure 3B). The volume of perihematoma tis-
sue reaching ischemic thresholds was not correlated with the 
maximal SBP drop at 24 hours (R=−0.1, P=0.38; Figure 3C). 
Weighted average BPs over the first 6 hours and 24 hours were 
similar in patients with and without DWI lesions (Figure 3D). 
Rates of intravenous antihypertensive drug administration 
were not different between patients with/without perihema-
toma (38.8% versus 31.6%, P=0.24) or remote DWI lesions 
(35.7% versus 32%, P=0.30).

Discussion
In a large sample of patients with primary ICH using objec-
tive ADC thresholds, we showed that small volumes of tis-
sue reaching moderate and severe ischemic thresholds are 

Figure 1. Examples of diffusion-weighted imaging 
(DWI) lesions in the perihematoma region and more 
remotely in patients with intracerebral hemorrhage 
(ICH). A, Perihematoma DWI lesions as seen on 
DWI b=0 and b=1000 sequences and apparent dif-
fusion coefficient (ADC) maps with corresponding 
regions of interest (red, hematoma boundary; white, 
perihematoma edema boundary). High intensity 
on DWI b=1000 and low ADC values (depicted in 
blue) represent diffusion restriction. B, Examples of 
DWI lesions in regions remote to the perihematoma 
region as seen on DWI b0, b1000, and ADC maps.

Gioia LC et al. Stroke 2015;46;1541-47.
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Cardioembolic sources of DWI lesion formation are also 
possible in ICH. In our study, we observed a trend between a 
diagnosis of atrial fibrillation and remote DWI lesions. Given 
that paroxysmal atrial fibrillation is found in ≈25% of patients 
>85 years of age and oral anticoagulation is sometimes associ-
ated with ICH, including 8.5% of our patients, a cardioembolic 
source is a plausible mechanism of DWI lesion development 
in at least some ICH patients. Hence, all potential sources of 
embolization need to be considered in ICH patients with DWI 
lesions.

Because of its retrospective design, selection bias is pos-
sible in our patient population. Indeed, there is a higher than 
expected proportion of lobar ICH in our sample, reflecting 
the fact these patients are more likely to undergo MR imag-
ing to rule out a secondary cause of ICH. Similarly, patients 
with early declaration of poor prognosis and withdrawal of 
care were systematically excluded from our study. It is pos-
sible that perihematoma and remote DWI lesions are even 
more common in these patients, most of whom would have 
larger hematoma volumes. Furthermore, BP analysis was lim-
ited to the clinical data recorded, and ideally, shorter intervals 
between BP measurements would better represent BP changes 

in the first 24 hours. Nevertheless, our study included more 
time points in the acute phase of ICH than previous studies. 
Finally, it is possible that variable time to MRI may have 
resulted in an underestimation of the frequency of remote and 
perihematoma DWI lesions, particularly at later imaging time 
points (>7 days) because most DWI lesions are small and may 
not result in visible permanent T2/fluid-attenuated inversion 
recovery lesions once they resolve.

Conclusions
Small ischemic lesions are common in the perihematoma 
region and remote from the hematoma in patients with pri-
mary ICH. DWI lesion formation in ICH seems to be mul-
tifactorial, including the effects of the hematoma itself, the 
presence of an underlying microangiopathy (hypertensive and 
amyloid), or possibly sources of distal embolization. We could 
find no relationship between BP reduction in the first 24 hours 
and DWI lesion formation in any location. These data do not 
support a hemodynamic pathogenesis of DWI lesion develop-
ment. Nonetheless, a randomized study with an MRI end point 
will be needed to definitively determine whether BP reduction 
is causally related to ischemic lesion development after ICH.

Figure 3. The relationship between blood pressure (BP) change over the first 24 hours and DWI lesions. A, Mean systolic BP (SBP) values 
over 24 hours according to presence/absence of perihematoma diffusion-weighted imaging (PHDWI) or remote diffusion-weighted imag-
ing (DWI) lesions. Error bars represent standard error. All P values >0.05. B, The median SBP drop at all time points relative to admission 
BP across patient groups, all P values >0.05. C, Scatter plot of the correlation between the volume of perihematoma tissue reaching 
moderate ischemic thresholds and the maximal SBP drop at 24 hours. D, Weighted average blood pressures over 6 and 24 hours across 
patient groups. All P values >0.05. DBP indicates diastolic blood pressure; and MAP, mean arterial pressure.



