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1
GENERAL INTRODUCTION

This Ph.D. thesis, ‘Continued bleeding following acute intracerebral hemorrhage’, describes 
a series of investigations of the pathophysiology and the clinical relevance of continued 
bleeding following acute spontaneous intracerebral hemorrhage (ICH).

Spontaneous ICH accounts for approximately 15% of all acute strokes and is the deadli-
est form of stroke, with one-month mortality rates of around 40%.1-3 After the fi rst year, 
more than 75% of ICH patients are deceased or functionally dependent.3 No treatment 
has yet been proven benefi cial in randomized controlled trials, which makes ICH a major 
public health concern in need of eff ective therapies. The volume of ICH that ultimately 
exits the ruptured vessel (termed initial or baseline ICH volume) remains the strongest 
determinant of mortality and functional outcome and is easily measured on non-con-
trast CT.4,5 Hematoma location is another factor infl uencing both short- and long-term 
outcome.6 Continued bleeding or hematoma expansion, occurring in approximately 
40% of patients, further aggravates outcome.7,8 With expansion being the only modifi -
able determinant of outcome and occurring when the patient is already admitted to the 
hospital, arrest of expansion is the most common target in acute clinical trials in ICH.

Thus far, however, the specifi c targeting of hematoma expansion has yet to yield func-
tional improvement in large randomized controlled trials.9-13 This may be attributed to 
limitations in our understanding of the phenomenon of hematoma expansion as well as 
the consequent challenge of accurately identifying those patients most likely to benefi t 
from an intervention, i.e. those who will experience expansion severe enough to nega-
tively impact outcome.14 Novel selecting tools are therefore warranted to better predict 
hematoma expansion. CTA has proven to be such an instrument for the investigation of 
active bleeding in acute ICH. Swift and easily accessible to clinical care providers across 
the world15, CTA has the added utility of serving as a screening tool for acute ICH. Active 
contrast extravasation following CTA, commonly termed the ‘spot sign’, has been proven 
to be a strong predictor of both hematoma expansion and functional outcome.16-19 
The spot sign has been studied extensively over the last decade and has emerged as a 
potential biomarker to guide therapies in both treatment trials and clinical care.19

Chapters 2 through 4 review the current literature regarding the acute management 
of ICH as well as the pathophysiology, risk factors, and treatment options to prevent 
hematoma expansion. The current knowledge and clinical applications of the CTA spot 
sign are discussed as well.
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In chapters 5 through 7 we describe investigations of the biological mechanisms un-
derlying hematoma expansion and the phenomenon of the spot sign. We describe the 
genetic, clinical, and neuroimaging predictors. The role of the Apolipoprotein E ε2 allele 
in expansion and the spot sign is discussed in particular detail. Chapter 8 assesses the 
potential role of the spot sign in aneurysmal subarachnoid hemorrhage with intrapa-
renchymal extension and evaluates if the spot sign occurs as a disease-specifi c entity.

Chapter 9 consists of a prospective validation study of the spot sign score (including 
number, size, and attenuation of spot signs) as predictor of hematoma expansion and 
poor functional outcome. In chapter 10 we describe a study ascertaining the prevalence 
of hematoma expansion and the accuracy of the spot sign to identify the risk of this ex-
pansion in patients presenting outside the traditional windows for trial enrollment and 
acute treatment (4 – 6 hours after symptom onset). To further enhance the prediction 
of subsequent expansion, we then aimed to develop the prediction score discussed in 
chapter 11 of this thesis. This 9-point prediction score has subsequently been validated 
in an independent cohort, which is also described in this chapter. In chapter 12, we next 
discuss the role of the spot sign in patients undergoing surgical hematoma evacuation 
for their primary ICH, hypothesizing that spot sign presence is associated with more ac-
tive bleeding and larger residual hematoma volumes. In addition, this chapter evaluates 
the spot sign as a selection tool for future surgical trials in ICH, as recent trials have failed 
to show benefi t for surgical hematoma evacuation.

The next phase of utilizing the spot sign as tool for treatment stratifi cation is described 
in chapter 13. Here we outline the protocol and aims of the ‘Spot Sign Score In Restricting 
Intracerebral Hemorrhage Growth’ (SCORE-IT) trial, an ancillary study of the large ongo-
ing ‘Antihypertensive Treatment of Acute Cerebral Hemorrhage’ (ATACH-II) clinical trial.20,21 
ATACH-II assesses intensive blood pressure reduction as acute ICH treatment. SCORE-IT 
aims to test the hypothesis that patients with a spot sign will receive most clinical ben-
efi t from intensive blood pressure lowering.

Finally, chapter 14 is the general discussion and summarizes the most important results 
of the research included in this thesis and we discuss remaining challenges and future 
directions.

REFERENCES

 1. Qureshi AI, Tuhrim S, Broderick JP, Batjer HH, Hondo H, Hanley DF. Spontaneous intracerebral 
hemorrhage. N Engl J Med. 2001;344:1450-1460.

 2. Qureshi AI, Mendelow AD, Hanley DF. Intracerebral haemorrhage. Lancet. 2009;373:1632-1644.



General introduction 13

1
 3. van Asch CJ, Luitse MJ, Rinkel GJ, van der Tweel I, Algra A, Klijn CJ. Incidence, case fatality, and 

functional outcome of intracerebral haemorrhage over time, according to age, sex, and ethnic 
origin: a systematic review and meta-analysis. Lancet Neurol. 2010;9:167-176.

 4. Broderick JP, Brott TG, Duldner JE, Tomsick T, Huster G. Volume of intracerebral hemorrhage. A 
powerful and easy-to-use predictor of 30-day mortality. Stroke. 1993;24:987-993.

 5. Rost NS, Smith EE, Chang Y, Snider RW, Chanderraj R, Schwab K, et al. Prediction of functional out-
come in patients with primary intracerebral hemorrhage: the FUNC score. Stroke. 2008;39:2304-
2309.

 6. Flaherty ML, Haverbusch M, Sekar P, Kissela B, Kleindorfer D, Moomaw CJ, et al. Long-term mortal-
ity after intracerebral hemorrhage. Neurology. 2006;66:1182-1186.

 7. Davis SM, Broderick J, Hennerici M, Brun NC, Diringer MN, Mayer SA, et al. Hematoma growth 
is a determinant of mortality and poor outcome after intracerebral hemorrhage. Neurology. 
2006;66:1175-1181.

 8. Dowlatshahi D, Demchuk AM, Flaherty ML, Ali M, Lyden PL, Smith EE, et al. Defi ning hema-
toma expansion in intracerebral hemorrhage: relationship with patient outcomes. Neurology. 
2011;76:1238-1244.

 9. Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer MN, et al. Recombinant activated 
factor VII for acute intracerebral hemorrhage. N Engl J Med. 2005;352:777-785.

 10. Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer MN, et al. Effi  cacy and safety of recom-
binant activated factor VII for acute intracerebral hemorrhage. N Engl J Med. 2008;358:2127-2137.

 11. Anderson CS, Huang Y, Wang JG, Arima H, Neal B, Peng B, et al. Intensive blood pressure reduc-
tion in acute cerebral haemorrhage trial (INTERACT): a randomised pilot trial. Lancet Neurol. 
2008;7:391-399.

 12. Qureshi AI, Palesch YY, Martin R, Novitzke J, Cruz-Flores S, Ehtisham A, et al. Eff ect of systolic blood 
pressure reduction on hematoma expansion, perihematomal edema, and 3-month outcome 
among patients with intracerebral hemorrhage: results from the antihypertensive treatment of 
acute cerebral hemorrhage study. Arch Neurol. 2010;67:570-576.

 13. Anderson CS, Heeley E, Huang Y, Wang J, Stapf C, Delcourt C, et al. Rapid blood-pressure lowering 
in patients with acute intracerebral hemorrhage. N Engl J Med. 2013;368:2355-2365.

 14. Mayer SA, Davis SM, Skolnick BE, Brun NC, Begtrup K, Broderick JP, et al. Can a subset of intrace-
rebral hemorrhage patients benefi t from hemostatic therapy with recombinant activated factor 
VII? Stroke. 2009;40:833-840.

 15. Ginde AA, Foianini A, Renner DM, Valley M, Camargo CA,Jr. Availability and quality of computed 
tomography and magnetic resonance imaging equipment in U.S. emergency departments. Acad 
Emerg Med. 2008;15:780-783.

 16. Goldstein JN, Fazen LE, Snider R, Schwab K, Greenberg SM, Smith EE, et al. Contrast extravasa-
tion on CT angiography predicts hematoma expansion in intracerebral hemorrhage. Neurology. 
2007;68:889-894.

 17. Wada R, Aviv RI, Fox AJ, Sahlas DJ, Gladstone DJ, Tomlinson G, et al. CT angiography “spot sign” 
predicts hematoma expansion in acute intracerebral hemorrhage. Stroke. 2007;38:1257-1262.

 18. Demchuk AM, Dowlatshahi D, Rodriguez-Luna D, Molina CA, Blas YS, Dzialowski I, et al. Prediction 
of haematoma growth and outcome in patients with intracerebral haemorrhage using the CT-
angiography spot sign (PREDICT): a prospective observational study. Lancet Neurol. 2012;11:307-
314.



14 Chapter 1

 19. Brouwers HB, Goldstein JN, Romero JM, Rosand J. Clinical applications of the computed tomog-
raphy angiography spot sign in acute intracerebral hemorrhage: a review. Stroke. 2012;43:3427-
3432.

 20. Goldstein J, Brouwers H, Romero J, McNamara K, Schwab K, Greenberg S, et al. SCORE-IT: the Spot 
Sign score in restricting ICH growth - an ATACH-II ancillary study. J Vasc Interv Neurol. 2012;5:20-
25.

 21. Qureshi AI, Palesch YY. Antihypertensive Treatment of Acute Cerebral Hemorrhage (ATACH) II: 
design, methods, and rationale. Neurocrit Care. 2011;15:559-576.







CHAPTER 2 Therapeutic Strategies In Acute 
Intracerebral Hemorrhage 
H. Bart Brouwers, M.D. 1,2; Joshua N. Goldstein, M.D., Ph.D. 1,3

1. Division of Neurocritical Care and Emergency Neurology, 

Department of Neurology, Massachusetts General Hospital, 

Harvard Medical School, Boston

2. Center for Human Genetic Research, Massachusetts General 

Hospital, Harvard Medical School, Boston

3. Department of Emergency Medicine, Massachusetts General 

Hospital, Harvard Medical School, Boston

Neurotherapeutics 2012;9:87-98.



18 Chapter 2

SUMMARY

Intracerebral hemorrhage is a devastating disease, and no specifi c therapy has been 
proven to reduce mortality in a randomized controlled trial. However, management in 
a neuroscience intensive care unit does appear to improve outcomes, suggesting that 
many available therapies do in fact provide benefi t. In the acute phase of intracerebral 
hemorrhage care, strategies aimed at minimizing ongoing bleeding include reversal of 
anticoagulation and modest blood pressure reduction. In addition, the monitoring and 
regulation of glucose levels, temperature and, in selected cases, intracranial pressure are 
recommended by many groups. Selected patients may benefi t from hematoma evacu-
ation or external ventricular drainage. Ongoing clinical trials are examining aggressive 
blood pressure management, hemostatic therapy, platelet transfusion, stereotactic 
hematoma evacuation, and intraventricular thrombolysis. Finally, preventing recurrence 
of intracerebral hemorrhage is of pivotal importance, and tight blood pressure manage-
ment is paramount.
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INTRODUCTION

Incidence
Spontaneous intracerebral hemorrhage (ICH) accounts for 10 – 15% of all strokes 
worldwide or 10 – 30 cases per 100,000 people per year [1]. Patients with ICH show 
the worst outcome of all stroke subtyp-es with a 30-day mortality rate of 30% to 50% 
[2-5]. Moreover, long-term outcomes of ICH are even more devastating, with 75% of 
patients severely disabled or deceased at one year [4]. ICH is more frequently seen in 
men than women, especially in the Japanese population, and ICH is twice as common in 
Asians compared to other ethnic groups. The incidence of ICH appears to increase with 
advanced age [4,6].

Pathophysiology

ICH is classifi ed as primary or secondary based upon underlying cause. Primary ICH is the 
result of spontaneous rupture of small vessels and accounts for 78 – 88% of all ICH cases 
[7]. Causes include hypertension and cerebral amyloid angiopathy (CAA). Secondary ICH 
(accounting for 12 – 22% of all ICH) is due to a cause other than small vessel rupture; 
for example, aneurysm, arteriovenous malformation, hemorrhagic transformation of 
ischemic stroke, and neoplasms [7]. Following both types of ICH, edema formation will 
occur, perilesional blood fl ow will change and some hematomas will expand over time. 
All these pathophysiologic processes are described in more detail in the upcoming para-
graphs; however, the review will primarily focus on the acute management of primary 
ICH.

Risk factors

Numerous risk factors for ICH have been identifi ed over the past decades, including 
genetics, race, lifestyle and pre-existing medical conditions [7]. Genetic risk factors 
include the Apolipoprotein E (APOE) ε2 and ε4 alleles; while both raise the risk for ICH in 
the lobar brain regions, only the ε4 allele is associated with deep ICH [8]. A fi rst-degree 
relative with ICH is also an independent risk factor for ICH [9]. Lifestyle risk factors 
include smoking, excessive alcohol intake, drug abuse, unhealthy diet and the lack of 
regular physical activity [9,10]. Risk factors in a patient’s past medical history include 
prior stroke, hypertension, diabetes mellitus, psychosocial stress, cerebral amyloid an-
giopathy, coagulopathy and an underlying vascular lesion [7,9,10]. While many of these 
factors cannot be modifi ed, some off er therapeutic targets. In particular, the population 
attributable risk of hypertension for ICH is quite high [9], and treatment of hypertension 
has been shown to decrease this risk for both CAA-related and hypertension-related ICH 
[11].
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Initial hematoma

Initial hematoma volume is the strongest predictor of 30-day mortality, with 96% sensi-
tivity and 98% specifi city [12]. In addition, it predicts poor functional outcome [13,14]. 
The APOE ε2 allele is associated with larger hematomas, which appears to explain its 
eff ect on outcome [15]. The relation between oral anticoagulation use and baseline 
hematoma volume is unclear; some studies have shown increased baseline volumes 
[16,17], while others have not [15,18].

Hematoma location is also an important aspect of the initial hematoma, since location 
infl uences 30-day mortality rates: 44% for deep ICH, 46% for lobar ICH, 60% for brain-
stem ICH and 34% for cerebellar ICH [3]. In a study of over 1000 patients the distribution 
of hematoma location showed 50% deep, 35% lobar, 10% cerebellar and 6% brainstem 
ICH [19].

Edema

The presence of intracerebral hemorrhage causes edema formation surrounding the 
hematoma (termed perihematomal edema), starting within hours of ICH onset and 
progresses over time [20,21]. The physiology of edema formation consists of two stages. 
Early edema is due to the accumulation of serum proteins of the clot that contain os-
motic activity [22]. Subsequently, the presence of cytotoxic and vasogenic edema leads 
to blood–brain barrier disturbances, sodium pump failure, and ultimately the death of 
neurons [23,24]. The fi rst hours after ICH onset, the blood-brain barrier continues to be 
non-permeable for larger molecules, but after 8 – 12 hours the permeability increases 
and therefore fosters further edema formation [20]. In addition, an infl ammatory reac-
tion starts early after ICH and peaks a few days post ICH, leading to secondary brain 
injury [20].

Perilesional blood fl ow

In addition to edema, perilesional or perihematomal blood fl ow is of clinical interest 
because of a theoretical concern that lowering the systemic blood pressure may cause 
perilesional ischemia. Several studies, with heterogeneous results, have investigated 
this topic. A CT perfusion study showed reduced regional cerebral blood fl ow (CBF) ad-
jacent to the hematoma which increased as the distance from the hematoma center in-
creased [25]. In a single-photon emission computed tomography (SPECT) study, edema 
increased by 36% in the fi rst 72 hours, and during this period the perilesional blood fl ow 
normalized [26]. An additional, more recent, CT perfusion study also showed a reduced 
regional CBF surrounding the hematoma, accompanied by a reduced oxygen extraction 
fraction. This decreased oxygen demand might be due to tissue damage caused by an 
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infl ammation process initiated by hematoma components [27]. Of note, two MRI based 
studies found no evidence of decreased perilesional blood fl ow [28,29].

Hematoma expansion

Another predictor of poor outcome is ongoing bleeding after hospital arrival, or hema-
toma expansion. 73% of patients express some degree of expansion, and 30 – 40% of 
patients expand more than 33% from baseline volume [13,18,30,31]. The pathophysi-
ologic mechanism by which hematoma expansion occurs remains unclear. Possibilities 
include ongoing bleeding from the initially ruptured vessel and a cascading injury of 
nearby damaged small vessels after the initial rupture of a vessel [32].

Hematoma expansion strongly infl uences outcome, with each 10% enlargement of the 
hematoma resulting in a 5% increased hazard of death, and an increase of 16% in the 
likelihood of a 1 point worsening on the modifi ed Rankin Scale (mRS) [13]. Other stud-
ies also showed increased risks of poor functional outcome and death [16,30,33]. The 
occurrence of hematoma expansion is related to initial hematoma size; smaller hema-
tomas are less likely to expand [16,34,35]. Other risk factors for expansion include early 
presentation [36], warfarin use [16,18], and contrast extravasation on CT angiography 
(CTA) [36-38]. The latter will be discussed more extensively in the ‘neuroimaging’ section.

DIAGNOSIS

Clinical signs
Since ICH is a life-threatening disease, initial diagnosis is of critical importance. Clinical 
symptoms may include acute onset of headache, nausea, vomiting, seizures and any 
focal or generalized neurologic symptoms. In patients with suspected stroke, the pres-
ence of fi ndings such as coma, headache, vomiting, seizures, neck stiff ness and raised 
diastolic blood pressure, increase the likelihood of ICH compared to ischemia, but only 
neuroimaging can provide a defi nitive diagnosis [39].

Neuroimaging

CT
In the United States, CT is the most commonly used form of neuroimaging in patients 
with neurologic defi cits. CT scanners are rapidly and commonly available in US emer-
gency departments [40] and highly sensitive in detecting ICH.
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CT angiography
CT angiography can accurately diagnose many underlying lesions of secondary ICH 
such as aneurysm, Moyamoya disease, neoplasms and arteriovenous malformations 
[41]. In addition, CT venography is very accurate in diagnosing venous sinus thrombosis, 
another secondary cause of ICH [42]. As CT scanners are widely available [40], CT angi-
ography is often used as an initial diagnostic modality in many centers, and may not 
meaningfully raise the risk of nephropathy following ICH [43].

Another advantage to CT angiography is its ability to predict hematoma expansion. 
In patients with primary ICH, many show signs of contrast within the hematoma itself, 
suggesting that it may have extravasated from an injured blood vessel [36,44]. The 
presence of this contrast, which has been termed a ‘spot sign’, is an independent predic-
tor of which patients will go on to suff er hematoma expansion (Figure 1) [36-38]. The 
prevalence of the CTA spot sign decreases as time from onset to CTA increases, but its 
presence remains predictive of hematoma expansion independent of time from onset 
to CTA [36,38]. Several other studies showed that the CTA spot sign is predictive of mor-
tality and poor outcome [45,46]. In secondary ICH, the CTA spot sign is also predictive 
of in-hospital mortality [47], but vascular and nonvascular mimics of this fi nding are 
common and lower its sensitivity and specifi city [48].

MRI
Although CT is the most commonly used diagnostic tool to detect ICH, Gradient Re-
called Echo (GRE) MRI is equally sensitive to detect acute ICH [49]. In addition, it is more 
sensitive for small hemorrhages, termed ‘microbleeds’ [50]. While these may not cause 
acute symptoms, their presence can serve as a marker of underlying vascular disease 
and can risk-stratify patients for recurrent ICH [51].

MANAGEMENT

General principles
Thus far, no individual therapy has demonstrated benefi t in a randomized controlled trial. 
However, specialized treatment of acute ICH in a neurology or neurosurgery intensive 
care unit may well improve outcomes [52]. In addition, the fact that patients who have 
their care limited (such as with a ‘Do Not Resuscitate’ [DNR] order) show worse outcomes 
even in the absence of cardiac arrest, suggests that comprehensive aggressive care does 
provide some benefi t [53]. Airway protection, anticoagulation reversal, blood pressure 
management and intracranial pressure (ICP) management are vitally important strate-
gies that need to be initiated as early as possible. In a recent article, 26 quality indicators 
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Figure 1: CT and CT angiography of acute intracerebral hemorrhage

(A) Non-contrast CT shows a right thalamic intracerebral hemorrhage (24 mL) with associated intraven-
tricular hemorrhage (6 mL) (B) CT angiography demonstrates 3 foci of contrast (spot signs) within the in-
tracerebral hemorrhage (arrowheads) (C) Delayed CT angiography shows increased volume and changed 
morphology of the spot signs (arrowheads) (D) Non-contrast CT after 8 hours demonstrates expansion of 
the intracerebral hemorrhage (94 mL) and intraventricular hemorrhage (82 mL). The patient expired shortly 
after this follow-up CT.
(Adapted from Delgado Almandoz JE et al. Stroke 2009;40:2994-3000)
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were proposed for the systematic evaluation of ICH patient care, although many have 
not yet been validated as predictors of better outcome [54].

Airway protection

30% of those with supratentorial ICH and the majority with cerebellar or brainstem ICH 
require intubation for airway protection [55]. Intubation can prevent aspiration and 
maximize oxygenation, but these benefi ts should be weighed against potential risks of 
intubation in the acute phase [56].

MEDICAL MANAGEMENT

Anticoagulation reversal
Oral anticoagulation
A population-based study reported a 4-fold increase in oral anticoagulation-associated 
ICH between 1988 and 1999, accounting for up to 17% of ICH cases in 1999 [57]. The 
observed increase is most likely due to the increased use of warfarin by patients with 
atrial fi brillation [58]. The use of warfarin at the time of ICH is associated with hematoma 
expansion [16,18] and increased mortality [15-17,59].

While no clinical trials have been published on anticoagulation reversal (the logistics of 
doing such a trial have been prohibitive [60]), the fact that anticoagulation predisposes 
to more bleeding suggests that anticoagulation reversal is probably benefi cial. A rapid 
correction of the international normalized ratio (INR) is recommended by the American 
Heart Association (AHA) and the European Stroke Organization (ESO; the former European 
Stroke Initiative) [61,62]. Intravenous administration of vitamin K is recommended, but 
because its eff ect takes several hours, additional therapy to restore coagulation factors 
is recommended [61,62]. Two products are thought to restore the vitamin K dependent 
coagulation factors: fresh frozen plasma (FFP) and four-factor prothrombin complex 
concentrates (PCC) (some PCCs are termed three-factor as they contain minimal factor 
VII [63]). Correction of the INR to less than 1.4 within two hours has been associated with 
decreased rates of hematoma expansion [64], but it is diffi  cult to achieve this with FFP 
alone [65]. The role of activated recombinant factor VIIa (rFVIIa) is unclear in patients 
with anticoagulation-associated ICH, as restoring only 1 of the 4 missing factors may 
reverse the INR but not necessarily the underlying coagulopathy [66,67].

Antiplatelet therapy
There have been confl icting studies about whether antiplatelet use worsens outcome 
in ICH; however, a recent systematic review suggested that previous use of antiplatelet 
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therapy is associated with increased mortality [68]. This raises the question of whether 
antiplatelet therapy can be ‘reversed’. The most commonly used intervention is transfu-
sion of fresh platelets. However, the value of this is unclear and is therefore considered 
to be investigational by the AHA [61] and is currently under investigation in the PATCH 
trial (The Netherlands National Trial Register #NTR1303) [69]. A future option might be 
procoagulant agents such as rFVIIa [70]. However, for those patients with thrombocyto-
penia, platelet transfusion should be initiated [61].

Direct thrombin and factor Xa inhibitors
Recent large clinical trials have suggested that oral factor Xa inhibitors (rivaroxaban and 
apixaban) [71,72] and an oral direct thrombin inhibitor (dabigatran) [73] are eff ective alter-
natives to warfarin. Therefore, the near future holds the likelihood that ICH in the setting of 
these agents will become increasingly common. It is not at all clear how to ‘reverse’ these 
agents; some authors have argued for coagulation factor concentrates such as PCC [74,75].

Blood pressure

Elevated blood pressure is very common after ICH and is associated with hematoma ex-
pansion and poor outcome [76]. Unfortunately, it remains unclear whether elevated blood 
pressure is caused by expansion of the hematoma or if it is the cause of the expansion. 
Randomized controlled trials addressing acute blood pressure therapy include INTERACT 
[77] and ATACH [78], and it appears that aggressive blood pressure treatment (to less than 
140 mm Hg) decreases the rate of substantial hematoma expansion without increasing 
adverse events [77,78]. However, no eff ect on clinical outcome has been demonstrated. In 
a post-hoc analysis of the INTERACT trial, the maximum therapeutic eff ect on hematoma 
expansion was found in the group of patients with the lowest systolic blood pressure 
levels (median 135 mm Hg) [79]. The INTERACT2 (ClinicalTrials.gov #NCT00716079) and 
ATACH-II (ClinicalTrials.gov #NCT01176565) trials are currently recruiting patients to fur-
ther investigate whether blood pressure lowering can improve outcomes.

Recombinant factor VIIa

In two randomized clinical trials, the administration of rFVIIa to patients with primary 
ICH successfully reduced the risk of hematoma expansion, but did not change clinical 
outcomes [80,81]. This may have been due to an increased rate of thromboembolic 
events in the treatment arm [81]. Therefore, the AHA guidelines do not recommend 
the use of rFVIIa in unselected ICH patients. Two randomized placebo-controlled clini-
cal trials, STOP-IT (ClinicalTrials.gov #NCT00810888) and SPOTLIGHT (ClinicalTrials.gov 
#NCT01359202), are currently using the CTA spot sign to guide treatment with rFVIIa in 
order to select patients at highest risk of hematoma expansion.
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Intracranial pressure

Elevated ICP is associated with neurological deterioration and poor outcome [82]. ICH 
patients with clinical or radiographic evidence of elevated ICP may therefore be candi-
dates for interventions aimed at reducing this. ICP monitoring should be considered to 
guide therapy (see ‘ICP monitor placement’). Medical management aimed at reducing 
ICP includes hyperventilation and osmotic agents, which can improve cerebral blood 
fl ow and metabolism in animals with transtentorial herniation [83]. In humans, however, 
hyperventilation may well be harmful outside of short-term use while awaiting surgical 
decompression. Osmotic agents such as mannitol and hypertonic saline can be eff ective in 
the short-term management of transtentorial herniation or acute neurological deteriora-
tion associated with high intracranial pressure [84]. There is little data available on ‘desired’ 
intracranial pressure ranges in ICH patients. The AHA guidelines are therefore partly based 
on data available from traumatic brain injury. The AHA recommends maintaining cerebral 
perfusion pressure (CPP) between 50 to 70 mm Hg, depending on cerebral autoregulation 
status [61]. The ESO recommends a CPP above 60 – 70 mm Hg [62]. Because a randomized 
trial did not show any benefi t of corticosteroids, and showed higher complication rates in 
the treatment group, there is no clear role for them at this time [85].

SUPPORTIVE CARE

Glucose
A hyperglycemic state is common in the acute phase following ICH, aff ecting up to 60% 
of patients. It independently predicts higher mortality rates in patients with and without 
diabetes [86,87]. In addition, hyperglycemia is associated with larger hematoma volumes 
and more intraventricular hemorrhage (IVH) [86,87]. The underlying pathophysiology 
of these fi ndings remains unclear. Hypotheses include a nonspecifi c stress response or 
hypothalamic nuclei irritation [88]. In an experimental setting, a hyperglycemic state 
predisposes diabetic mice and rats to hematoma expansion compared to non-diabetic 
controls [89]. No randomized trial has been performed with only ICH patients, but one 
trial including critically ill patients in general showed improved functional outcomes 
with intensive management of glucose levels with insulin [90]. In contrast, the GIST-
UK trial did not show any clinical benefi t of intensive insulin therapy for a combined 
group of ICH and ischemic stroke patients, but the study was terminated early due to 
slow enrollment and was therefore potentially underpowered to detect a signifi cant 
diff erence between the two treatment groups [91]. Of note, all patients in these trials 
received therapy to correct hyperglycemia; the comparison was only subcutaneous 
versus intravenous insulin. No trial has included an arm in which hyperglycemia remains 
untreated, given the observational data on its harmful eff ects. Therefore, the AHA and 



Management of acute ICH 27

2

ESO continue to recommend in their most recent guidelines glucose monitoring and 
normoglycemia in all ICH patients [61,62].

Temperature

Fever is common in both deep and lobar ICH, especially in those with ventricular ex-
tension of their hematoma. After 3 days of hospital admission, fever and its duration 
are associated with poor clinical outcome [92]. This fi nding suggests that maintaining 
normothermia is favorable.

Anemia

Anemia is frequently found in ICH patients, even more so in those with larger hemato-
mas [93]. Related to this fi nding, the transfusion of packed red blood cells is associated 
with increased 30-day survival rates [94]. However, both the AHA and ESO guidelines do 
not contain any specifi c advice on the treatment of anemia, and there is no clear target 
hemoglobin or hematocrit [61,62].

SURGICAL AND INTERVENTIONAL MANAGEMENT

ICP monitor placement
Monitoring of ICP is frequently performed in clinical practice, but is not extensively stud-
ied in the literature. Placement of an ICP monitor gives clinicians additional information 
in intubated or subconscious patients. In addition, it provides the opportunity to guide 
therapies aimed at reducing ICP and managing blood pressure while maximizing cerebral 
perfusion pressure [95]. Therefore, the AHA recommends considering the placement of 
an ICP monitor in patients with clinical signs of transtentorial herniation, a Glasgow Coma 
Scale (GCS) score of less than 9, hydrocephalus, or extensive IVH [61]. The ESO considers 
ICP monitor placement reasonable in mechanically ventilated patients [62]. An additional 
important treatment strategy consists of treating the underlying causes of elevated ICP 
such as hydrocephalus or extensive intraventricular hemorrhage. As described before, a 
cerebral perfusion pressure around 70 mm Hg is considered to be reasonable.

Intraventricular hemorrhage and hydrocephalus

Intraventricular extension of ICH is relatively common, occurring in up to 42% of patients 
[96]. Those with IVH suff er worse outcomes, and the amount of intraventricular blood re-
lates directly to mortality [97]. A number of strategies are available to manage IVH. The most 
common is the placement of an External Ventricular Drain (EVD) which may reduce intracra-
nial pressure; however, this eff ect is counterbalanced by the risk of infection and catheter 
obstruction by clots [96,98]. One group found that the intraventricular administration of 
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thrombolytic agents to stimulate hemorrhage clearance may reduce mortality rates [99]; 
this has been followed up by the ongoing CLEAR III trial (ClinicalTrials.gov #NCT00784134). 
Preliminary results show that the intraventricular administration of recombinant tissue-type 
plasminogen activator is safe; the symptomatic hemorrhage rate was 8% and bacterial ven-
triculitis was absent. The 30-day mortality rate of 8% was within the study safety limits [100].

As with intraventricular hemorrhage, hydrocephalus appears to predict poor outcome. In 
the International Surgical Trial in Intracerebral Haemorrhage (STICH), 23% of all ICH pa-
tients, and 55% of those with IVH, had hydrocephalus. This was found to be a predictor of 
poor outcome [101]. Placement of an EVD for hydrocephalus relieves intracranial pressure 
and also provides ICP monitoring. Therefore, AHA and ESO guidelines consider EVD place-
ment reasonable in selected patients with a decreased level of consciousness [61,62].

Surgical clot evacuation

Surgical evacuation of hematomas remains controversial. Surgical evacuation reduces 
mass eff ect, and may minimize further damage and edema formation [102]. However, this 
eff ect is counterbalanced by the damage incurred during the approach through healthy 
tissue. This problem is most relevant for thalamic, basal ganglia and pontine hemorrhages. 
The STICH trial [103] (n = 1033), published in 2005, compared early surgery with medical 
treatment only. Patients were eligible for the study only if the responsible physician was 
uncertain about the benefi ts of either treatment. At six months, early surgery (at a median 
time of 30 hours from ICH onset) showed no benefi t compared to conservative treatment; 
24% versus 26% had good recovery or moderate disability. However, it may be that more 
easily accessed hematomas are a select group; in a subgroup analysis, early surgical treat-
ment of lobar hematomas within 1 centimeter of the cortical surface were most likely to 
benefi t [103]. The ongoing STICH II trial (International Standard Randomised Controlled 
Trial Number Register #ISRCTN22153967) specifi cally tests the benefi ts of early surgery 
for lobar hematomas within 1 centimeter of the cortical surface without intraventricular 
extension [104]. One limitation of the original STICH trial was the time frame to evacuation 
(median of 30 hours); it may be that any benefi t of craniotomy is time dependent. However, 
a pilot study using the STICH trial protocol (except that patients were treated within 4 hours 
of symptom onset) showed higher rates of rebleeds and poor outcomes [105]. Overall, for 
craniotomy in general, a Cochrane review of ten trials pooling 2059 patients, showed a 
statistically signifi cant result in favor of surgery when looking at death as an endpoint 
alone, and also when death or dependency at fi nal follow-up were combined [106].

Cerebellar hematomas

A diff erent subgroup of ICH consists of cerebellar hematomas. Several non-randomized 
studies showed benefi cial outcomes for cerebellar hematomas with a diameter exceed-
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ing 3 centimeters, or causing hydrocephalus or brainstem compression, when surgically 
evacuated compared to medical treatment only [107-110]. In another study, best results 
were obtained by surgery in patients with a GCS below 14 or hematomas with a volume 
of 40 mL or more [111]. The AHA and ESO guidelines both recommend emergency 
surgery for cerebellar hematomas when patients are neurologically deteriorating or 
showing signs of brainstem compression and / or hydrocephalus [61,62]. Initial treat-
ment with an EVD instead of surgery is not recommended by the AHA [61].

New techniques

New surgical techniques are emerging along the horizon of ICH treatment. Two promis-
ing techniques are stereotactic and endoscopic surgical evacuation of the hematoma. 
These approaches are thought to cause less damage to healthy tissue compared to open 
craniotomy. A study of stereotacticly guided evacuation by endoscope showed a higher 
likelihood of good outcome compared to those who received best medical care only 
[112]. A more recent study, the Stereotactic Treatment of Intracerebral Hematoma by 
Means of a Plasminogen Activator (SICHPA) trial, showed a signifi cant volume reduction 
in the treatment arm of 10 – 20% within 72 hours of symptom onset. However, no sig-
nifi cant eff ect was found on 6-month functional outcome or mortality [113]. In contrast, 
two other trials (one non-randomized [114], one randomized [115]) found stereotactic 
aspiration of deep ICH to be safe and associated with early improvement of National 
Institute of Health Stroke Scale (NIHSS) scores and improvement of long-term functional 
outcome measured by mRS [114,115]. The ongoing MISTIE clinical trial (ClinicalTrials.gov 
#NCT00224770) investigates this therapeutic strategy in more depth by randomizing 
patients to either stereotactic aspiration with subsequent irrigation of the hematoma 
with thrombolytics, or medical management only [104].

PREVENTION OF COMPLICATIONS

Seizures
Seizures are a known complication of ICH; in patients undergoing continuous electroencepha-
lographic (EEG) monitoring, electrographic seizure frequency was 28% within 72 hours after 
ICH. Most occurred in the fi rst 24 hours, and these (mostly subclinical) seizures were seen more 
in lobar ICH patients and were associated with decreased NIHSS scores and increased midline 
shift. There was also a trend towards poorer functional outcome at discharge [116]. Treatment 
with antiepileptic drugs (AEDs) in lobar ICH patients is associated with a decrease in the 
number of clinically detectable seizures, which in theory should be benefi cial [117]. However, 
AEDs have not been shown to improve outcome, and in fact may be associated with worse 
outcomes in unselected ICH patients [118,119]. Therefore, the current AHA and ESO guidelines 
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do not recommend the routine use of antiepileptic drugs in unselected ICH patients [61,62]. 
In a recent review, a treatment paradigm for the use of AEDs was proposed based on fi ndings 
during neurological exam, ICH location and the presence of clinical seizures [120].

Deep vein thrombosis

Deep vein thrombosis (DVT) is a common complication in hospitalized patients. Prevention 
of DVT is even more challenging in ICH patients given the concern that anticoagulation can 
increase the risk of bleeding. The incidence of asymptomatic DVT in ICH patients is approxi-
mately 10 – 16% [121,122]. Stockings alone are not eff ective in preventing DVT in patients 
with ischemic or hemorrhagic strokes [122]. Intermittent pneumatic compression combined 
with elastic stockings is more eff ective than elastic stockings alone in preventing DVT in 
patients with ICH [121]. Therefore, the AHA and ESO recommendations state that patients 
with ICH should receive elastic stockings with additional pneumatic compression [61,62].

In a study using a historical control group, early administration (day 2 after ICH) of 
subcutaneous low-dose heparin was associated with a decrease in pulmonary emboli 
without an increase in rebleeding rates [123]. A recent retrospective study showed that 
the early use of subcutaneous low molecular weight heparin (LMWH) or unfractionated 
heparin does not lead to hematoma expansion in the acute (2 – 4 days) and subacute 
phase (≤7 days) in both patients with ICH and patients with ICH and associated IVH [124]. 
Therefore, the AHA guidelines state that the administration of LMWH or unfractionated 
heparin may be considered after obtaining evidence of the discontinuance of bleeding 
[61]. The ESO guidelines consider LMWH to be safe after 24 hours from ICH onset [62].

PROGNOSTICS

Outcome
Despite technological advances, the overall mortality has not been signifi cantly aff ected 
over the last decades, and one month mortality remains approximately 40%. Addition-
ally, after the fi rst year, more than 75% of all patients are severely disabled or deceased 
[1,4]. Many patients, families, and providers wish to know, in the acute phase, what the 
patient’s outcome will ultimately be.

Outcome prediction

Several predictors of outcome after ICH have been previously described and include 
age, NIHSS score, ICH location, baseline hematoma volume, anticoagulation use and 
the presence and severity of IVH. Using these factors, several prediction models of ICH 
outcome have been developed. Two include the ICH score and FUNC score. The ICH 



Management of acute ICH 31

2

score predicts 30-day mortality and includes age, GCS score, infratentorial location, IVH 
presence and ICH volume (Table and Figure 2) [125]. The FUNC score predicts functional 
independence at 3 months and uses age, premedical history of cognitive impairment, 
GCS score, ICH location and ICH volume (Figure 3) [14].

Table : The ICH score (adapted from Hemphill JC et al. Stroke 2001;32:891-897)

Component ICH score points

GCS score

3 – 4 2

5 – 12 1

13 – 15 0

ICH volume (cm3)

≥ 30 1

< 30 0

IVH

Yes 1

No 0

Infratentorial origin of ICH

Yes 1

No 0

Age (years)

≥ 80 1

< 80 0

Total ICH score 0 – 6

ICH = Intracerebral Hemorrhage; GCS = Glasgow Coma Scale; IVH = intraventricular hemorrhage

Figure 2: The ICH score predicts 30-day mortality and includes age, GCS score, infratentorial location, IVH 
presence and ICH volume.

(Adapted from Hemphill JC et al. Stroke 2001;32:891-897)
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End of life decisions

End of life decisions and the withdrawal of medical care are of pivotal importance in the 
outcome of ICH. A study including 1421 patients showed that withdrawal or limitations 
of care were the leading cause of death (68%) in ICH patients [126]. Do Not Resuscitate 
orders have been shown to be an independent predictor of poor short- and long-term 
outcome, after adjustment for ICH severity [53,127]. It appears that the most important 
variable associated with outcome is the level of medical care provided. When providers 
take a more nihilistic approach, clinical outcomes are worse even absent a cardiac or 
respiratory arrest [128]. Therefore, clinicians should be careful of adopting a ‘self fulfi lling 
prophecy’ in which selected patients receive less aggressive care overall, and the AHA in 
fact recommends deferring any care limitation order for the fi rst 24 hours after ICH [61].

