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Prediction of haematoma growth and outcome in patients 
with intracerebral haemorrhage using the CT-angiography 
spot sign (PREDICT): a prospective observational study
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Jean-Martin Boulanger, Cheemun Lum, Gord Gubitz, Vasantha Padma, Jayanta Roy, Carlos S Kase, Jayme Kosior, Rohit Bhatia, Sarah Tymchuk, 
Suresh Subramaniam, David J Gladstone, Michael D Hill, Richard I Aviv, for the PREDICT/Sunnybrook ICH CTA study group 

Summary
Background In patients with intracerebral haemorrhage (ICH), early haemorrhage expansion aff ects clinical outcome. 
Haemostatic treatment reduces haematoma expansion, but fails to improve clinical outcomes in many patients. 
Proper selection of patients at high risk for haematoma expansion seems crucial to improve outcomes. In this study, 
we aimed to prospectively validate the CT-angiography (CTA) spot sign for prediction of haematoma expansion. 

Methods PREDICT (predicting haematoma growth and outcome in intracerebral haemorrhage using contrast bolus 
CT) was a multicentre prospective observational cohort study. We recruited patients aged 18 years or older, with ICH 
smaller than 100 mL, and presenting at less than 6 h from symptom onset. Using two independent core laboratories, 
one neuroradiologist determined CTA spot-sign status, whereas another neurologist masked for clinical outcomes 
and imaging measured haematoma volumes by computerised planimetry. The primary outcome was haematoma 
expansion defi ned as absolute growth greater than 6 mL or a relative growth of more than 33% from initial CT to 
follow-up CT. We reported data using standard descriptive statistics stratifi ed by the CTA spot sign. Mortality was 
assessed with Kaplan-Meier survival analysis. 

Findings We enrolled 268 patients. Median time from symptom onset to baseline CT was 135 min (range 22–470), 
and time from onset to CTA was 159 min (32–475). 81 (30%) patients were spot-sign positive. The primary analysis 
included 228 patients, who had a follow-up CT before surgery or death. Median baseline ICH volume was 19·9 mL 
(1·5–80·9) in spot-sign-positive patients versus 10·0 mL (0·1–102·7) in spot-sign negative patients (p<0·001). 
Median ICH expansion was 8·6 mL (–9·3 to 121·7) for spot-sign positive patients and 0·4 mL (–11·7 to 98·3) for 
spot-negative patients (p<0·001). In those with haematoma expansion, the positive predictive value for the spot 
sign was 61% (95% CI 47–73); the negative predictive value was 78% (71–84), sensitivity was 51% (39–63), and 
specifi city was 85% (78–90). Median 3-month modifi ed Rankin Scale (mRS) was 5 in CTA spot-sign-positive 
patients, and 3 in spot-sign-negative patients (p<0·001). Mortality at 3 months was 43·4% (23 of 53) in CTA spot-
sign positive versus 19·6% (31 of 158) in CTA spot-sign-negative patients (HR 2·4, 95% CI 1·4–4·0, p=0·002).

Interpretation These fi ndings confi rm previous single-centre studies showing that the CTA spot sign is a predictor of 
haematoma expansion. The spot sign is recommended as an entry criterion for future trials of haemostatic therapy in 
patients with acute ICH.

Funding Canadian Stroke Consortium and NovoNordisk Canada.

Introduction
Intracerebral haemorrhage (ICH) accounts for about 
7–15% of all strokes and carries a mortality rate of about 
40%, with half of the fatalities occurring within the fi rst 
2 days after an ictus.1 The most important predictors of 
outcome after ICH are volume of ICH, Glasgow coma 
scale (GCS) score, presence of intraventricular blood, 
and age.2 Haematoma expansion is common, usually 
occurs in the early phase of ICH, and is strongly 
associated with poor outcome. Clinically, it manifests as 
early neurological deterioration,3 often leading to death.4,5 
Given the association of poor outcome with haematoma 
expansion and fi nal ICH volume, therapeutic inter-
vention aimed at preventing such expansion could 
represent an acute treatment paradigm for ICH.