Antihypertensive Treatment of Acute 
Cerebral Hemorrhage (ATACH)-II 

•  Essai clinique phase III multicentrique
•  N=  1,280
•  Infusion nicardipine IV, titré selon la cible TA 
•  Randomisation 1:1

–  Intensif (140 mmHG)
–  Standard (180 mmHg)

•  Criteres d’inclusion
–   ≤4.5 heures du début des sx
–  Volume HIC < 60 cc
–  TA systolique >180 mmHg

•  mRS 4-6 à 90 jours
ATACH	  1	  (Tier	  3,	  MAP	  110-‐140)	  



ICHADAPT-2

Baseline 
NCCTICH onset 

Critères d’inclusion:
-  Age >18
-  HIC <6 heures 
-  HIC primaire
-  TA >140 mmHg

<6 hours

Time to 
reach BP 

target

1 hr

Protocole pour contrôle TA soutenue x 24 heures:
•  Labetalol 10-40 mg IV bolus (max 300 mg/24 heures)
•  Hydralazine IV 10-20 mg q 30 minutes (max 240 mg/jour) 
•  Enalapril 1.25 mg IV q6h

24-hour 
NCCT

48-hour MRI 7-Day 
MRI

30- Day 
MRI

Primary Endpoint: 
•  Rate of DWI lesion 

formation

90- Day 
mRS

Randomization  
ICHADAPT2

<140 <180
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Traitement hémostatique de l’HIC	  

Coagulation normale Coagulation anormale
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treated within 3 hours after the onset of symp-
toms (−4.5 ml; 95% CI, −8.0 to −1.0) and was 
greater still among those treated within 2 hours 
after onset (−5.6 ml; 95% CI, −13.1 to −2.0). How-
ever, there was no significant interaction between 
treatment effect and the time from onset of symp-
toms to treatment.

Although the intraventricular-hemorrhage vol-
ume at 24 hours doubled in the placebo group 
and was essentially unchanged in the group re-
ceiving 80 µg of rFVIIa per kilogram, the differ-
ence between the groups was not statistically 
significant. Growth in volume of the total lesion 
(intracerebral hemorrhage, intraventricular hem-
orrhage, and edema) was 7 ml less in the group 
receiving 80 µg of rFVIIa per kilogram than in 
the placebo group (P = 0.06). However, the final 
total lesion volumes at 72 hours were similar in 
the three groups (Table 2). There were no sig-
nificant differences among the three groups in 
edema volume at 72 hours.

CLINICAL OUTCOMES

Mortality at 3 months was approximately 20% in 
the three groups (Table 3 and Fig. 2). The primary 
outcome measure (the proportion of patients 
who died or were severely disabled) did not differ 
significantly among the three groups (Table 3). 
Similarly, the distribution of outcomes on the 
modified Rankin scale (Fig. 3) and the median 
scores on the Barthel index were similar among 
the three groups. The NIHSS scores were sig-
nificantly lower in the group receiving 80 µg of 
rFVIIa per kilogram than in the placebo group, 
but the magnitude of this difference was small 
(Table 3).

In a series of exploratory post hoc analyses, 
we tested the hypothesis that rFVIIa at a dose of 
80 µg per kilogram may have benefited a sub-
group of younger patients with smaller hemor-
rhages treated within an earlier time window. 
The cutoff points for age (65, 70, 75, and 80 years), 
volume of intracerebral hemorrhage (60 ml), intra-

Table 2. Hemorrhage Volumes at Baseline and Follow-up.*

Variable

rFVIIa,  
20 µg/kg
(N = 276)

rFVIIa,  
80 µg/kg
(N = 297)

Placebo 
(N = 268)

Volume of intracerebral hemorrhage 

At baseline — ml 24±26 23±26 22±24

At 24 hr — ml 28±30 25±28 28±31

Estimated percent increase from baseline — mean (95% CI) 18 (13 to 24) 11 (6 to 17) 26 (20 to 32)

P value vs. placebo 0.09 <0.001 —

Estimated milliliters of increase from baseline — mean (95% CI) 4.9 (2.9 to 7.0) 3.7 (1.7 to 5.7) 7.5 (5.4 to 9.6)

P value vs. placebo 0.08 0.009 —

Volume of intraventricular hemorrhage

At baseline — ml 3.6±8.0 5.3±11.7 2.7±7.5

At 24 hr — ml  5.8±17.2 5.4±10.8  4.6±10.3

Estimated milliliters of increase from baseline — mean (95% CI) 2.0 (0.6 to 3.3) 1.0 (−0.2 to 2.3) 1.6 (0.3 to 3.0)

P value vs. placebo 0.74 0.51 —

Volume of intracerebral hemorrhage plus intraventricular 
hemorrhage plus edema

At baseline — ml 46±45 46±49 42±47

At 72 hr — ml 71±69 65±66 68±67

Estimated milliliters of increase from baseline — mean (95% CI) 26 (21 to 31) 22 (17 to 27) 29 (23 to 34)

P value vs. placebo 0.53 0.06 —

* Plus–minus values are means ±SD. For estimated mean increases, 95% confidence intervals (CIs) are derived from a 
linear mixed model with the patient and the reader as random effects and baseline volume of the hemorrhage, time 
from onset of symptoms to baseline CT scan, and time from baseline CT scan to treatment as fixed effects. CT scans at 
24 hours were missing for 12 patients receiving placebo, 17 receiving 20 µg of rFVIIa (recombined activated factor VII) 
per kilogram, and 12 receiving 80 µg of rFVIIa per kilogram.
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less (19% of the original study population), the 
adjusted odds ratio for poor 90-day outcome with 
rFVIIa was 0.28 (95% CI, 0.08 to 1.06; P = 0.03).