PREVENTION OF RECURRENT ICH

The rate of recurrent hemorrhage is approximately 2 percent per patient-year [129,130]. 
Several risk factors for recurrent ICH have been identifi ed over the years, including older 
age [130], hypertension [129], lobar ICH location [131], possession of the APOE 2 or 4 
allele [132], and more microbleeds on GRE MRI [51]. Of these, hypertension is an impor-
tant and modifi able risk factor for recurrent hemorrhage. In patients with a diastolic 
blood pressure above 90 mm Hg, the recurrence rate of ICH is 10% per patient-year 
compared to 1.5% in patients with a diastolic blood pressure below 90 mm Hg [129]. In 
the previously described PROGRESS trial, blood pressure lowering was also associated 

Figure 3: The FUNC score predicts functional independence at 3 months and uses age, premedical history 
of cognitive impairment, GCS score, ICH location and ICH volume.

(Adapted from Rost NS et al. Stroke 2008;39:2304-2309)
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with a reduced risk of recurrent ICH [11]. Therefore, appropriate blood pressure regula-
tion, before and after ICH, is a pivotal treatment aim for physicians involved in the care 
of ICH patients.

In an observational study, antiplatelet therapy after ICH was common and seemed 
not to be associated with the recurrence of both deep and lobar ICH [131]. However, 
oral anticoagulation use after ICH is associated with a 3-fold increase in recurrent ICH 
[130]. It is likely that some patients can be safely re-anticoagulated (such as those with 
hypertensive ICH in whom good blood pressure control can be achieved), but some 
cannot, and the appropriate time frame is likely a function of their risk [133]. Recent 
studies have highlighted a role for oral thrombin and factor Xa inhibitors as warfarin 
alternatives [71-73].

FUTURE DIRECTIONS

Many clinical trials are planned or actively enrolling patients and the near future may 
hold a wide range of new therapies. To minimize the risk of hematoma expansion, in-
vestigators are testing platelet transfusion (PATCH trial), anticoagulation reversal (INCH 
[ClinicalTrials.gov #NCT00928915] and Beriplex [ClinicalTrials.gov #NCT00708435] trials), 
blood pressure lowering (INTERACT2 and ATACH-II), and hemostatic therapy guided by 
CTA fi ndings (STOP-IT and SPOTLIGHT). To minimize mass eff ect of the hematoma, the 
STICH II trial selects patients with lobar hematomas within 1 centimeter of the cortical 
surface for hematoma evacuation, and the MISTIE trial is evaluating minimally invasive 
surgical techniques. The clearance of intraventricular blood with thrombolytics is the 
subject of the CLEAR III trial. Finally, novel potential neuroprotective agents are under 
investigation. One of the recently published agents, deferoxamine, may help minimize 
neuronal injury following ICH, and a phase II trial is under consideration [134]. Other 
neuroprotective agents studied in ongoing trials include statins (Simvastatin For In-
tracerebral Hemorrhage Study; ClinicalTrials.gov #NCT00718328), albumin (ACHIEVE; 
ClinicalTrials.gov #NCT00990509) celecoxib (ACE-ICH; ClinicalTrials.gov #NCT00526214) 
and pioglitazone (SHRINC; ClinicalTrials.gov #NCT00827892). In conclusion, the next 
several years may see numerous advances in the care of patients with ICH as a result of 
these ongoing studies.
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ABSTRACT

Intracerebral hemorrhage, the most devastating form of stroke, has no specifi c therapy 
proven to improve outcome by randomized controlled trial. Location and baseline he-
matoma volume are strong predictors of mortality, but are non-modifi able by the time 
of diagnosis. Expansion of the initial hematoma is a further marker of poor prognosis 
that may be at least partly preventable. Several risk factors for hematoma expansion 
have been identifi ed, including baseline ICH volume, early presentation after symptom 
onset, anticoagulation, and the CT angiography spot sign. Although the biological 
mechanisms of hematoma expansion remain unclear, accumulating evidence supports 
a model of ongoing secondary bleeding from ruptured adjacent vessels surrounding 
the initial bleeding site. Several large clinical trials testing therapies aimed at preventing 
hematoma expansion are in progress, including aggressive blood pressure reduction, 
treatment with recombinant factor VIIa guided by CT angiography fi ndings, and surgical 
intervention for superfi cial hematomas without intraventricular extension. Hematoma 
expansion is so far the only marker of outcome that is amenable to treatment and thus 
a potentially important therapeutic target.
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INTRODUCTION

Spontaneous intracerebral hemorrhage (ICH) accounts for approximately 15% of all 
acute strokes and is the deadliest stroke subtype, with one-month morality rates of 40% 
[1, 2]. After the fi rst year, more than 75% of all patients are severely disabled or deceased 
[2]. This makes ICH a major public health problem in need of eff ective therapies, as no 
treatment has yet been proven eff ective.

Initial hematoma volume remains the strongest predictor of 30-day mortality and 
functional outcome [3]. Hematoma location is another factor infl uencing both short and 
long-term outcome [4]. In addition, approximately 30% of patients continue to bleed 
and demonstrate signifi cant hematoma expansion during hospitalization, which further 
aggravates outcome [5, 6].

Because ICH volume and location are determined upon presentation, hematoma 
expansion holds the potential for being the only modifi able predictor of outcome. 
Therapies preventing expansion could thus provide a key opportunity to decrease fi nal 
ICH volume. Previous and ongoing clinical trials have focused on limiting expansion, 
using approaches such as recombinant factor VIIa (rFVIIa) or aggressive blood pressure 
reduction [7-9]. The specifi c targeting of hematoma expansion in clinical trials has yet 
to yield improvement of clinical outcome, however [7]. This may be partly related to the 
diffi  culty of identifying those individuals most likely to benefi t from the intervention, 
i.e. those who will actually suff er hematoma expansion [10]. It is therefore important 
to understand the risk factors for expansion as well as its biological underpinnings and 
treatment opportunities. This review addresses those issues and proposes potential 
clinical applications and future directions.

HEMATOMA EXPANSION

Defi nitions
Diff erent defi nitions have been used across studies to describe hematoma growth 
between the initial (baseline) CT and the follow-up CT, normally acquired within 24 – 
72 hours after the fi rst CT. Most studies use a dichotomized outcome for hematoma 
expansion, with an absolute cut-off  (typically ≥3 mL, ≥6 mL, or ≥12.5 mL), a proportional 
cut-off  (typically >26% or >33%), or a combination of both [6]. The two largest ongoing 
clinical trials use >33% or >12.5 mL (INTERACT2 [8]) and ≥33% (ATACH II [9]) as their 
dichotomized defi nition of hematoma expansion.
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Imaging

The vast majority of studies assessing hematoma expansion have used CT as imaging 
modality, mainly because of its widespread availability [11]. Diff erent volumetric assess-
ment techniques are used to measure expansion, including ABC/2, ABC/2 with adjusted 
C values, planimetry, and 3D volume rendering. It is important to note the diff erences 
in accuracy between the diff erent techniques, with the semi-automated techniques 
being more accurate compared to the ABC/2 method, especially in irregularly shaped 
hematomas [12].

CT angiography (CTA) is increasingly used for the diagnosis and prognostication of ICH. 
CTAs were initially obtained to visualize vascular abnormalities underlying ICH, such as 
arteriovenous malformations, aneurysms, or neoplasms [13]. They now serve the ad-
ditional purpose of visualizing contrast extravasation within the hematoma, commonly 
termed the ‘spot sign’, which correlates with expansion and poor functional outcome 
discussed in more detail below [14-16].

CT’s widespread acute availability makes it the primary diagnostic modality for ICH. 
However, gradient recalled echo MRI is equally sensitive for diagnosing acute ICH [17]. 
An advantage of MRI over CT is its ability to detect microbleeds, indicative of underlying 
vascular disease and a risk factor for recurrent lobar ICH [18, 19].

Timing

The timing of imaging is essential when assessing hematoma expansion. Because ex-
pansion represents an intermediate phase between initial hematoma volume and the 
fi nal (stabilized) volume, the ability to detect expansion depends on the point at which 
a patient is scanned within this timeframe. Although early presentation is associated 
with a higher likelihood of hematoma expansion [20, 21], a substantial subset of all 
expanders (up to 48%) present at least six hours after symptom onset [22]. Predicting 
and preventing expansion thus appears to be an important goal even in late-presenting 
patients.

Frequency

The frequency of hematoma expansion diff ers substantially across diff erent studies, 
most likely because of variations in defi nition, time from symptom onset to initial CT, 
and volumetric assessment techniques. The defi nition of hematoma expansion infl u-
ences the frequency of its detection, and varies between 13 and 32 percent in patients 
presenting within 6 hours of symptom onset [6]. Timing further infl uences expansion fre-
quency; in patients scanned within 3 hours of symptom onset, any degree of expansion 
is seen in up to 73% and signifi cant expansion in approximately one third of patients [5]. 
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In later timeframes the frequency of signifi cant hematoma expansion decreases to 11% 
for those presenting between 3 – 6 hours, 11% after 6 hours, and 20% in patients who 
are ‘found down’ with symptoms [22]. The previously described variations in volumetric 
assessment techniques also account for some of the observed diff erences in expansion 
frequency [12].

Pathophysiology

Biology
Hematoma expansion is often conceptualized as a single vessel that bursts and con-
tinues to bleed, analogous to a bathtub with a persistently running tap. This model is 
easy to visualize and generally consistent with the higher likelihood of expansion in the 
early course of the hemorrhage [20, 21]. There is no direct histopathologic support for 
a single persistently bleeding vessel, however. It is also somewhat diffi  cult to reconcile 
with the clinical observation that hematoma expansion can occur hours after the initial 
bleeding [22, 23].

An alternative “avalanche” model for hemorrhage expansion was proposed by C. Miller 
Fisher in the early 1970’s. Based on Fisher’s observation of multiple recently ruptured ves-
sels at the periphery of serially sectioned hematomas, this model describes the process of 
hematoma growth as secondary mechanical shearing of neighboring vessels caused by 
expansion of the initial hemorrhage [24]. Several observations add support to this model. 
One is that hemorrhage volumes tend to occur in a bimodal distribution as either small 
“microbleeds” or larger “macrobleeds” consistent with the feed-forward aspect of the 

Figure 1: Computed tomography (CT) and CT angiography of a 78-year-old male, showing an acute 
intracerebral hemorrhage. (A) The baseline CT shows an 18 mL intracerebral hemorrhage centered within 
the left parietal lobe without intraventriculair extension. (B) CT angiography demonstrates multiple spot 
signs within the anterior portion of the hematoma. (C) A follow-up CT after seven hours shows signifi cant 
expansion of the hemorrhage (fi nal volume 119 mL). The patient passed away the day after admission.
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avalanche process [25]. A model of secondary vessel shearing is also indirectly supported 
by genetic data showing the apolipoprotein E (APOE) ε2 allele to be associated with he-
matoma expansion in lobar ICH [26]. As this allele correlates with increased breakdown of 
vessel walls aff ected by cerebral amyloid angiopathy, it is reasonable to speculate that it 
may also increase the walls’ fragility to mechanical rupture [27, 28]. Finally, the avalanche 
model is consistent with the interpretation of the CTA spot sign as sites of active bleeding 
(visualized as contrast extravasation) following venous contrast injection. Multiple spot 
signs within a single hematoma are common [29, 30] (Figure 1), suggesting simultane-
ous bleeding from several surrounding vessels as would be expected in an avalanche of 
secondary shearing rather than a single persistently bleeding vessel.

Computational Model
A recent publication sought to create a computational simulation of the avalanche model 
that would identify the characteristics of hemorrhages generated by simulated rupture 
of adjacent vessels surrounding an initial site of bleeding [31] (Figure 2). The results of 
the simulation indicated that under particular ranges of parameters for likelihood of 
secondary vessel rupture and rate of hemorrhage decay (simulating coagulation), this 
model would yield a bimodal distribution of microbleeds and macrobleeds similar to that 
observed in lobar ICH patients [25]. The eff ect of anticoagulation was further simulated 
by extending the rate of hemorrhage decay, which in the model led to more macrobleed 

Figure 2: Snapshots of a computational simulation of the “avalanche model” for hematoma expansion. The 
initially ruptured small vessel is shown in red and the secondary mechanical shearing of adjacent vessels is 
shown in diff erent shades of blue. (From Greenberg et al. PLoS One 2012;7:e48458)
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events, larger fi nal ICH volumes, faster rates of expansion, and prolonged durations of 
hematoma expansion [31]. This model supports the plausibility of the avalanche model 
and generates further predictions potentially testable in future studies.

Risk Factors

Several risk factors for hematoma expansion have been identifi ed over the last decade. 
Initial ICH volume is strongly related to expansion risk: larger hematomas are more likely 
to expand [32, 33]. Two other risk factors include early presentation after symptom onset 
[14, 22, 32] and anticoagulation use [26, 34, 35]. As noted above, the possession of an 
APOE ε2 allele also increases the risk of expansion in lobar ICH [26]. The fi nal impor-
tant risk factor is the CTA spot sign; a marker of active bleeding that has been studied 
extensively over the last fi ve years. The spot sign has been shown to be a strong and 
independent predictor of hematoma expansion, poor functional outcome, and death 
[14-16, 36]. The major challenge is its relatively low sensitivity of 51% in the recent pro-
spective PREDICT trial [16], which highlights the considerable number of patients who 
will suff er expansion despite the absence of a spot sign on CTA.

Outcome

Expansion of the initial hematoma strongly infl uences morbidity and mortality. The 
hazard ratio of mortality goes up by 5% with every 10% increase in ICH volume. In ad-
dition, each mL absolute increase in volume makes patient outcomes 7% more likely to 

Figure 3: Data from the INTERACT1 trial show a dose-response relationship between the magnitude 
of hematoma expansion and functional outcome and death, both when using absolute (left panel) or 
proportional (right panel) defi nitions of hematoma expansion. The box plots show the point estimates 
(Odds ratio, center of boxes), reciprocal of the variance of the estimates (box), and 95% confi dence intervals 
(vertical lines) of death and dependency at 90 days. (From Delcourt et al. Neurology 2012;79:314-319)
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shift from independence to dependence, as measured by the six-point modifi ed Rankin 
Scale (mRS) [5]. Numerous other studies confi rm the relationship of expansion with neu-
rological deterioration, poor functional outcome, and death [6, 20, 37]. These relation-
ships appear to be independent of which defi nition is used for hematoma expansion 
[6]. Moreover, data from the INTERACT1 trial suggest a clear dose-response relationship 
between the magnitude of hematoma expansion and functional outcome and mortal-
ity, when using either absolute or proportional defi nitions of expansion [37] (Figure 3).

Treatment and Ongoing Trials

To date, no individual treatment for ICH has shown benefi t in a randomized controlled 
trial, although specialized treatment provided by a neuroscience ICU does appear to 
reduce mortality [38]. Because of its strong relationship with outcome and the potential 
to alter its course, hematoma expansion is an appealing therapeutic target. Candidate 
treatments aimed at improving ICH outcome – potentially by reducing hematoma ex-
pansion – can be divided into medical and surgical interventions.

Medical
Several medical therapies have been studied in randomized controlled trials over the 
last decades. In the eighties, corticosteroids were found not to be benefi cial in the 
treatment of supratentorial ICH and were even associated with increased complication 
rates [39]. The 2008 phase III randomized rFVIIa trial was among the most anticipated 
studies in the treatment era of ICH. With a phase II trial showing benefi cial eff ects on 
hematoma expansion, mortality, and functional outcome, the fi rst eff ective treatment 
for ICH appeared close [40]. Although the phase III trial confi rmed the eff ect on hema-
toma expansion, it did not fi nd benefi t in clinical outcome [7]. One possible explanation 
for the absence of clinical benefi t is that the majority of patients randomized to rFVIIa 
were not destined to suff er hematoma expansion, but were nonetheless exposed to this 
agent’s potential thromboembolic complications. This explanation argues for using bet-
ter selection criteria for identifying those patients who are indeed destined to undergo 
expansion [10]. Two phase II clinical trials are currently testing the CTA spot sign as such 
a selection tool for treatment with rFVIIa: STOP-IT (ClinicalTrials.gov NCT00810888) and 
SPOTLIGHT (ClinicalTrials.gov NCT01359202).

Another candidate approach to limit hematoma expansion is aggressive blood pressure 
reduction for acute ICH. Two pilot studies have shown that aggressive lowering of blood 
pressure is safe and feasible in the acute phase following symptom onset. As a secondary 
endpoint, hematoma expansion also appeared to be limited in patients treated with the 
intensive blood pressure regime [41, 42]. The second phase of both trials, INTERACT2 [8] 
and ATACH II [9] are currently underway, with the results of INTERACT2 expected in 2013.
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Surgical
Surgical interventions have not been proven benefi cial in randomized controlled trials, 
with the exception of cerebellar ICH [43, 44]. The largest surgical trial, STICH, did not 
show benefi t for unselected ICH patients randomized to early surgery (at a median of 30 
hours) [45]. Subsequent systematic reviews, however, suggested potential positive ef-
fects of surgical evacuation in certain subgroups [46, 47]. STICH II is therefore assessing 
if early surgery for lobar ICH, within one centimeter of the cortex and without intraven-
tricular extension, may be benefi cial [48]. Minimally invasive surgical techniques also 
provide promising evidence for future surgical treatment options in acute ICH [49-51]. 
It remains unclear whether the possible benefi ts of surgical clot removal are related to 
preventing subsequent expansion, or rather to reduced pathogenic eff ects of the clot 
itself such as mass eff ect or neurotoxicity related to hemoglobin, thrombin, and iron 
accumulation [52].

CHALLENGES AND FUTURE DIRECTIONS

Hematoma expansion is an attractive endpoint for clinical trials, because of its correla-
tion with outcome and the potential to intervene to prevent its occurrence. Substantial 
challenges remain, however, which will need to be addressed before successful transla-
tion to clinical outcomes.

One major challenge will be to identify conditions under which preventing hematoma 
expansion actually improves clinical outcome. This point is underlined by the observa-
tion that although both rFVIIa trials found that hematoma expansion could be reduced, 
functional outcome in the phase III trial was not improved [7, 40]. As it seems unlikely 
that hematoma expansion is clinically meaningless, the more plausible explanation is 
that the benefi ts of reducing expansion may have been outweighed by the thromboem-
bolic risks of rFVIIa, particularly in those subjects who would not have expanded even 
without active treatment. By this reasoning, therapies that carry risk as well as benefi t 
may need to be focused on selected patients at highest risk for subsequent hematoma 
expansion.

This consideration raises the second challenge of identifying more reliable predictors 
of hematoma expansion. Early presentation (within 4 – 6 hours) was used in the blood 
pressure reduction and rFVIIa trials as a surrogate for expansion, but only up to 40% of 
those patients actually suff er signifi cant hematoma expansion [20]. The CTA spot sign 
was found to have a higher positive predictive value of 61% in a recent prospective 
study, and might therefore be a better (although still imperfect) predictor of expansion 
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[16, 53]. Identifying more accurate predictors of hematoma expansion thus remains a 
key research priority.

A third challenge is that those patients at highest risk for expansion may have poor 
outcomes even if expansion is fully prevented. This concern is raised by the observa-
tion that the main risk factors for hematoma expansion, such as baseline ICH volume 
and anticoagulation use, also independently worsen ICH outcome [3, 34]. Our poor 
ability to reverse these accompanying factors might be indeed another reason behind 
the negative results of the phase III rFVIIa trial. This consideration raises the possibility 
that treatments that go beyond preventing expansion, potentially including surgical 
hematoma evacuation (as currently tested in the STICH II trial [48]) or neuroprotective 
agents to salvage damaged brain tissue (such as deferoxamine [54]), may be required for 
demonstrably improved ICH outcome.

A fi nal important consideration regarding hematoma expansion is the window it pro-
vides on the broader process of ICH pathogenesis. The expansion that can be measured 
after clinical presentation presumably represents only the tail end of an event that 
began with the fi rst rupture of a diseased small vessel and progressively grew into a 
symptomatic macrobleed [24]. Understanding the mechanisms that underlie this 
process, such as the secondary rupture of adjacent vessels described above, has the po-
tential to lead not only to acute treatments for use after presentation, but also to novel 
preventive strategies for keeping small vessel ruptures from evolving into symptomatic 
macroscopic events.

Although these major challenges are still unsolved, substantial progress has been made 
over the last decades to better understand and potentially treat hematoma expansion. 
Hematoma expansion remains the most readily modifi able marker of outcome, and thus 
an intriguing therapeutic target for intracerebral hemorrhage.
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INTRODUCTION

Spontaneous intracerebral hemorrhage (ICH) is the most fatal form of stroke, with 
one-month morality rates often exceeding 40% and rates of death or severe disability 
exceeding 75%.1,2 Nearly twenty years ago, the fi rst observational studies demonstrated 
that hematoma volume on presentation was among the most potent predictors of sur-
vival and functional outcome.3 Subsequent studies identifi ed the frequent occurrence of 
hematoma expansion after the initial CT scan.4 Occurring in up to 40% of patients, this 
expansion further contributes to poor outcome.5,6 These observations have made the 
arrest of expansion the most common target for acute clinical trials in ICH.7-9

Thus far, the specifi c targeting of hematoma expansion in clinical trials has yet to yield 
improvement in clinical outcome. This may be due to diffi  culty in identifying those 
individuals most likely to benefi t from the intervention, those who will suff er hematoma 
expansion. Risk factors for expansion include early presentation, baseline hematoma 
volume, and warfarin use.4,10,11 Even among patients presenting within 3 hours, however, 
expansion severe enough to cause clinical deterioration occurs in no more than 40%.4,6-8 
The CT Angiography (CTA) ‘spot sign’ has emerged in recent years as a potent predictor 
of hematoma expansion, and a potential tool in guiding therapies in both research and 
clinical care.

CT ANGIOGRAPHY SPOT SIGN

Defi nition
First described in 199912, the CTA spot sign has evolved in its defi nition from the broader 
concept of contrast extravasation, comprising ‘high-density material’ or ‘contrast leakage 
within the hematoma’12-14, to encompass ‘foci of enhancement within the hematoma’ 
on CTA source images15. While defi nitions of the spot sign used in individual studies 
continue to vary, all are variations on this standard (Table 1). In 2009 a spot sign score 
was developed, incorporating the number, maximum attenuation (in Hounsfi eld units), 
and maximum dimension of spot sign(s) (Figure).19 Currently, the term ‘contrast extrava-
sation’ is reserved for the presence of contrast within the hematoma on post-contrast 
CT.16,17 This terminology can be confusing because the spot sign is thought to represent 
contrast extravasation (contrast ‘leakage’ from the vessels into the hematoma), whereas 
the neuroimaging defi nition of contrast extravasation is used to describe the presence of 
contrast on a post-contrast CT. In this review we use the term ‘spot sign’ when referring 
to CTA source images and ‘contrast extravasation’ when discussing post-contrast CTs.
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Imaging Acquisition

The identifi cation of spot signs is dependent on technical imaging parameters of the 
CTA and may vary across institutions since CTAs are performed to visualize the cere-
bral vasculature. Delayed images collected after the initial study has been completed 
(normally obtained between approximately 40 seconds and 3 minutes after contrast 
injection), can yield spot signs not visualized on the initial CTA.19,20 Studies have shown 
that contrast extravasation on post-contrast CT also increases the sensitivity of the spot 
sign in predicting hematoma expansion.16,17 However, both delayed CTAs and post-
contrast CTs are not routinely obtained at many institutions. Other parameters of the 
CTA technique also infl uence the detection and sensitivity of the spot sign; including 
the concentration of the contrast agent used and the speed of individual CT scanners. 
Technical refi nement and standardization of CTA acquisition protocols may therefore be 
critical to further improve the accuracy of the spot sign.

Table 1: Study defi nitions CT angiography contrast extravasation and spot sign

Study Year Spot sign defi nition

Co
nt

ra
st

 e
xt

ra
va

sa
ti

on

Becker et al.12 1999 Visualization of high-density contrast within the clot or ventricular system.

Murai et al.13 1999 Leakage of contrast medium seen as a high-density area on helical CT 
images.

Goldstein et al.14 2007 The presence of high-density material within the hematoma.

Ederies et al.16 2009 The presence of contrast puddling within the hematoma on the post-
contrast CT.

Hallevi et al.17 2010 A hyperdensity (relative to the hematoma) within the hematoma on the 
post-contrast CT.

Sp
ot

 s
ig

n

Wada et al.15 2007 Foci of enhancement within the hematoma on CTA source images.

Kim et al.18 2008 High-attenuation contrast material within the hematoma.

Delgado 
Almandoz et al.19,20

2009
and

2010

(1) ≥1 focus of contrast pooling within the ICH; (2) with an attenuation 
≥120 Hounsfi eld units (HU); (3) discontinuous from normal or abnormal 
vasculature adjacent to the ICH; and (4) of any size and morphology.

Thompson et al.21 2009 Spot-like and / or serpiginous foci of enhancement, within the margin 
of a parenchymal hematoma without connection to outside vessels, 
greater than 1.5 mm, and a Hounsfi eld unit density at least double that of 
background hematoma density.

Ederies et al.16 2009 Based on Wada et al. (2007)

Hallevi et al.17 2010 A hyperdense spot within the hematoma that was unrelated to a blood 
vessel.

Wang et al.22 2011 Based on Wada et al. (2007)

Li et al.23 2011 Based on Delgado Almandoz et al. (2009 and 2010)

Demchuk et al.24 2012 One or more foci of contrast enhancement within an acute primary 
parenchymal haematoma visible on the source images of CTA (similar to 
Wada et al. [2007]).
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Frequency

Variations in technique and the diff erences in defi nition probably account for the range 
of spot sign frequencies reported in the literature. The broader defi nition of contrast 
extravasation is associated with a higher frequency of 42% (139 out of 329 pooled pa-
tients; range from 18 to 59%), compared to 24% (426 out of 1802 pooled patients; range 
from 18 to 41%) for the stricter spot sign defi nition (Tables 2 - 4). Another factor with 
substantial impact on the frequency with which the spot sign is observed is the time 
elapsed between symptom onset and CTA. As the time from symptom onset to initial 
CTA increases, the frequency of spot sign appearance decreases.12,18-20 Since only a few 
studies have examined the frequency of the spot sign in ICH patients whose initial CTA 
is performed beyond 6 hours of symptom onset, further research is warranted on the 
accuracy of the spot sign in this extended time window.

Figure:  CT angiography of acute intracerebral hemorrhage representing diff erent spot sign scores. (A) One 
spot sign with a maximal attenuation of 168 Hounsfi eld units (spot sign score 1). (B) Single spot sign with a 
maximal attenuation of 131 Hounsfi eld units and a diameter of 5 millimeter (spot sign score 2). (C) Multiple 
spot signs of which one with a maximal attenuation of 186 Hounsfi eld units (spot sign score 3). (D) Multiple 
spot signs with maximal attenuations of >200 Hounsfi eld units and two spots with a maximal diameter of 
>5 millimeter (spot sign score 4).
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Pathophysiology

Although generally assumed to refl ect continued bleeding from a ruptured vessel or 
vessels, very little is known of biological underpinnings of the spot sign. One study 
showed the spot sign to be associated with faster rates of contrast leakage measured 
as perfusion CT derived permeability, emphasizing the theory of continued bleeding.25 
In addition, warfarin exposure has been associated with both the presence of a spot 
sign19,20,26, as well as the number of spot signs on CTA15. The association of the apolipo-
protein E (APOE) 2 allele with hematoma expansion and the spot sign in patients with 
ICH in the lobar brain regions26,27 suggests a model of cascading small vessel injury fol-
lowing ICH as fi rst described by Fisher.28 In this model, expansion of the initial hematoma 
is caused by the rupture of small adjacent vessels surrounding the hematoma.27

Table 2: CT angiography contrast extravasation and hematoma expansion

Primary outcome Hematoma expansion

Authors (year) Murai et al.
(1999)13 *

Goldstein et al.
(2007)14 *

Ederies et al.
(2009)16 **

Hallevi et al.
(2010)17 **

Study design Prospective Retrospective Retrospective Prospective

Number of patients 24 104 61 27

Number of patients with 
contrast extravasation (%)

5 (21) 58 (56) 11 (18) 13 (59)

Time window <12 hours from 
symptom onset

All patients <6 hours from 
symptom onset

<4 hours from 
symptom onset

Hematoma expansion 
defi nition

>15 mL increase 
from baseline ICH 

volume

>33% increase 
from baseline ICH 

volume

> 30% or >6 mL 
increase from 
baseline ICH 

volume

>20% increase 
from baseline ICH 

volume

Expansion (%) 3 (14) 14 (14) 18 (30) 16 (57)

Point estimate multivariate 
analysis (95% CI)

n/a OR 18
(2.1 - 162)

n/a OR 77
(4 – 1476)

Sensitivity 1.00 0.93 0.94 1.00

Specifi city 0.90 0.50 0.79 1.00

PPV 0.60 0.22 0.65 1.00

NPV 1.00 0.98 0.97 1.00

Accuracy 0.92 0.56 0.84 1.00

* These two studies examined contrast extravasation, so accuracy measures refer solely to this.
** For these two studies, accuracy refers to presence either of a spot sign on CTA source images or any contrast 
extravasation on post-contrast CT images.
ICH = intracerebral hemorrhage; 95% CI = 95% confi dence interval; n/a = not available; OR = odds ratio; PPV 
= positive predictive value; NPV = negative predictive value
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Risk Factors

Several (clinical) risk factors for the spot sign have been identifi ed. In addition to early 
presentation, anticoagulation, and APOE 2 - large baseline hematoma volume, low GCS 
score upon presentation, mean arterial blood pressure of >120 mm Hg, and the pres-
ence of intraventricular hemorrhage have been associated with risk of spot sign.12,14,19,20

Table 3: CT angiography spot sign and hematoma expansion

Primary 
outcome

Hematoma expansion

Authors (year) Wada et al.
(2007)15

Delgado 
Almandoz et al. 

(2009)19

Ederies et al.
(2009)16

Hallevi et al.
(2010)17

Wang et al.
(2011)22

Li et al.
(2011)23

Demchuk
(2012)24

Study design Prospective Retrospective Retrospective Prospective Retrospective Prospective Prospective

Number of 
patients

39 367 61 27 312 139 228

Number of 
spot positive 
patients (%)

13 (33) 71 (19) 21 (34) 11 (41) 76 (24) 30 (22) 61 (27)

Time window <3 hours 
from 

symptom 
onset

All patients <6 hours from 
symptom 

onset

<4 hours 
from 

symptom 
onset

<3 hours from 
symptom 

onset

<6 hours from 
symptom 

onset

<6 hours 
from 

symptom 
onset

Hematoma 
expansion 
defi nition

>30% or > 6 
mL increase 

from 
baseline ICH 

volume

>30% or >6 
mL increase 

from baseline 
ICH volume

> 30% or >6 
mL increase 

from baseline 
ICH volume

>20% 
increase 

from 
baseline ICH 

volume

>30% or > 6 
mL increase 

from baseline 
ICH volume

>33% or 
>12.5 mL 

increase from 
baseline ICH 

volume

>33% or >6 
mL increase 

from 
baseline ICH 

volume

Expansion (%) 11 (28) 56 (15) 18 (30) 16 (57) 77 (25) 32 (23) 73 (32)

Point estimate 
multivariate 
analysis 
(95% CI)

LR 8.5
(2.9 - 25)

OR 92
(37 - 227)

n/a OR 77
(4 – 1476)

n/a n/a RR 2.3
(1.6 - 3.1)

Sensitivity 0.91 0.88 0.78 0.73 0.78 0.72 0.51

Specifi city 0.89 0.93 0.84 1.00 0.93 0.94 0.85

PPV 0.77 0.69 0.67 1.00 0.79 0.79 0.61

NPV 0.96 0.98 0.90 0.75 0.93 0.92 0.78

Accuracy 0.90 0.92 0.82 0.85 0.89 0.89 0.74

ICH = intracerebral hemorrhage; 95% CI = 95% confi dence interval; LR = likelihood ratio; OR = odds ratio; 
n/a = not available; RR = relative risk; PPV = positive predictive value; NPV = negative predictive value
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CLINICAL APPLICATIONS

Hematoma Expansion
Multiple retrospective single-center cohort studies have confi rmed that contrast extrav-
asation and the spot sign are potent, independent predictors of hematoma expansion 
(Tables 2 and 3). In addition, a single study has shown that a higher spot sign score is 
associated with risk of subsequent hematoma expansion.19 Of note, defi nitions of he-
matoma expansion vary across studies, but diff erent defi nitions have all been robustly 
associated with poor outcome.6 Recently, the multi-center prospective PREDICT study 
confi rmed these fi ndings and showed a strong association (RR 2.3 [95% CI 1.6 – 3.1]) 
between spot sign and development of hematoma expansion of >6 mL or >33% from 
baseline ICH volume.24 Most studies have been restricted to patients receiving their CTA 

Table 4: CT angiography spot sign and clinical outcome

Primary outcome Clinical outcome and mortality

Authors (year) Becker et al.
(1999)12 *

Goldstein et al.
(2007)14 *

Wada et al.
(2007)15

Kim et al.
(2008)18

Delgado 
Almandoz et 

al. (2010)20

Li et al.
(2011)23

Demchuk
(2012)24

Study design Retrospective Retrospective Prospective Retrospective Retrospective Prospective Prospective

Number of 
patients

113 104 39 56 573 139 211

Number of spot 
positive patients 
(%)

52 (46) 58 (56) 13 (33) 10 (18) 133 (23) 30 (22) 53 (25)

Time window All patients All patients <3 hours 
from 

symptom 
onset

All patients All patients <6 hours 
from 

symptom 
onset

<6 hours 
from 

symptom 
onset

Functional 
outcome measure

In-hospital 
mortality

In-hospital 
mortality

In-hospital 
mortality 

and 3-month 
mRS

30-day 
mortality

In-hospital 
mortality 

and 3-month 
mRS

3-month 
poor 

outcome

3-month 
mortality 

and 3-month 
mRS

Overall mortality 
(%)

43 (38) 26 (25) 7 (28) 16 (29) 180 (31) 72 (52) 54 (26)

Point estimate 
multivariate 
analysis (95% CI)

OR 5.2
(1.60 - 17.1)

n/a n/a OR 4.7
(1.3 - 16.9)

OR 1.5
(1.2 - 1.9)

OR 1.6
(1.1 - 2.1)

OR 10.5
(3.2 - 34.7)

HR 2.4
(1.4 - 4.0)

mRS 5 vs. 3

Sensitivity 0.77 0.73 0.43 0.50 0.41 0.36 0.43

Specifi city 0.73 0.50 0.69 0.83 0.85 0.94 0.81

PPV 0.63 0.33 0.23 0.53 0.56 0.87 0.43

NPV 0.84 0.85 0.85 0.80 0.76 0.58 0.80

Accuracy 0.74 0.56 0.64 0.73 0.71 0.64 0.71

* Studies used a defi nition of contrast extravasation instead of spot sign.
mRS = modifi ed Rankin Scale; 95% CI = 95% confi dence interval; OR = odds ratio; n/a = not available; HR = 
hazard ratio; PPV = positive predictive value; NPV = negative predictive value
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within 6 hours of symptom onset. However, in studies that included patients whose 
initial CTAs were performed substantially later in the course of their ICH, the spot sign 
remained an independent predictor of hematoma expansion, even after adjusting for 
time from symptom onset to CTA.14,19,20

Functional Outcome and Mortality

Several studies have examined the value of the spot sign as a predictor of functional 
outcome and short- and long-term mortality (Table 4). All studies show a robust associa-
tion of the CTA spot sign with both functional outcome and mortality. Similarly, the spot 
sign score has shown to be associated with both in-hospital mortality and poor clinical 
outcome at 3 months.20 In the PREDICT study the 3-month morality Hazard ratio was 
2.4 (95% CI 1.4 – 4.0) for spot sign positive patients compared to spot sign negative 
patients.24

Secondary ICH

Secondary causes of ICH (e.g. aneurysms, trauma, brain tumors) are generally excluded 
from spot sign studies, because of presumed diff erences in pathophysiology and the 
relatively frequent need for surgical treatment. Such secondary causes can mimic a spot 
sign, and vascular and non-vascular mimics are frequent and can impair its accuracy.29 
However, one study showed the spot sign also to be predictive of functional outcome in 
secondary ICH.30 An association with hematoma expansion in secondary ICH could not 
be assessed because nearly two-thirds of patients did not have a follow-up CT available 
due to early endovascular or surgical intervention.30

Clinical Implications and Ongoing Trials

The search for eff ective treatments that improve outcomes in patients with ICH contin-
ues to be challenging. The arrest of hematoma expansion continues to be a target for 
reducing fi nal ICH volume and improving clinical outcome.5,6 Selection of patients at 
highest risk for expansion has therefore been a strategy in recent clinical trials search-
ing to improve outcomes.7-9 Early presentation (within 4 to 6 hours) has been used in 
these trials as a surrogate for hematoma expansion, but even of the patients presenting 
ultra-early only 40% suff er from signifi cant hematoma expansion.4 Therefore, more than 
half of enrolled patients may be exposed to an intervention without an opportunity to 
benefi t.

This challenge provides a potential role for the spot sign as a selection tool. With the 
spot sign as strong predictor of hematoma expansion, it may be possible to identify 
ICH patients who are most likely to have poor outcomes and treat them aggressively. 
Ongoing clinical trials including STOP-IT (ClinicalTrials.gov #NCT00810888) and SPOT-
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LIGHT (ClinicalTrials.gov #NCT01359202) are using the spot sign to select patients for 
treatment with recombinant factor VIIa (rFVIIa). Aggressive blood pressure lowering, 
as currently tested in non-selected patients by INTERACT231 and ATACH-II32, may also 
be guided by spot sign status. The ancillary study of ATACH-II, the SCORE-IT (Spot Sign 
Score in Restricting ICH Growth, National Institutes of Health – National Institute of 
Neurological Disorders and Stroke [NIH – NINDS] R01NS073344) study, is currently test-
ing the hypothesis that patients with the highest spot sign scores benefi t most from 
aggressive anti-hypertensive treatment.

CHALLENGES AND FUTURE DIRECTIONS

Although the CTA spot sign represents a substantial advance for the prediction of 
hematoma expansion in ICH, several important challenges remain. First, the relatively 
low sensitivity of the current defi nition of the spot sign. In PREDICT only 37 out of 73 
patients (51%) with hematoma expansion demonstrated a spot sign, highlighting that 
a substantial number of patients will expand despite the absence of a spot sign.24 Thus, 
because the spot sign negative group was nearly three times the size of the spot sign 
positive group, the absolute number of expanders either with or without a spot sign is 
roughly the same. Therefore, a study selecting its patient population based on the spot 
sign would leave the same number of expanders untreated (36 versus 37 in PREDICT). 
Technical refi nement of the CTA spot sign may increase the sensitivity of the spot sign 
in order to capture more patients destined to expand and thus reduce the number of 
potentially treatable patients excluded from any trial.

Second, a potential benefi t found in one of the ongoing trials using the spot sign as 
selection tool, will only be generalizable to those who can undergo CTA. Although CTA 
does not appear to increase risk of nephropathy following ICH33, it has yet to be routinely 
applied in acute ICH other than for the purpose of identifying secondary causes of ICH.34

Third, all past and current studies only include patients in the fi rst hours after symptom 
onset. So a considerable number of patients are left untreated, based solely on their 
presentation time. While early presenters are certainly at higher individual risk for 
hematoma expansion, the spot sign is an independent predictor of hematoma expan-
sion when adjusting for presentation time.14,19,20 This may allow the inclusion of patients 
within a broader time frame and should therefore be considered in future trials.