Results from trials with haemostatic drugs, such as 
intravenous recombinant factor VIIa (rFVIIa), have 
shown reductions in haematoma expansion,6 but have 
not consistently shown improved clinical outcomes.7 This 
apparent discrepancy might be due to the inclusion of a 
majority of patients unlikely to benefi t from haemostatic 
therapy, since only one in three patients with ICH have 
substantial haematoma expansion within the fi rst few 
hours.4 Furthermore, patients presenting to hospital with 
large haematomas will invariably have bad outcomes, 
with or without subsequent haematoma expansion. 
Perhaps the clinical effi  cacy of a haemostatic agent could 
be optimised by stratifying patients at highest risk of 
haematoma expansion, and excluding those destined for 
a poor outcome irrespective of therapy.8 
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A marker predictive of haematoma expansion could aid 
the selection of patients for haemostatic treatment, 
especially in patients presenting with small-to-moderate 
ICH volumes. One such important surrogate for 
identifi cation of continued bleeding is contrast 
extravasation seen on CTA. The CTA spot sign refers to 
one or more foci of contrast enhancement within an 
acute primary parenchymal haematoma visible on the 
source images of CTA. Data from several single-centre 
studies9–14 show that the CTA spot sign is a marker of 
increased risk of haemorrhage growth. The CTA spot 
sign occurs in about a third of patients scanned within 
3 h, and on the basis of data from the single-centre 
studies, the predictive value for substantial haematoma 
expansion within 3 h is high. Inter-reader reliability was 
good to very good (kappa ranging from 0·77 to 0·94) 
among physicians including neuroradiologists, fellows, 
and emergency doctors.9,10,12,15 Specifi city and positive 
predictive value (PPV) decline with increasing time from 
onset, but negative predictive value (NPV) remains 
unchanged. Recently, a spot-sign score was developed on 
the basis of single-centre data, and it was predictive of 
extent of haematoma expansion15 and clinical outcome.16

The primary aim of the predicting haematoma growth 
and outcome in intracerebral haemorrhage using contrast 
bolus CT (PREDICT) study was to validate previous single-
centre observations in a prospective multicentre study with 
blinded evaluation of haematoma volume and CTA spot-
sign interpretation. We sought to establish the sensitivity, 
specifi city, and predictive values of the CTA spot sign for 
predicting haematoma expansion and clinical outcome. 

Methods
Patients 
PREDICT was a multicentre, prospective, observational 
cohort study of patients aged 18 years or older who 
presented with an acute symptomatic and radiologically 
confi rmed ICH. Patients were eligible for entry if they 
presented within 6 h of onset with a primary or 
anticoagulant-associated ICH of less than 100 mL 
(estimated using ABC/2 methods).17,18 Exclusion criteria 
included known renal impairment that precluded CTA, 
premorbid dependence defi ned as modifi ed Rankin scale 
(mRS) score greater than 3, secondary cause of ICH (eg, 
tumour, arteriovenous malformation), deep coma, or 
major comorbid or terminal illness. Treatments such as 
off -label rFVIIa or surgical evacuation were allowed at the 
discretion of the treating physician. Patients were excluded 
from the primary analysis if surgery or other neurosurgical 
intervention was done before follow-up CT. 

The PREDICT study protocol was approved by the 
research ethics board of the University of Calgary, Calgary, 
AB, Canada. The requirement for additional local ethics 
approval diff ered among participating countries and 
additional consent was obtained if required by the local 
ethics board. All patients gave written informed consent 
according to the requirements established by each site 

ethics board. When a patient was incapacitated by the 
stroke and unable to give consent, the next of kin or legal 
guardian gave surrogate consent.