ADVERSE EVENTS
The frequency of thromboembolic serious adverse 
events reported by the investigators was similar 
in the three groups (Table 3). There was no in-
crease in the frequency of venous complications 
with rFVIIa treatment; there was an absolute in-
crease of 5% in the frequency of arterial throm-
boembolic serious adverse events in the group 
receiving 80 µg of rFVIIa per kilogram as com-
pared with the placebo group (P = 0.04) (Table 3). 
The frequency of elevated troponin I values was 
15%, 13%, and 22%, and the frequency of ST-
segment elevation myocardial infarction was 1.5%, 
0.4%, and 2.0% in the placebo group and the 
groups receiving 20 µg and 80 µg of rFVIIa per 
kilogram, respectively. CT evidence of acute cere-
bral infarction was identified by the data and 
safety monitoring committee in 2.2%, 3.3%, and 
4.7% of patients in the placebo group and the 
groups receiving 20 µg and 80 µg of rFVIIa per 
kilogram, respectively. Also identified as risk fac-
tors for thromboembolic serious adverse events 
in a post hoc analysis were age (odds ratio per 
5-year increase, 1.1; 95% CI, 1.0 to 1.2; P = 0.02) 
and previous use of an antiplatelet agent (odds 
ratio, 1.9; 95% CI, 1.1 to 3.0; P = 0.01), but not 
rFVIIa treatment.

Discussion

In this study, rFVIIa given within 4 hours after 
the onset of symptoms of intracerebral hemor-
rhage significantly reduced growth of the hema-
toma but failed to improve survival or functional 
outcome at 90 days. This result contrasts with 
the clinical benefit demonstrated in our phase 2b 
trial, in which rFVIIa treatment produced a rela-
tive reduction in mortality of 38%.9 Possible ex-
planations for these discrepant findings include 
randomization imbalances, an increase in arte-
rial thromboembolic events with rFVIIa treatment, 
the inclusion of very elderly patients at high risk 
for non-neurologic causes of death, and substan-
tially better outcomes in the placebo group as 
compared with our previous trial.

Our phase 2b trial compared doses of 40, 80, 
and 160 µg of rFVIIa per kilogram with placebo 
in 399 patients.9 All three rFVIIa doses produced 
a reduction in intracerebral-hemorrhage growth 
at 24 hours, from 29% in the placebo group to 
14% in patients who received rFVIIa. We found 
a similar hemostatic effect with the 80 µg per 
kilogram dose in the present trial, with a reduc-
tion in the mean estimated increase in the vol-
ume of intracerebral hemorrhage from 26% to 
11%. The dose of 20 µg per kilogram was associ-
ated with an 18% increase in the volume of bleed-
ing, a result consistent with the dose-related 
hemostatic effect observed in the phase 2b study. 
Earlier treatment with 80 µg of rFVIIa per kilo-
gram was associated with larger reductions in 
the growth of intracerebral-hemorrhage volume, 
which probably reflects the diminishing pro-
portion of patients with active bleeding as time 
elapses after the onset of symptoms. This find-
ing suggests that rFVIIa might be more likely to 
have clinical benefits if it were given earlier.

Patients with intracerebral hemorrhage who 
are treated with rFVIIa are at increased risk for 
arterial thromboembolic complications, most 
commonly cerebral infarction and myocardial is-
chemia, as indicated by elevated troponin I con-
centrations.19 In our phase 2b trial, 5% of the 
patients who were treated with rFVIIa had an ar-
terial thromboembolic serious adverse event, as 
compared with none of those who received pla-
cebo, and there was no increase in venous throm-
boembolic events. In the FAST trial, we found an 
identical absolute increase of 5% in arterial throm-
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A possible small benefit of early treatment with recombinant activated factor 
VII (rFVIIa) was evident at 15 days. This benefit disappeared beyond 1 month 
after treatment.
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rVIIa en HIC aiguë: Essai clinique FAST 
rVIIa	  
20	  ug/
kg	  

rVIIa	  
80	  ug/
kg	  

Placebo	  

Bl	  ICH	  (mL)	   24	   23	   22	  

24-‐hr	  ICH	  
(ml)	  

28	   25	   28	  

%	  increase	   18	   11*	   26	  

SAE	  (%)	   rVIIa	  20	  
ug/kg	  

rVIIa	  80	  ug/kg	   Placebo	  

Arterial	  

MI	   11	  (4)	   14	  (5)	   8(3)	  

CVA	   4	  (1)	   10	  (3)	   4	  (1)	  