Future directions include phase II and III clinical trails to evaluate the spot sign as a 
selection tool for aggressive medical management and technical refi nement of the 
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spot sign to increase sensitivity. An unexplored fi eld includes the possibility of patient 
selection for surgical treatment. No data is currently available on the re-bleeding rate in 
surgically treated spot sign positive patients. If the spot sign represents extensive small 
vessel damage, the risk of re-bleeding may be heightened and a spot sign should then 
preclude patients from undergoing surgical evacuation.

Despite the shortcomings of the spot sign, and biomarkers in general35, its consistent 
association with hematoma expansion provides us with a robust radiographic marker of 
hematoma expansion. Therefore, phase III, randomized clinical trials are the only way to 
assess clinical eff ectiveness of patient selection by spot sign status. A potentially benefi -
cial outcome from such a study can at least be seen as the fi rst step in the long-awaited 
direction of treatment success in intracerebral hemorrhage.
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ABSTRACT

Background and Purpose

Hematoma volume is the most potent predictor of outcome in spontaneous intrace-
rebral hemorrhage (ICH), and hematoma expansion after hospital presentation occurs 
in up to 40% of individuals. Among patients with lobar ICH, the APOE ε2 allele predicts 
larger hematoma volumes at presentation. We investigated whether the ε2 allele also 
identifi es individuals at increased risk of hematoma expansion.

Methods

We analyzed 510 patients with primary ICH and genetic data available from an ongoing 
prospective cohort study. Baseline and follow-up CT scans were assessed for ICH loca-
tion and volume using computer-assisted volumetric methods.

Results

Individuals with lobar ICH who possessed APOE 2 were at increased risk for hematoma 
expansion (OR = 2.72 [95% CI 1.19 – 6.23]; p = 0.009). The highest odds of expansion 
were in patients who qualifi ed for the diagnosis of cerebral amyloid angiopathy-related 
ICH and carried the APOE 2 allele (OR = 6.02 [95% CI 1.60 – 22.58]; p = 0.008). There 
was no eff ect of 2 on hematoma expansion in deep ICH and APOE 4 had no eff ect on 
hematoma expansion in lobar or deep ICH.

Conclusions

Possession of APOE ε2 predisposes individuals with lobar ICH to hematoma expansion. 
This eff ect is even more pronounced in patients with amyloid angiopathy-related ICH, 
consistent with the 2 allele’s role in vascular amyloid deposition and vessel fragility.
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INTRODUCTION

Apolipoprotein E (APOE) ε2 and ε4 alleles are independent risk factors for spontaneous 
intracerebral hemorrhage (ICH) in the lobar brain regions1, most likely a refl ection of their 
role in cerebral amyloid angiopathy (CAA).2,3 Previous pathological studies have shown 
each allele’s unique eff ect in CAA. The ε4 allele increases the severity of vascular amyloid 
deposition, while the ε2 allele appears to cause increased vasculopathic changes that 
lead to vessel rupture.4,5 Consistent with this, a multi-center genetic association study 
conducted by the International Stroke Genetics Consortium (ISGC) showed that larger 
ICH volume is associated with the APOE ε2, but not ε4, allele. As a result, APOE ε2 carriers 
are at disproportionately increased risk of mortality and poor outcome after ICH.6

Hematoma expansion, or ongoing bleeding after initial presentation, is common in 
acute ICH, with up to 40% of patients showing some degree of growth during hospital 
admission.7-9 This expansion increases risk of poor functional outcome and death.10,11 
Therefore, attenuation of growth is an intriguing therapeutic strategy and the target of 
several clinical trials.12,13 Thus far, these clinical trials have not led to improved neurologic 
outcome, perhaps because such therapies need to be targeted to the patients at highest 
risk for expansion in order to show any benefi t. Challenges that remain, however, include 
the reliable identifi cation of those patients at highest risk of subsequent hematoma 
expansion as well as a thorough understanding of the pathophysiologic mechanisms by 
which expansion occurs.

We therefore investigated whether possession of the APOE ε2 allele increases risk of 
hematoma expansion following lobar ICH. Furthermore, since not all lobar ICH is due 
to CAA, we hypothesized that the eff ect of APOE ε2 would be heightened in those with 
CAA-related ICH. To test these hypotheses, we performed a single-center prospective 
cohort study of patients with acute ICH.

METHODS

Study design
This is a retrospective analysis of data from an ongoing prospective cohort study per-
formed at Massachusetts General Hospital (MGH), Boston, USA. The study was approved 
by the Institutional Review Board of MGH and written informed consent was obtained 
from all participants or their surrogates.
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Patient selection

Between January 1999 and December 2010 consecutive patients who presented with 
acute primary ICH14 were screened and approached for participation in an ongoing ge-
netic study of ICH. For the present analysis, we included patients meeting the following 
criteria: (1) 55 years or older (in order to minimize the possibility of inadvertently includ-
ing patients with secondary ICH); (2) self-reported European or European-American 
ancestry; (3) diagnosis of non-traumatic ICH; (4) APOE genotyping available; and (5) a 
follow-up Computed Tomography (CT) scan within 48 hours of the baseline CT. Exclusion 
criteria were defi ned as: presence of aneurysmal subarachnoid hemorrhage, trauma, 
brain tumor, hemorrhagic transformation of a cerebral infarct, vascular malformation, 
or any other known or suspected cause of secondary ICH. Cerebellar hemorrhages were 
excluded given diff erences in clinical course, including the routine performance of 
surgical decompression. (Figure 1)

Baseline CT available 
Deep ICH: n = 865 
Lobar ICH: n = 796 

APOE genotype available 
Deep ICH: n = 465 
Lobar ICH: n = 409 

Follow- up CT available 
Deep ICH: n = 245 
Lobar ICH: n = 265 

No difference in cohort 
characteristics (all p > 0.20) 

Primary ICH (age > 55 years) 
Deep ICH: n = 874 
Lobar ICH: n = 803 

364 excluded due to: 
o Early surgery 
o Withdrawal of care 
o Poor imaging quality 

787 excluded due to: 
o No consent / blood 
o Quality issues 
o Other 

16 excluded due to: 
o Poor imaging quality 
o Insufficient number of scan   
   slices 

Difference in cohort 
characteristics (p < 0.05) 

No difference in cohort 
characteristics (all p > 0.20) 

Figure 1: Cohort fl owchart

Cerebral amyloid angiopathy-related ICH

In order to determine the eff ect of APOE genotype on hematoma expansion in patients 
meeting criteria for CAA-related ICH, we separately analyzed possible and probable / 
defi nite CAA cases according to the Boston criteria.15 Probable / defi nite CAA was de-
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fi ned as lobar ICH in the presence of confi rmed CAA pathology and / or microbleeds 
confi ned to the lobar brain region.16,17 Possible CAA consisted of lobar ICH cases with 
available MRI scans lacking lobar microbleeds. A total of 114 (43%) lobar ICH cases 
had pathology and / or T2*, susceptibility, or Gradient Echo (GRE) MRI data available 
for analysis. The presence and location of microbleeds was assessed using previously 
validated protocols.15,18

Clinical data

Patients (or their families or surrogates) were interviewed for age, sex, time of ictus, 
medical history, family history (including fi rst-degree relative with ICH), pre-ICH use of 
warfarin, antiplatelet therapy or statins, alcohol and tobacco use. Hospital charts were 
reviewed for Glasgow Coma Scale (GCS) score on arrival, mean arterial blood pressure, 
time to baseline imaging and interscan time. 90-day modifi ed Rankin Scale (mRS) as-
sessments were performed via telephone by trained study staff  to assess functional 
outcome.19

CT analysis

ICH location was assigned based on admission CT by study neurologists blinded to APOE 
genotype and clinical information. ICH exclusively involving the brainstem, thalamus 
or basal ganglia was defi ned as deep or non-lobar ICH. ICH originating at the cortical-
subcortical junction was defi ned as lobar ICH. Hemorrhages involving both territories 
were defi ned as mixed ICH and were excluded from analysis (n = 16). Individuals with 
imaging of insuffi  cient quality for location determination were also excluded from all 
analyses (n = 16). Diff erences in ICH location were adjudicated by consensus.

Initial and follow-up ICH and intraventricular hemorrhage (IVH) volumes were measured 
using Alice (PAREXEL International Corporation) and Analyze 9.0 (Mayo Clinic, Rochester, 
Minnesota) software using previously described methods.20,21 Signifi cant hematoma 
expansion was defi ned as an increase in ICH volume greater than 6 mL or greater than 
33 % from the baseline ICH volume.7,9,22

Genotyping

DNA was isolated, quantifi ed and normalized to a concentration of 30 ng/μl. Two SNPs 
of the APOE locus, rs7412 and rs429358, were independently genotyped using two 
separate assays.17 The allelic reads from each assay were translated to APOE genotypes 
(ε3ε3, ε3ε4, ε4ε4, ε3ε2, ε2ε2, and ε2ε4). Genotyping personnel were blinded to clinical 
and neuroimaging data. All ICH cases were in Hardy-Weinberg equilibrium for APOE 
genotypes.



78 Chapter 5

Statistical analysis

We tested for association between the APOE ε2 and ε4 alleles and hematoma expansion, 
analyzing deep and lobar ICH separately using logistic regression. Hematoma expansion 
was dichotomized (yes / no) for this analysis. Possible and probable / defi nite CAA-
related ICH cases were also analyzed separately. Multivariate models included age, sex, 
hypertension, warfarin use, antiplatelet therapy, baseline ICH volume, intraventricular 
extension (yes / no), time to baseline scan, interscan time, number of ε2 alleles (0, 1 or 
2) and number of ε4 alleles (0, 1 or 2). Each patient’s ICH expansion probability (ranging 
from 0 to 100%) was assigned using individual-level data and regression estimates from 
the results of logistic regression. These probability values were subsequently plotted 
(stratifi ed by APOE genotype), to provide a qualitative estimate of the association 
between APOE variants and ICH expansion. In addition, we performed a time to event 
analysis using a Cox regression model. A p-value of < 0.05 was considered statistically 
signifi cant.

RESULTS

Study subjects
During the study period, a total of 1677 patients of 55 years or older presented with 
primary ICH. After applying clinical and radiological exclusion criteria and genotyping 
quality control, a total of 409 lobar ICH and 465 deep ICH cases remained. After select-
ing the cases with a follow-up CT available, a total of 265 lobar ICH and 245 deep ICH 
cases were available for analysis (Table 1). In addition, we created a table with the cohort 
characteristics for lobar ICH patients stratifi ed by APOE genotype (Supplementary table 
1). Patients without available follow-up CT more often used warfarin, had greater base-
line ICH and IVH volumes, lower GCS scores, worse 90-day mRS assessments and higher 
mortality rates (all p < 0.05).

CT images

The median time from last seen normal to baseline CT was 7.4 hours (Interquartile Range 
[IQR] 1.3 – 21.9) for lobar ICH and 5.9 hours (IQR 1.8 – 16.3) for deep ICH. The median time 
from baseline CT to follow-up CT was 18.5 hours (IQR 8.2 – 29.2) for lobar ICH and 17.6 
hours (IQR 7.5 – 26.3) for deep ICH. For lobar ICH, median baseline hematoma volume 
was 18.6 mL (IQR 8.0 – 36.0) and follow-up volume was 26.5 mL (IQR 10.8 – 36.0). In 
deep ICH, median baseline hematoma volume was 12.6 mL (IQR 1.9 – 28.5) and median 
follow-up volume was 13.7 mL (IQR 4.3 – 38.0). (Table 1)
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Table 1: Cohort characteristics

Variable Deep ICH (n, %) Lobar ICH (n, %)

Number of subjects 245 265

Age (mean, SD) 69.9 (13.4) 75.4 (10.6)

Female sex 110 (0.45) 133 (0.50)

Diabetes mellitus 59 (0.24) 48 (0.18)

Hypertension 206 (0.84) 183 (0.69)

Coronary artery disease 57 (0.23) 56 (0.21)

Atrial fi brillation 47 (0.19) 53 (0.20)

Hyperlipidemia 49 (0.20) 91 (0.34)

Previous ICH 10 (0.04) 24 (0.09)

Pre-ICH AIS / TIA 39 (0.16) 37 (0.14)

Pre-ICH dementia 22 (0.09) 50 (0.19)

Warfarin use 49 (0.20) 56 (0.21)

Antiplatelet therapy 100 (0.39) 106 (0.40)

Statin use 62 (0.25) 77 (0.29)

Probable / defi nite CAA 0 (0) 106 (0.40)

Possible CAA 0 (0) 159 (0.60)

GCS (median, IQR) 14 (11 - 15) 14 (12 - 15)

Time to baseline imaging in hours
(median, IQR)

5.9 (1.8 - 16.3) 7.4 (1.3 - 21.9)

Baseline ICH volume (median, IQR) 12.6 (1.9 - 28.5) 18.6 (8.0 - 36.0)

Baseline IVH volume (median, IQR)* 3.9 (1.0 - 21.0) 2.8 (0.7 - 12.0)

Intraventricular extension 120 (0.49) 98 (0.37)

Interscan time in hours (median, IQR) 17.6 (7.5 - 26.3) 18.5 (8.2 - 29.2)

Follow-up ICH volume (median, IQR) 13.7 (4.3 - 38.0) 26.5 (10.8 - 36.0)

Follow-up IVH volume (median, IQR)* 7.6 (2.5 - 25.0) 6.5 (1.0 - 17.5)

Hematoma expansion (> 33%) 24 (0.10) 39 (0.15)

IVH expansion (> 2 cc)* 29 (0.12) 28 (0.12)

Death (90 days) 81 (0.33) 87 (0.33)

mRS: 0 – 2 (90 days) 27 (0.11) 32 (0.12)

APOE 2 (minor allele frequency) 0.08 0.11

APOE 4 (minor allele frequency) 0.16 0.20

* Data refers only to ICH cases with intraventricular extension and / or IVH expansion
ICH = Intracerebral Hemorrhage; n = number of patients; % = percentage; SD = standard deviation; AIS = 
acute ischemic stroke; TIA = transient ischemic attack; CAA = Cerebral Amyloid Angiopathy; GCS = Glasgow 
Coma Scale; IQR = interquartile range; IVH = intraventricular hemorrhage; mRS = modifi ed Rankin Scale; 
APOE = Apolipoprotein E
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Hematoma expansion

Lobar ICH
Out of 265 lobar ICH patients, hematoma expansion was present in 39 (15%). In order to 
determine factors associated with hematoma expansion in lobar ICH, we fi rst performed 
a univariate analysis (Supplementary table 2). Hematoma expansion was more frequent 
in patients with a history of hypertension (Odds Ratio [OR] = 3.55; 95% Confi dence Inter-
val [95% CI] 1.25 – 10.11; p = 0.018), patients on warfarin (OR = 3.42 [95% CI 1.86 – 6.30]; 
p < 0.001) and those who carried an APOE ε2 allele (OR = 2.65 [95% CI 1.15 – 6.11]; p = 
0.010). In multivariate analysis the discovered eff ects for warfarin and APOE ε2 remained 
signifi cant (warfarin use: OR = 4.44 [95% CI 1.19 – 17.63]; p = 0.034, APOE ε2: OR = 2.72 
[95% CI 1.19 – 6.23]; p = 0.009) after controlling for age, sex, hypertension, warfarin, 
antiplatelet therapy, baseline ICH volume and APOE ε4 status (Table 2). In addition, we 
performed a subgroup analysis of patients presenting within 6 hours of symptom onset 
(Supplementary table 3). Figure 2 shows the predicted probability of lobar hematoma ex-

Table 2: Multivariate analysis of hematoma expansion in lobar ICH

Variable* OR (95% CI) p – value

Age 1.00 (0.96 - 1.05) 0.80

Sex 0.62 (0.25 - 1.53) 0.30

Hypertension 1.32 (0.54 - 3.29) 0.54

Warfarin 4.44 (1.19 - 17.63) 0.034

Antiplatelet therapy 0.62 (0.25 - 1.53) 0.32

Time to imaging:

< 6 hours Ref. Ref.

6 – 12 hours 0.58 (0.18 - 1.86) 0.36

< 24 hours 0.81 (0.30 - 2.19) 0.69

Interscan time:

< 6 hours Ref. Ref.

6 – 24 hours 0.47 (0.17 - 1.26) 0.13

> 24 hours 0.60 (0.24 - 1.52) 0.28

Baseline ICH volume

< 30 cc Ref. Ref.

30 – 60 cc 1.81 (0.60 - 5.55) 0.28

> 60 cc 2.63 (0.44 - 14.28) 0.29

Intraventricular extension 0.44 (0.18 - 1.09) 0.079

APOE 2 2.72 (1.19 - 6.23) 0.009

APOE 4 0.71 (0.30 - 1.64) 0.42

* Analysis adjusted for: age, sex, hypertension, warfarin use, antiplatelet therapy, baseline ICH volume, intraven-
tricular extension, interscan time
OR = Odds Ratio; 95% CI = 95% Confi dence Interval; Ref. = reference; APOE = Apolipoprotein E
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pansion stratifi ed by APOE genotype. We found no evidence for an association between 
APOE ε4 and hematoma expansion (OR = 0.71 [95% CI 0.30 – 1.64]; p = 0.42) (Table 2).

In order to account for variation in time to repeat CT, and hence time to detection of 
expansion, we performed a time-to-event analysis. Both APOE ε2 (Hazard Ratio [HR] 2.26 
[95% CI 1.30 – 4.00]; p = 0.005) and warfarin (HR 3.21 [95% CI 1.11 – 9.27]; p = 0.031) 
remained independent predictors of hematoma expansion in lobar ICH after adjusting 
for potential confounders.

Deep ICH
Hematoma expansion occurred in 24 out of 245 (10%) deep ICH patients. We did not 
identify associations between either of the APOE alleles, ε2 (OR 1.41 [95% CI 0.67 – 3.01]; 
p = 0.37) or ε4 (OR 0.96 [95% CI 0.51 – 1.81]; p = 0.89), and hematoma expansion, despite 
statistical power of 0.89 to identify an eff ect size of OR = 1.50 at the p = 0.05 level. Only 
warfarin predicted hematoma expansion in deep ICH (OR 2.08 [95% CI 1.20 – 3.61]; p = 
0.009). (Supplementary table 2)

Figure 2: Predicted probability of hematoma expansion in lobar ICH (ranging from 0 to 100%) stratifi ed 
by APOE genotype. The box plots show the median (solid line), interquartile range (box), and total range 
(whiskers) of the probability distribution.
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Expansion in CAA-related ICH

Out of 265 lobar ICH patients, 114 had MRI (n = 104) and / or CAA pathology (i.e. post-
mortem examination or cortical biopsy, n = 49) data available. 50 out of these 114 
(44%) patients qualifi ed for the diagnosis of probable / defi nite CAA. Among these 50 
individuals we found an association between APOE ε2 and hematoma expansion (OR = 
6.02 [95% CI 1.60 – 22.58], p = 0.008) compared to individuals with possible CAA without 
APOE ε2 allele (Table 3). Figure 3 shows the predicted probability of hematoma expan-
sion stratifi ed by APOE genotype and CAA diagnosis.

Table 3: Multivariate analysis of hematoma expansion in probable / defi nite CAA in subjects with MRI

Variable* n OR (95% CI) p – value

Possible CAA (Lobar ICH, no lobar MB)

APOE 2: 0 copies 54 Ref. Ref.

APOE 2: 1+ copies 10 1.40 (0.40 – 5.00) 0.60

Probable / defi nite CAA (Lobar ICH, 1+ lobar MB, ± CAA pathology )

APOE 2: 0 copies 39 2.13 (0.64 – 7.10) 0.23

APOE 2: 1+ copies 11 6.02 (1.60 – 22.58) 0.008

* Analysis adjusted for: age, sex, hypertension, warfarin, antiplatelet therapy, baseline ICH volume, intraventricu-
lar extension, interscan time
OR = Odds Ratio; 95% CI = 95% Confi dence Interval; CAA = Cerebral Amyloid Angiopathy; MB = micro-
bleeds; APOE = Apolipoprotein E; Ref. = reference

Figure 3: Predicted probability of hematoma expansion in CAA-related ICH (ranging from 0 to 100%) 
stratifi ed by APOE genotype and CAA diagnosis. The box plots show the median (solid line), interquartile 
range (box), and total range (whiskers) of the probability distribution.
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DISCUSSION

Our results demonstrate that patients over 55 years of age with lobar ICH who carry the 
APOE ε2 allele are at an increased risk of hematoma expansion. This eff ect is particularly 
pronounced in patients meeting criteria for probable or defi nite CAA-related ICH. There 
was no eff ect of APOE 2 on hematoma expansion in deep ICH and APOE 4 had no 
eff ect on hematoma expansion in lobar or deep ICH. Consistent with the results of prior 
studies9,23, use of warfarin also predicted subsequent hematoma expansion, regardless 
of hemorrhage location or CAA diagnosis.

The isolated eff ect of the APOE ε2 allele on hematoma expansion is in line with the 
results of previous studies, which suggest separate eff ects of ε2 and ε4 on vasculopathic 
CAA vessels. In these histopathological series, it appears that the ε4 allele increases the 
severity of vascular amyloid deposition, while the ε2 allele appears to cause vasculo-
pathic changes that are presumably more directly tied to vessel rupture.4,5 Consistent 
with this fi nding, the ISGC recently reported the association between APOE ε2 and 
larger hematoma volumes in patients with lobar ICH, an eff ect not seen for APOE ε4, 
supporting the hypothesis that the APOE ε2 allele plays a unique role in the severity of 
vasculopathic changes in CAA.6

The association between APOE ε2 and hematoma expansion is consistent with a model 
in which an initial ruptured vessel leads to cascading injury of nearby diseased small ves-
sels.24 Patients with increased severity of vascular amyloid without extensive secondary 
vessel wall breakdown (as might be expected in APOE ε4 carriers) appear at no higher 
risk of expansion, while those in whom the vascular walls have greater breakdown are 
at higher risk. Such patients (those with the APOE ε2 allele) are more likely to have a 
severely damaged vessel near the rupture site, which might then rupture in response 
to injury and lead to more additional bleeding. The fact that increased copies of the ε2 
allele increases risk is consistent with this model. However, hematoma expansion occur-
ring late in the course of disease might suggest that other mechanisms are also playing 
a role in the pathophysiology of hematoma expansion.

In previous work we noted diff erential eff ects of APOE ε2 and ε4 in relation to initial 
ICH volume, which may well refl ect the same process; an initial rupture would normally 
be contained in a small space, unless there is an adequately damaged vessel nearby to 
rupture itself in response to injury.6 This raises the intriguing possibility of a threshold 
eff ect of amyloid-related vessel breakdown, whereby a small hematoma requires a suf-
fi ciently diseased nearby vessel to expand, although further studies are necessary to 
confi rm this.
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There is an urgent need for biomarkers that can be used to select patients and guide 
interventions that restrict hematoma expansion.25 To date, clinical trials aimed at restrict-
ing expansion have not led to improved neurologic outcome12,13; it may be necessary to 
target patients at highest risk for expansion in order to show benefi t. One radiographic 
fi nding, the CT angiography (CTA) ‘spot sign’ has proven to be the strongest predictor of 
hematoma expansion and clinical outcome in primary ICH patients.20-22,26 It may be that 
APOE genotype, or other markers of underlying vascular disease, can provide additional 
biomarkers with which to improve prediction in the acute setting.

This study is limited by its size, lack of replication and the fact that follow-up CT scans 
were not performed with standardized timing. Thus, it is important to note that our 
ability to identify the precise time course over which expansion occurs is limited. This 
is a fundamental shortcoming for observational studies, where CT timing is dependent 
upon the clinical care providers. Furthermore, follow-up CT scans were disproportion-
ately not available for those with the largest hematomas and early death. Although 
not replicated, our fi ndings are consistent with previous research investigating the 
relationship between APOE and ICH. A last potential limitation of our study is the use of 
the Boston criteria to classify possible, probable and defi nite CAA-related ICH. Because 
not all patients had pathology available (from either post-mortem examination or 
cortical biopsy), this classifi cation was partly based on MRI fi ndings only. Overall, this 
hypothesis-generating analysis raises intriguing questions regarding the pathophysiol-
ogy of hematoma expansion which warrant further investigations.

In conclusion, we demonstrate that the APOE ε2 allele is associated with hematoma 
expansion in patients with lobar ICH. This eff ect is particularly prominent in the subset 
of patients who meet criteria for probable / defi nite CAA. Although future studies are 
required to replicate these results, our fi ndings are consistent with the accumulating 
body of data on the role of APOE genotype in ICH.
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Supplementary table 1: Cohort characteristics for lobar ICH patients

Variable APOE 2: 0 copies
(n, %)

APOE 2: 1+ copies
(n, %)

Number of subjects 220 45

Age (mean, SD) 72.3 (12.6) 73.5 (10.2)

Female sex 113 (51) 20 (44)

Diabetes mellitus 39 (18) 9 (20)

Hypertension 148 (67) 35 (77)

Coronary artery disease 42 (19) 14 (31)

Atrial fi brillation 42 (19) 11 (24)

Hyperlipidemia 76 (35) 15 (33)

Previous ICH 14 (6) 10 (22)

Pre-ICH AIS / TIA 31 (14) 6 (13)

Pre-ICH dementia 43 (20) 7 (16)

Warfarin use 44 (20) 12 (27)

Antiplatelet therapy 88 (40) 18 (40)

Statin use 63 (29) 14 (31)

Probable / defi nite CAA 78 (36) 28 (62)

Possible CAA 142 (64) 17 (28)

GCS (median, IQR) 14 (11 - 15) 14 (12 - 15)

Time to baseline imaging in hours
(median, IQR)

6.9 (1.4 - 17.5) 7.2 (1.6 - 18.5)

Baseline ICH volume (median, IQR) 15.0 (7.0 - 36.0) 20.0 (8.0 - 36.4)

Baseline IVH volume (median, IQR)* 2.6 (1.0 - 10.2) 2.3 (0.5 - 12.0)

Intraventricular extension 78 (36) 20 (44)

Interscan time in hours (median, IQR) 17.6 (7.7 - 28.9) 18.0 (8.0 - 27.5)

Follow-up ICH volume (median, IQR) 23.4 (10.1 - 35.2) 27.2 (11.2 - 38.9)

Follow-up IVH volume (median, IQR)* 6.0 (1.0 - 16.5) 6.3 (1.0 - 15.9)

Hematoma expansion (> 33%) 29 (13) 10 (22)

IVH expansion (> 2 cc)* 24 (11) 4 (9)

Death (90 days) 66 (30) 21 (46)

mRS: 0 – 2 (90 days) 28 (13) 4 (9)

APOE 4 (minor allele frequency) 0.19 0.18

* Data refers only to ICH cases with intraventricular extension and / or IVH expansion
ICH = Intracerebral Hemorrhage; n = number of patients; % = percentage; SD = standard deviation; AIS = 
acute ischemic stroke; TIA = transient ischemic attack; CAA = Cerebral Amyloid Angiopathy; GCS = Glasgow 
Coma Scale; IQR = interquartile range; IVH = intraventricular hemorrhage; mRS = modifi ed Rankin Scale; 
APOE = Apolipoprotein E
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Supplementary table 2: Univariate analysis of hematoma expansion

Variable Deep ICH Lobar ICH

OR (95% CI) p – value OR (95% CI) p – value

Age 1.00 (0.99 - 1.03) 0.52 0.99 (0.97 - 1.02) 0.69

Sex 1.10 (0.66 - 1.84) 0.70 1.41 (0.78 - 2.53) 0.26

Hypertension 1.04 (0.52 - 2.04) 0.92 3.55 (1.25 - 10.11) 0.018

Warfarin 2.08 (1.20 - 3.61) 0.009 3.42 (1.86 - 6.30) < 0.001

Antiplatelet therapy 1.00 (0.61 - 1.68) 0.97 1.26 (0.70 - 2.27) 0.45

Time to imaging:

< 6 hours Ref. Ref. Ref. Ref.

6 – 12 hours 0.57 (0.17 - 1.91) 0.36 0.66 (0.08 - 5.57) 0.71

< 24 hours 0.35 (0.04 - 2.89) 0.33 0.71 (0.15 - 3.31) 0.67

Interscan time:

< 6 hours Ref. Ref. Ref. Ref.

6 – 24 hours 0.74 (0.27 - 2.04) 0.57 0.72 (0.15 - 3.31) 0.67

> 24 hours 0.58 (0.17 - 1.96 0.38 0.66 (0.08 - 5.57) 0.71

Baseline ICH volume

< 30 cc Ref. Ref. Ref. Ref.

30 – 60 cc 1.12 (0.60 - 2.10) 0.74 1.85 (0.33 - 10.37) 0.49

> 60 cc 1.55 (0.16 - 15.35) 0.71 1.63 (0.50 - 5.34) 0.42

Intraventricular extension 1.27 (0.77 - 2.11) 0.35 0.89 (0.48 - 1.66) 0.71

APOE 2 1.41 (0.67 - 3.01) 0.37 2.65 (1.15 - 6.11) 0.010

APOE 4 0.96 (0.51 - 1.81) 0.89 0.56 (0.20 - 1.54) 0.26

ICH = Intracerebral Hemorrhage; OR = Odds Ratio; 95% CI = 95% Confi dence Interval; Ref. = reference; APOE 
= Apolipoprotein E
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Supplementary table 3: Multivariate analysis of hematoma expansion in lobar ICH for patients presenting 
within 6 hours of symptom onset

Variable* OR (95% CI) p – value

Age 1.00 (0.96 - 1.04) 0.97

Sex 0.63 (0.26 - 1.51) 0.30

Hypertension 1.23 (0.52 - 2.97) 0.64

Warfarin 0.39 (0.11 - 1.34) 0.14

Antiplatelet therapy 0.68 (0.27 - 1.68) 0.40

Interscan time:

< 6 hours Ref. Ref.

6 – 24 hours 0.55 (0.06 - 5.16) 0.60

> 24 hours 0.48 (0.04 - 5.64) 0.56

Baseline ICH volume

< 30 cc Ref. Ref.

30 – 60 cc 0.58 (0.19 - 1.73) 0.32

> 60 cc 0.11 (0.11 - 2.65) 0.44

Intraventricular extension 0.46 (0.20 - 1.10) 0.081

APOE 2 2.65 (1.12 - 6.27) 0.026

APOE 4 0.82 (0.39 - 1.77) 0.62

* Analysis adjusted for: age, sex, hypertension, warfarin use, antiplatelet therapy, baseline ICH volume, intraven-
tricular extension, interscan time
OR = Odds Ratio; 95% CI = 95% Confi dence Interval; Ref. = reference; APOE = Apolipoprotein E
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ABSTRACT

Background and Purpose

The CT angiography (CTA) spot sign predicts hematoma expansion and poor outcome 
in patients with primary intracerebral hemorrhage (ICH). The biological underpinnings 
of the spot sign remain poorly understood; it may be that the underlying vasculopathy 
infl uences its presence. Therefore, we conducted a study to identify genetic predictors 
of the spot sign.

Methods

In an ongoing prospective cohort study, we analyzed 371 patients with CTA and genetic 
data available. CTAs were reviewed for the spot sign by two experienced readers, blinded 
to clinical data, according to validated criteria. Analyses were stratifi ed by ICH location.

Results

In multivariate analysis, patients on warfarin were more likely to have a spot sign regard-
less of ICH location: OR 3.85 (95% CI 1.33 - 11.13) in deep ICH and OR 2.86 (95% CI 1.33 
- 6.13) in lobar ICH. APOE ε2, but not ε4, was associated with presence of a spot sign in 
lobar ICH (OR 2.09; 95% CI 1.05 - 4.19). There was no eff ect for ε2 or ε4 in deep ICH.

Conclusions

ICH patients on warfarin are more likely to present with a spot sign, regardless of ICH 
location. Among patients with lobar ICH, those who possess the APOE ε2 allele are more 
likely to have a spot sign. Given the established relationship between APOE ε2 and 
vasculopathic changes in cerebral amyloid angiopathy, our fi ndings suggest that both 
hemostatic factors and vessel pathology infl uence spot sign presence.
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INTRODUCTION

Spontaneous intracerebral hemorrhage (ICH) accounts for 15% of all strokes and has 
a 30-day mortality rate of approximately 40%.1,2 The most potent determinant of poor 
outcome is baseline hematoma volume.3 Importantly, expansion of the initial hematoma 
occurs in 25% of hospitalized ICH patients and forms another strong predictor of poor 
outcome.4,5 The attenuation of hematoma expansion gives clinical care providers an 
opportunity to decrease fi nal ICH volume, and is therefore a common target in ongoing 
clinical trials.6,7

The extravasation of contrast into the hematoma following CT angiography (CTA), 
termed the ‘spot sign’, is frequently seen in ICH patients and is an independent predictor 
of both hematoma expansion8-10 and poor outcome11-13. The biological underpinnings of 
the CTA spot sign remain poorly understood, and there are no established risk factors for 
its presence besides early presentation.10,13,14

A multi-center genetic association study led by the International Stroke Genetics Con-
sortium showed that apolipoprotein E (APOE) ε2 and ε4 alleles increase risk of lobar 
intracerebral hemorrhage.15 In addition, the APOE ε2 allele has been associated with 
larger baseline ICH volumes16, hematoma expansion17, and poor outcome16 in lobar 
ICH. The role of the APOE alleles is probably related to their known eff ect in cerebral 
amyloid angiopathy (CAA)18, where each allele is associated with characteristic patho-
logic changes. The ε2 allele is predominantly associated with vasculopathic changes 
ultimately leading to rupture of the diseased vessels, whereas ε4 increases the severity 
of amyloid deposition within the vessel wall.19,20

Given the unique role of APOE ε2 in lobar ICH, we hypothesized that the ε2 allele would 
also be associated with the presence of the CTA spot sign. To answer this question we 
conducted a single-center prospective cohort study of patients with acute ICH.

METHODS

Study design
This study is a retrospective analysis of prospectively collected data from an ongoing 
cohort study at Massachusetts General Hospital (MGH), Boston, USA. All parts of the 
study were approved by the Institutional Review Board of MGH and informed consent 
was obtained from all participants or their families / surrogates.
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Study subjects

Consecutive patients with acute primary ICH who presented between December 
2000 and January 2011 to MGH and who met inclusion criteria were approached for 
enrollment in an ongoing genetic ICH study. The inclusion criteria for this analysis were 
defi ned as: (1) diagnosis of non-traumatic ICH on CT; (2) availability of a baseline CTA; 
(3) self-reported European or European-American ancestry; and (4) APOE genotype data 
available. For a subgroup analysis, patients with an available follow-up CT scan within 
48 hours of the baseline CT were included. Exclusion criteria were defi ned as: presence 
of a vascular malformation, aneurysmal subarachnoid hemorrhage, hemorrhagic trans-
formation of acute infarction, traumatic ICH, brain neoplasm, or any other suspected 
cause of secondary ICH. Patients with ICH of the brainstem or primary intraventricular 
hemorrhage (IVH) were also excluded from the current analysis. (Figure)

Clinical data

Collected data included age, sex, and medical history including diabetes mellitus, hyper-
tension, coronary artery disease, atrial fi brillation, hyperlipidemia, ischemic stroke, and 
previous ICH. Medications included the use of warfarin, antiplatelet therapy and statins. 
All data points were collected through interviews with the patient or their families / 
surrogates. Hospital charts were reviewed for Glasgow Coma Scale (GCS), time to initial 
imaging and interscan time for patients with a follow-up CT available.

Figure:  Cohort fl owchart
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CT analysis

ICH location was assigned by trained study staff  based on the baseline CT. Deep ICH was 
defi ned as ICH exclusively involving thalamus or basal ganglia, whereas ICH originating 
at the cortical-subcortical junction was considered lobar ICH. For this analysis, hemor-
rhages involving both territories were labeled as mixed ICH.

The initial and follow-up volumes of both ICH and IVH were measured using Alice (PAR-
EXEL International Corporation) and Analyze 9.0 (Mayo Clinic, Rochester, Minnesota) 
software following previously described methods.10,12 Signifi cant hematoma expansion 
was defi ned as an absolute increase in ICH volume greater than 6 mL or an increase of 
greater than 33% from baseline ICH volume.8,17,21

CTAs were reviewed by two experienced readers, blinded to clinical data, for the presence 
of spot signs according to previously published and validated criteria.10,12 CTA reading 
diff erences were adjudicated by consensus. All study staff  interpreting neuroimaging 
were blinded to clinical, genetic and outcome data.

Genotyping

DNA from whole blood samples was isolated, quantifi ed and normalized to a concentra-
tion of 10ng/μl. Two single nucleotide polymorphisms of the APOE locus, rs7412 (APOE 
158) and rs429358 (APOE 112), were independently genotyped using two separate 
assays. The allelic reads from each assay were translated to APOE genotypes (ε3ε3, ε3ε4, 
ε4ε4, ε3ε2, ε2ε2, and ε2ε4). All ICH cases were in Hardy-Weinberg equilibrium for APOE 
genotypes. Genotyping personnel were blinded to clinical and neuroimaging data.

Cerebral amyloid angiopathy-related ICH

Along with stratifying the analysis by ICH location, we separately analyzed patients 
meeting criteria for probable / defi nite CAA (according to the Boston criteria22), since 
not all lobar hemorrhages are caused by CAA. Lobar ICH with confi rmed CAA pathol-
ogy or microbleeds restricted to the lobar brain region on MRI (on T2*, susceptibility, or 
Gradient Echo sequences) was defi ned as probable / defi nite CAA. In total, 140 of 196 
(71%) lobar ICH patients had MR imaging and / or pathology available. Of these patients, 
69 (49%) met criteria for probable / defi nite CAA. Microbleed assessment was performed 
following previously validated methods.22,23

Statistical analysis

Discrete variables are presented as count and percentage (%) and continuous variables 
are shown as mean and Standard Deviation (SD) or as median and Interquartile Range 
(IQR). We tested the potential role of the APOE ε2 and ε4 alleles as predictors of the CTA 
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spot sign using univariate and multivariate logistic regression, stratifi ed by ICH location 
(deep or lobar) and CAA-related ICH. This stratifi cation was pre-specifi ed and used in 
previous studies.16,17 The CTA spot sign was analyzed as a dichotomized variable (present 
/ absent). Multivariate models included age, sex, hypertension, use of warfarin, number 
of APOE ε2 alleles (0, 1 or 2), and number of ε4 alleles (0, 1 or 2). All analyses were re-
peated after adjustment for genetic population structure (principal components 1 and 
2) based on genome wide data, which was available for a total of 268 patients (72%).15 
These subset analyses returned identical results (data not shown). In a subset of patients 
with an available follow-up CT within 48 hours, we tested for association of the APOE 
alleles with hematoma expansion, including the same covariates in the multivariate 
analysis with the addition of the CTA spot sign. The threshold of signifi cance was set to p 
< 0.05. All statistical analyses were performed using Statistical Analysis Software version 
9.3 (SAS Institute Inc. 2011, Cary, NC).