Procedures
We recorded baseline demographic characteristics, 
medical history, clinical presentation, baseline and 
follow-up imaging fi ndings, type and timing of 
treatments, neurological defi cits (National Institutes of 
Health stroke scale, NIHSS) at time of treatment, 
complications, presumed cause of ICH, cause of death, 
and outcome (mRS) at 3 months. Participating centres 
collected data and submitted it by fax to the coordinating 
centre at the University of Calgary. All patients enrolled 
in this study underwent CTA through the entire 
haematoma volume after the diagnostic non-contrast 
CT scan. The CTA was done using a bolus-tracking 
method by injecting 50–100 mL of non-ionic iodinated 
contrast at 4–6 mL/s; there were no CT specifi cations, 
and the protocol for the CTA varied slightly by institution, 
refl ecting a pragmatic approach to acquisition of 
imaging data. CT haematoma volumes were analysed 
with the Quantomo computerised-planimetry software 
(Cybertrial Inc, Calgary, Canada), which has been 
validated for use in ICH analysis.19 A stroke neurologist 
(AMD) masked to patient outcome, CTA scans, and 
spot-sign status did the volumetric analysis at the 
University of Calgary. CTA source image data were 
transferred to the University of Toronto for independent 
interpretation for the presence or absence of the spot 
sign by a neuroradiologist (RIA) who was masked to 
outcome and follow-up non-contrast CT. To ensure 
study integrity and masking of both readers, the project 
offi  cer (DD) independently combined the two image 
interpretation datasets at a third institution, the 
University of Ottawa. The spot sign was defi ned 
according to four criteria: (1) serpiginous or spot-like 
appearance within the margin of a parenchymal 
haematoma without connection to an outside vessel; (2) 
contrast density greater than 1·5 mm in diameter in at 
least one dimension; (3) contrast density (Hounsfi eld 
units, HU) at least double that of the background 
haematoma; and (4) no hyperdensity at the corresponding 
location on non-contrast CT (fi gure 1).20 

The primary outcome was substantial haematoma 
expansion at follow-up CT defi ned as an absolute growth 
greater than 6 mL or relative growth of more than 33% 
from initial CT.4,9 Other defi nitions of haematoma 
expansion were also explored as a secondary analysis 
because no consensus existed on the preferred cutoff  for 
clinically signifi cant haematoma expansion; haematoma 
expansion greater than 12·5 mL correlated best to clinical 
outcome in a previous study of an ICH cohort.21 Secondary 
outcomes included early neurological worsening (defi ned 
as worsening of ≥4 points in the NIHSS score at 24 h 
compared with baseline), mRS score at 3 months, and 
mortality at 3 months.
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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. 

Table 1: Baseline characteristics
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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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spot sign were not as robust. Positive predictive values 
from the single centre studies9–11 varied considerably 
(24–77%, compared with 61% in the present study), 
whereas negative predictive values were higher 
(96–98%, compared with 78% in the present study). 
One explanation is that only fi rst-pass CTA images were 
available for detection of the CTA spot sign in PREDICT. 
Recent studies have suggested that second-pass imaging 
done 1 min or more after initial administration of a 
contrast bolus can increase the yield and sensitivity of 
contrast extravasation.26,27 Furthermore, time-resolved 
dynamic CTA can detect late spot signs absent in fi rst-
pass CTA presumably because of poor cardiac output or 
high arterial resistance.27 These delayed imaging 
modalities might provide additional information on the 
pathophysiology of the CTA spot sign. Further 
prospective studies using second-pass CTA could refi ne 
the notion of contrast extravasation and risk of 
haematoma expansion. New CT technologies allow for 
dynamic contrast imaging over 1 min or longer 
producing dynamic CTA and CT-perfusion images. 
These techniques provide real-time information on 
contrast leakage and allow estimates of contrast leakage 
rate, which should correlate more closely with the 
magnitude of haematoma expansion than current 
“single snapshot in time” CTA imaging.28,29 

There are other limitations of this study that should 
be considered when interpreting the results. Although 
the imaging data acquisition was pragmatic, using 
various CT systems, the radiological interpretation was 

not. To evaluate the primary outcome, we used a gold 
standard assessment of spot sign done by a core 
laboratory neuroradiologist. When an untrained site 
investigator interpreted the presence of contrast 
extravasation, the utility utility of CTA for predicting 
haematoma expansion was less robust. Several patients 
died very early (<24 h) after onset presumably owing to 
large ICH volumes or haematoma expansion that 
resulted in a change in do-not-resuscitate (DNR) status. 
This group had a high CTA spot-sign rate, and its 
exclusion might have produced an underestimation of 
haematoma expansion volume and CTA spot-sign 
prevalence. Another group of patients received 
treatments that make useful interpretation of their data 
for haematoma expansion impossible, such as early 
surgical evacuation and off -label use of rFVIIa. In 
future clinical trials of haemostatic drugs using spot-
sign detection, early death or early surgery should be 
considered as secondary outcomes, given the frequency 
with which these events can occur. 