Other	   Renal	  	  artery	  
thrombosis,	  intracardiac	  
thrombus,	  re\nal	  artery	  

occlusion	  

*P<0.001	  vs.	  placebo	  

Δ	  3.8	  ml	  

Mayer SA et al. NEJM 2008



"Spot Sign" Selection of Intracerebral 
Hemorrhage to Guide Hemostatic Therapy 

(SPOT-LIGHT)

SPOT-LIGHT
•  Phase 2, N=110
•  Critères d’inclusion 

–  Age 18-80, HIC < 6 heures, 
–  Volume 3-90 (100) mL
–  Spot-sign+

•  IV rVIIa 80 ug/kg bolus vs. placebo  (<60 min.)
•  ICH volume à 24 heures

STOP-IT (U of Cinncinati)
•  Critères d’inclusion  (n=180)

–  Age 18- 80, 
–  HIC < 5 heures 
–  CTA spot-sign +

•  IV rFVIIIa 80 mcg/kg ou placebo (< 90 min)
•  HM volume à 24 hours, évènements TE

CTA 11:44 24-hr NCCT  

Study drug 
delivered at 

12:31

NCCT 11:28 

NIHSS 10, 9.6 ml 14.2 ml



Autres essais cliniques hémostatiques

STOP-AUST TICH-2 (UK)
•  Phase III RCT 
•  n=2000
•  Inclusion

–  18+
–  HIC <8 heures

•  1g bolus acide tranexamique + 
1g q 8 h

•  mRS à 90 jours

•  RCT double insu
•  N=100
•  Critères d’inclusion 

–  18+
–  <4.5 heures
–  Spot-sign+
–  HIC < 70 cc

•  1000 mg acide tranexamique 
IV ou placebo < 60 minutes

•  Volume de l’hematome à 24 
heures (33%, 6 mL)



HIC avec coagulation anormale

•  Possibilités thérapeutiques (empirique)
1.  Warfarine

•  Vitamine K IV 10 mg
•  Concentrés de complexe prothombotique (PCC)-dose selon 

l’INR
2.  Inhibiteur direct séléctif de la thrombine (dabigatran)

•  FEIBA (Thromb Hemostat 2013;169)
•  Idarucizumab

–  Anticorps (Fab) monoclonal 
–  REVERSE-AD trial (NEJM aout 2015)

3.  Inhibiteurs du facteur Xa 
•  Rivaroxaban

–  PCC (Circulation 2011;1573-9)
•  Apixaban

–  PCC?



OPTIONS CHIRURGICALES EN HIC



Pose d’un drain ventriculaire externe

Volume ~ 27 mL
(méthode ABC/2)•  Indications cliniques

–  GCS ≤ 8
–  Hydrocéphalie obstructive 
–  Signes d’engagement  
–  HIV significative

Lignes directrices AHA/ASA 2015. Stroke juillet 2015



Clot Lysis: Evaluating Accelerated Resolution   
of Intraventricular Hemorrhage Phase III���

 (CLEAR-III)

•  RCT phase III multicentrique, n=500
•  Critères d’inclusion

•  HIC suprtenterielle <30 cc + HIV (+ obstruction 3/4e ventricule)
•  Pose de DVE (pour indication clinique)
•  Preuve de stabilité HIC/HIV sur scan de contrôle
•  Randomisation < 72 h du début des sx

•  rTPA 
•  Placebo

•  mRS  à 180 jours

DVE	  

rTPA 1.0 mg q 8 h 
(max 12 doses)

vs. placebo

4 jours plus tardAdmission

Étude complétée…résultats à venir…ISC 2016



INDICATION 
D’HÉMICRÂNIECTOMIE EN HIC?

H 62 ans,        
volume  HIC 
~100 mL

24 heures 
post-op



Essai Clinique STICH: Outcomes

Articles

early surgery had an absolute benefit of 1·2% and a
relative benefit of 2% (–8 to 11; table 4). Survival during
the first 6 months did not significantly differ between
the two groups (log-rank test, p=0·678; figure 2).

With the prognosis-based modified Rankin scale, 152
(33%) in the early surgery group had a favourable
outcome compared with 137 (28%) in the initial
conservative treatment group (p=0·116); early surgery
had an absolute benefit of 4·7% and a relative benefit of
17% (95% CI –4 to 37; table 4). With the prognosis-based
Barthel index, 124 (27%) in the early surgery group had a
favourable outcome compared with 110 (23%) in the
initial conservative treatment group (p=0·144); early
surgery had an absolute benefit of 4·1% and a relative
benefit of 18% (–6 to 42; table 4).