RESULTS

Study population
After application of the previously described inclusion and exclusion criteria, 371 pa-
tients were available for analysis. Of these 371 patients, 151 had deep, 196 had lobar, 
and 24 had mixed ICH. The latter were excluded for the stratifi ed analysis. (Table 1)

CT imaging

Radiographic characteristics are shown in table 1 for the entire cohort and stratifi ed by 
ICH location. Median baseline hematoma volumes were signifi cantly diff erent between 
deep and lobar ICH (p < 0.001). At least 1 spot sign was present in 97 patients (26%), and 
there was no diff erence between deep and lobar ICH (p > 0.20). (Table 1)

Predictors of CTA spot sign presence

All ICH
Univariate analysis was performed to assess association of the covariates with CTA spot 
sign presence in all ICH patients. Both age (p = 0.033) and warfarin use at time of hospital 
presentation (p < 0.001) showed an association with the spot sign (Table 2). In multivari-
ate analysis, only warfarin use remained associated with spot sign presence (p < 0.001) 
after adjusting for age, sex, hypertension, warfarin use, APOE ε2, APOE ε4, and genetic 
population structure (Table 3).
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Table 1: Cohort characteristics

Variable All
(n, %)

Deep ICH
(n, %)

Lobar ICH
(n, %)

Number of subjects 371 151 196

Age (mean, SD) 72.6 (12.8) 68.6 (14.3) 75.9 (10.7)

Female sex 180 (48.5) 65 (43.0) 102 (52.0)

Diabetes mellitus 77 (20.8) 40 (26.5) 29 (14.8)

Hypertension 289 (77.9) 132 (87.4) 133 (67.9)

Coronary artery disease 69 (18.6) 31 (20.5) 33 (16.8)

Atrial fi brillation 78 (21.0) 23 (15.2) 50 (25.5)

Hyperlipidemia 150 (40.4) 59 (39.1) 85 (43.4)

Previous ICH 28 (7.5) 6 (4.0) 21 (10.7)

Pre-ICH ischemic stroke 41 (11.1) 14 (9.3) 21 (10.7)

Warfarin use 69 (18.6) 21 (13.9) 43 (21.9)

Antiplatelet therapy 22 (5.9) 11 (7.3) 11 (5.6)

Statin use 120 (32.3) 46 (30.5) 69 (35.2)

Probable / defi nite CAA 70 (18.9) 0 (0.0) 69 (35.2)

GCS (median, IQR) 14 (7-15) 12 (6-15) 14 (7-15)

Time to baseline imaging in hours (median, IQR) 6.0 (3.0-13.0) 5.0 (3.0-9.0) 6.0 (4.0-17.0)

Baseline ICH volume (median, IQR) 24.4 (8.0-59.0) 17.9 (5.4-44.6) 36.0 (16.3-71.6)

Follow-up ICH volume (median, IQR)* 19.0 (6.2-42.8) 12.8 (4.1-35.3) 27.1 (11.5-52.0)

Intraventricular extension 182 (49.1) 89 (58.9) 80 (40.8)

Baseline IVH volume (median, IQR)** 7.7 (2.2-24.0) 15.0 (3.2-35.0) 6.5 (2.3-17.8)

Follow-up IVH volume (median, IQR)* 6.5 (2.0-21.3) 11.0 (3.4-24.5) 4.0 (2.0-13.0)

Interscan time in hours (median, IQR)* 10.0 (6.0-17.0) 9.0 (6.0-14.5) 12.0 (6.3-18.0)

Spot sign presence 97 (26.1) 41 (27.2) 52 (26.5)

Hematoma expansion* 42 (18.4) 19 (20.2) 20 (16.7)

Death at 90 days 156 (42.0) 63 (41.7) 87 (44.4)

mRS at 90 days (0 – 2)*** 106 (31.0) 37 (26.4) 60 (32.8)

APOE 2 (minor allele frequency) 0.09 0.08 0.11

APOE 4 (minor allele frequency) 0.19 0.17 0.22

* Among patients who had a follow-up CT within 48 hours (61%)
** Data refers only to ICH cases with intraventricular extension
*** Among patients with available 3-month follow-up (92%)
ICH = intracerebral hemorrhage; CAA = cerebral amyloid angiopathy; GCS = Glasgow Coma Scale; IQR = in-
terquartile range; IVH = intraventricular hemorrhage; mRS = modifi ed Rankin Scale; APOE = Apolipoprotein E
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Deep ICH
In deep ICH only warfarin showed an association with spot sign presence (p = 0.007) in 
univariate analysis (Table 2). In multivariate analysis, this association remained signifi -
cant (p = 0.013). There was no association between either APOE ε2 or ε4 and spot sign 
presence (both p > 0.20). (Table 3)

Table 2: Univariate analysis of CTA spot sign

Variable All
(n = 371)

Deep ICH
(n = 151)

Lobar ICH
(n = 196)

Probable / defi nite CAA
(n = 69)

OR (95% CI) p – value OR (95% CI) p – value OR (95% CI) p – value OR (95% CI) p – value

Age 1.02
(1.00-1.04)

0.033
1.03

(0.99-1.06)
0.055

1.02
(0.99-1.06)

0.14
1.07

(0.96-1.19)
>0.20

Sex 
(male vs. female)

0.72
(0.28-1.91)

>0.20
1.30

(0.61-2.77)
>0.20

0.64
(0.29-1.42)

>0.20
1.46

(0.37-5.77)
>0.20

Hypertension 1.77
(0.95-3.26)

0.070
0.97

(0.32-2.97)
>0.20

0.76
(0.30-1.98)

>0.20
1.58

(0.13-19.21)
>0.20

Warfarin use 3.49
(2.02-6.04)

<0.001
3.67

(1.42-9.47)
0.007

3.18
(1.56-6.46)

0.001
6.30

(1.52-26.22)
0.011

APOE e2 0.74
(0.40-1.33)

>0.20
0.96

(0.34-2.70)
>0.20

1.70
(1.08-2.63)

0.025
2.10

(1.10-4.03)
0.024

APOE e4 0.79
(0.43-1.43)

>0.20
0.60

(0.28-1.30)
>0.20

0.66
(0.37-1.22)

>0.20
0.71

(0.24-2.11)
>0.20

ICH = intracerebral hemorrhage; CAA = cerebral amyloid angiopathy; APOE = Apolipoprotein E

Table 3: Multivariate analysis of CTA spot sign

Variable* All
(n = 371)

Deep ICH
(n = 151)

Lobar ICH
(n = 196)

Probable / defi nite CAA
(n = 69)

OR (95% CI) p – value OR (95% CI) p – value OR (95% CI) p – value OR (95% CI) p – value

Age 1.02
(1.00-1.04)

0.05
1.02

(0.99-1.06)
0.14

1.02
(0.99-1.06)

0.17
1.08

(0.95-1.23)
>0.20

Sex
(male vs. female)

1.34
(0.70-2.58)

>0.20
1.83

(0.81-4.16)
0.15

1.91
(0.90-3.95)

>0.20
1.46

(0.37-5.77)
>0.20

Hypertension 1.28
(0.65-2.56)

>0.20
0.81

(0.26-2.53)
>0.20

0.53
(0.19-1.53)

>0.20
1.64

(0.37-7.61)
>0.20

Warfarin use 3.46
(1.92-6.21)

<0.001
3.85

(1.33-11.13)
0.013

2.86
(1.33-6.13)

0.007
6.65

(1.34-32.99)
0.020

APOE 2 1.55
(0.81-2.96)

0.19
0.53

(0.16-1.70)
>0.20

2.09
(1.05-4.19)

0.036
2.07

(1.24-3.46)
0.005

APOE 4 0.64
(0.33-1.25)

>0.20
0.70

(0.32-1.55)
>0.20

0.60
(0.26-1.36)

>0.20
0.77

(0.27-2.18)
>0.20

* Analysis is also adjusted for principal components 1 and 2
ICH = intracerebral hemorrhage; CAA = cerebral amyloid angiopathy; APOE = Apolipoprotein E
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Lobar ICH
In lobar ICH, the univariate analysis showed warfarin use (p = 0.001) and APOE ε2 (p = 
0.025) to be associated with spot sign presence (Table 2). After adjusting for potential 
confounders, the eff ects for the use of warfarin (p = 0.007) and APOE ε2 (p = 0.036) re-
mained signifi cant. We found again no association between APOE ε4 and the CTA spot 
sign (p > 0.20). (Table 3)

CAA-related ICH
In the subset of lobar ICH patients meeting criteria for CAA-related ICH, warfarin use (p = 
0.011) and APOE ε2 (p = 0.024) were associated with spot sign presence in the univariate 
analysis (Table 2). In multivariate analysis, the eff ect for APOE ε2 remained signifi cant 
after adjusting for potential confounders (p = 0.005). The eff ect for warfarin use in lobar 
ICH (OR 2.86; 95% CI 1.33 - 6.13) appeared heightened in patients meeting criteria for 
CAA-related ICH (OR 6.65; 95% CI 1.34 - 32.99).

Predictors of hematoma expansion

A follow-up CT within 48 hours was available in a subset of 228 patients (61%). Patients 
without follow-up imaging had lower GCS scores upon presentation, greater hematoma 
volumes, and higher mortality rates at discharge (all p < 0.05).

Table 4: Multivariate analysis of hematoma expansion among patients with follow-up CT

Variable* All
(n = 228)

Deep ICH
(n = 94)

Lobar ICH
(n = 120)

OR (95% CI) p – value OR (95% CI) p – value OR (95% CI) p – value

Age 1.01
(0.97-1.04)

>0.20
1.01

(0.96-1.06)
>0.20

0.98
(0.94-1.03)

>0.20

Sex
(male vs. female)

1.70
(0.73-3.95)

>0.20
1.60

(0.39-6.60)
>0.20

1.32
(0.42-2.18)

>0.20

Hypertension 2.57
(0.87-7.66)

0.089
2.33

(0.35-15.63)
>0.20

2.47
(0.60-10.07)

>0.20

Warfarin use 1.66
(0.68-4.04)

>0.20
0.53

(0.07-4.54)
>0.20

1.30
(0.35-4.77)

>0.20

CTA spot sign 7.78
(3.46-17.50)

<0.001
9.40

(2.63-33.63)
0.001

7.55
(2.31-24.70)

0.001

APOE e2 1.67
(0.76-3.65)

0.19
0.65

(0.07-6.48)
>0.20

2.48
(0.99-6.27)

0.054

APOE e4 0.59
(0.28-1.25)

>0.20
0.79

(0.08-7.91)
>0.20

0.94
(0.37-2.43)

>0.20

* Analysis is also adjusted for principal components 1 and 2
ICH = intracerebral hemorrhage; APOE = Apolipoprotein E
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Hematoma expansion was present in 42 out of 228 patients (18%). In multivariate 
analysis, the spot sign was a strong independent predictor of hematoma expansion, re-
gardless of ICH location. Notably, warfarin use was no longer associated with hematoma 
expansion after introducing the CTA spot sign into the multivariate logistic regression 
model (all p > 0.20). In lobar ICH, there was a trend toward signifi cance for the association 
of APOE ε2 and hematoma expansion (OR 2.48 [95% CI 0.99 - 6.27]; p = 0.054). (Table 4)

DISCUSSION

Our fi ndings demonstrate that lobar ICH patients who posses the APOE ε2 allele are 
more likely to have a spot sign detected on CTA. APOE ε2 did not show an eff ect in deep 
ICH and the APOE ε4 allele was not associated with spot sign presence in either deep or 
lobar ICH. In addition, we show that patients on warfarin at the time of their presenta-
tion to the hospital are more likely to have a spot sign, regardless of ICH location.

The isolated eff ect of APOE ε2 on presence of the CTA spot sign is consistent with the 
accumulating evidence of the unique eff ects of the APOE alleles in CAA and ICH. In CAA 
the two APOE variants appear to act through diff erent histopathological mechanisms. At 
autopsy or biopsy, the cerebral vessels of individuals with APOE ε2 demonstrate marked 
vasculopathic changes, and vessel rupture, whereas possession of the ε4 allele increases 
the severity of amyloid deposition within the vessel wall with limited vasculopathic 
changes.19,20 In addition to these histopathological fi ndings in CAA, there is growing 
evidence on the isolated APOE ε2 eff ect in lobar ICH from prospective cohort studies. In 
these studies APOE ε2 was associated with larger initial ICH volumes, hematoma expan-
sion, and poor clinical outcome.16,17

The association between APOE ε2 and presence of the spot sign raises important hy-
potheses regarding the pathophysiology of this radiographic fi nding. If the spot sign 
refl ects active extravasation of contrast into the hematoma, our fi ndings fi t within 
the proposed model of cascading small vessel injury following ICH.24 In this model, 
hematoma expansion occurs due to the additional rupture of small vessels adjacent 
to the initial hematoma. If this hypothesis holds true, the spot sign may be the visual 
representation of active hematoma expansion caused by the rupture of small (diseased) 
vessels surrounding the initial hematoma. This aligns with the isolated eff ect of APOE 
ε2 on lobar rather than deep ICH; given its unique role in CAA, it would predispose to 
additional vessel rupture and therefore hematoma expansion and spot sign presence. 
The previously published association between APOE ε2 and lobar hematoma expansion 
also fi ts within this model.17
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Thus far, therapies aimed at arresting hematoma expansion have not improved clinical 
outcome in clinical trials, likely due to diffi  culty selecting the right patients for inclusion. 
The development of biomarkers for hematoma expansion will improve our ability to 
guide the most aggressive treatments to those with the greatest opportunity to benefi t. 
APOE genotype may well be such a biomarker, since it is consistently associated with 
important measures in acute ICH including baseline hematoma volume, hematoma 
expansion, CTA spot sign and clinical outcome.16,17 Bedside genotyping is on the verge 
of widespread availability, and potential uses may include risk stratifi cation for hemo-
static therapies and long-term anticoagulation use in those suff ering from ICH. Besides 
its potential role as a biomarker in acute ICH, at this point our fi ndings on the APOE ε2 
allele provide insight into the biological underpinnings of hematoma expansion and the 
epiphenomenon of the CTA spot sign.

Our study is limited by its lack of replication and the biased availability of follow-up 
CTs for the subgroup analysis. The latter is a recurring phenomenon, where follow-up 
imaging is disproportionately not obtainable due to early death or care limitations in 
patients with the lowest GCS scores and largest hematomas. However, the baseline char-
acteristics of patients with and without available CTA were not diff erent in our study. 
Although our fi ndings have not been replicated, the presented fi ndings are in line with 
previous studies and generate interesting hypotheses regarding the pathophysiology 
of hematoma expansion. Further research on the role of APOE in ICH and replication of 
our results is necessary.

In conclusion, we show that the APOE ε2 allele is associated with the presence of the CTA 
spot sign in patients suff ering from lobar ICH. Patients on warfarin are also more likely 
to have a spot sign upon presentation, regardless of ICH location. Given the established 
relationship between APOE ε2 and vasculopathic changes in CAA, our fi ndings suggest 
that both hemostatic factors and vessel pathology infl uence the development of the 
spot sign and risk of prolonged bleeding in ICH.
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ABSTRACT

Background and Purpose

Patients with intracerebral hemorrhage (ICH) who present with a spot sign on CT 
angiography (CTA) have increased risk of hematoma expansion and poor outcome. 
Since primary ICH is the acute manifestation of chronic cerebral small vessel disease, 
we investigated whether diff erent clinical or imaging characteristics predict spot sign 
presence, using ICH location as a surrogate for arteriolosclerosis- and cerebral amyloid 
angiopathy-related ICH.

Methods

Patients with primary ICH and available CTA at presentation were included. ICH locations 
were specifi ed as deep or lobar, with spot sign ascertained by two independent, blinded 
readers. We assessed predictors of spot sign using uni- and multivariable logistic regres-
sion analysis, stratifi ed by ICH location.

Results

741 patients were eligible, 335 (45%) deep and 406 (55%) lobar ICH. At least one spot 
sign was present in 76 (23%) deep and 102 (25%) lobar ICH patients. In multivariable 
regression, warfarin (OR 2.42, 95%CI 1.01-5.71; p = 0.04), baseline ICH volume (OR 1.20, 
95%CI 1.09-1.33, per 10 mL increase; p < 0.001), and time from symptom onset to CTA 
(OR 0.89, 95%CI 0.80-0.96, per hour; p = 0.009) were associated with the spot sign in 
deep ICH. Predictors of spot sign in lobar ICH were warfarin (OR 4.30, 95%CI 2.01-9.38; p 
< 0.001), baseline ICH volume (OR 1.20, 95%CI 1.10-1.31, per 10 mL increase; p < 0.001), 
and preexisting dementia (OR 2.42, 95%CI 1.10-5.30; p = 0.02).

Conclusions

The most potent associations with spot sign are shared between deep and lobar ICH, 
suggesting that the acute bleeding process that arises in the setting of diff erent chronic 
small vessel diseases shares commonalities.
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INTRODUCTION

Spontaneous intracerebral hemorrhage (ICH), the stroke subtype with the highest mor-
bidity and mortality rates,1,2 occurs as the acute manifestation of chronic cerebral small 
vessel disease. The most common pathological vascular fi ndings in ICH are cerebral 
amyloid angiopathy (CAA), most often found in patients with lobar ICH, and arteriolo-
sclerosis, most often found in patients with non-lobar or deep ICH. Although deep and 
lobar ICH share several risk factors, a growing body of evidence supports the conclusion 
that these conditions are generally caused by diff erent chronic small vessel diseases, 
implicating location-specifi c risk factors.3,4 Diff erences have also been shown for risk fac-
tors infl uencing hematoma volume in each location, suggesting that the acute behavior 
of the hemorrhage is infl uenced by the underlying vessel pathology.5

Extravasation of contrast media within the hematoma on computed tomography an-
giography (CTA), commonly termed the “spot sign,” is a strong predictor of hematoma 
expansion and poor clinical outcome,6-9 and appears to represent ongoing bleeding. 
Several risk factors for spot sign presence have been identifi ed, including larger 
initial hematoma volume, anticoagulation, and the ε2 allele of apolipoprotein E gene, 
suggesting that underlying features of the brain or the blood vessels may impact its 
occurrence.10-12 Of note, the ε2 allele of apolipoprotein E gene, which is robustly associ-
ated with lobar ICH, is only associated with spot sign in lobar ICH, and not deep ICH.10 
Therefore, we investigated whether diff erent clinical and imaging characteristics are 
associated with spot sign in a region-specifi c manner, using ICH location as a surrogate 
for arteriolosclerosis- and CAA-related ICH.

METHODS

Study design
This is a retrospective study of prospectively collected data from an ongoing cohort 
study at Massachusetts General Hospital (MGH), Boston, MA.13 This study was approved 
by the institutional review board, and written informed consent was obtained from all 
participants or their next of kin, or consent was waived by a protocol specifi c allowance.

Study Subjects

Consecutive patients with primary ICH who presented to MGH between December 2000 
and May 2013 were evaluated. Inclusion criteria were primary ICH diagnosed by CT scan of 
suffi  cient quality for location assignment, and CTA performed within 72 hours of symptom 
onset. Exclusion criteria were infratentorial ICH, multiple hemorrhages, primary intraven-
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tricular hemorrhage (IVH), and secondary causes of ICH including vascular malformations, 
aneurysms, neoplasms, trauma, and hemorrhagic transformation of acute infarction.

Clinical data

Demographic data, past medical history, medication use, alcohol and tobacco use, 
and time of symptom onset were collected through chart review and interviews with 
patients or their surrogates. Hospital records were reviewed for admission systolic and 
diastolic blood pressure, Glasgow Coma Scale score, blood glucose, and international 
normalized ratio (INR) measurements, and time from symptom onset to baseline CTA.

Imaging analysis

ICH location was determined based on admission CT by study neurologists or neuro-
radiologists who were blinded to clinical data. Lobar hemorrhage was defi ned as ICH 
originating in the cortex or cortico-subcortical junction. Deep ICH was defi ned as 
hemorrhage exclusively involving the thalamus, basal ganglia, internal capsule, or deep 
periventricular white matter. Hemorrhages involving both territories were specifi ed as 
mixed ICH and excluded from the analysis. CTAs were reviewed by two independent 
readers for the presence of spot sign according to previously published methods with 
high inter-rater reliability.11,  12 Hematoma volumes were measured semi-automatically 
using Alice (Parexel International Corporation) or Analyze 10.0 (Mayo Clinic, Rochester, 
MN) software following previously described protocols.12 The presence of hematoma 
expansion was evaluated in a subgroup of subjects with an available follow-up CT. He-
matoma expansion was defi ned as absolute growth >6 mL or a relative increase >33% 
compared to the baseline CT.14, 15 Disagreements regarding ICH location and CTA spot 
sign readings were adjudicated by consensus.

Statistical analysis

Discrete variables are expressed as count (%), and continuous variables as mean (stan-
dard deviation [SD]) or median (interquartile range [IQR]) as appropriate. International 
normalized ratio measured on admission was recoded to four categories: ≤1.2, 1.2 to 2, 
2 to 3, and >3. Following previous studies, missing international normalized ratio (INR) 
in subjects who were not treated with warfarin were set to 1.16 The subgroup with INR 
≤1.2 was set as the reference category for this covariate. The spot sign was analyzed as a 
dichotomous variable (present or absent).

We tested covariates potentially associated with spot sign presence using logistic regres-
sion. First, univariable logistic regression was performed to evaluate unadjusted associa-
tions between covariates and spot sign, stratifi ed by ICH location. Subsequently, multivari-
able logistic regression was utilized to identify independent associations after accounting 
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for potential confounders. Covariates with p < 0.05 in univariable analyses were entered 
into the model and backward elimination was carried out to the level of 0.2. Collinear fac-
tors, as measured through the variance infl ation factor were removed when appropriate. 
Time from symptom onset to CTA was modeled as a continuous covariate. . All statistical 
analyses were performed using R version 3.0.1,17 with a signifi cance threshold of p < 0.05.

RESULTS

Of the initial 920 patients, 741 were included in the analysis (Figure). Cohort characteris-
tics are presented in table 1. Subjects excluded because of lack of CTA, or CTA performed 
after 72 hours (n=179, 19%) had similar characteristics to those included in the analysis 
(Table 2). In summary, mean age was 72 years (SD 13), 342 (46%) were female, and 127 
(17%) patients were on warfarin at the time of presentation. Three hundred thirty fi ve 
(45%) subjects had deep and 406 (55%) had lobar ICH. At least one spot sign was ob-
served in 178 (24%) patients; 76 (23%) in deep and 102 (25%) in lobar ICH (p = 0.49). 
Baseline hematoma volume in subjects with lobar ICH was larger (median 38, IQR 16-73) 
compared to those with deep ICH (median 14, IQR 6-39; p < 0.001). Median time from 
symptom onset to CTA was 5 hours (IQR 3-7) in deep and 6 hours (IQR 3-10) in lobar ICH.

Predictors of spot sign in deep intracerebral hemorrhage

Predictors of spot sign in deep ICH identifi ed through univariable analysis were male 
sex, atrial fi brillation, antiplatelet therapy, warfarin treatment, INR, IVH, larger baseline 
ICH volume, and shorter time to CTA (Table 3). In multivariable analysis, warfarin use 
(odds ratio [OR] 2.42, 95% confi dence interval [CI] 1.01-5.71; p = 0.04), larger baseline ICH 
volume (OR 1.20, 95%CI 1.09-1.33, per 10 mL increase; p < 0.001), and time to CTA (OR 
0.89, 95%CI 0.80-0.96, per hour; p = 0.009) remained independently associated with spot 
sign in deep ICH (Table 4).

Primary ICH
       Deep ICH: n= 418
       Lobar ICH: n= 502

Deep ICH = 335
Lobar ICH = 406

Excluded
No CTA performed: n=158
CTA performed after 72 hours: n=21

No difference in cohort characteristics (all p>0.1)

Figure:  Cohort fl owchart
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Table 1: Cohort characteristics

ICH, No. (%)

Variable Deep (n=335) Lobar (n=406)

Age, mean (SD) 69 (14) 75 (11)

Female 130 (39) 212 (52)

Hypertension 282 (86) 281 (69)

Diabetes mellitus 84 (25) 67 (17)

Hypercholesterolemia 126 (38) 173 (44)

Atrial fi brillation 53 (16) 92 (23)

Previous ICH 13 (4) 26 (7)

Dementia 28 (9) 59 (15)

Smoking (current) 36 (15) 50 (17)

Warfarin treatment 47 (14) 80 (20)

Antiplatelet treatment 152 (47) 197 (49)

Statin treatment 105 (33) 139 (35)

Admission blood pressure, mean (SD), mmHg

Systolic 184 (35) 171 (31)

Diastolic 97 (25) 88 (19)

Admission blood glucose, mean (SD), mmol/L 9 (5) 8 (3)

INR category (All subjects)

≤1.2 275 (82) 308 (76)

>1.2 - <2 29 (9) 30 (7)

≥2 - ≤3 16 (5) 46 (11)

>3 14 (4) 21 (5)

INR category (Subjects treated with warfarin)

≤1.2 4 (9) 1 (1)

>1.2 - <2 12 (3) 11 (14)

≥2 - ≤3 16 (35) 46 (58)

>3 14 (3) 21 (27)

ICH volume, median (IQR), mL 14 (6-39) 38 (16-73)

Intraventricular extension 166 (52) 145 (37)

IVH volume*, median (IQR), mL 15 (6-35) 8 (3-18)

Time to CTA, median (IQR), hour 5 (3-7) 6 (3-10)

*Only for patients with intraventricular hemorrhage (n=311)
CTA, computed tomography angiography; ICH, intracerebral hemorrhage; INR, international normalized 
ratio; IQR, interquartile range; IVH, intraventricular hemorrhage; SD, standard deviation.
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Table 2: Comparison between subgroups with available and missing CTA data

ICH, No (%)

Variable Complete data (n= 741) Missing data (n=179) p

Age, n (SD) 72 (13) 71 (12) 0.19

Female 399 (54) 95 (53) 0.91

Hypertension 563 (77) 139 (78) 0.74

Diabetes mellitus 151 (21) 39 (22) 0.81

Hypercholesterolemia 299 (42) 73 (41) 0.94

Coronary artery disease 133 (18) 31 (18) 0.90

Atrial fi brillation 145 (20) 24 (13) 0.06

Previous ICH 39 (5) 12 (7) 0.59

Tx with Antiplatelet 87 (12) 24 (14) 1

Tx with Warfarin 349 (48) 76 (44) 0.32

Tx with Statin 126 (17) 36 (20) 0.38

ICH: intracerebral hemorrhage; Tx: pre-ICH treatment.

Table 3: Univariable logistic regression of spot sign in ICH

Deep ICH Lobar ICH

Covariate OR [95 % CI] p OR [95 % CI] p

Age 1.01 [0.99 – 1.03] 0.15 1.02 [0.99 – 1.04] 0.09

Sex (male vs. female) 1.76 [1.02 – 3.10] 0.04 1.63 [1.04 – 2.57] 0.03

Hypertension 1.53 [0.71 – 3.66] 0.3 1.50 [0.91 – 2.53] 0.12

Hypercholesterolemia 1.31 [0.77 – 2.23] 0.31 1.25 [0.79 – 1.96] 0.34

Diabetes mellitus 1.02 [0.55 – 1.82] 0.95 0.75 [0.38 – 1.39] 0.37

Coronary artery disease 1.53 [0.81 – 2.83] 0.17 2.52 [1.46 – 4.32] 0.0008

Atrial fi brillation 2.02 [1.05 – 3.80] 0.03 1.86 [1.12 – 3.08] 0.01

Previous ICH 0.64 [0.10 – 2.48] 0.57 1.36 [0.54 – 3.13] 0.48

Dementia 0.96 [ 0.34 – 2.32] 0.92 1.93 [1.06 – 3.44] 0.02

Antiplatelet treatment 1.77 [1.05 – 3.01] 0.03 1.66 [1.05 – 2.63] 0.02

Warfarin treatment 3.12 [1.62 – 5.97] 0.0005 3.22 [1.92 – 5.41] 9.0×10-6

Statin treatment 1.38 [0.79 – 2.39] 0.24 1.25 [0.78 – 1.98] 0.35

Admission blood pressure, mmHg

Systolic 1.01 [0.99 – 1.01] 0.12 1.01 [1.001 – 1.02] 0.02

Diastolic 1.01 [0.99 – 1.02] 0.34 1.01 [0.99 – 1.02] 0.46

INR (trend) 1.74 [1.29 – 2.37] 0.0003 1.76 [1.39 – 2.23] 2.2 ×10-6

INR category

>1.2 - < 2.0 2.31 [0.98 – 5.18] 0.04 1.44 [0.58 – 3.28] 0.4

>= 2.0 - <= 3.0 3.42 [1.17 – 9.60] 0.01 2.79 [1.44 – 5.33] 0.001

> 3.0 4.39 [1.44 – 13.37] 0.007 6.45 [2.60 – 16.94] 7.7×10-5

Intraventricular extension 2.67 [1.53 – 4.79] 0.0007 2.21 [1.38 – 3.53] 0.0009

ICH volume, per 10 mL 1.21 [1.13 – 1.31] 3.7×10-7 1.19 [1.12 – 1.26] 2.4×10-9

Time to CTA 0.85 [0.77 – 0.93] 0.0006 0.94 [0.89 – 0.98] 0.003

CI, confi dence interval; CTA, computed tomography angiography; ICH, intracerebral hemorrhage; INR, in-
ternational normalized ratio; IQR, interquartile range; IVH, intraventricular hemorrhage; mL, milliliter; OR, 
odds ratio.



112 Chapter 7

Predictors of spot sign in lobar intracerebral hemorrhage

In univariable analysis of lobar ICH, male sex, coronary artery disease, atrial fi brillation, 
preexisting dementia, antiplatelet therapy, warfarin treatment, systolic blood pressure, 
INR, IVH, larger baseline ICH volume, and time to CTA were associated with spot sign 
presence (Table 3). After adjusting for potential confounders, an independent association 
with the spot sign was found for warfarin (OR 4.30, 95%CI 2.01-9.38; p < 0.001), baseline 
ICH volume (OR 1.20, 95%CI 1.10-1.31, per 10 mL increase; p < 0.001), and pre-existing 
dementia (OR 2.42, 95%CI 1.10 – 5.30; p = 0.02) (Table 5).

Spot sign and hematoma expansion

As expected, spot sign presence was a strong predictor of hematoma expansion in both 
deep (OR 3.95, 95%CI 1.95-8.00; p < 0.001) and lobar ICH (OR 6.80, 95%CI 3.42-13.66; p 
< 0.001). After adjusting for age, sex, warfarin, and ICH volume, the spot sign remained 
strongly associated with hematoma expansion in both deep (OR 3.20, 95%CI 1.49-6.82; 
p = 0.002) and lobar ICH (OR 5.38, 95%CI 2.55-11.50; p < 0.001).

Table 4: Multivariable regression analysis of spot sign in deep ICH

Covariate OR [95% CI] p

Sex 1.40 [0.71 - 2.81] 0.33

Antiplatelet 1.51 [0.78 - 2.94] 0.21

Warfarin 2.42 [1.01 - 5.71] 0.04

Time to CTA, per hour 0.89 [0.80 - 0.96] 0.009

Intraventricular extension 1.26 [0.63 - 2.53] 0.51

ICH volume, per 10 mL 1.20 [1.09 - 1.33] 0.0002

CI, confi dence interval; CTA, computed tomography angiography; ICH, intracerebral hemorrhage; IVH, in-
traventricular hemorrhage; mL, milliliter; OR, odds ratio.

Table 5: Multivariable regression analysis of spot sign in lobar ICH

Covariate OR [95% CI] p

Sex 1.36 [0.73 - 2.56] 0.33

Coronary artery disease 1.32 [0.56 - 3.06] 0.51

Dementia 2.42 [1.10 - 5.30] 0.02

Antiplatelet 1.53 [0.79 - 2.96] 0.20

Warfarin 4.30 [2.01 - 9.38] 0.0001

Time to CTA, per hour 0.97 [0.93 - 1.01] 0.25

Intraventricular extension 1.33 [0.66 - 2.64] 0.42

ICH volume, per 10 mL 1.20 [1.10 - 1.31] 4.7×10-5

CI, confi dence interval; CTA, computed tomography angiography; ICH, intracerebral hemorrhage; IVH, in-
traventricular hemorrhage; mL, milliliter; OR, odds ratio.
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DISCUSSION

This study identifi es risk factors for the presence of the CTA spot sign in each of the two 
major subtypes of ICH: arteriolosclerosis- and CAA-related ICH. These results suggest 
that the underlying pathophysiology of the spot sign shares common features across 
diff erent cerebral vasculopathies.

Anticoagulant therapy and baseline hematoma volume have been consistently associ-
ated with the spot sign, and this analysis has confi rmed that these associations occur in 
both deep and lobar ICH.7,12 Patients with larger hematoma volumes are more likely to 
have active bleeding during CTA at presentation. This association suggests that patients 
with larger hematomas are more likely to have prolonged bleeding, irrespective of the 
mechanisms that has caused the vascular damage. The same holds true for anticoagula-
tion use, although the eff ect may be more pronounced in lobar ICH, a fi nding that must 
be re-assessed in larger studies.

The suggestive association between pre-existing dementia and spot sign in lobar ICH 
may indicate that ICH occurring in the context of more advanced CAA may be more likely 
to have prolonged bleeding. The association of shorter time to CTA and spot sign only 
in patients with deep ICH is most likely refl ective of the more pronounced symptoms 
in these patients leading to earlier presentation (5 hours in deep vs. 6 hours in lobar). 
This relationship may be more pronounced in patients who are actively bleeding, as 
this expansion leads to more rapid deterioration and consequently earlier presentation. 
However, this fi nding needs to be further tested as it is possible that such association 
was not detected in lobar ICH due to lack of adequate power.

As the only modifi able predictor of clinical outcome in ICH, hematoma expansion has 
been the target of most therapeutic interventions assessed in recent clinical trials. 
However, these interventions have not produced the desired eff ect thus far.18,19 It has 
been suggested that this failure could be partially due to the fact that treatments have 
not targeted patients who were most likely to have hematoma expansion, resulting in 
the dilution of a possible benefi cial eff ect.20 Over the past decade, the spot sign has 
emerged as a potent tool for patient selection for clinical treatment trials in ICH, given 
its established role as a specifi c predictor of hematoma expansion.19,  21 Our previous 
understanding of risk factors and pathophysiology of the spot sign stems from studies 
that analyzed spot sign in all ICH patients. The confi rmation that the two main risk fac-
tors for the spot sign are shared by both deep and lobar ICH is reassuring for ongoing 
clinical trials using the spot sign as a treatment stratifi cation tool, including Spot Sign 
for Predicting and Treating ICH Growth (STOP-IT; NCT00810888),22 Spot Sign Selection of 
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Intracerebral Hemorrhage to Guide Hemostatic Therapy (SPOTLIGHT; NCT01359202),23 
Spot sign and Tranexamic acid On Preventing ICH growth-AUStralasia Trial (STOP-AUST; 
NCT01702636),24 and Spot Sign score in restricting ICH growth (SCORE-IT).25 These trials 
are selecting patients based on spot sign presence, irrespective of ICH location, which 
would appear to be a valid approach based on our results.

The relatively large sample size and detailed ascertainment of study subjects in a center 
with high turn-over of ICH patients constitute the strengths of the present study. A num-
ber of limitations are also present. Missing CTA in some patients could have introduced 
selection bias; however, this bias is likely to be small, as the proportion of missing CTAs 
was 19% and these subjects were not signifi cantly diff erent from the subjects included in 
the analysis (Table 2). In addition, the primary goal of this study was to identify location-
specifi c predictors of spot sign and estimate their eff ect size, and therefore our results 
could be at best suggestive of pathophysiologic processes underlying the spot sign.

In conclusion, this study shows that the strongest predictors of spot sign, namely antico-
agulation and baseline ICH volume, are shared between deep and lobar ICH, suggesting 
that ICH caused by diff erent cerebral small vessel diseases share common features. This 
is reassuring for ongoing clinical trials using the spot sign as a tool for patient selection. 
The emergence of location-specifi c risk factors further supports the concept that deep 
and lobar ICH are separate entities despite their similarities. This fi nding warrants assess-
ment in future studies.
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ABSTRACT

Background and Purpose

Many patients with aneurysmal subarachnoid hemorrhage (SAH) with intraparenchymal 
extension develop early hematoma expansion, which is not explained by aneurysmal 
re-rupture in half of cases. In patients with primary intracerebral hemorrhage (ICH) the 
CT angiography (CTA) spot sign predicts hematoma expansion and poor outcome. We 
conducted a two-center prospective cohort study to evaluate whether CTA spot sign 
predicts case fatality in aneurysmal SAH with intraparenchymal extension.

Methods

We studied consecutive patients with aneurysmal SAH with intraparenchymal exten-
sion. Two experienced readers, blinded to clinical data, analyzed CTAs for spot sign 
presence. We assessed the proportion of patients with the CTA spot sign and tested its 
association with in-hospital and 90-day case fatality, using univariable and multivariable 
logistic regression.

Results

In 32 out of 236 patients (14%), we found at least one spot sign. Acute surgical hema-
toma evacuation with aneurysm occlusion occurred in 120 patients (51%). The overall 
in-hospital case fatality rate was 37%. The CTA spot sign was not associated with in-
hospital (multivariable odds ratio [OR] 0.51 [95% confi dence interval 0.06 - 3.26]) or 
90-day (multivariable OR 0.59 [0.21 – 1.65]) case fatality.

Conclusions

The found frequency of CTA spot signs is lower after aneurysmal than primary ICH, and 
is not associated with in-hospital or 90-day case fatality in patients with aneurysmal SAH 
with intraparenchymal extension.
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INTRODUCTION

Aneurysmal subarachnoid hemorrhage (SAH) is associated with high morbidity and case 
fatality.1 Twenty percent of patients develop intraparenchymal extension of the hemor-
rhage, which is associated with worse outcome.2 In addition, many patients develop ex-
pansion of the parenchymal hematoma in the initial 48 hours after aneurysmal rupture, 
but this can be attributed to re-rupture of their aneurysms in only half of patients.3

The mechanism for hematoma expansion in the remaining patients is unclear, but might 
be similar to that involved in expansion in primary intracerebral hemorrhage (ICH). In 
such patients, expansion of the hematoma is an important predictor of poor outcome.4,5 
Over the recent years, contrast extravasation following CT angiography (CTA), termed 
the ‘spot sign’, has been shown to be an important and independent predictor of both 
hematoma expansion and poor clinical outcome (Figure).6-9 The presence of a CTA spot 
sign marks those patients at highest risk for hematoma expansion, and may therefore 
provide a similar marker in patients with aneurysmal SAH with intraparenchymal exten-
sion.

The aim of this study was to assess the occurrence of a CTA spot sign in patients with ICH 
from aneurysmal rupture and to assess whether the spot sign is a predictor of poor out-
come, as it is in patients with primary ICH. We therefore conducted a two-center study to 
assess the prevalence and predictive value of the CTA spot sign in those patients.

METHODS

Study design
We studied prospectively collected data from two consecutive series of patients with 
aneurysmal SAH and ICH: one at Massachusetts General Hospital (MGH), Boston, USA 
and one at Utrecht University Medical Center (UMCU), Utrecht, the Netherlands. The 
Institutional Review Boards of both hospitals approved all parts of this study. Data shar-
ing between the two centers occurred without patient identifi ers and informed consent 
was obtained from all study participants or their legally authorized health care proxies.

Study subjects

Between January 2000 (MGH) or December 2003 (UMCU) and December 2011 (both 
centers), consecutive patients presenting with an ICH, with or without SAH, from a 
ruptured aneurysm were screened for eligibility. Eligibility criteria included: (1) diagno-
sis of ICH on baseline CT; (2) diagnosis of a ruptured aneurysm on CTA, conventional 
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angiogram, or MR angiography; (3) availability of a baseline CTA for spot sign reading. 
Exclusion criteria included presence of any other suspected cause of secondary ICH, e.g. 
vascular malformation, traumatic ICH, brain neoplasm, or hemorrhagic transformation 
of an ischemic stroke. Patients with primary, non-aneurysmal ICH were also excluded 
from this analysis.

Clinical data

Clinical information was collected through patient interviews (or their surrogates) and 
extracted from their medical records. The data collected included age, sex, previous 
medical history (including cardiovascular risk factors), and medications (including anti-
platelet therapy and use of oral anticoagulants). Other collected variables were admis-
sion Glasgow Coma Scale (GCS) score, mean arterial blood pressure (MABP), and time 
from symptom onset to initial CTA. Three month modifi ed Rankin Scale (mRS) assess-
ments were performed either in person or via telephone, by trained and blinded study 
staff , to assess death and functional outcome. Poor functional outcome was defi ned as 
mRS > 2.

CT analysis

The diagnosis of a ruptured aneurysm was made based on the previously mentioned im-
aging modalities, by trained neuroradiologists at each center. Baseline parenchymal ICH 
and intraventricular hemorrhage (IVH) volumes were assessed using Analyze 9.0 (Mayo 
Clinic, Rochester, MN) and Alice (PAREXEL International Corporation) software, accord-
ing to previously published methods with high inter-rater reliability (kappa = 0.99).6,10,11 
Follow-up hematoma volumes, and thus hematoma expansion, were not assessed in 
this analysis because of the high rate (51%) of hematoma evacuation before follow-up 
imaging. Two experienced readers (H.B.B. and D.B.) - blinded to clinical data - analyzed 
CTAs for presence, number, size, and attenuation (in Hounsfi eld Units) of spot signs, 
according to a previously described methodology with an almost perfect inter-rater 
agreement (kappa = 0.91).10 Spot signs had to be present within the intraparenchymal 
hematoma, but spatially distinct from the aneurysm (Figure).