One technical limitation might have been the 
variability in timing of contrast bolus administration 
among institutions, which might have altered the 
ability to detect a CTA spot sign, although we did not 
see signifi cant diff erences in spot-sign positive 
frequency amongst our highest recruiting sites. A 
small number of patients with coagulopathic 
haemorrhages were grouped together with those with 
non-coagulopathic haemorrhages. Although the spot 
sign retains its importance in predicting future 
deterioration in both groups, it is clear that these types 
of haemorrhage are clinically diff erent, and progress at 
diff erent rates. Finally, we cannot exclude potential 
clinical care confounders such as DNR orders, blood 
pressure and glucose control, or intensive-care-unit 
care, that might have arisen based on the treating 
clinician’s knowledge of the spot-sign status of the 
patient. This limitation is inherent to the observational 
design of our study and will be addressed by ongoing 
clinical trials.

Given the robust value of CTA spot sign as a marker of 
haematoma expansion, these results confi rm that a 
subpopulation of patients with ICH can be identifi ed by 
CTA. The usefulness of the CTA spot sign should be 
tested in proof-of-concept trials of haemostatic drugs in 
patients with ICH. A phase 2 trial stratifying patients by 
presence of CTA spot sign should show a large reduction 
in haematoma expansion with early rFVIIa treatment 
and thereby translate into improved clinical outcomes. 
rFVIIa has already been shown to reduce haematoma 
expansion by 4 mL overall, even in a heterogeneous 
population of patients we can presume included many 
who were not actively bleeding.7 Enrolment of patients 
with the CTA spot sign is likely to magnify the reduction 
in haematoma expansion with rFVIIa because the 
population would be skewed toward those actively 
bleeding. Such an eff ect could compensate for any 

Panel: Research in context

Systematic review
We searched PubMed for reports published in English from 
Jan 1, 1999, to Jan 21, 2012, with the search terms 
“intracerebral hemorrhage” and “CT-angiography”. No 
randomised clinical trials or meta-analyses were identifi ed. 
Single-centre cohort studies were identifi ed that suggested 
that the CTA spot sign and contrast extravasation were 
important imaging markers for early haematoma expansion 
in patients with intracerebral haemorrhage.9–14

Interpretation
Our study is the fi rst multicentre prospective cohort study 
examining the utility of CTA for predicting haematoma 
expansion in intracerebral haemorrhage. This study has 
determined that the CTA spot sign is an independent 
predictor of haematoma expansion even when data were 
acquired on diff erent CT scanners in various centres. This 
study found that the CTA spot sign is associated with high 
haematoma volumes at baseline and a high rate of early 
death. The study also provides encouraging data regarding 
site investigator reliability for detecting contrast 
extravasation within the haematoma compared with core 
laboratory neuroradiological interpretation.
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downside risk associated with rFVIIa due to ischaemic 
complications, such as myocardial infarction and 
ischaemic stroke that were detected in the FAST trial.30 
Two such trials stratifying patients according to the 
presence of a CTA spot sign have just begun recruitment 
in North America—SPOTLIGHT (NCT00810888) and 
STOP-IT (NCT01359202).

In conclusion, CTA can identify a subpopulation of 
patients with ICH with the spot sign who are at high risk 
of substantial intracerebral and intraventricular 
haematoma expansion, early neurological deterioration, 
and early mortality. Randomised trials of haemostatic 
treatment, such as rFVIIa, should be done in ICH 
patients with a positive spot sign on CTA.
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