Results of the subgroup analyses are shown in
figure 3. The only subgroup to show heterogeneity of

treatment response was depth of haematoma from
cortical surface. A favourable outcome from early
surgery was more likely if the haematoma was 1 cm or
less from the cortical surface (absolute benefit 8%;
0–15); interaction between depth from cortical surface
and treatment was significant (p=0·02). A favourable
outcome from early surgery was also more likely if the
intended method of evacuation was craniotomy
(absolute benefit 6%; –1 to 12), but interaction between
intended method of surgery and treatment was not
significant (p=0·07). Open craniotomy was chosen for
346 (75%) patients given early surgery and was
associated with a non-significant relative benefit of 28%
(–3 to 59). A uniformly poor outcome was seen in
patients in coma (Glasgow coma score !8): early surgery
increased the relative risk of poor outcome for comatose
patients by 8% (–3 to 20). 

Patients in the early surgery group who did not have
surgery tended to have a poor outcome: favourable
outcomes for this group applied to only five (20%) of
25 patients with outcome assessed (7–41). 29 (22%) of
130 patients with outcome assessed (15–30) in the initial
conservative treatment group who went on to have
surgery afterwards, had a favourable outcome. 

Our cost analysis included 77 UK patients (37 early
surgery, 40 initial conservative treatment) for whom
complete details of hospital stay could be obtained. All
early surgery patients in this UK substudy had surgery:
nine (24%) had a favourable outcome; 12 (30%) patients
who received initial conservative treatment had surgery:
eight (20%) had a favourable outcome. Total costs per
patient were calculated from surgery, hospital and long-
term stay, and allied service costs (physiotherapy,
occupational therapy, speech therapy, and day hospital)
after discharge. 

As expected, surgery costs were higher in the early
surgery group than the initial conservative treatment
group (mean £2250 [SD 922] vs £797 [1091], t test
p"0·0001; £1=US $1·83) because these patients were
more likely to have surgery. In the initial conservative
treatment group, total hospital stay costs were non-
significantly higher than in the early surgery group
(£15507 [11593] vs £18599 [13911] t test, p=0·29),
because of a non-significantly extended stay in hospital
(60·9 [55·6] vs 78·5 [57·7] days, t test, p=0·18; median
34 [IQR 17–93] vs 73 [20–114]). Allied service costs were
also non-significantly higher in the initial conservative
treatment group than early surgery (mean £695
[SD 1268] vs £1118 [1620], t test, p=0·21). Mean total cost
for early surgery was £18452 (12123) compared with
£20514 (14163) for initial conservative treatment (t test,
p=0·50) during the first 6 months after randomisation,
but again this difference was not significant.

CT scans were returned for 958 (93%) patients. Of
these, measurements could not be made on eight (of
which one was aneurysmal and another a subdural
haemorrhage). Additionally, another 12 (two cerebellar,
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Figure 2: Kaplan-Meier survival curves

Early surgery Initial conservative treatment Absolute 
(n=468) (n=497) benefit (95% CI)

Primary outcome 
Favourable 122  (26%) 118  (24%) 2·3  (–3·2 to 7·7)
Unfavourable 346  (74%) 378  (76%) ··
Not recorded 1 ··
Secondary outcomes
Mortality 

Alive* 304  (64%) 316  (63%) 1·2  (–4·9 to 7·2)
Dead 173  (36%) 189  (37%) ··

Prognosis-based modified Rankin index
Favourable 152  (33%) 137  (28%) 4·7  (–1·2 to 10·5)
Unfavourable 312  (67%) 351  (72%) ··
Not recorded 4 9 ··

Prognosis-based Barthel index
Favourable 124  (27%) 110  (23%) 4·1  (–1·4 to 9·5)
Unfavourable 341  (73%) 377  (77%) ··
Not recorded 3 10 ··

Data are number (%). *Includes 17 patients who were alive at 6 months but status was unknown.

Table 4: Outcomes at 6 months
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nine with brainstem involvement, and one
glioblastoma multiforme) did not fulfil the inclusion
and exclusion criteria but were included in the
intention-to-treat analysis. There were very high
intraclass correlations (ICC) between measurements
reported on the randomisation form and those made on

the CT scans (volume ICC=0·73 [95% CI 0·70–0·77];
depth from cortical surface ICC=0·81 [0·74–0·85]).

Discussion 
Our findings show that favourable outcomes (from
prognosis-based indices) in patients with intracerebral
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Study
or
subcategory 

Early
surgery
n/N 

Age
!65
"65

GCS
5–8
9–12
13–15

Side of haematoma
Left hemisphere
Right hemisphere

Site of haematoma
Lobar
Basal ganglia/thalamus

Haematoma volume
#50 mL
$50 mL

Depth from cortical surface
#1 cm
$1 cm

Intended method of evacuation
Craniotomy
Others

Deficit of affected arm
Normal/weak
Paralysed

Deficit of affected leg
Normal/weak
Paralysed

Deficit of speech
Normal
Dysphasia/aphasia
Not assessable

Any thrombolytic or anticoagulant treatment
Anticoagulant treatment
No anticoagulant