Statistical analysis

Discrete variables are presented as count and percentage (%) and continuous variables 
as mean and standard deviation (SD), or as median and interquartile range (IQR) when 
appropriate. We tested the potential role of the CTA spot sign as predictor of poor func-
tional outcome and in-hospital and 90-day death, using univariable and multivariable 
logistic regression. The spot sign was analyzed as a dichotomized variable (absent or 
present). Multivariable models included age, sex, and variables with a p-value < 0.20 
in the univariable analysis. Collinear variables (measured using the variance infl ation 
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factor) were removed from the multivariable model when appropriate. Subsequently, 
we calculated sensitivity, specifi city, positive predictive value (PPV), negative predictive 
value (NPV), and accuracy as well as the C-statistic, using standard methods to assess 
the accuracy of the spot sign in predicting death and poor functional outcome. The 
threshold of signifi cance was set at p < 0.05. All statistical analyses were performed using 
JMP Pro version 9.0 (SAS Institute Inc., Cary, NC).

RESULTS

Study population
After applying the aforementioned inclusion and exclusion criteria, 236 patients 
remained eligible and consented for the current study. The overall consent rate for 
the study was > 95%. MGH and UMCU contributed 99 (42%) and 137 (58%) patients, 
respectively. Cohort characteristics and characteristics stratifi ed by spot sign status are 
shown in table 1. In summary, mean age in the combined cohort was 56 (SD 14) years, 
178 patients (75%) were females, and median GCS upon presentation to the emergency 
department was 11 (IQR 5 – 14). Acute interventions were common: 120 patients (51%) 
underwent surgical hematoma evacuation with aneurysm occlusion and 69 patients 
(29%) were treated with aneurysm coiling.

Figure:  Acute CT angiography of a 57-year-old patient showing an aneurysmal subarachnoid hemorrhage 
with intraparenchymal extension. (A) The reformatted CT angiography shows a left middle cerebral artery 
aneurysm, as indicated by the arrow. (B) The CT angiography source images demonstrate a large (150 mL) 
left hemispheric intracerebral hemorrhage with multiple spot signs within the inferomedial aspect of the 
hematoma (arrow).
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CT imaging

At least one spot sign was observed in 32 (14%) patients. Within the group of spot sign 
positive patients, 74% had 1 spot sign, 21% had 2 spot signs, and 5% had > 2 spot signs. 
Median ICH volume at baseline CT was 25 mL (IQR 11 – 46), and median time to initial 
imaging was 10 hours (IQR 3 – 18). Spot sign positive patients had larger baseline ICH 
volumes and shorter times to imaging (p < 0.05). (Table 1)

Table 1: Cohort Characteristics

Variable
All patients

(n, %)
Spot sign negative

(n, %)
Spot sign positive

(n, %)

Number of subjects 236 204 (86) 32 (14)

MGH 99 (42)

UMCU 137 (58)

Age (mean, SD) 56 (14) 55 (14) 57 (15)

Sex (female) 178 (75) 154 (75) 24 (75)

Hypertension 82 (35) 67 (33) 15 (47)

Diabetes 6 (4) 2 (2) 4 (21)

Atrial fi brillation 2 (1) 1 (1) 1 (5)

Congestive heart failure 5 (4) 3 (3) 2 (11)

Antiplatelets 28 (12) 21 (10) 7 (22)

Oral anticoagulants 2 (2) 2 (2) 0 (0)

GCS (median, IQR) 11 (5 – 14) 10 (5 – 14) 11 (5 – 14)

MABP (median, IQR) 106 (92 – 118) 103 (92 – 117) 109 (96 – 125)

Time to CTA, in hours (median, IQR) 10 (3 – 18) 11 (4 – 20) 5 (2 – 14)

CTA spot sign 32 (14) n/a n/a

Baseline ICH volume, in mL (median, IQR) 25 (11 – 46) 23 (10 – 43) 36 (17 – 49)

Intraventricular extension 55 (23) 43 (21) 12 (38)

Baseline IVH volume, in mL (median, IQR) 2 (0 – 19) 1 (0 – 13) 16 (7 – 51)

Intervention

Clipping 120 (51) 105 (51) 15 (47)

Coiling 69 (29) 55 (27) 14 (44)

In-hospital death 87 (37) 76 (38) 11 (35)

90-day death 101 (61) 86 (62) 15 (55)

Poor outcome at 90 days (mRS > 2) 133 (80) 116 (81) 17 (71)

MGH = Massachusetts General Hospital; UMCU = Utrecht University Medical Center; SD = Standard 
Deviation; GCS = Glasgow Coma Scale; IQR = Interquartile Range; MABP = Mean Arterial Blood Pressure; 
CTA = CT Angiography; ICH = Intracerebral Hemorrhage; mL = Milliliter; IVH = Intraventricular Hemorrhage; 
mRS = modifi ed Rankin Scale
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Predictors of In-hospital Death

The overall in-hospital case fatality rate was 37%. Age (p = 0.0001), GCS (p < 0.0001), 
baseline ICH volume (p = 0.01), and baseline IVH volume (p = 0.005) were associated 
with in-hospital death in univariable analysis (Table 2). Subsequently, these covariates 
remained independent predictors of in-hospital death in multivariable logistic regres-
sion (Table 3). Of note, GCS was not included in the multivariate analysis of in-hospital 
death because of strong collinearity with baseline ICH volume and better model perfor-
mance with the inclusion of baseline ICH volume. The spot sign was not associated with 
in-hospital death in either univariable or multivariable analysis (when forced into the 
multivariable model).

Predictors of 90-day Death and Poor Functional Outcome

At 90 days, 61% of patients had died within the combined cohort. Age (p < 0.0001) 
and a history of hypertension (p = 0.02) were associated with case fatality at 90 days in 
univariable analysis (Table 2). In multivariable analysis, only age (p = 0.0002) remained 
signifi cant after adjusting for potential confounders (Table 3). As for in-hospital death, 
we found no association between the spot sign and 90-day death.

Of the patients who were still alive at three months, 133 patients (80%) were functionally 
dependent. In both univariable and multivariable analysis (adjusted for the same co-
variables as the analysis assessing death at 90 days, plus GCS upon admission), the CTA 

Table 2: Univariable Analysis of In-hospital and 90-day Death

Variable In-hospital death 90-day death

OR (95% CI) p – value OR (95% CI) p – value

Age 1.04 (1.02 – 1.06) 0.0001 1.06 (1.03 – 1.10) <0.0001

Sex (male) 0.77 (0.41 – 1.43) 0.44 1.10 (0.49 – 2.47) 0.84

Hypertension 1.68 (0.96 – 2.94) 0.09 2.44 (1.17 – 5.09) 0.02

Antiplatelets 1.60 (0.72 – 3.55) 0.30 2.38 (0.74 – 7.71) 0.19

GCS 1.27 (1.16 – 1.40) <0.0001 1.07 (0.89 – 1.24) 0.23

MABP 1.01 (1.00 – 1.02) 0.17 1.01 (0.99 – 1.03) 0.33

Time to CTA 1.00 (0.98 – 1.03) 0.78 1.01 (0.98 – 1.04) 0.62

Baseline ICH volume 1.02 (1.01 – 1.04) 0.01 1.02 (0.99 – 1.06) 0.23

Baseline IVH volume 1.03 (1.01 – 1.05) 0.005 1.02 (0.98 – 1.06) 0.41

CTA spot sign 0.91 (0.41 – 2.01) 0.82 0.74 (0.30 – 1.85) 0.64

OR = Odds Ratio; 95% CI = 95% Confi dence Interval; GCS = Glasgow Coma Scale; MABP = Mean 
Arterial Blood Pressure; CTA = CT Angiography; ICH = Intracerebral Hemorrhage; IVH = Intraventricular 
Hemorrhage
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spot sign was not associated with poor functional outcome: univariable OR 0.68 (95% 
confi dence interval [95% CI] 0.23 – 1.99) and multivariate OR 0.93 (95% CI 0.09 – 7.61).

Accuracy Measures

In this two-center cohort, the spot sign had a sensitivity of 0.13, specifi city of 0.86, PPV 
of 0.35, NPV of 0.62, and an overall accuracy of 0.59 for predicting in-hospital death. For 
90-day death, the spot sign had a sensitivity of 0.13, a specifi city of 0.83, a PPV of 0.55, a 
NPV 0.38, and an accuracy of 0.41.

The C-statistic for the multivariable model of in-hospital death was 0.77 without the 
spot sign. When introducing the spot sign, the C-statistic only marginally increased to 
0.79 (non-signifi cant). The multivariable model for 90-day death had a C-statistic of 0.74 
without the spot sign, and the C-statistic remained the same when including the spot 
sign in the model.

DISCUSSION

In this study we show that CTA spot signs are present in patients with aneurysmal SAH 
with intraparenchymal extension. In our series a spot sign was present in one out of 
seven patients, which is lower than the proportion of approximately 30% in patients 
with primary ICH.8,9 In contrast to its strong association with poor functional outcome 

Table 3: Multivariable Analysis of In-hospital and 90-day Death

Variable*
In-hospital death 90-day death

OR (95% CI) p – value OR (95% CI) p – value

Age 1.05 (1.01 - 1.12) 0.049 1.06 (1.03 - 1.10) 0.0002

Sex (male) 0.74 (0.13 - 3.56) 0.71 1.33 (0.56 - 3.28) 0.52

Hypertension 0.47 (0.11 – 1.86) 0.29 1.77 (0.78 - 4.11) 0.18

Antiplatelets n/a — 1.19 (0.33 - 5.04) 0.80

MABP 1.02 (0.99 - 1.04) 0.19 n/a —

Baseline ICH volume 1.03 (1.01 - 1.06) 0.02 n/a —

Baseline IVH volume 1.04 (1.01 - 1.07) 0.04 n/a —

CTA spot sign 0.51 (0.06 - 3.26) 0.49 0.59 (0.21 – 1.65) 0.31

* Glasgow Coma Scale was not included in the multivariate analysis of in-hospital death because of strong col-
linearity with baseline ICH volume and better model performance with the inclusion of baseline ICH volume.
OR = Odds Ratio; 95% CI = 95% Confi dence Interval; MABP = Mean Arterial Blood Pressure; ICH = 
Intracerebral Hemorrhage; IVH = Intraventricular Hemorrhage; CTA = CT Angiography
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and death in primary ICH, spot sign presence was not associated with functional out-
come or death in patients with aneurysmal SAH with intraparenchymal extension.

The only other study assessing the role of the spot sign in aneurysmal SAH included 
all secondary causes of ICH (not just ICH due to ruptured aneurysms).12 In that study, 
the spot sign was associated with in-hospital death in univariable analysis, but not in 
multivariable analysis. The proportions of patients with a spot sign were similar in both 
studies.12 Of note, there is no overlap in patients between the current analysis and the 
referenced paper.

Multiple factors may contribute to the fact that the CTA spot sign predicts outcome in 
primary ICH, but not in aneurysmal SAH with intraparenchymal extension. Early hema-
toma evacuation was much more frequent (51%) in our series than it is in patients with 
primary ICH. Thus, hematoma enlargement and therefore higher risk of poor outcome 
might have been prevented in spot sign positive patients who underwent early hema-
toma removal. It is likely that larger hematomas – which are associated with spot sign 
presence – have been evacuated more often than smaller ones, causing ‘confounding 
by indication’. Another factor is the average later scan time of patients with aneurysmal 
SAH with intraparenchymal extension compared to patients with primary ICH (median 
10 vs. 2 hours in the PREDICT study8), which may as well account in part for the loss in 
sensitivity.13

Another possibility is that the mechanisms of ongoing bleeding are so diff erent between 
aneurysmal and primary ICH, that the CTA spot sign marks a completely separate process 
in these patients. When considering Fisher’s model of hematoma expansion in primary 
ICH (termed the ‘avalanche’ model), expansion occurs due to the rupture of neighboring 
vessels around the initial hematoma, leading to additional bleeding and expansion of 
the hematoma.14 With the intraparenchymal hemorrhage occurring in the vicinity of 
the subarachnoid space rather than more deep in the brain parenchyma, the continued 
bleeding – as represented by the spot sign – may cause more subarachnoid blood in-
stead of additional blood in the brain parenchyma. This increase in subarachnoid blood 
may not lead to worse outcome, whereas increase in ICH volume in the parenchyma 
does. An alternative explanation could be the state of the underlying small vessels in 
SAH versus primary ICH. A recent genetic association study showed the Apolipoprotein 
E ε2 allele to be associated with hematoma expansion, probably due to small vessel 
fragility caused by amyloid deposition.15 Perhaps small vessels are diff erently aff ected in 
aneurysmal SAH compared to primary ICH, involving diff erent pathways leading to fi nal 
hematoma volumes. Further studies are warranted to answer this pathophysiological 
hypothesis.
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A limitation of our study is the lack of follow-up CTs to assess hematoma expansion. 
However, because of the high rate of acute hematoma evacuation in patients with ICH 
from aneurysmal rupture, follow up CTs in those patients are not usable for volumetric 
measurements to assess hematoma expansion. Another limitation is the relatively high 
missing rate of 3-month follow-up data.

Although in our study the CTA spot sign was not associated with in-hospital and 90-day 
case fatality, it does not mean the presence of the CTA spot sign can be ignored given 
the potential confounding by indication generated by early surgical interventions in this 
study. Further studies should focus on patients with a CTA spot sign who are currently 
not treated with emergency hematoma evacuation. If in this subset of patients hema-
toma enlargement occurs often and negatively infl uences outcome, such patients may 
benefi t from earlier hematoma removal.
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ABSTRACT

Background and Purpose

Intracerebral hemorrhage (ICH) results in high mortality and morbidity for patients. 
Previous retrospective studies correlated the spot sign score (SSSc) with ICH expansion, 
mortality and clinical outcome among ICH survivors. We performed a prospective study 
to validate the SSSc for the prediction of ICH expansion, mortality and clinical outcome 
among survivors.

Methods

We prospectively included consecutive patients with primary ICH presenting to a 
single institution over a 1.5-year period. All patients underwent baseline non-contrast 
CT (NCCT) and Multi-detector CT angiography (MDCTA) performed within 24 hours of 
admission and a follow-up NCCT within 48 hours after the initial CT. The ICH volume 
was calculated on the NCCT images using semi-automated software. The SSSc was cal-
culated on the MDCTA source images. We assessed in-hospital mortality and modifi ed 
Rankin Scale (mRS) at discharge and at 3 months among survivors. A multivariate logistic 
regression analysis was performed to determine independent predictors of hematoma 
expansion, in-hospital mortality and poor clinical outcome.

Results

131 patients met the inclusion criteria, in which a spot sign was detected in 31 patients 
(24%).In a multivariate analysis, the spot sign score predicted signifi cant hematoma 
expansion (OR, 3.1;95% CI, 1.77-5.39; p < 0.0001), in-hospital mortality (OR, 4.1; 95% CI, 
2.11-7.94; p < 0.0001)and poor clinical outcome (OR, 3; 95% CI, 1.4-4.42; p = 0.004). Ad-
ditionally, the spot sign score was an accurate grading scale for ICH expansion, mRS at 
discharge and in-hospital mortality.

Conclusions

The spot sign score demonstrated a strong stepwise correlation with hematoma expan-
sion and clinical outcome in patients with primary ICH.
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INTRODUCTION

Primary intracerebral hemorrhage (ICH) is a subtype of stroke that aff ects over 1 million 
people worldwide annually and accounts for 10%-15% of all strokes.1 ICH has a mortality 
of 30-50%, which exceeds the mortality of ischemic stroke.2 Many scoring systems have 
been developed, integrating demographic, clinical and radiological features to stratify 
mortality risk in patients with ICH.3-5 Radiological fi ndings such as larger ICH volume, 
3,  6 presence of intraventricular hemorrhage, 7-9 higher spot sign score (SSSc), 10,  11 and 
ICH expansion12-14 may help predict which patients will suff er clinical deterioration 
and worse outcome. A better method for early detection of patients with increased 
risk of ICH expansion could identify a group at high risk that would be most likely to 
benefi t from hemostatic therapy, intensive blood pressure reduction, or rapid surgical 
evacuation. Multiple groups have shown that the MDCTA Spot Sign predicts hematoma 
expansion and poor outcome.10,11,16,19,21 A recent large, multicenter, prospective study 
demonstrated that while Spot Sign is a validated predictor of hematoma expansion and 
clinical outcome, sensitivity and specifi city were imperfect.20 The spot sign score incor-
porates radiological markers (spot sign number, density and size) that yield information 
over the simple presence or absence of contrast extravasation. These characteristics 
represent larger concentrations of extravasated contrast and may well identify patients 
with higher bleeding rate. The spot sign score had a strong stepwise correlation with 
hematoma expansion and clinical outcome.10 Therefore, in order to validate the ability of 
Spot Sign Score to provide more information than the dichotomous presence/absence 
of a spot sign, we performed a prospective single center study.

METHODS

Patient selection / enrollment
Our study was approved by the hospital’s Institutional Review Board and complied with 
HIPAA regulations. From January 2009 to June 2010, we prospectively collected data on 
all patients with primary ICH admitted to the emergency department of Massachusetts 
General Hospital. The patient eligibility criteria included: (1) evidence of non-traumatic 
ICH based on anon-contrast CT examination (NCCT) of the head performed at time of ad-
mission; (2) a MDCTA performed within 24 hours of admission; and (3) a follow-up NCCT 
within 48 hours of the baseline image. Patient exclusion criteria included the presence 
of (1) an associated subarachnoid hemorrhage in the basal cisterns; (2) a vascular lesion 
or neoplasia determined as the etiology for the ICH, identifi ed through CT angiography, 
conventional angiography or MRI; (3) a loss of gray–white matter diff erentiation in a 
vascular territory suggesting a pre-established acute ischemic stroke or venous infarct; 
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(4) a hematoma drainage between the baseline NCCT and the follow-up NCCT; or (5) a 
non-diagnostic CT images.

Image acquisition

NCCT acquisitions were performed according to standard departmental protocols on 
a 64-section, General Electric helical CT scanners (LightSpeed; GE Medical Systems, 
Waukesha, Wisc). NCCT examinations were performed using helical technique with 120 
to 140 kVp, auto mA (10-500), and 5-mm slice thickness reconstruction. MDCTA was 
subsequently performed by scanning from the base of the C1 vertebral body to the 
vertex using axial technique, 0.5pitch, 1.25 mm collimation, 235 mA, 120kVp, 22 cm 
fi eld of view, and 65 to 85 mL of iodinated contrast material administered by a power 
injector at 4 to 5 mL per second into an antecubital vein with either a fi xed 25-second 
delay between the onset of contrast injection and the start of scanning, or Smart-Prep, 
an semiautomatic contrast bolus triggering technique. Internal guidelines of our stroke 
service recommend an immediate follow up with a NCCT of the head if there is neuro-
logical deterioration (more than 2 points on the NIHSS) and/or a follow up NCCT in 24 
hours if the patient is stable. MDCTA and NCCT acquisition were both performed on the 
same hardware platform (Light speed; GE Healthcare, Milwaukee, Wis.) and using the 
same protocol as previously published. 15

Imaging analysis

The NCCT images were reviewed by 2 experienced neuroradiologists. (J.M.R. and J.J.L.). 
Determination of the initial and follow-up volumes of intraparenchymal hematoma 
and intraventricular hematoma (IVH) were performed independently with Analyze 10.0 
software. (Mayo Clinic, Rochester, Minn) Volumes were measured with manual tracing 
of the ICH outline on the baseline and fi rst follow-up NCCT images. A 6ml or 33% ICH 
enlargement was considered signifi cant expansion.16, 17 Mean average rate of expansion 
was calculated by subtracting the initial ICH volume from the follow up ICH volume 
divided by the interval (hrs) between the two exams.

Spot sign detection and score calculation

MDCTA source images were independently reviewed in “spot windows” (width 200, level 
110) by the same two neuroradiologists to determine the presence of active contrast 
extravasation, the spot sign, according to the following strict radiological criteria: (1) ≥1 
focus of contrast pooling within the ICH; (2) with an attenuation ≥120 Hounsfi eld units 
(HU); (3) discontinuous from normal or abnormal vasculature adjacent to the ICH; and (4) 
of any size and morphology. (10) The spot sign score was calculated based the number 
of spot signs, maximum dimension in a single axial MD CTA source image and maximum 
absolute attenuation.10
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Independent variables

Patient medical records were reviewed upon admission for age, gender, mean arterial 
blood pressure to screen for hypertension which was verifi ed by evidence of a docu-
mented history of hypertension either from 2 physician generated measurements or 
patients use of antihypertensive medication. Patients were divided into 2 groups based 
on blood glucose levels, either above or below 170 mg/dL. In addition, coagulation 
status was evaluated with the International Normalized Ratio (INR), PT and PTT and 
modifying treatments such as anti-platelet therapy, anticoagulation therapy, adminis-
tration of fresh-frozen plasma, vitamin K, and platelet transfusion on admission. Patients 
underwent a full neurological examination and a mRS was determined. This exam was 
repeated at discharge and at 3 months to determine the mRS. If the mRS at three month 
follow-up was not available, the last clinical observation or discharge mRS was used. 
Patients with a mRS score of less than three were considered to have a good outcome, 
whereas those with a mRS of equal to or greater than three were classifi ed in the poor 
outcome category.16 This scale also included mortality, with expired patients receiving 
the worst possible score of 6.

Statistical analysis

Statistical analysis was performed using SAS 9.1 software package (SAS Institute Inc). All 
variables including age, gender, hypertension, high blood glucose, warfarin or aspirin 
use, IVH, spot sign score and ICH volume were recorded and compared using univariate 
analysis to fi nd possible signifi cant predictors for the outcome under evaluation. The 
level of signifi cance was set at 2-sided p < 0.05 for all statistical analyses. Those variables 
that reached p < 0.05 in univariate analysis were considered for multivariable analysis. 
Multivariate logistic regression analysis and linear regression for continuous variables 
were performed to determine independent predictors of ICH expansion and poor clini-
cal outcome. The receiver operating characteristic (ROC) analysis was used to determine 
the area under the curve for the average rate of expansion in the prediction of poor 
clinical outcome at the 3-month follow-up.

RESULTS

During a period of 1.5 years, a total of 213 patients presented to our emergency depart-
ment with non-traumatic ICH on a NCCT. 82 Patients were excluded from the study: 52 
had a vascular lesion or neoplasia as ICH etiology, 4 showed loss of gray–white matter 
diff erentiation in a vascular territory suggesting a pre-established acute ischemic stroke 
or venous infarct, 24 underwent ICH drainage immediately after NCCT, and 2 had incom-
plete hematoma imaging.
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A total of 131 patients met our eligibility criteria, with a mean age of 71.5 years (median, 
74 years; range, 26 to 99 years). 24 (18 %) of the patients were using warfarin at time of 
presentation, and 46 (35%) patients were using antiplatelet. 48 patients (36.6%) had in-
traventricular extension of their ICH.ICH growth of 6ml or more than 33% was detected 
in 25 patients (19%).A total of 28 patients expired during the hospital stay (21%). Among 
the 106 survivors, 52 patients had poor outcome at 3-month follow-up (49%). (Table 1)

A spot sign was detected in 31 (24%) patients, 18 (58%) males and 13 (42%)females. A 
spot sign was detected in 19 (68%) of the 28 patients that died in the hospital and in 28 
(36%) of the patients that had poor clinical outcome at 3 months. The presence of any 
spot sign had an overall sensitivity of 64%, specifi city of 86, positive predictive value 
(PPV) = 0.52, negative predictive value (NPV) = 0.91 for signifi cant ICH expansion. The 
spot sign demonstrated a sensitivity of 68%, a specifi city of 88%, a PPV of 0.61 and a 
NPV of 0.91 for in hospital mortality. There was a 34% sensitivity for the spot sign and 
the prediction of a poor clinical outcome among survivors (mRS>3), a specifi city of 94%, 
PPV of 0.90 and a NPV of 0.5.

Predictors of in-hospital mortality and mRS at 3 months

Table 2 shows univariate analyses of predictors of in-hospital mortality and mRSat3 
months. Age, prolonged INR at admission, admission ICH volume, follow up ICH volume, 
spot sign, spot sign score, presence of IVH, average rate of ICH expansion, and time 
from Emergency Department (ED) admission to fi rst CT were associated with in-hospital 
mortality.

Multivariate analysis of ICH expansion

The multivariate model for ICH expansion included age, ICH volume, IVH, Glucose 
>170,SSSc, high blood pressure and anticoagulation. Initial ICH volume (p = 0.0002), Spot 
sign score (p < 0.0001) and glucose > 170 (p = 0.01) were the remaining independent 
predictors of ICH expansion. (Table 3) Higher spot sign scores demonstrate increased 
specifi city to predict signifi cant hematoma expansion. (Table 4)

Independent predictors of in-hospital mortality in primary ICH in multivariate 
analysis

Patient age (p = 0.0002), average rate of ICH expansion (p = 0.0032), spot sign score (p < 
0.0001), IVH (p = 0.01), and admission ICH volume (p = 0.0002) were independent predic-
tors of in-hospital mortality of patients with primary ICH. (Table 3)
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Independent predictors of poor clinical outcome (mRS >3) at 3 months

In a multivariate analysis, an association was found between age (p = 0.02), average rate 
of ICH expansion (p = 0.0015), spot sign score (p = 0.04), IVH (p = 0.002), and initial ICH 
volume (p = 0.047) and mRS at 3 months. (Table 3) The fi gure demonstrates a stepwise 

Table 1: Baseline characteristics of the population (n=131).

Parameters

Age (mean +/- sd), y 71.5+/-15 (Median 74)

Sex Female n=52(39%), Male n=79(61%)

History of Hypertension 92 (70%)

Admission MABP(mean +/- sd), mm Hg 113 +/- 28

Glucose (mean +/- sd), mg/dL 143.5 +/- 51.7

Glucose<= 170 69(53%)

Glucose> 170 62(47%)

Platelets (mean +/- sd), th/cumm 246 +/- 78

Anticoagulation Yes 24(18%), No 107(82%)

INR (mean +/- sd) 1.28 +/- 0.96

Antiplatelet Medication Yes 46(35%), No 85(65%)

Infusion of platelets on admission Yes 12(9%)

Administration of Vitamin K on admission Yes 19(14%)

Infusion of Fresh Frozen Plasma on admission Yes 17(13%)

Initial ICH Volume (mean +/- sd), mL 26.1 +/- 28

Presence of IVH 48(36.6%)

Time of ED arrival to CT (mean +/- sd), h 2.1 +/- 2.8

Time of onset to follow up CT (mean +/- sd), h 13.7 +/- 8.7

Admission ICH Volume (median), mL 14.9

Follow up ICH volume (mean +/- sd), mL 29.2 +/- 33.6

Follow up ICH volume (median), mL 15.1

In-hospital mortality 28(21%)

Discharge mRS 3.54 +/- 1.67

Three month mRS 3.14 +/- 2.01

Average rate of ICH expansion (mean +/- sd), mL/ h 0.62 +/- 2.8

Spot sign 31 (24%)

Score 0 100 (76%)

1 14 (11%)

2 11 (8%)

3 4 (3%)

4 2 (1.5%)

MABP indicates Mean arterial blood pressure. ICH indicates Intracerebral hemorrhage. IVH indicates intra-
ventricular hemorrhage. SD indicates standard deviation. mRS indicates modifi ed Rankin scale.
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Table 3: Multivariate analysis of predictors (n=131)

Variable ICH Expansion In Hospital-Mortality (mRS ≥3) at 3 months

OR (95% Wald CI) P value OR (95% Wald CI) P value OR (95% Wald CI) P value

Age 1.0 ( 0.76 to 1.43) 0.76 1.61(1.10 to 2.38) 0.002 1.49, (1.06 to 2.10) 0.02

Average rate of expansion N/A* N/A* 3.69(1.55 to 8.77) 0.0032 12.99, ( 2.68 to 62.5) 0.0015

Spot sign score 3.1, (1.77 to 5.39) <0.0001 4.1 (2.11 to 7.94) <0.0001 3, (1.4 to 4.42) 0.004

IVH 1.0 (0.25 to 4.1) 0.9671 4.89(1.74 to 13.33) 0.002 4.89(1.74 to 13.33) 0.002

Glucose >170 3.5 (1.069 to 11.74) 0.03 0.487( 0.08 to 2.68) 0.40 0.739( 0.18 to 2.91) 0.66

Anticoagulation 1.02(0.25 to 4.18) 0.97 1.99( 0.46 to 8.55) 0.35 1.51( 0.41 to 5.62) 0.53

Hypertension 3.1( 0.68 to 14.84) 0.1416 1.405 ( 0.19 to 10.30) 0.73 2.022 ( 0.42 to 9.62) 0.37

Admissions ICH volume 0.0002 0.0002 0.002

<30 mL 1 1 4.89(1.74 to 13.33)

30-60mL 3.5(3.21 to 3.8) 3.5(3.21 to 3.8) 1

>60mL 15.68(4.18 to 58.89) 15.68(4.18 to 58.89) 1.05(0.93 to 1.18)

* 40 patients did not have a 3 month mRS evaluation and the last in-hospital mRS was included in this model.* 
only measured on patients that expanded.
ICH indicates Intracerebral hemorrhage. IVH indicates intraventricular hemorrhage.

Table 4: Correlation of the spot sign score and ICH expansion (>6ml or 33%):

Score Sensitivity 95% CI Specifi city 95% CI

≥0 100 93.6-100 0 0-1.2

≥1 87.5 75.9-94.8 92.9 89.5-95.5

≥2 76.8 63.6-87 96.8 94.2-98.4

≥3 60.7 46.8-73.5 99.7 98.2-100

≥4 30.4 18.8-44.1 100 98.8-100

AUC: 0.93 0.89-0.95

p-value: <0.0001

Figure:  Correlation of Spot Sign Score and modifi ed Rankin Scale at 3 months after discharge.
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association of the spot sign score and the mRS at 3 months. Furthermore, all patients 
with aSSSc of 3 or 4 had a poor clinical outcome.

DISCUSSION

This study prospectively validates the spot sign score as a predictor of ICH expansion, 
and mortality and poor clinical outcome after primary ICH. Our data suggest that the 
spot sign score categorizes expansion and mortality risk in a stepwise fashion for those 
patients with a positive spot sign.

The recent failure of pro-coagulant medications17 and surgery18,  19 for ICH treatment, 
has sparked interest in methods that detect ICH patients that are actively bleeding in 
order to select those patients at highest a priori risk of mortality and poor functional 
outcome. Unfavorable results from the recent INTERACT II trial demonstrated no sig-
nifi cant reduction in the primary outcome of rate of death or severe disability. The trial 
did demonstrate improvement of the ordinal modifi ed Rankin scores in the intensive 
lowering of blood pressure group.20 ICH contrast extravasation21, later known as the 
spot sign16, has been associated in multiple studies with ICH expansion, likely refl ect-
ing active bleeding. In 2012, Demchuk et al.,22 prospectively demonstrated the positive 
correlation of the presence of a spot sign and the risk of ICH expansion and poor clinical 
outcome in a cohort of 228 adult patients. The sensitivity of the spot sign to predict ICH 
expansion in this study was lower (51%) than previous retrospective results (88-93%)23-25. 
We found that the spot sign had a sensitivity of 68% for the prediction of ICH expansion, 
which is slightly higher than the results of the PREDICT trial. Decreased sensitivity of the 
spot sign in these prospective trials may be technical and secondary to diff erences in 
scanner speed. Most of the previous retrospective studies scanned a large proportion 
of their patients on 4, 16 and 64 slice scanners16, 21, 26 and not on the new faster scanners 
with 128 and 320 slice scanners. Recent articles highlight the importance of the delay 
between contrast administration and imaging on the appearance of the spot sign.23, 27 
Future research should take into account delayed imaging to improve sensitivity in the 
detection of the spot sign. We detected a spot sign in 31 (24%) patients, which is similar 
to the percent detected in previous studies24, 26 including the PREDICT trial,22 in which a 
spot sign was detected in 30% of their patients. Although, multiple studies had diff er-
ent time intervals between ictus and imaging, the presence of the spot sign remained 
constant within a 20-30% range.25

The spot sign scoring system captures the morphologic and physical properties of iodin-
ated contrast that refl ect the concentration and volume of contrast extravasated. This 
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method was previously evaluated in a retrospective study24 that demonstrated not only 
a stepwise risk of hematoma expansion but also predicted the degree of the ICH expan-
sion and mortality and poor functional outcome. We have now prospectively replicated 
these results demonstrating that increased spot sign scores refl ect higher risk of hema-
toma expansion and mortality. Therefore, spot sign scores may allow early detection of 
patients with ICH that may be an ideal target for hemostatic therapy and/or acute surgi-
cal intervention, particularly when a reliable neurological exam is unavailable. With the 
likelihood of new hemostatic drugs and minimally invasive surgical treatments being 
evaluated in prospective clinical trials for ICH28, the identifi cation of a surrogate marker 
for poor clinical outcome and mortality based on CT angiography upon admission is an 
important objective. In contrast to the simple presence or absence of the spot sign, the 
SSSc is able to stratify patients’ risk of poor clinical outcome and increase the specifi city 
of the spot sign (Table 4).

Among the multiple variables we evaluated, initial ICH volume is considerably the 
strongest predictor of mortality within the group. This is particularly robust in patients 
with ICH of >60 cc as demonstrated by Broderick and colleagues6. Our study, as many 
previous ones, also detected a positive predictive value for initial ICH volume,3, 5, 6, 13 and 
intraventricular hemorrhage11, 14, 29 for mortality risk. The spot sign score improves the 
diff erentiation of patients that will expand as well as those that will have poor outcome. 
This is especially important for patients that may require invasive treatments where 
certainty of active bleeding is critical. In this study, we validate the spot sign score as an 
accurate grading scale for ICH expansion and clinical outcome.

In conclusion, our results show a strong stepwise association of the spot sign score with 
both hematoma expansion and poor clinical outcome among patients with primary ICH. 
The spot sign score provides a dynamic selection tool for clinical decision-making and 
patient selection for trials and treatment.
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ABSTRACT

Background and Purpose

Hematoma expansion after acute intracerebral hemorrhage (ICH) occurs most frequent-
ly in patients presenting within 3 hours of symptom onset. However, the majority of 
patients present outside this window or with an unknown onset time. We investigated 
the prevalence of hematoma expansion in these patients and assessed the accuracy of 
the CT angiography (CTA) spot sign for identifying risk of hematoma expansion.

Methods

We analyzed 391 consecutive patients undergoing CTA and follow-up CT. CTA spot sign 
readings were performed by two experienced readers and hematoma expansion was 
assessed using semi-automated software.

Results

Hematoma expansion occurred in 18% of patients. When stratifi ed by time from 
symptom onset to initial CT, hematoma expansion rates were: 39% within 3 hours; 11% 
between 3 – 6 hours, 11% beyond 6 hours (but with known onset), and 20% in patients 
with unknown symptom onset. Of patients who developed hematoma expansion, only 
38% presented within 3 hours. The accuracy of the spot sign in predicting hematoma 
expansion was 0.67 for patients presenting within 3 hours, 0.83 between 3 to 6 hours, 
0.88 after 6 hours, and 0.76 for patients presenting with an unknown onset time.

Conclusions

A substantial number of patients destined to suff er from hematoma expansion pres-
ent either late or with an unknown symptom onset time. The CTA spot sign accurately 
identifi es patients destined to expand regardless of time from symptom onset, and may 
therefore open a path to off er clinical trials and novel therapies to the many patients 
who do not present acutely.
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INTRODUCTION

Spontaneous intracerebral hemorrhage (ICH) accounts for 10 – 15 % of acute stroke 
cases worldwide and has devastating morbidity and mortality rates.1 Despite techno-
logical advances, overall mortality has not been signifi cantly aff ected, and 30-day mor-
tality remains approximately 40%.2 Hematoma volume is the most potent determinant 
of outcome.3 Furthermore, roughly 25% of ICH patients show signifi cant hematoma 
expansion during their hospitalization, which further worsens outcome.4,5 Therefore, the 
attenuation of expansion is the current focus of clinical trials (e.g. FAST6,7, INTERACT 1 
and 28,9, ATACH-II10, STOP-IT11, and SPOTLIGHT11).

Since hematoma expansion occurs most frequently in those patients who present within 
3 hours of symptom onset, prior and ongoing clinical trials have restricted enrollment 
to patients within this (hyper)acute time window. However, the majority of ICH patients 
present to the hospital substantially later than 3 hours following symptom-onset, or 
without a clear time of onset, and are therefore not candidates for these trials or, pre-
sumably, for any successful therapies that might emerge.

In patients with spontaneous ICH, many show evidence of extravasation of contrast into 
the hematoma on CT angiography (CTA). This fi nding, termed the ‘spot sign’, is an in-
dependent predictor of hematoma expansion12-14 and poor clinical outcome14-16 among 
patients presenting within the fi rst hours after symptom onset. With this radiographic 
tool, it may be possible to identify ICH patients who are most likely to expand, even 
when presenting late or with an unknown onset time (i.e. simply ‘found down’).

We investigated the frequency of hematoma expansion in ICH patients who present in a 
delayed or unknown time frame, and determined the accuracy of the CTA spot sign for 
predicting hematoma expansion in these patients.

METHODS

Study design
This study is a retrospective analysis of prospectively collected data from an ongoing 
cohort study of consecutive patients with primary ICH at Massachusetts General Hospi-
tal, Boston, USA. All aspects of the study were approved by the hospital’s Institutional 
Review Board.
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Subjects

Consecutive patients who presented to a single urban academic center between De-
cember 2000 and November 2010 with primary ICH were approached for enrollment. 
The current analysis represents data of patients who met the following inclusion criteria: 
(1) a baseline CT showing primary ICH; (2) a baseline CTA available (standard of care 
at our institution for all ICH patients since 2007); and (3) a follow-up CT performed 
within 48 hours of the initial CT. Patients were excluded for: traumatic ICH, aneurysmal 
subarachnoid hemorrhage, hemorrhagic transformation of acute infarction, vascular 
malformation, brain neoplasm, or any other suspected cause of secondary ICH. Patients 
with brainstem hemorrhage or primary intraventricular hemorrhage (IVH) were also ex-
cluded. In addition, patients who underwent hematoma evacuation were excluded from 
the analysis, as this intervention precluded accurate assessment of hematoma volumes. 
Of note, patients with an unknown symptom onset (i.e. ‘found down’) were included in 
this analysis, unlike all other published cohort studies. (Figure)

Clinical data

Clinical data was prospectively collected through patient interviews (or their families 
/ surrogates) and included age, sex, and medical history including hypertension, atrial 
fi brillation, coronary artery disease, diabetes mellitus, and hyperlipidemia. Use of war-
farin, antiplatelets or statins was also documented. Patient charts were reviewed for ad-
mission systolic and diastolic blood pressure, Glasgow Coma Scale (GCS), international 
normalized ratio (INR), and glucose levels. In addition, time to initial imaging and time 

Baseline CT/CTA available 
with spot sign reading 

 n = 551 

  
Follow- up CT available 

n = 391 

 

Difference in cohort 
characteristics (p < 0.05) 

 
Primary ICH 

n = 1769 

 
 

Excluded due to: 
• Poor imaging quality  
• Early surgery 
• Withdrawal of care 

 
 

Excluded due to: 
• Poor imaging quality 
• Insufficient number of slices  
• No CTA performed 

 

No difference in cohort 
characteristics (all p > 0.20) 

Figure:  Cohort fl owchart
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between baseline and follow-up imaging was documented. Mortality and functional 
clinical outcomes, measured by modifi ed Rankin Scale (mRS), were collected by trained 
study staff  at discharge and 3 months post ICH.