Country
UK
Germany
Spain
Poland
Latvia
Lithuania
Russia
Czech Republic
Macedonia
South Africa
India
Other countries with
less than 20 patients

182/262
164/206

Initial conservative
treatment
n/N 

Odds  ratio
(fixed)
95% CI 

Odds  ratio
(fixed)
95% CI 

0·89 (0·62–1·29)
0·85 (0·52–1·39)

1·93 (0·78–4·75)
0·72 (0·44–1·16)
0·88 (0·58–1·34)

0·85 (0·56–1·28)
0·93 (0·61–1·40)

0·71 (0·47–1·08)
1·05 (0·69–1·62)

0·83 (0·58–1·17)
1·03 (0·60–1·77)

0·69 (0·47–1·01)
1·39 (0·86–2·25)

0·73 (0·51–1·04)
1·30 (0·78–2·15)

0·80 (0·53–1·21)
0·93 (0·60–1·45)

0·89 (0·61–1·30)
0·91 (0·56–1·48)

0·66 (0·40–1·10)
0·96 (0·64–1·44)
1·30 (0·53–3·20)

0·51 (0·17–1·46)
0·93 (0·69–1·26)

0·67 (0·29–1·54)
0·66 (0·28–1·55)
1·00 (0·21–4·76)
0·85 (0·29–2·52)
1·13 (0·36–3·50)
0·69 (0·21–2·29)
0·90 (0·24–3·43)
2·36 (0·73–7·61)
0·87 (0·33–2·24)
0·54 (0·19–1·53)
0·50 (0·18–1·39)
1·79 (0·77–4·14)

204/284
174/212

   83/99
158/196
137/201

208/265
170/231

130/194
247/300

238/323
140/173

192/260
184/234

267/337
111/159

135/206
238/284

169/248
201/239

   92/136
228/289
   58/71

   38/46
340/450

49/62
66/78
15/19
33/42
20/29
16/25
15/20
33/43
30/43
27/34
35/43
39/58

   
80/88
140/187
126/193

186/246
160/222

107/181
236/284

211/302
135/166

170/257
174/208

238/324
108/144

110/182
231/279

150/229
192/232

43/60
51/65
15/19
25/33
20/28
11/20
19/26
39/44
24/36
29/43
26/38
44/56

   72/124
216/276
   58/68

   24/34
322/434
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Figure 3: Prespecified subgroup analysis  
n=number of unfavourable outcomes using prognosis-based outcome. N=number randomised in group. GCS=Glasgow coma score. 

STICH: Analyse de sous-groupes



Early surgery vs. initial conservative treatment in 
patients with spontaneous lobar supratentorial 

ICH (STICH II)
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initial conservative treatment), six (1%) had an ischaemic 
stroke (fi ve and one, respectively), six (1%) a pulmonary 
embolism (one and fi ve, respectively), 16 (3%) a major 
cardiac event (nine and seven, respectively), and 71 (12%) 
pneumonia (31 and 40, respectively).

With the prognosis-based dichotomy of GOSE, 123 (41%) 
of 297 patients in the early surgery group had a favourable 
outcome at 6 months compared with 108 (38%) of 286 
patients in the initial conservative treatment group 
(OR 0·86, 95% CI 0·62 to 1·20; p=0·367). Early surgery 
had an absolute benefi t of 3·7% (table 4) and a relative 
benefi t of 9·7% (–11·4 to 30·8). Adjustment for the 
covariates age, GCS, haemorrhage volume, and neuro-
logical defi cit made little diff erence to the prognosis-based 
outcome (0·85, 0·59 to 1·22; p=0·384).

The mortality rate at 6 months was 18% in the early 
surgery group and 24% in the initial conservative 
treatment group (table 4; OR 0·71, 95% CI 0·48 to 1·06; 
p=0·095); absolute diff erence in favour of early surgery 
was 5·6% (table 4) and the relative diff erence was 7·3% 
(–1·3 to 16·0). The actual survival advantage during the 
fi rst 6 months with early surgery was not signifi cant 
(fi gure 2). 27 (9%) of 298 patients died at 30 days and 
43 (14%) at 90 days in the early surgery group, whereas 
43 (15%) of 291 patients died at 30 days and 63 (22%) at 
90 days in the initial conservative treatment group.

Table 4 shows the full extended GOSE, Rankin, and 
EuroQoL by treatment group. The prognosis-based 
Rankin showed favourable outcome in 47% of the 
patients in the early surgery group and in 44% of those in 
the initial conservative treatment group (p=0·46; table 4); 
the absolute diff erence in favour of early surgery was 
3·1% (table 4) and the relative diff erence was 7·0% 
(95% CI –11·4 to 25·3). The actual distribution of GOSE 
was more favourable for the early surgery group than for 
the initial conservative treatment group (fi gure 3), 
although the diff erence was not signifi cant (p=0·091; 
table 4). The proportional odds model analysis of these 
data (OR 0·77, 95%CI 0·58 to 1·03; p=0·075) was 
consistent with the χ² trend analysis.

Figure 4 shows prespecifi ed subgroup analyses and 
analyses for the poor and good prognosis groups. No 
prespecifi ed subgroups showed heterogeneity of treat-
ment response.

At 6 months, 79 (39%) of 203 patients in the poor 
prognosis group died and 67 (33%) had lower severe 
disability, whereas 44 (12%) of 380 patients died in the 
good prognosis group and 63 (17%) had lower severe 
disability. Patients in the good prognosis group were 
much more likely to have a good recovery (85 [22%] of 
380) or moderate disability (89 [23%]) than were those in 
the poor prognosis group (12 [6%] of 203 and 13 [6%], 
respectively). Subgroup analysis of the prognosis-based 
prediction group showed signifi cant heterogeneity 
(I²=79%, p=0·03). Patients in the poor prognosis group 
were more likely to have a favourable outcome with early 
surgery than with initial conservative treatment (OR 0·49, 

95% CI 0·26–0·92; p=0·02; fi gure 4). By contrast, there 
was no advantage for surgery in the good prognosis 
group (1·12, 0·75–1·68; p=0·57).

There were diff erences in the causes of death between 
the two groups. Patients in the early surgery group were 
more likely to die from cardiac events (14 [26%] of 54 vs 
fi ve [7%] of 69) and less likely to die from intracerebral 
haemorrhage or rebleed (eight [15%] vs 20 [29%]), chest 

Figure 2: Kaplan–Meier survival curve
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one patient in the initial conservative treatment group 
were lost by the centre (fi gure 1). Thus, process data were 
available for 301 patients in the early surgery group and 
291 in the initial conservative treatment group. Another 
patient withdrew (self-discharged) in the early surgery 
group between 2 weeks and the 6 month follow-up 
because the patient did not want to have surgery 
(fi gure 1). Nine patients were lost to follow-up (although 
six were known to be alive at 6 months and could be 
included in survival analyses; fi gure 1). Thus, 583 patients 

had complete follow-up at 6 months for the primary 
outcome analysis.

Of the 301 assessable patients in the early surgery group, 
288 (96%) had surgery and 281 (93%) had surgery within 
12 h (table 3). 13 (4%) patients did not have surgery because 
their families refused (n=6), or they had a rebleed or 
intraventricular haemorrhage (3), cardiac problem, respi r-
atory problem, or fever (3), and logistical problems (1). Of 
291 assessable patients in the initial conservative treatment 
group, 62 (21%) had surgery (table 3). Reasons for these 
patients requiring operation were deterioration in GCS 
(n=36), oedema (1), rebleed (3), deterioration and oedema 
(7), deterioration and rebleed (5), deterioration, oedema, 
and rebleed (4), rise in intracranial pressure (2), surgeon 
error (1), family request (2), and an underlying cause (1). 
Craniotomy was the most commonly used surgical 
technique for evacuation in 343 (98%) of 350 of cases.

Comparison of patients in the initial conservative 
treatment group who had surgery with those who did 
not showed that they were more likely to undergo 
surgery if they had a paralysed limb at randomisation 
(34 [55%] of 62 vs 65 [28%] of 229; p<0·0001), lower GCS 
(median 13 [IQR 10–14] vs 14 [12–15]; p<0·0001), larger 
haematoma (54 mL [35–74] vs 32 mL [20–50]; p<0·0001), 
or were in the poor prognosis group (34 [55%] vs 71 [31%]; 
p=0·0005). Patients who crossed over to surgery were 
more likely than were those allocated to early surgery to 
have a GCS of at least one point lower just before their 
operation than at randomisation (47 [82%] of 57 vs 
50 [19%] of 269; p<0·0001).

At 2 weeks, the status of patients was classifi ed as dead, 
still on a neurosurgical ward, transferred to another unit 
or hospital, or discharged. There were signifi cant 
diff erences between the early surgery group and initial 
conservative group (p=0·02). In the early surgery group, 
16 (5%) of 301 patients had died, 85 (28%) were still on a 
neurosurgical ward, 80 (27%) were transferred, and 
120 (40%) were discharged, whereas in the initial 
conservative treatment group 29 (10%) of 291 patients 
had died, 102 (35%) were still on a neurosurgical ward, 
60 (21%) were transferred, and 100 (34%) were 
discharged. Few patients in either group (four [1%] of 301 
in the early surgery group and one [<1%] of 291 in the 
initial conservative treatment group) were treated with 
factor VIIa. Patients in the initial conservative group 
were more likely to have an angiogram (108 [37%] of 291 
vs 87 [29%] of 301; p=0·034). However, clinically 
signifi cant lesions were only found in ten patients: three 
with an arteriovenous malformation and three with an 
aneurysm in the early surgery group, and three patients 
with an arteriovenous malformation and one with an 
aneurysm in the initial conservative treatment group. 
Post-randomisation adverse events reported during the 
hospital stay before the 2 week point were similar in the 
two groups: overall 37 (6%) of 592 patients had a further 
intracerebral haemorrhage increasing the volume by at 
least 20% (14 in the early surgery group and 23 in the 