CT analysis

The volumes of both ICH and IVH were assessed for the initial and the fi rst follow-up 
CT scan, using Alice (PAREXEL International Corporation) and Analyze 9.0 (Mayo Clinic, 
Rochester, Minnesota) software following previously described protocols.17,18 Signifi cant 
hematoma expansion was defi ned as an absolute increase greater than 6 mL or an 
increase of greater than 33% from baseline ICH volume.12,19,20

Two experienced readers, blinded to volume measurements, reviewed CTAs for the pres-
ence of spot signs according to previously published, validated criteria.17,18 Diff erences in 
CTA reading were adjudicated by consensus. All study staff  interpreting neuroimaging 
data were blinded to clinical and outcome measures.

Statistical analysis

Discrete variables are expressed as count (percentage [%]) and continuous variables as 
mean (Standard Deviation [SD]) or median (Interquartile Range [IQR]). We assessed the 
role of the CTA spot sign as a predictor of hematoma expansion through univariate and 
multivariate logistic regression. Model building for multivariate analysis was carried out 
as follows: fi rst, stepwise-forward selection with a lenient p-value for inclusion of 0.2 was 
undertaken; second, variables left out in the previous step were re-introduced one at a 
time and those that modifi ed the point estimate for the main exposure (spot sign) in more 
than 10% were kept in the model; third, variables excluded in the previous steps but con-
sidered relevant based on biological knowledge were re-introduced into the fi nal model. 
Co-linearity amongst variables included in the fi nal model was evaluated by assessing 
the changes in standard deviations of each beta when removing one variable at a time. 
Hosmer-Lemeshow test was applied to test the goodness-of-fi t of the fi nal model. The 
same model was used to assess the relation between spot sign and hematoma expansion 
in all subjects, and subsequently in the diff erent subgroups based on time from symptom 
onset to initial CT. For some of the time bins the number of variables in the fi nal model 
exceeded the number allowed by the rule of one covariate per ten events; therefore, 
we used propensity score analysis to ascertain the same association, obtaining similar 
results (Supplementary table 2). Subsequently, we calculated sensitivity, specifi city, posi-
tive predictive value (PPV), negative predictive value (NPV), and accuracy, using standard 
methods, to determine the accuracy of the spot sign in predicting hematoma expansion. 
All statistical analyses were performed using Statistical Analysis Software version 9.3 (SAS 
Institute Inc. 2011, Cary, NC). A p-value of < 0.05 was considered statistically signifi cant.
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RESULTS

Study population
Between December 2000 and November 2010, a total of 1769 patients with acute pri-
mary ICH presented to our institution. After applying previously described inclusion and 
exclusion criteria, 551 had a baseline CT and CTA available. Out of these cases, 391 had a 
follow-up CT available and were therefore included in the fi nal analysis (Table 1). Patient 
characteristics of patients without a CTA were not signifi cantly diff erent from those with 
an available CTA (all p > 0.20). Patients lacking a follow-up CT scan had lower GCS scores 
at presentation, greater ICH volumes, and higher mortality rates (p < 0.05). (Figure)

CT imaging

Radiographic characteristics are shown in tables 1 and 2. Overall, hematoma expansion 
was detected in 71 patients (18%) on follow-up CT and was most common in those 
patients presenting within 3 hours of symptom onset (p < 0.0001). Among patients with 
hematoma expansion, the mean increase in ICH volume was 18.5 mL and the mean 
proportional change was 210% from baseline ICH volume (baseline ICH volume was 

Table 1: Cohort characteristics

Variable
All

n (%)*

Time from symptom onset to baseline CT / CT angiography

0 – 3 hours
n (%)*

3 – 6 hours
n (%)*

>6 hours
n (%)*

Unknown
n (%)*

Number of subjects 391 (100.0) 70 (17.9) 92 (23.5) 129 (33.0) 100 (25.6)

Age (mean, SD) 71.9 (13.4) 69.4 (15.8) 73.4 (12.5) 71.3 (12.7) 72.9 (13.0)

Female sex 177 (45.3) 27 (38.6) 47 (51.1) 69 (53.5) 34 (34.0)

Location

Lobar 192 (49.1) 22 (31.4) 37 (40.2) 74 (57.4) 59 (59.0)

Deep 174 (44.5) 47 (67.1) 48 (52.2) 47 (36.4) 32 (32.0)

Cerebellar 25 (6.4) 1 (1.4) 7 (7.6) 8 (6.2) 9 (9.0)

Hypertension 308 (79.2) 58 (82.9) 78 (84.8) 92 (71.9) 80 (80.8)

Atrial fi brillation 78 (20.3) 14 (20.3) 23 (25.3) 17 (13.3) 24 (24.7)

Statin use 124 (31.7) 18 (25.7) 31 (33.7) 38 (29.5) 37 (37.0)

Antiplatelet therapy 173 (44.6) 26 (38.2) 39 (42.4) 57 (44.2) 51 (51.5)

Warfarin use 68 (17.4) 12 (17.1) 16 (17.4) 18 (14.0) 22 (22.0)

GCS (median, IQR) 15 (10 – 15) 11 (6 – 15) 14 (8 – 15) 15 (14 – 15) 14 (10 – 15)

Systolic blood pressure in mm Hg
(median, IQR)

174 (153 – 198) 180 (154 – 206) 179 (156 – 200) 174 (154 – 196) 166 (145 – 181)

Time from symptom onset to baseline 
imaging in hours (median, IQR)

6.0 (4.0 – 12.0) 2.0 (1.0 – 2.0) 5.0 (4.0 – 6.0) 14.0 (9.0 – 29.0) n/a

* Percentages refer to the percentages in patients with this data point available
n = number of patients; % = percentage; SD = standard deviation; GCS = Glasgow Coma Scale; IQR = inter-
quartile range; n/a = not applicable
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considered to be 100%). We identifi ed at least one spot sign in 74 of 391 patients (19%) 
and the frequency of the spot sign was highest in those patients presenting within 3 
hours (p < 0.0001).

Predictors of hematoma expansion

Entire cohort
In order to determine which covariates were associated with hematoma expansion, we 
fi rst performed a univariate analysis. In the cohort as a whole, hematoma expansion was 
associated with spot sign presence (Odds Ratio [OR] 5.91; 95% Confi dence Interval [95% 
CI] 3.34 – 10.45; p < 0.0001). Additionally, hematoma expansion was associated with: 
female sex, history of hypertension, warfarin use, and baseline ICH volume. (Table 3)

In multivariate analysis, only spot sign presence (OR 4.66 [95% CI 2.48 – 8.77]; p < 0.0001) 
and baseline ICH volume (OR 1.01 [95% CI 1.00 – 1.02]; p = 0.025) remained signifi cant 
(Table 4).

Stratifi ed by time from symptom onset
After stratifying by time from symptom onset, univariate analysis revealed an associa-
tion between spot sign presence and hematoma expansion in patients who presented: 
within 3 hours (OR 3.92 [95% CI 1.42 – 10.84]; p = 0.008), from 3 to 6 hours (OR 4.80 
[95% CI 1.15 – 20.01]; p = 0.031), and after 6 hours (OR 10.03 [95% CI 2.79 – 36.05]; p = 

Table 2: Radiographic and clinical outcomes

Variable

All
n (%)*

Time from symptom onset to baseline CT / CT angiography

0 – 3 hours
n (%)*

3 – 6 hours
n (%)*

>6 hours
n (%)*

Unknown
n (%)*

Number of subjects 391 (100.0) 70 (17.9) 92 (23.5) 129 (33.0) 100 (25.6)

Baseline ICH volume (median, IQR) 17.0 (6.0 – 36.7) 22.9 (12.2 – 45.2) 11.2 (4.8 – 41.1) 12.8 (5.0 – 30.7) 22.2 (7.0 – 39.0)

Follow-up ICH volume (median, IQR) 17.0 (6.0 – 37.8) 26.6 (12.3 – 61.6) 12.1 (4.7 – 38.4) 11.7 (4.4 – 30.0) 22.0 (6.8 – 42.7)

Intraventricular extension 164 (41.9) 29 (41.4) 46 (50.0) 40 (31.0) 49 (49.0)

Baseline IVH volume (median, IQR)** 5.5 (2.0 – 18.0) 9.4 (2.1 – 24.3) 5.0 (1.6 – 15.0) 4.7 (2.4 – 14.8) 8.0 (2.0 – 22.0)

IVH expansion (>2 mL)** 56 (34.1) 16 (55.2) 13 (28.3) 8 (20.0) 19 (38.8)

Interscan time in hours (median, IQR) 17.0 (10.0 – 24.0) 17.0 (8.0 – 23.0) 17.0 (9.0 – 24.0) 16.0 (11.0 – 23.0) 18.5 (12.0 – 25.0)

Spot sign presence 74 (18.9) 30 (42.9) 14 (15.2) 14 (10.9) 16 (16.0)

Hematoma expansion 71 (18.2) 27 (38.6) 10 (10.9) 14 (10.9) 20 (20.0)

Mean increase in volume (in mL) 18.5 23.8 8.6 13.1 20.2

Mean proportional change (in %) 209.5 155.4 173.8 149.7 342.1

In-hospital mortality 84 (22.1) 24 (34.3) 19 (21.1) 11 (8.9) 30 (31.3)

Independent at 90 days (mRS 0 – 2) 101 (34.2) 15 (25.4) 21 (31.3) 53 (51.0) 12 (18.5)

* Percentages refer to the percentages in patients with this data point available
** Data refer only to ICH cases with intraventricular extension
n = number of patients; % = percentage; IQR = interquartile range; IVH = intraventricular hemorrhage; mRS 
= modifi ed Rankin Scale
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0.0004) from symptom onset. There was a trend toward signifi cance in patients with an 
unknown symptom onset time (OR 3.00 [95% CI 0.94 – 9.60]; p = 0.06). Additionally, both 
warfarin use and baseline ICH volume were associated with hematoma expansion, but 
only in patients who presented within 3 hours. (Table 3)

In multivariate analysis, spot sign presence remained signifi cantly associated with he-
matoma expansion in patients presenting: within 3 hours (OR 4.00 [95% CI 1.22 – 13.18]; 
p = 0.023) and after 6 hours (OR 8.81 [95% CI 2.13 – 36.43]; p = 0.003) from symptom 
onset. There was a trend toward signifi cance (OR 3.19 [95% CI 0.79 – 12.87]; p = 0.10) 
for patients presenting with an unknown time of symptom onset. Baseline ICH volume 
remained signifi cantly associated with hematoma expansion in patients who presented 
within 3 hours of symptom onset. (Table 4)

Because power may have been a limiting factor in the multivariate analysis, we addition-
ally stratifi ed the multivariate analysis by patients presenting within 3 hours of symptom 
onset and those who presented after 3 hours. In this analysis, spot sign presence was 
strongly associated with hematoma expansion in patients presenting after 3 hours or 
with an unknown onset time (OR 4.56 [95% CI 1.96 – 10.60]; p = 0.0004) (Supplementary 
table 1). Propensity score analysis showed tightening of the found confi dence intervals 
and approximately the same point estimates as the multivariate analysis (Supplementary 
table 2).

CTA spot sign accuracy

For the cohort as a whole, sensitivity of the spot sign for predicting hematoma expan-
sion was 0.46, specifi city was 0.87, PPV was 0.45, NPV was 0.88, and overall accuracy was 
0.80. Notably, accuracy did not vary across the subgroups stratifi ed according to time 

Table 5: Spot sign accuracy for the prediction of hematoma expansion

Variable
All

Time from symptom onset to baseline CT / CT angiography

0 – 3 hours 3 – 6 hours >6 hours Unknown

n = 380 n = 70 n = 90 n = 124 n = 96

Hematoma expansion (%)* 71 (18.2%) 27 (38.6%) 10 (10.9%) 14 (10.9%) 20 (20.0%)

Sensitivity 0.46 0.63 0.40 0.43 0.30

Specifi city 0.87 0.70 0.88 0.93 0.88

PPV 0.45 0.57 0.29 0.43 0.38

NPV 0.88 0.75 0.92 0.93 0.83

Accuracy 0.80 0.67 0.83 0.88 0.76

* >33% increase from baseline or an absolute increase of >6 mL
n = number of patients; % = percentage; PPV = Positive Predictive Value; NPV = Negative predictive value
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from symptom onset to initial CT scan and exceeded 0.67 in all subgroups, including 
those patients in whom no onset-time could be established. (Table 5)

DISCUSSION

The results of our study demonstrate that, although early presentation after ICH oc-
currence is associated with high risk of hematoma expansion, a substantial number of 
patients destined to suff er from hematoma expansion present either late or with an 
unknown time of symptom onset. The CTA spot sign accurately predicted hematoma 
expansion, regardless of time from symptom onset.

Studies show that up to 40% of acute ICH patients suff er signifi cant hematoma expan-
sion, and expansion is traditionally thought to occur predominantly in patients pre-
senting early.4,19,21 However, our results suggest that hematoma expansion also occurs 
in those patients presenting in a delayed fashion or in those who have an unknown 
time of when their hemorrhage occurred (26% of patients at our institution). In fact, 
more than 60% of patients with expansion presented beyond 3 hours and almost 
half presented beyond 6 hours (or with an unknown onset time); the cut-off  used for 
PREDICT14, the recently published prospective observational study including 268 ICH 
patients. While early presenters are certainly at higher individual risk, we found that 
only 18% of patients (regardless of expansion status) presented within 3 hours, and 41% 
within 6 hours. Thus more than half of these patients, based solely on their presentation 
time, would be excluded from ongoing therapeutic trials aimed at limiting expansion, 
including INTERACT29, ATACH-II10, STOP-IT (ClinicalTrials.gov #NCT00810888), and SPOT-
LIGHT (ClinicalTrials.gov #NCT01359202). This is especially valid for the high number of 
patients presenting with an unknown time of symptom onset, who are excluded from 
all past and current clinical trials.

While prior small studies have suggested that the accuracy of spot sign for prediction 
of subsequent hematoma growth declines as the time interval between symptom onset 
and initial CTA rises11, our data point to a diff erent result, one with important implica-
tions for the design of future clinical trials. We demonstrate that the spot sign is equally 
accurate in predicting hematoma expansion in patients with diff erent times from symp-
tom onset to baseline CT. While other prospective studies have agreed that the spot 
sign is a good but imperfect predictor of expansion22, it is important to establish that 
its performance is equal across diff erent time bins. Therefore, the spot sign may well be 
applicable to a broader population of ICH patients than currently thought, and can be 
validated further in current and upcoming clinical trials.
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Many investigational therapies in ICH have failed to improve outcome in clinical trials. 
One of the challenges of such trials has been patient selection. For any given therapy, 
only a subset of patients is likely to receive a net benefi t. For example; in the FAST trial, 
recombinant factor VIIa (rFVIIa) reduced the risk of hematoma expansion, but failed to 
show clinical benefi t.6,7 One likely explanation is that many subjects had stopped bleed-
ing by the time of enrollment, and were exposed to thromboembolic risks without any 
potential benefi t. The question remains whether selecting only those patients destined 
to expand would have led to improved patient outcomes.14,23 The currently recruiting 
phase II trials, STOP-IT and SPOTLIGHT, seek to address this question and are using the 
CTA spot sign to select patients for treatment with rFVIIa. If this strategy proves fruitful, 
our current results raise the possibility of expanding the window of these trials beyond 
the current 6 hours from symptom onset. This may prove to be an important develop-
ment, as only 52% of patients who suff ered from hematoma expansion in our study, and 
only 59% of patients with a spot sign on CTA, present within 6 hours.

Our study is limited by its retrospective design and the non-standardized timing of 
follow-up CT scans. Patients with the largest hematomas, the lowest GCS scores, and 
with the highest mortality rates disproportionately did not have follow-up CT scans 
available due to early death, early surgical interventions, or limitation of care. In addi-
tion, as a single center study at a referral center, it may be that our population does not 
represent the general ICH population.

In conclusion, we demonstrate that while early presentation after ICH is associated with 
high risk of hematoma expansion, a substantial number of patients destined to expand 
present in a delayed fashion, or have an unknown time of symptom onset. The CTA spot 
sign accurately predicts hematoma expansion in those patients presenting late or with 
an unknown onset time. This observation may open a path to off er clinical trials and 
novel therapies to the many ICH patients that do not present acutely.
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Supplementary table 1: Multivariate analysis of hematoma expansion

Variable

Time from symptom onset to baseline CT / CT angiography

0 – 3 hours
(n = 70)

>3 hours and unknown
(n = 321)

OR (95% CI) p – value OR (95% CI) p – value

Warfarin use
4.86

(0.95 – 24.91)
0.06

1.23
(0.52 – 2.90)

0.64

SBP (mm Hg)
1.00

(0.98 – 1.02)
0.87

0.99
(0.98 – 1.00)

0.08

Baseline ICH volume
1.03

(1.01 – 1.05)
0.008

1.00
(0.99 – 1.01)

0.84

Spot sign presence
4.00

(1.22 – 13.18)
0.023

4.56
(1.96 – 10.60)

0.0004

n = number of patients; OR = Odds Ratio; 95% CI = 95% Confi dence Interval; SBP = Systolic Blood Pressure; 
ICH = Intracerebral Hemorrhage
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ABSTRACT

Importance

Many clinical trials focus on restricting hematoma expansion following acute intrace-
rebral hemorrhage (ICH), but selecting those patients at highest risk of expansion has 
proven to be challenging.

Objective

To develop a prediction score for hematoma expansion in patients with primary ICH.

Design

Prospective cohort study.

Setting

Two urban academic medical centers.

Participants

Consecutive primary ICH patients with available baseline and follow-up CTs (develop-
ment cohort n = 817, validation cohort n = 195).

Main Outcomes and Measures

Hematoma expansion was assessed using semi-automated software and defi ned as 6 
mL or 33% growth. Covariates were tested for association with hematoma expansion 
using uni- and multivariable logistic regression. A 9-point prediction score was derived 
based on the regression estimates and subsequently tested in an independent valida-
tion cohort.

Results

817 patients were included in the development cohort. Overall, hematoma expansion 
occurred in 156 patients (19%). In multivariable analysis, warfarin use (p < 0.0001), 
shorter time to CT (≤6 vs. >6 hours: p = 0.0004), baseline ICH volume (<30 mL [reference], 
30-60 mL: p = 0.034, >60 mL: p = 0.005), and the CT angiography spot sign (p < 0.0001) 
were predictive of expansion. The incidence of hematoma expansion steadily increased 
with higher scores. In the independent validation cohort (n = 195), our prediction score 
performed well and showed strong association with hematoma expansion (odds ratio 
4.59, p = 0.0002 for a high versus low score). The c-statistic for the score was 0.72 for the 
development cohort and 0.77 for the independent validation cohort.
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Conclusions and Relevance

We developed and independently validated a prediction score for hematoma expansion. 
Our results open a path for individualized treatment and trial design in ICH, aimed at 
patients at highest risk of hematoma expansion with maximum potential for therapeutic 
benefi t.

INTRODUCTION

Spontaneous intracerebral hemorrhage (ICH) is the most lethal form of stroke and ac-
counts for approximately 15% of all strokes worldwide. Mortality rates at one month 
exceed 40%, and 75% of all patients are deceased or severely disabled at one year, 
highlighting the pressing need to improve current therapy.1-3

While hematoma location and volume are strong predictors of outcome, neither factor is 
modifi able at the time of diagnosis.4,5 Signifi cant hematoma expansion, however, occurs 
in up to 30% of patients, and not only worsens outcome but can also be prevented.3,6-10

Previous and ongoing clinical trials have therefore focused on the attenuation of hema-
toma expansion, using diff erent medical therapies including aggressive blood pressure 
reduction10-13 and recombinant factor VIIa8,9. However, in a recently published phase III 
clinical trial assessing aggressive blood pressure reduction, the primary endpoint was 
just missed and rates of substantial expansion were not signifi cantly diff erent between 
the two treatment groups.13 One compelling explanation is suboptimal patient selec-
tion as only a subset of ICH patients develops hematoma expansion suffi  cient to alter 
outcome.14,15

In order to identify prospectively those patients at highest risk for ICH growth, we devel-
oped and independently validated a prediction score for hematoma expansion.

METHODS

Study Design
Patients with primary ICH presenting to a single academic hospital, Massachusetts 
General Hospital (MGH), were prospectively enrolled in an ongoing cohort study. The 
Institutional Review Board (IRB) approved all parts of the current study. Patients, or their 
legal health care proxies, either signed written informed consent before enrollment or 
their consent was waived by protocol-specifi c allowance. The validation phase of the 
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study was carried out at a second academic medical center, Brigham and Women’s Hos-
pital (BWH), where the local IRB approved the matching protocol and informed consent 
was obtained from all patients (or their surrogates) prior to inclusion.

Study Subjects

Development cohort
Consecutive patients presenting to MGH with primary ICH were screened for eligibility 
for our ongoing prospective cohort study between September 1994 and April 2011. 
Patients were eligible for our current – retrospective – analysis if they were diagnosed 
with primary ICH and had available baseline and follow-up CTs of suffi  cient quality for 
volumetric analysis. Patients undergoing hematoma evacuation prior to follow-up CT 
were excluded. Patients with a known or suspected secondary cause of their ICH, such 
as aneurysmal subarachnoid hemorrhage, other vascular malformations, neoplasms, 
trauma, or hemorrhagic transformation of an ischemic stroke, were also excluded from 
the study, along with patients with primary intraventricular hemorrhage. (eFigure)

Validation cohort
Consecutive primary ICH patients admitted to the neuroscience intensive care unit 
at BWH were screened for eligibility between January 2010 and June 2012. The same 
inclusion and exclusion criteria as in the development cohort were applied for patient 
selection. (eFigure)

All patients in the development cohort were treated according to a standard institution-
al protocol (available online at www.stopstroke.org), and none received recombinant 
factor VIIa. Patients participating in clinical trials assessing blood pressure lowering or 
treatment with recombinant factor VIIa were excluded from this analysis.

Clinical Data

Medical records were examined and patients (or their family members) were interviewed 
to collect clinical data including age, sex, prior medical history, and medication use. Ad-
mission measures collected were systolic blood pressure, Glasgow Coma Scale, glucose, 
white blood cell count, time to initial CT, and time between baseline and follow-up CT. 
Trained study staff  assessed three-month mortality by performing telephone interviews 
with patients or their surrogates, supplemented by the Social Security Death Index if 
no contact could be established. The Social Security Death Index is a weekly updated 
database containing information from individuals whose deaths were reported to the 
United States Social Security Administration.16
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Imaging Analysis

Neuroradiologists or neurologists - blinded to clinical and outcome data - ascertained 
hemorrhage locations. ICH locations were categorized as deep, lobar, cerebellar, and 
brainstem. ICH volumes of the initial and follow-up CTs, for both the development and 
validation cohorts, were calculated by blinded study staff  (T.W.K.B. and A.V.), according 
to standard protocols using Alice (PAREXEL International Corporation) and Analyze 10.0 
(Mayo Clinic, Rochester, Minnesota) software.17,18 Signifi cant hematoma expansion was 
defi ned as a proportional increase of 33% or an absolute increase greater than 6 mL 
from initial ICH volume.19-21

Two experienced readers (H.B.B. and K.A.M.), blinded to clinical and outcome data, 
reviewed CT angiograms (CTAs) from both institutions for spot sign presence, according 
to previously published methods with high inter-rater reliability.18,22

Statistical Analysis

Continuous variables are summarized using mean and standard deviation (SD), or 
median and interquartile range (IQR) when appropriate, and discrete variables are 
summarized using count and percentage (%). Missing data were imputed per variable 
if < 20% of data points were not available.23 Variables with 20% or more missing data 
points were analyzed as categorical variables with an additional “N/A” category.24 Using 
univariate logistic regression analyses, clinical and neuroimaging predictors were tested 
for their potential association with hematoma expansion (dichotomized outcome). 
Predictors signifi cant at 0.05 level from the univariate analysis were subsequently tested 
for an independent association with the outcome in the multivariable logistic regression 
model. Baseline ICH volume was entered into the model as a categorical variable (< 30 
mL, 30 – 60 mL, or > 60 mL according to previous studies4,20,25), time to initial CT was 
dichotomized at 6 hours (≤ 6 hours versus > 6 hours26), and the spot sign was entered 
as present, absent, or N/A for those patients without a baseline CTA. Of note, the spot 
sign score18,22 was also tested as continuous variable and did not improve the c-statistic 
of the model. We therefore chose to use the spot sign as dichotomous variable, as this is 
easier to use for frontline care providers. A prediction score was then created based on 
the multivariable regression estimates and subsequently tested in an independent vali-
dation cohort from BWH. Predictive ability of the score was assessed using c-statistics 
for both the development and independent validation cohorts. The derived prediction 
score was also tested for association with in-hospital and 3-month mortality in the de-
velopment cohort. Finally, as some clinical studies exclude anticoagulated patients, we 
created a score for non-anticoagulated ICH patients only. The threshold for signifi cance 
was set at p < 0.05. All statistical analyses were performed using SAS version 9.3 (SAS 
Institute Inc., Cary, NC).
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RESULTS

Study Population
After application of the aforementioned eligibility criteria, 817 of 1890 primary ICH 
patients were included in the development cohort (Table 1, eFigure). At BWH, 195 of 395 
primary ICH patients screened met the inclusion criteria and were enrolled in the inde-
pendent validation cohort (eTable 1, eFigure). Patients lacking a follow-up CT, were more 
likely to use warfarin, had lower GCS scores upon presentation, larger ICH volumes, and 
higher mortality rates (all p < 0.05; eFigure).

CT Imaging

Of the 817 patients in the development cohort, 407 had deep (50%), 342 lobar (42%), 
41 cerebellar (5%), and 21 brainstem ICH (3%). Median ICH volume at baseline was 16 
mL (IQR 7 – 37), median time from symptom onset to CT was 5.0 hours (IQR 2.6 – 8.3), 
and a minimum of one spot sign was present in 20%. Follow-up CTs were acquired at a 
median of 18 hours after initial CT (IQR 11 – 25) and hematoma expansion occurred in 
156 patients (19%). Other imaging parameters, as well as the stratifi ed characteristics, 
are shown in Table 1.

Predictors of Hematoma Expansion

In univariate analysis, warfarin use, shorter time to CT (≤6 hours), larger baseline ICH vol-
ume, and CTA spot sign were associated with hematoma expansion (all p < 0.05; eTable 
2) and remained signifi cant in multivariable analysis (Table 2). The c-statistic for model 
performance was 0.72 within the development cohort, whereas the highest c-statistic of 
the individual components was only 0.63 (for the CTA spot sign).

Prediction Score for Hematoma Expansion

We developed a prediction score weighed based on the regression parameters (odds 
ratios) of the multivariable logistic regression model: warfarin use (No = 0, Yes = 2), 
shorter time to CT (>6 hours = 0, ≤6 hours = 2), baseline ICH volume (<30 mL = 0, 30-60 
mL = 1, >60 mL = 2), and CTA spot sign (Absent = 0, Present = 3, N/A = 1) were combined 
in a 9-point score (Table 3).

The incidence of hematoma expansion increased steadily with higher scores, reaching 
80% for those patients with the highest score of 9. Only 6% of patients expanded in the 
lowest tier. The score also performed well when assessing both in-hospital and 3-month 
mortality (Table 4). To maximize clinical utility of the score, we created strata combining 
individual values into categories: low (score 0, incidence rate 6%), medium (score 1-3, 
incidence rate 12%), and high (score 4-9, incidence rate 36%) (Table 4).
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Table 1: Development Cohort Characteristics

Variable
All

n (%)
No expansion

n (%)
Expansion

n (%)

Number of subjects 817 (100) 661 (81) 156 (19)

Age (mean, SD) 72 (13) 71 (13) 73 (11)

Female sex 361 (44) 303 (46) 58 (37)

Hypertension 645 (79) 515 (78) 130 (84)

Antiplatelet 354 (43) 286 (43) 68 (44)

Warfarin 173 (21) 117 (18) 56 (36)

GCS (median, IQR) 14 (9 - 15) 14 (10 - 15) 14 (9 - 15)

SBP (median, IQR) 179 (154 - 200) 179 (154 - 203) 176 (151 - 196)

WBC (median, IQR) 9 (7 - 12) 9 (7 – 12) 8 (6 - 10)

Glucose (median, IQR) 134 (112 - 167) 134 (111 - 165) 134 (114 - 171)

CAA 119 (15) 99 (15) 20 (13)

APOE ε2 (MAF) 0.09 0.09 0.10

Time to CT (median, IQR) 5.0 (2.6 - 8.3) 5.5 (3.3 - 9.2) 2.6 (1.3 - 5.4)

≤ 6 hours 357 (62) 268 (58) 89 (79)

> 6 hours 216 (38) 192 (42) 24 (21)

ICH location

Deep 407 (50) 329 (50) 78 (50)

Lobar 342 (42) 273 (41) 69 (44)

Cerebellar 41 (5) 39 (6) 2 (1)

Brainstem 21 (3) 16 (2) 5 (3)

Baseline ICH volume
(median, IQR)

16 (7 - 37) 15 (6 - 33) 25 (9 - 52)

< 30 mL 565 (69) 476 (72) 89 (57)

30 – 60 mL 156 (19) 119 (18) 37 (24)

> 60 mL 96 (12) 66 (10) 30 (19)

Follow-up ICH volume
(median, IQR)

17 (7 - 37) 14 (6 - 30) 42 (16 - 78)

Intraventricular extension 311 (38) 246 (37) 65 (42)

Baseline IVH volume* (median, IQR) 9 (3 - 22) 9 (3 - 20) 10 (4 - 29)

Follow-up IVH volume* (median, IQR) 9 (3 - 22) 9 (2 - 20) 13 (4 - 32)

CTA spot sign 74 (20) 41 (13) 33 (48)

In-hospital mortality 193 (24) 123 (19) 70 (45)

90-day mortality 244 (30) 159 (24) 85 (54)

* Data refers to ICH patients with intraventricular extension only (n = 311).
SD = Standard Deviation; GCS = Glasgow Coma Scale; IQR = Interquartile Range; SBP = Systolic Blood 
Pressure; WBC = White Blood Cell Count; CAA = Cerebral Amyloid Angiopathy; APOE = Apolipoprotein 
E; MAF = Minor Allele Frequency; ICH = Intracerebral Hemorrhage; mL = Milliliter; IVH = Intraventricular 
Hemorrhage; CTA = CT Angiography
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Excluding Warfarin-related ICH

As some clinical trials exclude anticoagulated patients, we next performed an analysis 
excluding warfarin-related ICH (remaining n = 644). The prediction score looks as fol-
lows (range 0-8): shorter time to CT (OR 3.05 [95%CI 1.53-6.09], p = 0.0015 – 3 points), 
baseline ICH volume (<30 mL [reference]; 30-60 mL: OR 1.81 [95%CI 1.06-3.09], p = 0.03; 
>60 mL: OR 2.35 [95%CI 1.30-4.26], p = 0.0049 – 2 points), and the CTA spot sign (OR 3.68 
[95%CI 1.79-7.59], p = 0.0004 – 3 points). Higher scores were associated with a higher 

Table 3: Individual Components of the Prediction Score for Hematoma Expansion

Variable Points

Warfarin

No 0

Yes 2

Time to CT

≤ 6 hours 2

> 6 hours 0

Baseline ICH volume

< 30 mL 0

30 – 60 mL 1

> 60 mL 2

CTA spot sign

Absent 0

Present 3

Total 0 – 9

ICH = Intracerebral Hemorrhage; mL = Milliliter; CTA = CT Angiography

Table 2: Multivariable Analysis of Predicting Hematoma Expansion

Variable
Odds Ratio*

(95% CI)
P-value

Warfarin 2.61 (1.73 – 3.95) < 0.0001

Time to CT
(≤ 6 vs. > 6 hours)

2.55 (1.53 – 4.27) 0.0004

Baseline ICH volume

     < 30 mL Reference Reference

     30 – 60 mL 1.64 (1.04 – 2.59) 0.034

     > 60 mL 2.10 (1.25 – 3.55) 0.005

CTA spot sign 3.81 (2.08 – 6.98) < 0.0001

* Adjusted Odds Ratios.
ICH = Intracerebral Hemorrhage; mL = Milliliter; CTA = CT Angiography
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Table 4: Prediction Score Performance for Hematoma Expansion and Mortality

Score
Total number

n (%)
Expansion

n (%)
In-hospital mortality

n (%)
3-month mortality

n (%)

In
di

vi
du

al
 p

oi
nt

s

Total 817 (100) 156 (19) 193 (24) 244 (30)

0 70 (9) 4 (6) 2 (3) 4 (6)

1 108 (13) 12 (11) 14 (13) 22 (20)

2 196 (24) 15 (8) 29 (15) 31 (16)

3 196 (24) 35 (18) 46 (23) 63 (32)

4 108 (13) 32 (30) 36 (33) 48 (44)

5 82 (10) 29 (35) 28 (34) 35 (43)

6 28 (3) 15 (54) 21 (75) 22 (79)

7 22 (3) 10 (45) 10 (45) 12 (55)

8 2 (0) 0 (0) 2 (100) 2 (100)

9 5 (1) 4 (80) 5 (100) 5 (100)

Ca
te

go
ri

ze
d 

sc
or

e

0 70 (9) 4 (6) 2 (3) 4 (6)

1 – 3 500 (61) 62 (12) 89 (18) 116 (23)

4 – 9 247 (30) 90 (36) 102 (41) 124 (50)

Table 5: Independent Validation of the Hematoma Expansion Score

Score
Total number

n (%)
Expansion

n (%)

In
di

vi
du

al
 p

oi
nt

s

Total 195 (100) 31 (16)

0 17 (9) 1 (6)

1 38 (19) 2 (5)

2 44 (23) 1 (2)

3 40 (21) 9 (23)

4 24 (12) 2 (8)

5 16 (8) 10 (63)

6 6 (3) 0 (0)

7 9 (5) 5 (56)

8 1 (1) 1 (100)

9 0 (0) N/A

Ca
te

go
ri

ze
d 

sc
or

e

0 17 (9) 1 (6)

1 – 3 122 (63) 12 (10)

4 – 9 56 (29) 18 (32)
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expansion risk: OR 3.22 (95%CI 2.07 – 4.99), p < 0.0001 for a high versus low score (4-8 
versus 0-3). The c-statistic was 0.68. (eTable 3)

External Validation

Independent validation was performed in a consecutive cohort of 195 ICH patients 
(eTable 1). Overall frequency of expansion was 16%. Only 6% of patients with a score 
of 0 expanded, whereas 32% with a score of 4-9 expanded (Table 5). A high score (4-9 
versus 0-3) was strongly associated with increased risk of expansion: OR 4.59 (95%CI 
2.06 – 10.22), p = 0.0002. The c-statistic reached 0.77.

DISCUSSION

We developed and externally validated a clinical prediction score to identify ICH patients 
most likely to develop hematoma expansion. The derived 9-point prediction score is 
easy to use and incorporates information available upon initial presentation, using clini-
cally relevant categorical measures. Assembled from individual characteristics shown to 
predict ICH expansion in the present study, as well as multiple prior studies17,19-21,27-30, the 
score is a substantial advance, off ering improved accuracy for prediction compared with 
any of its individual characteristics. In addition, it is applicable to ICH patients regard-
less of time to presentation, rather than the subset presenting within the fi rst hours of 
symptom onset.

From a pathophysiological standpoint, anticoagulation use, early presentation, larger 
ICH volumes, and presence of a CTA spot sign all add to the theoretical expansion model 
described by C. Miller Fisher, in which the initial hematoma displaces and ruptures sur-
rounding vessels leading to additional bleeding.31 Early presentation may simply mark 
those patients early in the course of their disease, off ering an opportunity to capture 
them while bleeding is ongoing. Larger hematomas may lead to additional vessel shear-
ing, adding to the avalanche eff ect of hematoma expansion.20,31 Altered coagulation 
status may increase the risk that surrounding vessels will bleed after injury, or will bleed 
for longer periods of time.32 The CTA spot sign – the strongest predictor of subsequent 
expansion in our study – is an epiphenomenon studied extensively over the last decade, 
and may mark ruptured vessels or the severity of vessel damage.33

A validated prediction score for hematoma expansion is a crucial next step toward 
individualizing treatment and trial design in acute ICH. In INTERACT2, to date the 
largest clinical trial aimed at the restriction of hematoma expansion, intensive blood 
pressure lowering showed a borderline signifi cant eff ect on reducing the rate of the 
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primary outcome (death and severe disability).13 A potent explanation for these results 
is the indiscriminate enrollment of unselected ICH patients, resulting in a low rate of 
signifi cant hematoma expansion even though only patients presenting early after their 
symptom onset were included.13-15 INTERACT2 and other large clinical trials enrolled 
patients solely based on early presentation, using this is as a surrogate for hematoma 
expansion.8,9,11,13 However, this not only resulted in the inclusion of many patients who 
did not develop signifi cant expansion, it also led to the automatic exclusion of the vast 
majority of all ICH patients whose presentation to the emergency department either 
occurred beyond 3 or 6 hours, or whose time of onset could not be established. Thus, up 
to half of all ICH patients destined to suff er expansion were excluded.26,34

As we demonstrated in the present study, early presentation is only one of several po-
tent predictors of subsequent expansion. For the targeting of expanders, our prediction 
score not only off ers improved accuracy over a simple time cut-off , it also can be applied 
to virtually all ICH patients who present to the emergency department, expanding the 
pool of ICH patients for clinical trials of anti-expansion therapies. For example, a patient 
using warfarin (2 points), presenting at 8 hours from symptom onset (0 points) with a 63 
mL ICH (2 points), and a positive spot sign on CTA (3 points; total of 7 points), has a 56% 
expansion risk according to our data (Table 5). This patient would currently be excluded 
from ongoing phase II or III clinical trials based on presentation time only. Thus, the 
implementation of our prediction score would open the door to extend the enrollment 
windows of those trials and potentially provide therapeutic benefi t to more patients.

In addition to broadening the time window for clinical trial selection, our score identifi es 
patients at highest risk for expansion with improved accuracy. This enrichment of the 
patient pool may be of pivotal importance to more effi  ciently design trials and prove 
effi  cacy of certain therapies. Our proposed score enables the selection of ICH patients 
at a 4.5-fold increase in the odds of expansion, tripling risk of expansion from 9% in 
patients with a low score (0-3) to 32% in patients with a high prediction score (4-9). So, 
our prediction score enriches the patient population in terms of the a priori expansion 
risk by using readily available clinical factors, without restricting inclusion only to the 
fi rst hours after symptom onset.

Besides risk stratifi cation and enhanced selection for clinical trials, our prediction score 
also holds clinical potential to stratify which patients need the most intensive care and 
the most frequent monitoring. Given the results of two recent large clinical trials, our 
score may also have a role in selecting patients for blood pressure management or 
surgical evacuation.13,35 In addition, it may help with the daily triaging of patients for 
fl oor versus intensive care admission, as the score is not only a selection tool for those 
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patients most likely to expand, but it also allows clinicians to predict which patients are 
very unlikely to expand and treat them accordingly. Since this applies to a substantial 
group of patients, this may have considerable impact on acute patient fl ow.