Early surgery group Initial 
conservative 
treatment group

p value Absolute 
diff erence 
(95% CI)

Primary outcome 297 286

Prognosis based 0·367* 3·7% 
(–4·3 to 11·6)

Unfavourable 174 (59%) 178 (62%) ·· ··

Favourable 123 (41%) 108 (38%) ·· ··

Secondary outcomes 298 291

Mortality at 6 months 0·095* 5·6% 
(–1·0 to 12·2)

Dead 54 (18%) 69 (24%) ·· ··

Alive 244 (82%) 222 (76%) ·· ··

Prognosis-based modifi ed 
Rankin

0·456* 3·1%
(–5·0 to 11·2)

Unfavourable 155 (53%) 158 (56%) ·· ··

Favourable 140 (47%) 126 (43%) ·· ··

GOSE 0·091*; 
0·075†

··

Dead 54 (18%) 69 (24%) ·· ··

Vegetative 0 0 ·· ··

Lower severe disability 64 (22%) 66 (23%) ·· ··

Upper severe disability 72 (24%) 59 (21%) ·· ··

Lower moderate disability 20 (7%) 15 (5%) ·· ··

Upper moderate disability 32 (11%) 35 (12%) ·· ··

Lower good recovery 37 (12%) 26 (9%) ·· ··

Upper good recovery 18 (6%) 16 (6%) ·· ··

Rankin 0·128*; 
0·147†

··

0 20 (7%) 16 (6%) ·· ··

1 54 (18%) 57 (20%) ·· ··

2 58 (20%) 41 (14%) ··

3 35 (12%) 32 (11%) ·· ··

4 40 (14%) 28 (10%) ·· ··

5 34 (12%) 41 (14%) ·· ··

Dead 54 (18%) 69 (24%) ·· ··

EuroQoL Index 235 210 0·751‡ ··

Median (IQR; range) 0·64 (0·20 to 0·85; 
–0·59 to 1·00)

0·69 
(0·08 to 0·82; 
–0·59 to 1·00)

·· ··

Data are number or number (%), unless otherwise indicated. EuroQol utility index was calculated with UK weightings 
provided by the EuroQol Group Foundation. Absolute diff erences (95% CIs) are provided for binary outcomes. Rankin 
was not available for three patients in the early surgery group and for seven in the initial conservative group. GOSE was 
not available for one patient in the early surgery group and fi ve patients in the initial conservative group. 
GOSE=Extended Glasgow Outcome Scale. *χ2 test. †Proportional odds model. ‡Mann-Whitney test.

Table 4: Prespecifi ed outcomes at 6 months

Mendelow AD et al. Lancet 2013



HIC	  cérébelleuses	  

•  10-‐15%	  des	  HIC	  
•  Généralement	  exclues	  des	  essais	  cliniques…	  
•  Indica\ons	  chirurgicales	  

–  Détériora\on	  neurologique	  
–  Compression	  du	  tron	  cérébral	  
–  Hydrocéphalie	  obstruc\ve	  

Lignes directrices AHA/ASA 2015. Stroke juillet 2015



Minimally Invasive Surgery plus rTPA for 
ICH evacuation (MISTIE-III)

•  RCT Phase 3 multicentrique, n=500
–  Cathéter  intrahematome (+ aspiration) & rtPA 1 mg q 8h x 72 heures 
–  Vs. traitement médical conventionel

•  Critères d’inclusion
–  HIC supratentorielle >30 mL,  <24hrs du début des sz
–  Début de l’intervention chirurgicale <12-72 h après CT
–  Preuve de la stabilité de l’hématome sur scan de contrôle à 6 h
–  Première dose de rtpa < 76 h

•  mRS 0-3 à 180 jours

Admission	   20-‐h	  post-‐chx	   42-‐hr	  post	  -‐chx	   52-‐hr	  post	  -‐chx	  



Messages-Clés

•  L’HIC est une urgence médicale
•  Il est important d’identifier les patients à haut risque de l’expansion 

de l’hématome afin d’intervenir le plus rapidement possible
•  La réduction de la TA <140 mmHG semble sécuritaire et 

possiblement bénéfique pour ameilorer les outcomes fonctionnels
•  Le traitement hémostatique chez des patients avec une coagulation 

normale est incertain
•  Le traitement hémostatique chez les patients avec une coagulation 

anormale demeure empirique, et il est important d’agir rapidement
•  Actuellement les indications chirurgicales (sauf la pose de DVE et 

hémicrâniectomie pour des HIC cérébelleuses) demeurent 
expériementale.