Because not all clinical trials include warfarin-related ICH, we performed a secondary 
analysis excluding patients on warfarin. The subsequently developed prediction score, 
based on 644 patients, showed similar weights for two of the three remaining variables 
(baseline ICH volume and CTA spot sign). The observed 1-point increase for shorter time 
to CT refl ects the increased risk of expansion of patients presenting early after their 
symptom onset. The prediction score excluding warfarin remained strongly predictive 
of hematoma expansion: OR 3.22 (95%CI 2.07 – 4.99, p < 0.0001), compared to a 4.5-fold 
increase in the odds of expansion when including warfarin in the score (OR 4.59 [95%CI 
2.06 – 10.22], p = 0.0002). As expected, the c-statistic was lower for the model excluding 
warfarin (0.68 versus 0.77), a known strong predictor of expansion.20,27

The robustness of our results are driven by the large sample size, the prospectively col-
lected data, and the independent validation of our prediction score in a large cohort of 
primary ICH patients. Nonetheless, a crucial limitation is the lack of follow-up CTs for 
a subset of ICH patients, leading to their exclusion from this study. This is a recurring 
shortcoming of observational studies, in which CT acquisition and timing are driven 
by clinical care decision-making. Follow-up CTs were disproportionately missing for 
patients using warfarin and those with the largest baseline ICH volumes, due to early 
death or withdrawal of care. One could speculate that those adverse eff ects are partially 
mediated by hematoma expansion. This would signify a reduced predictive ability of our 
current model, underestimating its true predictive ability. In addition, the study was car-
ried out at two teaching hospitals in a metropolitan area, potentially introducing some 
degree of selection bias.

In conclusion, we have developed and validated a clinical prediction score for hema-
toma expansion. The score accurately predicts both hematoma expansion and clinical 
outcome, opening a path for individualized treatment and clinical trial design, aimed at 
ICH patients at highest risk of hematoma expansion.
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eTable 1: Validation Cohort Characteristics

Variable
All

n (%)
No expansion

n (%)
Expansion

n (%)

Number of patients 195 (100) 164 (84) 31 (16)

Age (mean, SD) 71 (15) 71 (15) 71 (13)

Female sex 88 (45) 73 (45) 15 (48)

Warfarin use 40 (21) 33 (20) 7 (23)

Time to CT (median, IQR) 5.8 (3.5 - 8.5) 6.0 (4.1 - 8.5) 3.9 (1.6 - 6.4)

≤ 6 hours 70 (39) 50 (34) 20 (67)

> 6 hours 109 (61) 99 (66) 10 (33)

ICH location

Deep 96 (49) 81 (49) 15 (48)

Lobar 87 (45) 71 (43) 16 (52)

Brainstem 4 (2) 4 (2) 0 (0)

Cerebellar 8 (4) 8 (5) 0 (0)

Baseline ICH volume
(median, IQR)

15 (6 - 44) 15 (5 - 39) 25 (9 - 76)

< 30 mL 128 (66) 112 (68) 16 (52)

30 – 60 mL 31 (16) 27 (16) 4 (13)

> 60 mL 36 (18) 25 (15) 11 (35)

Follow-up ICH volume (median, IQR) 16 (7 - 43) 14 (6 - 37) 52 (17 - 106)

Intraventricular extension 89 (46) 73 (45) 16 (52)

Baseline IVH volume* (median, IQR) 7 (3 - 16) 7 (3 - 15) 11 (3 - 51)

Follow-up IVH volume* (median, IQR) 7 (3 - 15) 6 (3 - 13) 18 (4 - 43)

CTA spot sign* 25 (19) 13 (11) 12 (67)

* Data refers to ICH patients with intraventricular extension only (n = 89).
SD = Standard Deviation; IQR = interquartile range; ICH = intracerebral hemorrhage; mL = Milliliter; IVH = 
Intraventricular Hemorrhage; CTA = CT Angiography
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eTable 2: Univariate Analysis of Hematoma Expansion

Variable
Odds Ratio

(95% CI)
P-value

Age* 1.11 (0.96 – 1.28) 0.15

Hypertension 1.45 (0.91 – 2.30) 0.12

Antiplatelet** 1.03 (0.73 – 1.47) 0.43

Warfarin 2.60 (1.77 – 3.82) < 0.0001

GCS 0.97 (0.93 – 1.01) 0.11

SBP* 0.95 (0.90 – 1.00) 0.054

WBC 0.93 (0.85 – 1.03) 0.17

Glucose* 0.99 (0.97 – 1.02) 0.66

CAA 0.83 (0.50 – 1.40) 0.49

APOE ε2 1.12 (0.64 – 1.94) 0.13

Time to CT (≤ 6 vs. > 6 hours) 2.66 (1.63 – 4.33) 0.0003

ICH location (Supra- vs. infratentorial) 1.93 (0.86 – 4.33) 0.12

Baseline ICH volume

30 - 60 vs. < 30 mL 1.66 (1.08 – 2.56)
0.0006

> 60 vs. < 30 mL 2.43 (1.49 – 3.96)

CTA spot sign 5.99 (3.37 – 10.65) < 0.0001

* Per ten units increase.
** Subgroups of antiplatelet agents we are also tested for association with hematoma expansion. These subset 
analyses returned similar results (data not shown).
GCS = Glasgow Coma Scale; SBP = Systolic Blood Pressure; WBC = White Blood Cell Count; CAA = Cerebral 
Amyloid Angiopathy; APOE = Apolipoprotein E; ICH = Intracerebral Hemorrhage; mL = Milliliter; CTA = CT 
Angiography
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eTable 3: Prediction Score Performance for Hematoma Expansion and Mortality Excluding Patients on 
Warfarin

Score
Total number

n (%)
Expansion

n (%)

In-hospital 
mortality

n (%)

3-month 
mortality

n (%)

Validation 
cohort - 

expansion
n (%)

In
di

vi
du

al
 p

oi
nt

s

Total 644 (100) 100 (16) 184 (29) 147 (23) 24 (15)

0 115 (18) 6 (5) 10 (9) 6 (5) 1 (4)

1 N/A N/A N/A N/A N/A

2 165 (26) 20 (12) 40 (24) 34 (21) 6 (10)

3 185 (29) 24 (13) 37 (20) 23 (12) 3 (14)

4 56 (9) 10 (18) 26 (46) 24 (43) 2 (12)

5 84 (13) 22 (26) 51 (61) 42 (50) 4 (21)

6 16 (2) 6 (38) 1 (6) 1 (6) 6 (75)

7 6 (1) 2 (33) 4 (67) 4 (67) 0 (0)

8 17 (3) 10 (59) 15 (88) 13 (76) 2 (50)

Ca
te

go
ri

ze
d 

sc
or

e

0 115 (18) 6 (5) 10 (9) 6 (5) 1 (4)

1 – 3 350 (54) 44 (13) 77 (22) 57 (16) 9 (11)

4 – 8 179 (28) 50 (28) 97 (54) 84 (47) 14 (28)
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ABSTRACT

Background and Purpose

To determine whether the CT angiography (CTA) ‘spot sign’ marks bleeding complica-
tions during and after surgery for spontaneous ICH.

Methods

In a two-center study of consecutive spontaneous ICH patients who underwent CTA 
followed by surgical hematoma evacuation, two experienced readers (blinded to clinical 
and surgical data) reviewed CTAs for spot sign presence. Blinded raters assessed active 
intra- and post-operative bleeding. The association between spot sign and active intra-
operative bleeding, post-operative re-bleeding, and residual ICH volumes was evaluated 
using uni- and multivariable logistic regression.

Results

95 patients met inclusion criteria: 44 lobar, 17 deep, 33 cerebellar, and 1 brainstem ICH. 
≥1 spot sign was identifi ed in 32 patients (34%). The spot sign was the only independent 
marker of active bleeding during surgery (OR 3.4; 95%CI 1.3-9.0). Spot sign (OR 4.1; 
95%CI 1.1-17), female sex (OR 6.9; 95%CI 1.7-37), and antiplatelet use (OR 4.6; 95%CI 
1.2-21) were predictive of post-operative re-bleeding. Larger residual hematomas and 
post-operative re-bleeding were associated with higher discharge case fatality (OR 3.4; 
95%CI 1.1-11) and a trend toward increased case fatality at 3 months (OR 2.9; 95%CI 
0.9-8.8).

Conclusions

The CTA spot sign is associated with more intra-operative bleeding, more post-operative 
re-bleeding, and larger residual ICH volumes in patients undergoing hematoma evacu-
ation for spontaneous ICH. The spot sign may therefore be useful to select patients for 
future surgical trials.
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INTRODUCTION

Intracerebral hemorrhage (ICH) remains the most lethal form of stroke, with one-month 
mortality rates of 40%.1 Clinical trials assessing surgical therapy for ICH have not shown 
an eff ect on functional outcome, although benefi t has been shown for cerebellar he-
matomas larger than 3 centimeters in observational studies.2,3 Systematic reviews also 
suggest a benefi cial eff ect for specifi c subgroups in supratentorial ICH.4,5 Based on those 
results, STICH II evaluated surgery for patients with superfi cial hematomas (≤1 centime-
ter of the cortex) without intraventricular extension. The results showed a neutral eff ect 
on functional outcome. Yet, the updated meta-analysis, published in the same article, 
still suggested a benefi cial eff ect for surgical intervention for spontaneous ICH (odds 
ratio [OR] 0.74; 95% confi dence interval [95%CI] 0.64 – 0.86).6

Thus, a tool to identify patients who may benefi t from surgery is warranted. A robust 
marker of ongoing bleeding, studied extensively over the last ten years, is the CT angiog-
raphy (CTA) spot sign (Figure, panel B).7 The spot sign is commonly assumed to represent 
continued bleeding (e.g. contrast extravasation visualized on CTA after contrast bolus 
injection) from ruptured vessels surrounding the initial hematoma. The spot sign has 
been associated with both hematoma expansion and poor clinical outcome.7-10

We therefore investigated whether the spot sign is also associated with actively bleed-
ing during surgery and post-operative re-bleeding in patients undergoing craniotomy 
for spontaneous ICH.

METHODS

Study Design
We studied a consecutive series of patients with spontaneous ICH who underwent surgi-
cal evacuation from Massachusetts General Hospital (MGH), Boston, USA and Utrecht 
University Medical Center (UMCU), Utrecht, the Netherlands.

Standard Protocol Approvals, Registrations, and Patient Consents

The local Institutional Review Boards at both hospitals approved all parts of the study. 
Informed consent was obtained from all study participants (or their legally authorized 
health care proxies), or consent was waived by a protocol-specifi c allowance. Data ex-
change and analysis was completed using de-identifi ed data.
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Study Subjects

Consecutive patients undergoing surgery for spontaneous ICH between August 2003 
and August 2012 were reviewed for study inclusion at the two centers. Indications for 
surgery included clinical deterioration (decline in Glasgow Coma Scale by ≥2 points), 
expansion of the hematoma (increase in ICH volume of >33%), signifi cant mass eff ect 
(midline shift >10 mm or obliteration of basal cisterns), and cerebellar hematomas 
larger than 3 centimeters. Inclusion criteria for this study were: (1) spontaneous ICH; (2) 
baseline CTA of suffi  cient quality for spot sign reading; and (3) craniotomy for surgical 
hematoma evacuation within 24 hours of the qualifying CTA. Exclusion criteria were: (1) 
known or suspected secondary ICH, including aneurysmal subarachnoid hemorrhage, 
other vascular malformations, neoplasms, hemorrhagic transformation of an acute isch-
emic stroke, and trauma; (2) primary intraventricular hemorrhage; and (3) enrollment in 
a randomized controlled treatment trial. All patients enrolled were treated according to 
a standard institutional protocol (available for MGH online at http://www2.massgeneral.
org/stopstroke/), and none of the patients received recombinant factor VIIa.

Clinical Data

Clinical covariables were collected through review of clinical and research records at both 
centers and comprised age, sex, previous medical history, and medication use including 
anticoagulation use and antiplatelet therapy. Upon admission the following variables 
had been collected prospectively: systolic blood pressure, Glasgow Coma Scale, time 
from emergency department (ED) admission to surgery, time from CTA to surgery, and 
the duration of the procedure. Case fatality at discharge and three months was assessed 
by trained study staff  via telephone interview and complemented by the Social Security 
Death Index (MGH only), if no contact could be established with the patient or their 
families. The Social Security Death Index is a publically available database with informa-
tion regarding deaths reported to the United States Social Security Administration.11

CT Analysis

Trained neurologists or neuroradiologists ascertained ICH locations, blinded to clinical, 
surgical, and outcome data. Hematoma volumes for baseline (prior to surgery) and 
follow-up CTs were outlined and measured by trained study staff , using Analyze 10.0 
(Mayo Clinic, Rochester, Minnesota) software, according to previously published proto-
cols.9,12 The same imaging sequence for diagnosis of spot sign was used at each site and 
CTAs were reviewed for spot sign presence by two experienced readers (authors H.B.B. 
and K.A.M.), blinded to clinical and surgical data, following standard methods with high 
inter-rater agreement.12
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Intra-operative and Post-operative Bleeding

Intra-operative bleeding was assessed by evaluation of the operative notes at the 
individual centers by two reviewers (authors M.R.R. and K.M.N.), blinded to all clini-
cal and imaging data. Active intra-operative bleeding was operationally defi ned as a 
dichotomous outcome: standard surgical hemostasis applied (e.g. including surgicel, 
cotton balls) versus active bleeding in need of extended hemostasis including elec-
trosurgical coagulation or abortion of the procedure. Post-operative re-bleeding was 
defi ned as a composite endpoint of the presence of fresh blood on the post-operative 
CT, < 50% removal of the initial hematoma (i.e. unsuccessful surgery), or the need of 
repeated surgery. Percentage hematoma removed was calculated using the follow-up 
(post-operative) ICH volume divided by the baseline ICH volume x 100%.13,14 An example 
case is shown in the Figure.

Statistical Analysis

Continuous variables are summarized using mean and standard deviation (SD), or – 
when appropriate – median and interquartile range (IQR). Discrete variables are shown 
as count and percentage (%). As described, intra- and post-operative bleeding were 
analyzed as dichotomous outcomes. The CTA spot sign was modeled as a dichotomous 
variable (absent or present). Association testing between the CTA spot sign and active 
intra- and post-operative bleeding was completed using univariable and multivariable 

Figure:  77-year-old woman with acute onset of nausea, vomiting, slurred speech, and ataxia. Her initial 
non-contrast CT showed a 21 mL cerebellar intracerebral hemorrhage (panel A). The CT angiography source 
images revealed two spot signs in the medial aspect of the hematoma (panel B). The post-operative CT 
demonstrated a fresh hematoma in the surgical bed (panel C). After the CT, the patient was emergently 
taken for repeated surgery. The patient was scored as having active intra-operative bleeding, given the 
extended hemostatic measures applied during the initial surgery. Given the fresh blood on the post-
operative CT and the need for an additional surgical procedure, this patient was considered to have had 
unsuccessful hematoma removal.
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logistic regression. Age, sex, time from CTA to surgery, anticoagulation use, and variables 
with a p < 0.20 in univariable analyses were included in multivariable models. Of note, 
time from symptom onset to CTA was considered as a covariate in the multivariate mod-
els, but this data point was not available for all patients (missing n = 27, 28%) and model 
performance was superior using time from CTA to surgery. Therefore, time from CTA to 
surgery was used in the fi nal multivariable models. Collinear variables were removed 
when appropriate, as measured by the variance infl ation factor. In addition, we tested 
intra- and post-operative bleeding for association with in-hospital and 3-month case 
fatality. All statistical analyses were performed using JMP Pro version 9.0 (SAS Institute 
Inc, Cary, NC) and statistical signifi cance was declared at p < 0.05 (two-tailed).

RESULTS

Study Population
Based on inclusion / exclusion criteria, 95 patients were included at MGH (n = 75) and 
UMCU (n = 20). 186 patients underwent surgery for hematoma evacuation at both sites 
combined. 113 of these patients had a CTA available, 95 of which were of quality to 
diagnose spot sign presence and within the specifi ed 24 hours between CTA and time 
of surgery (Supplemental Figure). Indications for surgery were: clinical deterioration (n = 
33, 35%), expansion of the hematoma (n = 15, 16%), signifi cant mass eff ect (n = 10, 10%), 
cerebellar hematomas larger than 3 centimeters (n = 33, 35%), and other (n = 4, 4%). 
One or more spot signs were present in 32 patients (34%). Clinical and imaging baseline 
characteristics are given in table 1.

Active Intra-operative and Post-operative Bleeding

Active intra-operative bleeding occurred in 38 patients (40%) and was more common 
in patients with a spot sign (59% versus 30%; p = 0.01). A total of 16 patients (18%) met 
the composite endpoint of post-operative re-bleeding or unsuccessful surgery, which 
was also more common in spot sign positive patients (31% versus 10%; p = 0.02). On 
follow-up CT, post-operative re-bleeding in need of repeated surgery was identifi ed in 
5 patients (5%); 4 were spot sign positive (13%) and 1 spot sign negative (2%; p = 0.03). 
(Table 1)

Predictors of Intra-operative and Post-operative Bleeding

In univariable analysis, only the spot sign was associated with intra-operative bleeding 
(OR 3.4; 95%CI 1.4 – 8.2; Table 2). After adjustment for age, sex, warfarin use, and time 
from CTA to surgery in multivariable analysis, the spot sign remained independently 
associated with intra-operative bleeding: OR 3.4 (95%CI 1.3 – 9.0; Table 3). Of note, time 
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Table 1: Cohort Characteristics

Variable
All patients

n (%)
Spot sign negative

n (%)
Spot sign positive

n (%)

Number of patients 95 (100) 63 (66) 32 (34)

Age (mean, SD) 61 (13) 59 (13) 66 (13)

Sex (female) 42 (44) 24 (38) 18 (56)

Hypertension 63 (67) 43 (68) 20 (65)

Diabetes 11 (12) 8 (13) 3 (10)

Antiplatelets 34 (37) 21 (34) 13 (42)

Warfarin 19 (20) 9 (14) 10 (31)

INR*

1.2 – 1.9 0 (0) 0 (0) 0 (0)

2.0 – 3.0 9 (47) 2 (22) 7 (70)

> 3.0 10 (53) 7 (78) 3 (30)

GCS (median, IQR) 9 (5 – 14) 11 (5 – 14) 8 (4 – 15)

SBP (median, IQR) 180 (149 – 198) 185 (151 – 207) 176 (143 – 190)

ICH location

Lobar 44 (46) 25 (40) 19 (59)

Deep 17 (18) 12 (19) 5 (16)

Brainstem 1 (1) 0 (0) 1 (3)

Cerebellar 33 (35) 26 (41) 7 (22)

Baseline ICH volume, mL (median, IQR) 53 (27 – 75) 44 (25 – 69) 65 (38 – 82)

Intraventricular extension 46 (52) 29 (51) 17 (53)

Baseline IVH volume, mL** (median, IQR) 10 (3 – 24) 11 (3 – 22) 7 (4 – 27)

Time symptoms to surgery, hours (median, IQR) 7.2 (5.1 – 11.2) 7.8 (5.6 – 13.5) 6.1 (4.7 – 8.8)

Time ED to surgery, hours (median, IQR) 3.3 (2.2 – 5.2) 3.3 (2.2 – 6.8) 2.8 (2.1 – 4.3)

Time CTA to surgery, hours (median, IQR) 2.3 (1.5 – 4.4) 2.4 (1.5 – 6.0) 2.2 (1.5 – 3.9)

Procedure time, hours (median, IQR) 2.8 (2.0 – 3.5) 3.0 (2.0 – 3.4) 2.6 (2.0 – 3.7)

Intra-operative bleeding 38 (40) 19 (30) 19 (59)

Post-operative bleeding 16 (18) 6 (10) 10 (31)

Repeated surgery 5 (5) 1 (2) 4 (13)

Discharge case fatality 24 (25) 15 (24) 9 (28)

90-day case fatality 30 (32) 16 (26) 14 (44)

* Data refers only to patients using warfarin at time of hospital presentation (n = 19).
** Data refers to patients with intraventricular extension only (n = 46).
SD = Standard Deviation; INR = International Normalized Ratio; GCS = Glasgow Coma Scale; IQR = 
Interquartile Range; SBP = Systolic Blood Pressure; ICH = Intracerebral Hemorrhage; mL = Milliliter; IVH = 
Intraventricular Hemorrhage; ED = Emergency Department; CTA = CT Angiography
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from arrival to surgery was collinear with time from CTA to surgery and was therefore 
removed from the analysis. Similarly, International Normalized Ratio was collinear with 
warfarin use and the latter was used for the analysis because of superior model fi t.

The spot sign (p = 0.02), female sex (p = 0.002), and antiplatelet use (p = 0.04) were as-
sociated with larger residual hematomas and post-operative re-bleeding in univariable 
analysis (Table 2). In multivariable analysis all three associations remained statistically 
signifi cant (Table 3).

Table 2: Univariable analyses: Intra-operative and Post-operative Bleeding

Variable

Intra-operative bleeding Post-operative bleeding

Odds Ratio
(95% CI)

P-value
Odds Ratio

(95% CI)
P-value

Age 1.0 (0.9 – 1.0) 0.63 1.0 (0.9 – 1.1) 0.19

Sex (female) 2.1 (0.9 – 4.9) 0.09 7.7 (2.0 – 30) 0.002

Hypertension 1.1 (0.5 – 2.7) 1.00 0.8 (0.2 – 2.3) 0.77

Antiplatelet 1.4 (0.6 – 3.3) 0.51 3.4 (1.1 – 10) 0.04

Warfarin 1.1 (0.4 – 3.1) 1.00 0.9 (0.2 – 3.7) 1.00

GCS 1.0 (0.9 – 1.1) 0.86 1.0 (0.9 – 1.2) 0.74

SBP 1.0 (0.9 – 1.0) 0.86 1.0 (0.9 – 1.0) 0.29

Baseline ICH volume, mL 1.0 (0.9 – 1.0) 0.62 1.0 (0.9 – 1.0) 0.81

Baseline IVH volume, mL 1.0 (0.9 – 1.0) 0.66 1.0 (0.9 – 1.0) 0.98

Spot sign 3.4 (1.4 – 8.2) 0.01 4.0 (1.3 – 12) 0.02

Time CTA to surgery, hours 1.0 (0.9 – 1.0) 0.83 0.9 (0.8 – 1.0) 0.41

Procedure time, hours 0.8 (0.5 – 1.2) 0.26 1.1 (0.6 – 1.8) 0.83

GCS = Glasgow Coma Scale; SBP = Systolic Blood Pressure; mL = Milliliter; ICH = Intracerebral Hemorrhage; 
IVH = Intraventricular Hemorrhage; CTA = CT Angiography

Table 3: Multivariable Analysis: Intra-operative and Post-operative Bleeding

Variable

Intra-operative bleeding Post-operative bleeding

Odds Ratio
(95% CI)

P-value
Odds Ratio

(95% CI)
P-value

Age 1.0 (0.9 – 1.0) 0.93 1.0 (0.9 – 1.1) 0.56

Sex (female) 1.7 (0.7 – 4.2) 0.25 6.9 (1.7 – 37) 0.01

Antiplatelet N/A — 4.6 (1.2 – 21) 0.04

Warfarin 0.8 (0.2 – 2.7) 0.76 N/A —

Time CTA to surgery, hours 1.0 (0.9 – 1.0) 0.94 1.0 (0.7 – 1.0) 0.70

Spot sign 3.4 (1.3 – 9.0) 0.01 4.1 (1.1 – 17) 0.04

N/A = Not applicable; CTA = CT Angiography
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Active Bleeding and Case Fatality

Intra-operative bleeding was not associated with in-hospital (OR 0.9; 95%CI 0.3 – 2.3) 
or 3-month case fatality (OR 0.8; 95%CI 0.3 – 1.9). Unsuccessful hematoma removal and 
post-operative re-bleeding were associated with discharge case fatality (OR 3.4; 95%CI 
1.1 – 11) and a trend toward signifi cance was found for the association with 3-month 
case fatality (OR 2.9; 95%CI 0.9 – 8.8).

DISCUSSION

This study demonstrates that the CTA spot sign marks active bleeding in patients with 
spontaneous ICH. Patients with a spot sign have more intra-operative bleeding, more 
post-operative re-bleeding, and larger residual ICH volumes. Our results may therefore 
help select patients for future clinical trials of surgical evacuation in patients with spon-
taneous ICH.

Multiple studies published over the past decade demonstrate that the spot sign is a 
robust radiographic marker of hematoma expansion and poor clinical outcome.7,10 Its 
frequency in our cohort (34%) is in line with previous observations, as the spot sign 
is more commonly seen in individuals with larger hematomas.9,10,12,15 Those are also 
the very patients who are more likely to undergo hematoma evacuation. Its frequent 
appearance and strong correlation with intra- and post-operative bleeding highlight 
its potential not only for diagnosis and prognosis, but also as a tool for treatment 
stratifi cation. This could open a path for clinical trial design with guided interventions 
based on neuroimaging. Currently, the spot sign is already in use to select patients for 
treatment with recombinant factor VIIa in two ongoing trials (SPOTLIGHT [ClinicalTrials.
gov #NCT01359202] and STOP-IT [ClinicalTrials.gov #NCT00810888]), and is the subject 
of an ancillary study of ATACH–II, a clinical trial of intensive blood pressure reduction.16

The spot sign is generally assumed to represent contrast leakage from small vessels 
within and surrounding the hematoma, but little is known about its biological underpin-
nings.7 The mechanism proposed is active extravasation of contrast following peripheral 
bolus injection, visualizing active – continued – bleeding.17 This is supported by the 
observations that anticoagulation use and possession of the Apolipoprotein E ε2 allele 
are associated with spot sign presence, linking it to longer bleeding times and increased 
vasculopathic changes leading to vessel fragility and rupture.12,18,19 Other theories 
include pseudoaneurysms, micro-dissections, and Charcot-Bouchard aneurysms.8,20 
Our results provide pathological support for the hypothesis that the spot sign indeed 
represents active bleeding.
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The two negative STICH trials add to the continuing debate regarding which patients – if 
any – to select for early hematoma evacuation.6,21 A possible explanation for the neutral 
results comes from the numerous crossovers from conservative treatment to surgery 
(21% in STICH II), as treatment eff ect was analyzed according to an intention-to-treat 
design.6 In addition, two large meta-analyses have shown a positive eff ect in favor of 
surgery in specifi c subgroups, even with the inclusion of STICH II.4-6 Informed patient 
selection may therefore be of pivotal importance, and the spot sign off ers the promise 
of providing a novel selection tool for future surgical trials.

Our results raise the concern that patients with a spot sign have more intra- and post-
operative bleeding and larger residual ICH volumes compared to those without a spot 
sign. This suggests that such patients are at higher risk of sustaining a complication 
from surgery. Although the absolute diff erence is 21% for the composite endpoint, it 
signifi cantly impacts discharge case fatality. Consequently, those without a spot sign 
may be the optimal surgical candidates that achieved hemostasis, and for whom evacu-
ation will be least complicated. On the other hand, patients with a spot sign have worse 
prognosis and higher risk of hematoma expansion.8-10,22 Indeed, in-hospital case fatality 
among spot sign positive patients was 41% in a large retrospective study of ICH patients 
who did not undergo hematoma evacuation (compared to 28% in our cohort).22 It may 
therefore be that the benefi ts of surgery outweigh the risks in patients with a spot sign. 
That ICH patients with spot signs tend to have larger ICH volumes9,10,12,15, theoretically 
provides further rationale for decompression of the hematoma, given the strong rela-
tionship between ICH volume and outcome.23 Finally, it may simply be that spot sign 
presence can alert the neurosurgical team to those patients requiring extra eff ort to en-
sure meticulous hemostasis before concluding the procedure. Therefore, patients with a 
spot sign may benefi t most from surgical intervention but simultaneously they are also 
at higher risk of intra- and post-operative bleeding. Intra-operative administration of 
antifi brinolytic drugs or recombinant factor VIIa combined with meticulous hemostasis 
before fi nalizing the procedure may reduce these bleeding complications. Future clini-
cal trials are warranted to test this hypothesis.

The robustness of our results is driven by its two-center design, the relatively large sam-
ple size for a surgical study, and the blinded assessment of CTA and outcome measures. 
Yet, our study is limited by the number of missing CTAs in patients undergoing surgery, 
and the fact that the surgeons may have been aware of the presence of the spot sign on 
CTA at the time of surgery. Given that most patients underwent surgery before the spot 
sign became routinely described in the radiology reports at our two centers, we suspect 
it is unlikely that the surgical teams used it in any way for clinical decision-making at the 
time of surgery.
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In the current study we show that the CTA spot sign is a common fi nding in patients who 
undergo hematoma evacuation for spontaneous ICH. The spot sign is associated with 
more intra-operative bleeding, more post-operative re-bleeding, and larger residual 
ICH volumes in these patients, consistent with its representation of active bleeding. Our 
results may help select patients for future surgical trials in ICH.

REFERENCES

 1. van Asch CJ, Luitse MJ, Rinkel GJ, van der Tweel I, Algra A, Klijn CJ. Incidence, case fatality, and 
functional outcome of intracerebral haemorrhage over time, according to age, sex, and ethnic 
origin: a systematic review and meta-analysis. Lancet Neurol 2010;9:167-176.

 2. Da Pian R, Bazzan A, Pasqualin A. Surgical versus medical treatment of spontaneous posterior 
fossa haematomas: a cooperative study on 205 cases. Neurol Res 1984;6:145-151.

 3. van Loon J, Van Calenbergh F, Goffi  n J, Plets C. Controversies in the management of spontane-
ous cerebellar haemorrhage. A consecutive series of 49 cases and review of the literature. Acta 
Neurochir (Wien) 1993;122:187-193.

 4. Prasad K, Mendelow AD, Gregson B. Surgery for primary supratentorial intracerebral haemor-
rhage. Cochrane Database Syst Rev 2008;(4):CD000200.

 5. Gregson BA, Broderick JP, Auer LM, Batjer H, Chen XC, Juvela S, et al. Individual patient data sub-
group meta-analysis of surgery for spontaneous supratentorial intracerebral hemorrhage. Stroke 
2012;43:1496-1504.

 6. Mendelow AD, Gregson BA, Rowan EN, Murray GD, Gholkar A, Mitchell PM, et al. Early surgery ver-
sus initial conservative treatment in patients with spontaneous supratentorial lobar intracerebral 
haematomas (STICH II): a randomised trial. Lancet 2013;382:397-408.

 7. Brouwers HB, Goldstein JN, Romero JM, Rosand J. Clinical applications of the computed tomog-
raphy angiography spot sign in acute intracerebral hemorrhage: a review. Stroke 2012;43:3427-
3432.

 8. Wada R, Aviv RI, Fox AJ, Sahlas DJ, Gladstone DJ, Tomlinson G, et al. CT angiography “spot sign” 
predicts hematoma expansion in acute intracerebral hemorrhage. Stroke 2007;38:1257-1262.

 9. Goldstein JN, Fazen LE, Snider R, Schwab K, Greenberg SM, Smith EE, et al. Contrast extravasa-
tion on CT angiography predicts hematoma expansion in intracerebral hemorrhage. Neurology 
2007;68:889-894.

 10. Demchuk AM, Dowlatshahi D, Rodriguez-Luna D, Molina CA, Blas YS, Dzialowski I, et al. Prediction 
of haematoma growth and outcome in patients with intracerebral haemorrhage using the CT-
angiography spot sign (PREDICT): a prospective observational study. Lancet Neurol 2012;11:307-
314.

 11. Wojcik NC, Huebner WW, Jorgensen G. Strategies for using the National Death Index and the 
Social Security Administration for death ascertainment in large occupational cohort mortality 
studies. Am J Epidemiol 2010;172:469-477.

 12. Delgado Almandoz JE, Yoo AJ, Stone MJ, Schaefer PW, Goldstein JN, Rosand J, et al. Systematic 
characterization of the computed tomography angiography spot sign in primary intracerebral 
hemorrhage identifi es patients at highest risk for hematoma expansion: the spot sign score. 
Stroke 2009;40:2994-3000.



194 Chapter 12

 13. Morgan T, Awad I, Keyl P, Lane K, Hanley D. Preliminary report of the clot lysis evaluating acceler-
ated resolution of intraventricular hemorrhage (CLEAR-IVH) clinical trial. Acta Neurochir Suppl 
2008;105:217-220.

 14. Mould WA, Carhuapoma JR, Muschelli J, Lane K, Morgan TC, McBee NA, et al. Minimally invasive 
surgery plus recombinant tissue-type plasminogen activator for intracerebral hemorrhage 
evacuation decreases perihematomal edema. Stroke 2013;44:627-634.

 15. Becker KJ, Baxter AB, Bybee HM, Tirschwell DL, Abouelsaad T, Cohen WA. Extravasation of ra-
diographic contrast is an independent predictor of death in primary intracerebral hemorrhage. 
Stroke 1999;30:2025-2032.

 16. Goldstein J, Brouwers H, Romero J, McNamara K, Schwab K, Greenberg S, et al. SCORE-IT: the Spot 
Sign score in restricting ICH growth – an ATACH-II ancillary study. J Vasc Interv Neurol 2012;5:20-
25.

 17. Dowlatshahi D, Hogan MJ, Sharma M, Stotts G, Blacquiere D, Chakraborty S. Ongoing bleeding in 
acute intracerebral haemorrhage. Lancet 2013;381:152.

 18. Brouwers HB, Biffi   A, McNamara KA, Ayres AM, Valant V, Schwab K, et al. Apolipoprotein E Geno-
type Is Associated With CT Angiography Spot Sign in Lobar Intracerebral Hemorrhage. Stroke 
2012;43:2120-2125.

 19. Greenberg CH, Frosch MP, Goldstein JN, Rosand J, Greenberg SM. Modeling intracerebral hemor-
rhage growth and response to anticoagulation. PLoS One 2012;7:e48458.

 20. Huynh TJ, Keith J, Aviv RI. Histopathological characteristics of the “spot sign” in spontaneous 
intracerebral hemorrhage. Arch Neurol 2012;69:1654-1655.

 21. Mendelow AD, Gregson BA, Fernandes HM, Murray GD, Teasdale GM, Hope DT, et al. Early surgery 
versus initial conservative treatment in patients with spontaneous supratentorial intracerebral 
haematomas in the International Surgical Trial in Intracerebral Haemorrhage (STICH): a ran-
domised trial. Lancet 2005;365:387-397.

 22. Delgado Almandoz JE, Yoo AJ, Stone MJ, Schaefer PW, Oleinik A, Brouwers HB, et al. The spot 
sign score in primary intracerebral hemorrhage identifi es patients at highest risk of in-hospital 
mortality and poor outcome among survivors. Stroke 2010;41:54-60.

 23. Broderick JP, Brott TG, Duldner JE, Tomsick T, Huster G. Volume of intracerebral hemorrhage. A 
powerful and easy-to-use predictor of 30-day mortality. Stroke 1993;24:987-993.



CTA Spot Sign Predicts Intra-operative Bleeding 195

12

CT angiography 
available 

  
n = 113 

Sufficient scan quality 
and surgery < 24 hours 

of CTA 
  

n = 95 

No difference in cohort 
characteristics (all p > 0.20) 

Hematoma evacuation 
for spontaneous 

intracerebral 
hemorrhage 

  
n = 186 

18 excluded due to: 
o Withdrawal of care 

before surgery
o Insufficient CT 

quality
o Surgery >24 hours 

of CTA

73 excluded due to: 
o No CTA available 
o Insufficient number 

of scan slices
o MRI only

No difference in cohort 
characteristics (all p > 0.20) 

Supplementary Figure: Cohort Flowchart
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ABSTRACT

Background and Purpose

The ATACH-II trial is designed to evaluate whether intensive blood pressure reduction 
can reduce hematoma growth and improve outcome. However, it is diffi  cult to deter-
mine, at presentation, which patients are at highest risk of ongoing bleeding, and will 
receive the most clinical benefi t from blood pressure therapy. It may be that improved 
predictive markers will lead to effi  cient, personalized selection of optimal therapy. We 
hypothesize that specifi c imaging fi ndings on CT angiography (CTA) and MRI will mark 
those patients who receive the most benefi t from intensive blood pressure reduction.

Methods

Many patients enrolled in ATACH-II will undergo CTA and/or MRI as part of routine clini-
cal care. We will perform a blinded analysis of these images. For CTA, we will determine 
the presence of contrast pooling (also termed contrast extravasation, or the “Spot Sign”). 
In addition, we will calculate a Spot Sign Score, a score that includes number of spot 
signs, diameter, and contrast density. For MRI, we will focus on the presence, number, 
and location of cerebral microbleeds (CMBs) on sensitive T2*-weighted MRI sequences.

Results

We will test the hypothesis that patients with a Spot Sign will receive clinical benefi t 
from intensive blood pressure reduction. In addition, we will determine whether pa-
tients with the highest Spot Sign Scores receive the most benefi t from intensive blood 
pressure reduction. Finally, we will determine whether the absence of CMBs marks those 
at higher risk for hematoma expansion, and therefore more likely to benefi t from treat-
ment.

Conclusions

This ancillary study off ers the tremendous opportunity to determine whether imaging 
fi ndings can risk stratify ICH patients for acute therapies aimed at limiting hematoma 
growth.
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INTRODUCTION

As many as 30 to 40% of patients with ICH experience ongoing bleeding and clinically 
signifi cant expansion of their ICH volume after presentation.1,2. Proposed theories for he-
matoma expansion include 1) secondary bleeding at the periphery of the hemorrhage3,4 
2) potentiation of hemorrhage by fi brin degradation products and plasmin exuded from 
the clot5,6 and 3) continued bleeding from the primary ruptured vessel 7. It appears that 
the earlier patients present, the more likely they are to experience ongoing bleeding 
and hematoma expansion8-11.

Because the fi nal size of the hematoma plays such a large role in prognosis8,12-14 and 
hematoma expansion independently worsens outcome14, prevention of this expansion 
has become a key target for novel acute treatments for ICH. Placebo-controlled trials of 
activated recombinant factor VII (fVIIa)15-19 demonstrated reductions in hematoma ex-
pansion, but without consistent benefi t on patient outcome19,20. Phase II studies of early 
intensive antihypertensive treatment have also demonstrated an eff ect on hematoma 
expansion, but once again, without clear gains for patients21,22.

One major challenge has been determining which patients will continue to bleed and 
are at risk for worsened disability or death. Accurate prediction of an individual’s risk 
would allow anti-expansion treatments to be applied specifi cally to those with the 
potential to benefi t. This development would result in two major improvements: (A) 
increased effi  ciency of subject selection for future clinical trials, and (B) avoiding the 
risks of potentially toxic agents (both in clinical trials and in future clinical practice) for 
those with no chance of benefi t.

A number of groups have examined which patients are at highest risk of expansion. One 
clinical feature is early time from symptom onset; the sooner patients undergo base-
line CT scan, the more likely it is that a follow-up CT scan will demonstrate hematoma 
growth2,10,22. Other features include larger hematoma volumes and APOE genotype11,23. 
Unfortunately, larger hematoma volumes are also associated with such poor neurologic 
status that such patients cannot be enrolled in clinical trials, and genotyping is not cur-
rently available in the acute setting. Therefore, there is a need for an improved ability to 
mark, in the acute setting, those patients with a reasonable neurologic status on arrival 
that are at risk of ongoing bleeding and deterioration.

Neuroimaging may provide a tool for such risk stratifi cation. CT angiography, or CTA, is 
commonly performed in patients with ICH to evaluate for underlying secondary causes, 
with a relatively high yield and good safety profi le24,25. The presence of intrahematomal 
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contrast on these studies appears to represent contrast extravasation and ongoing 
bleeding (Figure 1)26,27. This fi nding has been termed the “spot sign” and its value has 
been replicated in several cohorts for prediction of both hematoma expansion and 
worse outcome28-32. In addition, it appears that patients with more spot signs, larger 
diameter, and higher signal intensity show even higher rates of expansion and worse 
outcome31,33. This fi nding led to the development of the Spot Sign Score34 (Tables 1 and 
2). It may be that higher score marks those at highest risk who will benefi t the most from 
therapies aimed at limiting ongoing bleeding.

In addition, it is possible that the patient’s underlying pathophysiology infl uences risk of 
expansion. Not only does APOE genotype infl uence risk, but one group has found that 
the pattern of cerebral microbleeds (CMBs) on MRI may mark small vessel disease and 
risk of expansion35. The number and spatial distribution of CMB can indicate both the 
type of underlying small vessel disease (hypertensive vasculopathy vs. cerebral amyloid 
angiopathy) and key aspects of small vessel structure (thin vs. thick vessel walls)4. It may 
be that the vessel characteristics (such as wall thinning) that promote “macrobleeds” 

Table 1: The Spot Sign Score

Spot Sign Characteristic Points

Number of spot signs

1 – 2 1

≥3 2

Maximum axial dimension

1 – 4 mm 0

≥5 mm 1

Maximum attenuation

120 – 179 HU 0

≥180 HU 1

Table 2: Spot Sign Score predicts hematoma expansion and outcome

Spot sign score Risk of expansion Increased volume 
(mL)

% change in 
volume

Likelihood of good 
outcome

0 (n = 296) 2% 11 (2 – 19) 39 (10 – 140) 54%

1 (n = 18) 33% 9 (3 – 22) 21 (5 – 38) 34%

2 (n = 18) 50% 9 (3 – 18) 39 (16 – 128) 22%

3 (n = 18) 94% 21 (5 – 80) 68 (10 – 448) 18%

4 (n = 17) 100% 36 (6 – 136) 72 (13 – 293) 9%

Continuous variables presented as mean (range). Good outcome defi ned as modifi ed Ranking Scale 0 – 3.
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rather than CMBs also predispose to ongoing bleeding leading to hematoma expansion. 
While the application of CMB detection to assessing risk of ICH expansion remains to 
be established and validated (among the goals of SCORE-IT), it off ers the exciting pos-
sibility of using another readily available clinical neuroimaging procedure to provide 
independent and complementary prediction of ICH expansion, response to treatment, 
and ICH pathophysiology.

The SCORE-IT ancillary study off ers the tremendous opportunity to leverage the work 
being done by the ATACH-2 team to address these important questions. We will capture 
imaging data performed as part of routine care to determine whether this data can 
identify those ICH patients most likely to expand and most likely to benefi t from blood 
pressure reduction. Specifi c Aims are as follows:

Specifi c Aim 1: To validate the Spot Sign Score as a predictor of hematoma expansion 
across the wide range of centers enrolling in ATACH-2.

Specifi c Aim 2: To determine whether Spot Sign Score predicts clinical benefi t received 
from aggressive blood pressure reduction in ATACH-2.

Specifi c Aim 3: To determine whether the absence of MRI-detectable microbleeds is as-
sociated with hematoma expansion and clinical benefi t received from aggressive blood 
pressure reduction in ATACH-2.

Figure 1: CT scans of an 83 year old woman with acute onset of left sided weakness. A, Unenhanced CT 
with a right fronto-parietal hemorrhage. B, CT angiogram showing normal cerebral vascular enhancement 
and punctate foci of intrahematomal contrast (one shown by arrow) with no clear vascular source. C, 
Unenhanced CT performed one hour later showing evidence of hematoma expansion. (Reprinted from 
Delgado Almandoz et al, with permission)
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METHODS

SCORE-IT is a prospective observational study nested within the ATACH-2 randomized 
controlled clinical trial. As part of this design, no additional workload was imposed upon 
sites; neither CTA nor MRI could be mandated, as this would risk interfering with enroll-
ment. This design therefore leverages the existing workload for ATACH-2, promising 
insight into neuroimaging biomarkers of ICH expansion and response to blood pressure 
lowering, without aff ecting the execution of the parent study.

Inclusion criteria for the overall SCORE-IT study are 1.) Enrollment in ATACH-2; 2.) CTA 
performed as part of standard care during hospitalization; 3.) MRI with T2*-weighted 
GRE sequences performed at any point during hospitalization. Figure 2 shows the study 
design.

Data to be collected as part of SCORE-IT include: CTA imaging data, imaging parameters 
used for CTA acquisition, brain MRI(s) performed during initial hospitalization, and imag-
ing parameters used for MRI acquisition.

24 hour head CT to 
evaluate expansion 

Figure 2: Schema for ATACH-2 with boxes in grey indicating where imaging required for SCORE-IT will be 
performed.
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The primary analysis for Aims 1 and 2 will include only those CTAs performed prior to 
or concurrently with enrollment, from centers that perform CTA routinely for the emer-
gency evaluation of ICH. However, secondary analyses will include CTAs performed at 
centers that do not do them routinely, as well as CTAs performed after enrollment. These 
analyses will explore whether Spot Signs are detected later in hospital course, and their 
predictive ability. Imaging will be reviewed centrally. The primary analysis for Aim 3 will 
include the fi rst T2*-weighted MRI performed during hospitalization (if any) for ATACH-2 
patients. Microbleeds (CMBs) will be identifi ed according to criteria proposed by the 
Microbleed Study Group.4,36

Data management and analysis will be performed in coordination with the Data Coordi-
nation Unit (DCU) in the Division of Biostatistics and Epidemiology at Medical University 
of South Carolina. Based on our preliminary studies, if 300 patients in ATACH-II undergo 
CTA, we expect to have 80% power to detect a 30% increase in the proportion of spot+ 
patients who have a good neurologic outcome due to antihypertensive therapy. If 600 
patients, we will have 80% power to detect a 20% increase.

Overall, the SCORE-IT ancillary study will leverage the tremendous strength and breadth 
of the ATACH-2 trial to answer important questions regarding the value of neuroimaging 
in predicting hematoma expansion. In addition, we hope to demonstrate that imaging 
fi ndings such as Spot Signs can be used in clinical practice to stratify patients for acute 
therapies such as intensive blood pressure reduction.
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GENERAL DISCUSSION

In this Ph.D. thesis, ‘Continued bleeding following acute intracerebral hemorrhage’, we 
have examined risk factors for, and the underlying biology of, ongoing bleeding follow-
ing acute ICH. Focusing in particular on the tool of CT angiography (CTA), these studies 
have generated several important observations that can guide the design of the next 
generation of clinical trials of novel ICH treatments that are targeted at the attenuation 
of hematoma expansion.

ICH is a major public health concern desperately in need of eff ective treatments. Be-
cause hematoma expansion is the only modifi able predictor of poor outcome, attenuat-
ing expansion is the common ground for recent, current, and future clinical trials.1-6 It 
is an attractive endpoint for clinical trials, due to its tight correlation with case fatality 
and the potential to intervene prior to its occurrence.7,8 However, with the phase III 
recombinant factor VIIa2 (rFVIIa – trail acronym FAST) and INTERACT26 trials missing 
their primary outcome measures (death or major disability as defi ned by the modifi ed 
Rankin Scale), better techniques for identifying those patients whose ongoing bleeding 
is substantial enough to worsen outcome are warranted.9 One strategy, selecting only 
those patients presenting shortly after their symptom onset (<4 hours for FAST and <6 
hours for INTERACT2), excludes the majority of ICH patients as shown in chapter 10. 
The important next step is therefore to leverage superior selection methods, including 
novel neuroimaging techniques and more advanced risk stratifi cation tools so that all 
ICH patients with severe ongoing bleeding can be effi  ciently identifi ed.

As described in this thesis, the CT angiography (CTA) spot sign has the potential to be 
a swift, cheap, non-invasive, and safe way of assessing expansion risk in the acute set-
ting of ICH (chapters 3, 4, and 6 through 11). The Prediction of Haematoma Growth and 
Outcome in Patients with Intracerebral Haemorrhage Using the CT Angiography Spot Sign 
(PREDICT) study confi rmed the fi ndings from previous retrospective studies and showed 
a strong association (relative risk, 2.3 [95%CI, 1.6 – 3.1]) between spot sign and the oc-
currence of signifi cant hematoma expansion, defi ned as >6 mL or >33% from baseline 
ICH volume.10 PREDICT also confi rmed the prior described association with 3-month 
case fatality (hazard ratio was 2.4 [95%CI, 1.4 – 4.0]).10 With its positive predictive value 
of 0.62 the spot sign is a better predictor than early presentation with an expansion 
incidence rate of approximately 40%.11 Thus, the spot sign is a more inclusive measure 
of ongoing bleeding and, most importantly, applicable to all-comers and not only to 
the minority of patients presenting within 4 – 6 hours of their symptom onset (chapter 
10). Nevertheless, the spot sign’s predictive value is still imperfect and refi ning the spot 
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sign and identifi cation of more accurate predictors of hematoma expansion thus should 
remain fundamental research priorities for the future.12

A fi rst attempt to further enhance the adequate selection of patients at highest risk of 
expansion is the development of a 9-point prediction score for expansion, as described 
in chapter 11 of this thesis. For patients with a high prediction score (4 – 9; 30% of 
all patients), the incidence rate of expansion was 36% in the development cohort and 
32% in the validation cohort, respectively. Critics would argue that these rates are not 
necessarily higher than early presentation as surrogate for expansion, but the major dif-
ference is the inclusion of ICH patients irrespective of the time elapsed from symptom 
onset. Reaching expansion incidence rates of 32 – 36% in non-selected ICH patients is 
substantial and would more than double the pool of potential patients eligible for future 
clinical trials aimed at the arrest of expansion (chapter 10). In addition, by changing the 
cut-off  above which patients are considered to be at high risk, the incidence rate further 
increases (to >50%), but at the cost of a lower sensitivity.

By the superior selection of those patients most likely to expand, clinical trials will also 
be more likely to show a benefi t for treatments aimed at the arrest of expansion. A lesson 
learned from the FAST trial is that any potential benefi t of treatment must be balanced 
against harms. In the rFVIIa trial, the increased rate of arterial thromboembolic compli-
cations in the treatment arm most likely caused the trial to miss its primary endpoint, 
even though expansion was reduced as compared to the placebo arm.1,2 With only a 
low overall frequency of expansion, the vast majority of enrolled patients were exposed 
to the risks of the drug without having any potential to benefi t. Following this rational, 
for treatments with both presumed benefi t as well as signifi cant risks, treatment selec-
tion should focus on including only those individuals at highest risk for the testable 
phenotype (i.e. hematoma expansion), in order to show a positive eff ect. Better patient 
selection is therefore paramount to enrich the pool of patients participating in clinical 
trials. In addition, enriching the cohort with patients most likely to benefi t would likely 
increase the absolute diff erence between the treatment and control groups, decreasing 
the necessary study sample size.

Despite the described advances in the fi eld and the improved ability to prognosticate 
expansion, several challenges remain in targeting hematoma expansion in both re-
search and clinical care that will need to be addressed before successful translation into 
improved clinical outcomes.

First, a challenge remains to select the conditions under which prevention of expansion 
improves clinical outcomes, as those patients at highest risk for expansion may have poor 
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outcomes even if expansion is fully prevented. This concern is raised by the observation 
that the main risk factors for hematoma expansion, such as baseline ICH volume and 
anticoagulation use, also independently worsen ICH outcome (chapter 3).13-16 Reduc-
ing expansion therefore does not necessarily translate into a one-to-one improvement 
of functional outcome. Our poor ability to reverse these accompanying factors might 
be (another) explanation for the negative FAST results.2 This consideration raises the 
possibility that treatments that go beyond preventing expansion, potentially including 
(minimally-invasive) surgical hematoma evacuation or neuroprotective agents to sal-
vage damaged brain tissue, may be required for demonstrably improved ICH outcomes.

Second, recent results from the INTERACT2 trial showed a borderline signifi cant eff ect 
of intensive blood pressure reduction in reducing the rate of poor functional outcome.6 
However, the supplementary materials reveal an almost equal distribution of signifi cant 
hematoma expansion between the two treatment groups. More detailed, only a 1.4 mL 
absolute or 4.5% relative decrease in expansion was observed.6 This either means that 
blood pressure lowering is not the top strategy to prevent expansion and thus improve 
functional outcomes, or that there are other mechanisms by which blood pressure 
lowering aff ects morbidity and mortality. Potential - thought-provoking - explanations 
include neuroprotection, prevention of edema formation, or the impediment of hyper-
tensive encephalopathy.

Third and last, is the fundamental understanding of the biological mechanism underly-
ing hematoma expansion and ICH pathogenesis in general. By better understanding 
what leads to hematoma expansion and how the actual bleeding arises, prognostication 
and eff ective trial design may become more straightforward. As hematoma formation 
is a dynamic process, heavily infl uenced by timing of imaging, as the cascade of injury 
already starts at the rupture of the fi rst single (diseased) vessel. This process continues 
until visualized by the fi rst available scan, continues afterwards, and is then labeled 
as hematoma expansion on the follow-up CT. We therefore presumably only capture 
the tail end of the distribution of when the hemorrhage became a ‘macrobleed’.17 By 
understanding the underlying processes, new specifi c treatments may arise to treat 
our ICH patients at earlier time points. In addition, and maybe even more importantly, 
preventive research will also benefi t from this eff ort.

Although some of the challenges described are currently unsolved, hematoma expan-
sion remains our only modifi able treatment target to potentially improve patient out-
comes. The latter is fundamental, as still no phase III clinical trial carried out in primary 
ICH patients has met its primary endpoint. The last 10 – 15 years, however, signifi cant 
progress has been made to better visualize, understand, predict, and potentially treat 
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expansion, which remains a captivating therapeutic target for ICH clinical care and 
future trials.

Another potential next step for the fi eld of ICH treatment include medical clinical trials 
with risk-stratifi ed enrollment focused on those patients at highest risk of hematoma 
expansion. The Spot sign and Tranexamic acid On Preventing ICH growth – AUStralasia 
Trial (STOP-AUST) is such a study, evaluating the role of intravenous tranexamic acid for 
the prevention of hematoma expansion in spot sign positive patients.18 An alternative 
direction is the enrollment for more aggressive treatments as surgical evacuation driven 
by CTA spot sign status. Minimally-Invasive Surgery and rt-PA in ICH Evacuation (MISTIE) 
currently assesses the role of minimally-invasive surgical techniques to reduce hema-
toma volumes, perihematomal edema, and to improve functional outcome.19,20 With 
STICH II being a negative trial, the hopes for a surgical treatment for ICH are currently 
focused on MISTIE.21 Our results, however, underscore the importance of evaluating the 
CTA spot sign within this patient population due to its association with active intra- and 
post-operative bleeding (chapter 12), something that is currently not done. Patients 
with a spot sign may still benefi t most from surgical intervention, but intra-operative 
administration of antifi brinolytic drugs or rFVIIa combined with meticulous hemostasis 
before fi nalizing the procedure may be needed to reduce the bleeding complications 
and improve functional outcome. The spot sign may therefore provide additional infor-
mation to improve the selection of patients for future surgical trials. A last future step 
includes the further refi nement of the spot sign as selection tool for trial enrollment. This 
technical optimization of the spot sign as marker of continued bleeding may increase its 
sensitivity to include an even increased number of expanders.

An additional consideration for future research includes a potential paradigm shift 
needed to develop treatments for the remainder of ICH patients, those who do not 
expand. By providing those patients with a benefi cial treatment, a signifi cant impact on 
outcomes could be achieved, as still only up to 40% of ICH patients expand.11 Although 
being an attractive theoretical strategy, the risk-benefi t ratio easily fl ips as a considerable 
number of patients have relatively good outcomes regardless of any intervention. When 
implementing an invasive, toxic, or otherwise harmful treatment the chance of actually 
improving outcomes becomes slim. An opportunity may lie in neuroprotective agents, 
but the acute ischemic stroke literature does not provide plenty of encouragement. 
Moreover, in ICH with its high baseline mortality and disability rates, neuroprotection 
may seem like long shot. Nevertheless, a phase I, dose-fi nding study of deferoxamine 
mesylate was shown to be well-tolerated and safe, and is currently tested in an ongoing 
phase II trial (HI-DEF; ClinicalTrials.gov NCT01662895).22,23
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Taking a look at the even bigger picture, prevention is of course the fundament of reduc-
ing ICH mortality. Although preventive strategies may carry a wider impact on ICH care 
across the globe, hemorrhages will continue to happen and patients will always remain 
in need of adequate acute treatments, so ideally the two paths of acute treatment and 
prevention should be combined to enhance ICH outcomes.

To conclude, in this thesis we have described the results of studies that have enhanced 
the understanding of the pathophysiology, genetic underpinnings, and risk factors of 
ongoing bleeding in ICH, and have clarifi ed the clinical applicability of the CTA spot sign 
as a neuroimaging measure of the active bleeding that results in hematoma expansion. 
With this improved comprehension the next phase of risk stratifi ed treatment trials is 
within reach. Through solid identifi cation of patients at highest risk of poor outcome, 
individualized medicine becomes the treatment of choice for trial design and clinical 
care in ICH. Patients at lowest risk of expansion and unlikely to benefi t from a given 
treatment may benefi t from supportive treatment in an ICU or stroke unit and avoiding 
the lethal side eff ects from other available therapies. On the other hand, those patients 
at highest risk and most likely to benefi t from halting their hematoma expansion can 
then be treated more aggressively, assuming that the benefi ts of the treatment out-
weigh its risks in this subselected ICH population. Both the CTA spot sign and a clinical 
prediction score have been discussed as potent selection tools. This paradigm has the 
thrilling potential to enter an individualized treatment phase for our ICH patients, a 
disease urgently in need of benefi cial therapies.
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SUMMARY IN ENGLISH

In this Ph.D. thesis, ‘Continued bleeding following acute intracerebral hemorrhage’, we have 
discussed the background literature, risk factors, and underlying biology of hematoma 
expansion, as well as the clinical applicability of the CT angiography (CTA) spot sign as 
an imaging marker of this continued bleeding.

Part I: Intracerebral hemorrhage, hematoma expansion and imaging markers

As discussed in depth in chapters 1 and 2, intracerebral hemorrhage (ICH) is a devastat-
ing disease accounting for 15% of all strokes, while disproportionally encompassing the 
majority of stroke deaths and disabilities. Up to today, no medical or surgical therapy has 
been shown to improve mortality and functional outcome in a randomized controlled 
trial. However, management in a stroke or neuroscience intensive care unit does appear 
to improve outcomes, suggesting that some available therapies do in fact provide ben-
efi t. Recent and ongoing trials are examining intensive blood pressure management, 
hemostatic therapy, and (minimally invasive) hematoma evacuation as potential treat-
ment options for ICH. Finally, preventing recurrence of ICH is of pivotal importance, and 
tight blood pressure management is paramount for secondary prevention.

While volume and location of the hematoma remain strong predictors of outcome, 
neither factor is modifi able at the time of diagnosis. Signifi cant hematoma expansion, 
however, occurs in up to 40% of patients, worsens outcome, and could theoretically 
be prevented. In chapter 3 we have described its pathophysiology and discussed the 
potential to attenuate hematoma expansion. This therapeutic strategy relies on accurate 
identifi cation of those patients at high risk of subsequent expansion. Chapter 4 consists 
of a review of available literature on the CTA spot sign, a robust radiographic marker 
of ongoing bleeding and predictor of the development of hematoma expansion and 
poor outcome. The spot sign as a biomarker for expansion is of great interest to both 
clinicians and researchers involved in ICH, because CTA is a non-invasive and rapidly 
available imaging modality in most hospitals. However, prior to initializing phase III ran-
domized clinical trials aimed at the restriction of hematoma expansion based on spot 
sign status, additional studies regarding the spot sign and its biological underpinnings 
were needed to assess its applicability within a broad ICH patient population.

Part II: Biology of hematoma expansion and the CT angiography spot sign

In chapter 5 and 6 we have summarized the results of two genetic association studies, 
linking the Apolipoprotein E (APOE) ε2 allele with hematoma expansion and spot sign 
presence in patients with ICH in the lobar brain regions. In previous histo-pathologic 
studies, the ε2 allele had predominantly been associated with vasculopathic changes 
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ultimately leading to rupture of the diseased vessels, whereas possession of the ε4 allele 
increased the severity of amyloid deposition within the vessel wall leading to larger 
vessel wall diameters without increased risk of rupture. Our observation that the APOE 
ε2 allele, and not ε4, is associated with expansion and spot sign presence is in line with 
those fi ndings.

These results support an ‘avalanche’ expansion model of cascading small vessel injury 
as proposed by Dr. C. Miller Fisher in the early 1970’s. Based on Dr. Fisher’s observation 
of multiple recently ruptured vessels at the periphery of serially sectioned hematomas, 
this model describes the process of hematoma expansion as secondary mechanical 
shearing of neighboring vessels caused by expansion of the initial hemorrhage. Ac-
cordingly, patients whose vascular walls have greater breakdown (those possessing the 
APOE ε2 allele) are more likely to harbor a severely damaged vessel near the location 
of the hematoma, which could rupture in response to the injury and lead to additional 
bleeding (i.e. hematoma expansion). In turn, patients with increased severity of vascular 
amyloid without extensive secondary vessel wall breakdown (APOE ε4 carriers) appear 
at no higher risk of expansion and spot sign presence.

Chapter 7 comprises a study of clinical and neuroimaging predictors of the CTA spot 
sign. Since ICH is often the acute manifestation of a chronic cerebral vasculopathy, we 
stratifi ed this analysis by the two most common underlying vascular pathologies (cere-
bral amyloid angiopathy and longstanding hypertension), using hemorrhage location as 
a surrogate for these vasculopathies. Our results showed that the most potent associa-
tions with spot sign – warfarin use and baseline ICH volume – are shared between deep 
(hypertension-related) and lobar (cerebral amyloid angiopathy-related) ICH, suggesting 
that ICH caused by diff erent vasculopathic processes share the same biologic features. 
The relationship between dementia and spot sign in lobar ICH, but not deep, suggests 
that ICH occurring in the context of more advanced cerebral amyloid angiopathy (which 
is associated with cognitive impairment) may be more likely to sustain prolonged bleed-
ing.

In chapter 8 we examined the value of spot sign in aneurysmal, rather than primary, 
intracerebral hemorrhage. In contrast to its strong association with poor functional out-
come and death in primary ICH, spot sign presence was not associated with functional 
outcome or death in patients with aneurysmal subarachnoid hemorrhage (SAH) with 
intraparenchymal extension. The observed frequency of spot signs was lower after an-
eurysmal SAH with intraparenchymal extension, as compared to primary ICH. Although 
we found no association between the spot sign and in-hospital or 90-day fatality in pa-
tients with aneurysmal SAH with intraparenchymal extension, we could not exclude the 
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possibility of confounding by indication caused by early surgical interventions. Further 
studies should focus on patients with a spot sign who are currently not treated with 
emergency hematoma evacuation. If in this subset of patients hematoma enlargement 
– as identifi ed by presence of a spot sign – occurs frequently and negatively infl uences 
outcome, patients with a spot sign may benefi t from earlier hematoma removal.

Part III: Predicting hematoma expansion and treatment stratifi cation

Chapter 9 describes a prospective validation study of the spot sign score, a 4-point 
score incorporating the number, maximum dimension, and maximum attenuation of 
spot signs to further dissect the predictive ability of the spot sign. This prospective 
validation confi rmed the strong stepwise correlation of the score with increased risk of 
hematoma expansion and poor functional outcome.

The natural history of hematoma expansion as well as the relationship of the spot sign 
with risk of hematoma expansion is relatively understudied in those ICH patients who 
present beyond 6 hours from symptom onset, and, in fact, make up the majority of indi-
viduals with ICH. To determine whether the spot sign might serve as a selection tool for 
clinical trials and acute treatment in these patients, we carried out a study assessing the 
accuracy of the spot sign in patients presenting beyond the 4 – 6 hours currently used 
for enrollment in acute treatment trials. The results of this analysis have been discussed 
in chapter 10. We have shown that while early presentation after ICH certainly is associ-
ated with a high risk of hematoma expansion, a substantial number of patients destined 
to expand present either in a delayed fashion or have an unknown time of symptom 
onset. The CTA spot sign accurately predicts hematoma expansion in all patients, includ-
ing those presenting late or with an unknown onset time. This observation may open 
a path to off er clinical trials and novel therapies to the many ICH patients that do not 
present acutely.

In order to improve the accuracy with which hematoma expansion can be predicted, 
we developed a prediction score for expansion following ICH, which is summarized in 
chapter 11. We included 817 patients in our development cohort and subsequently vali-
dated the generated 9-point score in an independent replication cohort of 195 patients. 
Warfarin use, shorter time to CT, baseline ICH volume, and the CTA spot sign were all 
predictive of signifi cant hematoma expansion. The incidence of hematoma expansion 
steadily increased with higher scores (0 – 9). The c-statistic for the score was 0.72 for 
the development cohort and 0.77 for the validation cohort. The major advantage of our 
prediction score is its applicability to all ICH patients regardless of time to presentation 
to the hospital, unlike the subset of patients presenting within the fi rst hours of symp-
tom onset who are currently being enrolled and treated in clinical trials. The developed 
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and validated prediction score allows for risk stratifi cation for hematoma expansion and 
opens a path for individualized treatment and trial design in ICH, aimed at patients at 
highest risk of hematoma expansion and maximum potential for therapeutic benefi t.

Crucial additional evidence supporting the hypothesis that the CTA spot sign indeed 
represents active bleeding has been discussed in chapter 12. We conducted a two-
center study of consecutive spontaneous ICH patients who underwent CTA followed by 
surgical hematoma evacuation. Active intra-operative bleeding, residual ICH volumes, 
and post-operative re-bleeding were evaluated in all patients. The CTA spot sign was 
shown to be associated with increased intra-operative bleeding and post-operative 
re-bleeding, as well as larger residual ICH volumes, consistent with its representation 
of active bleeding. In addition, unsuccessful hematoma removal and post-operative 
re-bleeding were associated with discharge case fatality and a trend toward signifi cance 
was found for the association with 3-month case fatality. These fi ndings may help select 
patients for future surgical trials in ICH.

In chapter 13 we have described an ongoing clinical trial in which the spot sign is being 
studied as a selection tool for acute medical treatment. The presented ‘Spot Sign Score In 
Restricting Intracerebral Hemorrhage Growth’ (SCORE-IT) protocol serves as the ground-
work for a stratifi ed analysis of the ongoing ‘Antihypertensive Treatment of Acute Cerebral 
Hemorrhage’ (ATACH-II) trial, assessing intensive blood pressure reduction within 4.5 
hours of ICH onset versus standard blood pressure treatment. For the SCORE-IT study, 
we hypothesize that patients with a spot sign will receive most benefi t from intensive 
blood pressure reduction following acute ICH. The results of this trial are underway and 
therefore outside the scope of this thesis.

Finally, the general discussion of this thesis was included in chapter 14. By better 
understanding the pathophysiology, risk factors, and clinical applicability of the spot 
sign as a visual representation of continued bleeding following ICH, we are entering 
an era in which patients at highest risk of hematoma expansion can be selected. By 
identifying those patients – irrespective of presentation time – who are most likely to 
continue to bleed after presentation to the hospital, a more individualized therapeutic 
strategy can be pursued. In addition, treatments could then become more aggressive 
as those patients are most likely to benefi t, which could in turn outweigh potential 
treatment risks. For example, recombinant factor VIIa showed no benefi t in unselected 
ICH patients, most likely because the vast majority of enrolled patients did not develop 
signifi cant hematoma expansion and thus were exposed to thromboembolic risks of the 
drug without any potential to benefi t. By selecting a high-risk population using clinical 
prediction models or a single strong predictor like the CTA spot sign, patients selected 
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for treatment are theoretically much more likely to benefi t. Moreover, patients at low 
risk of hematoma expansion would in turn not be needlessly exposed to the potential 
harms of medications or invasive procedures. With this approach, we have the tanta-
lizing opportunity to create an individualized and patient-based scheme to treat our 
ICH patients. This is of pivotal importance, since there is a pressing need for treatment 
options, as currently no proven medical or surgical therapies are available.

In conclusion, the studies included in this thesis show that in primary ICH; 1.) Hema-
toma expansion is common and preventable; 2.) Genetic, clinical, and neuroimaging 
predictors (termed the CTA spot sign) have been identifi ed that help comprehend the 
underlying biology of expansion; 3.) Selection of patients at highest risk of expansion 
is feasible. These fi ndings contribute to a better understanding and prediction of he-
matoma expansion, and could result in individualized treatment and trial design for 
patients with spontaneous ICH.
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NEDERLANDSE SAMENVATTING

Dit proefschrift, ‘Continued bleeding following acute intracerebral hemorrhage’, is het 
resultaat van mijn promotieonderzoek naar intracerebrale hersenbloedingen. De vraag-
stelling was enerzijds welke biologische factoren van invloed zijn op de duur van een 
hersenbloeding en anderzijds welke radiologische bevindingen een persisterende bloe-
ding en hematoomuitbreiding kunnen voorspellen en wat de klinische toepasbaarheid 
daarvan is voor de dagelijkse praktijk. Na een algemene inleiding en literatuuroverzicht 
in deel I (hoofdstuk 1 – 4), zijn in deel II (hoofdstuk 5 – 8) en deel III (hoofdstuk 9 – 14) 
de artikelen opgenomen over de wetenschappelijke studies die allemaal in het Mas-
sachusetts General Hospital, Harvard Medical School in Boston werden verricht, deels 
in samenwerking het Universitair Medisch Centrum Utrecht. De studies werden verricht 
bij in totaal meer dan duizend patiënten die daar tussen eind jaren ‘90 en 2013 werden 
opgenomen met een intracerebrale bloeding.

Deel I: Intracerebrale bloedingen, hematoom expansie en radiologische 
voorspellers

In hoofdstuk 1 en 2 wordt het ontstaan en de behandeling van acute intracerebrale 
bloedingen (Engels: acute intracerebral hemorrhage, afgekort ICH) besproken. Intrace-
rebrale bloedingen maken 15% uit van alle beroertes, de overige 85% zijn herseninfarc-
ten. Maar de intracerebrale bloedingen zijn verantwoordelijk voor een disproportioneel 
groot deel van de sterfte ten gevolge van een beroerte. De mortaliteit (sterfte) na één 
maand ligt rond de 40%. Na een jaar is 75% van de patiënten met een intracerebrale 
bloeding overleden of ernstig gehandicapt. Hiermee vormen de intracerebrale bloedin-
gen een belangrijk medisch probleem, niet in de laatste plaats omdat er tot op de dag 
van vandaag nog geen bewezen eff ectieve behandeling, operatie of medicijn beschik-
baar is. Wel is het zo dat patiënten die opgenomen worden op een gespecialiseerde 
neurologie of neurochirurgie afdeling een betere overleving hebben dan patiënten die 
dat niet zijn. Dit geeft aan dat sommige gecombineerde behandelingen wel degelijk 
eff ect hebben op de overleving van deze ziekte. Daarom zijn er meerdere recente en lo-
pende klinische trials die evalueren of het sterk verlagen van de bloeddruk, behandeling 
met sterke stollingsfactoren en minimaal invasieve chirurgische technieken bijdragen 
aan een betere overleving na een intracerebrale bloeding. Daarnaast is preventie is van 
groot belang, want voorkomen is nog altijd beter dan genezen. Dit kan onder andere 
worden gerealiseerd door goede bloeddrukcontrole.

De grootte (volume) van het hematoom bij opname en de locatie in het brein waar 
de bloeding zich bevindt, vormen tot op heden twee van de belangrijkste voorspel-
lers van de overleving en mate van handicap (functional outcome) van patiënten na 
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een intracerebrale bloeding. De locatie en grootte van het hematoom zijn echter een 
gegeven op het moment dat een patiënt arriveert in het ziekenhuis en zijn ook niet 
meer te beïnvloeden. Een derde belangrijke voorspeller is de uitbreiding of groei van 
de bloeding (hematoom expansie), die bij 40% van de patiënten voorkomt. Verschil-
lende studies hebben aangetoond dat deze hematoom expansie kan worden geremd 
of zelfs kan worden voorkomen, als deze tijdig wordt gediagnosticeerd of voorspeld. 
In hoofdstuk 3 wordt een literatuuroverzicht gegeven van de biologische achtergrond 
van hematoom expansie en de mogelijkheden om uitbreiding van de bloeding te 
voorkomen. Deze strategie berust op het tijdig en accuraat kunnen voorspellen welke 
patiënten secundair achteruit zullen gaan ten gevolge van hematoom expansie. Hoofd-
stuk 4 is een overzicht van de huidige literatuur over het CT-angiografi e ‘spot sign’, een 
belangrijke marker van actief bloeden en hematoom expansie. Het spot sign is te zien 
op een CT-angiografi e, een speciaal type hersenscan waarbij contrast wordt ingespoten 
om de bloedvaten goed in beeld te brengen. Dit contrast wordt in sommige gevallen 
gezien binnenin het hematoom (spot sign), wat betekent dat het contrast tijdens de 
angiografi e uit de bloedvaten is gelekt. Op die manier toont het actieve lekkage aan 
vanuit de bloedvaten naar de bloeding in het brein. Deze contrastlekkage (Engels: 
contrast extravasation) is sterk geassocieerd met hematoom expansie en een hogere 
mortaliteit. Door het goede voorspellende vermogen van het spot sign zijn veel clinici 
en onderzoekers zeer geïnteresseerd in deze biomarker, aangezien het een non-inva-
sieve en snelle manier is om patiënten te evalueren. Een CT-scan is bovendien in veel 
ziekenhuizen overal ter wereld beschikbaar. Klinische studies gericht op het voorkomen 
van hematoom expansie hebben tot nu toe geen positief resultaat opgeleverd. Daarom 
is het nodig om hematoom expansie, het spot sign en de onderliggende biologie van 
beide entiteiten beter te begrijpen. Daar is in dit proefschrift een poging toe gedaan.

Deel II: De onderliggende biologie van hematoom expansie en het CT-
angiografi e spot sign

In hoofdstuk 5 en 6 beschrijven we de resultaten van twee genetische associatiestu-
dies. Daarbij is gebleken dat bij patiënten met lobaire intracerebrale hematomen het 
Apolipoproteine E (APOE) ε2 allel geassocieerd is met hematoom expansie en het CT-
angiografi e spot sign. In eerdere histopathologische studies is het ε2 allel geassocieerd 
met vaatveranderingen in de kleine hersenvaten die kunnen leiden tot het zwakker wor-
den en uiteindelijk scheuren van de vaatwand. Het ε4 allel is daarentegen geassocieerd 
met amyloïd neerslag in de vaatwand, resulterend in een toegenomen vaatwanddikte 
zonder een verhoogde kans op vaatruptuur. Onze observatie dat het APOE ε2 allel wel, 
en het ε4 allel niet is geassocieerd met een grotere kans op hematoom expansie en het 
spot sign, komt overeen met deze bevindingen.
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Deze resultaten ondersteunen een theoretisch model van hematoom expansie (het 
zogenaamde lawinemodel), beschreven door Dr. C. Miller Fisher in de jaren ’70, waarbij 
een opeenvolging van vaatbeschadiging leidt tot steeds verdere uitbreiding van de 
bloeding. Bij pathologisch onderzoek van intracerebrale bloedingen vond Dr. Fisher 
dat er rondom het initiële hematoom recent geruptureerde vaatjes aanwezig waren. 
Hierop gebaseerd beschrijft zijn model een mechanisme van secundaire mechanische 
schade van omliggende vaten door de initiële bloeding. Door dit domino- of lawine-
eff ect groeit het hematoom door aanvullende schade aan de omliggende bloedvaten. 
Dienovereenkomstig zouden patiënten die al beschadigde en fragiele vaten hebben (de 
patiënten met het ε2 allel) een grotere kans hebben op een ruptuur van een of meer  
beschadigde vaatjes dichtbij de locatie van de oorspronkelijke bloeding, waardoor het 
hematoom zich blijft uitbreiden (hematoom expansie). Daarentegen zouden patiënten 
met verdikte bloedvaten door de neerslag van amyloïd zonder secundaire vaatschade 
en fragiliteit (patiënten met het ε4 allel), geen hoger risico hebben op hematoom ex-
pansie en de aanwezigheid van een spot sign op de hersenscan, zoals werd vastgesteld 
in dit onderzoek.

Hoofdstuk 7 bestaat uit een studie die kijkt welke klinische en radiologische kenmerken 
geassocieerd zijn met het CT-angiografi e spot sign. Aangezien intracerebrale bloedin-
gen vaak de acute manifestatie zijn van chronische schade aan de kleine bloedvaten 
van de hersenen, hebben we voor deze studie de data van 741 patiënten gestratifi ceerd 
(ingedeeld) aan de hand van de twee meest voorkomende onderliggende vaatafwij-
kingen: cerebrale amyloïd angiopathie en arteriosclerotische angiopathie ten gevolge 
van langdurige hypertensie. Hiervoor hebben we de locatie van het hematoom gebruikt 
als surrogaat voor deze onderliggende vaatschade, aangezien diepe bloedingen vaak 
het gevolg zijn van langdurige hypertensie en lobaire bloedingen (in een van de her-
senkwabben) meestal veroorzaakt worden door amyloïd angiopathie. Onze resultaten 
tonen aan dat bij beide patiëntgroepen (lobaire en diepe intracerebrale bloedingen) het 
gebruik van antistolling en een groter initieel hematoom een hoger risico geven op het 
optreden van een spot sign. Dit suggereert dat hematomen veroorzaakt door verschil-
lende typen vaatschade, overeenkomstige biologische kenmerken bezitten. Dementie 
gaat alleen in de groep met lobaire bloedingen gepaard met een hoger risico op een 
spot sign. Dit suggereert dat er bij lobaire intracerebrale bloedingen in combinatie met  
preexistente dementie (wat wijst op ernstige vaatschade door amyloid angiopathie), 
een hoger risico bestaat op hematoom expansie.

In hoofdstuk 8 hebben we onderzocht of het CT-angiografi e spot sign ook waarde 
heeft voor patiënten met een subarachnoïdale bloeding met intracerebrale uitbreiding 
van het hematoom. In tegenstelling tot de sterke associatie met een slechte functional 
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outcome bij patiënten met primaire intracerebrale bloedingen, was het spot sign niet 
geassocieerd met een slechtere prognose bij aneurysmale subarachnoïdale bloedingen 
met intracerebrale uitbreiding. De frequentie van voorkomen van het spot sign was ook 
lager vergeleken met primaire intracerebrale hematomen. Ondanks de afwezigheid van 
een associatie kunnen we niet uitsluiten dat zogenaamde ‘confounding by indication’ een 
rol heeft gespeeld. Dit zou veroorzaakt kunnen zijn door de vroege neurochirurgische 
interventies. Aanvullende studies zijn daarom nodig om te evalueren wat de waarde van 
het spot sign is bij patiënten die niet geopereerd worden in de acute fase. Als bij deze 
patiënten het spot sign frequent voorkomt en geassocieerd is met een slechte prognose, 
dan zou bij deze populatie eerder neurochirurgisch ingrijpen mogelijk geïndiceerd zijn.

Deel III: Het voorspellen van hematoom expansie en gestratifi ceerde 
behandelopties

Hoofdstuk 9 beschrijft een prospectieve validatie studie van de spot sign score. Dit is 
een 4-punts score die is gebaseerd op het aantal, de maximum dimensie en de maximale 
aankleuring van het spot sign. De score is bedoeld om de voorspellende waarde van het 
spot sign verder te specifi ceren. Deze prospectieve validatie studie bevestigt de sterke 
stapsgewijze correlatie van de score met zowel hematoom expansie als ook een slechte 
functional outcome.

Hoofdstuk 10 gaat in op het feit dat er nog weinig onderzoek is gedaan naar het natuur-
lijke beloop van hematoom expansie. Dit geldt ook voor de relatie tussen het spot sign 
en het risico op hematoom expansie bij patiënten die meer dan 6 uur na het ontstaan 
van de klachten arriveren in het ziekenhuis. De meeste klinische trials includeren nu al-
leen patiënten die binnen 4 tot 6 uur na het begin van de symptomen in het ziekenhuis 
worden opgenomen. Echter, meer dan de helft van alle patiënten met intracerebrale 
bloedingen is pas na meer dan 6 uur in het ziekenhuis. We hebben een studie gedaan 
om uit te zoeken of het spot sign ook bij deze groep patiënten een waardevolle selec-
tiemethode zou kunnen zijn voor klinische trials en snelle behandeling. De resultaten 
tonen dat mensen die snel arriveren nadat de symptomen zijn begonnen weliswaar een 
grotere kans hebben op hematoom expansie dan patiënten die na 6 uur arriveren (39% 
versus 11%), maar dat 48% van de patiënten wordt aangemeld buiten dit tijdsbestek of 
zonder duidelijk tijdstip waarop de symptomen zijn begonnen. Het spot sign blijkt een 
accurate voorspeller te zijn van hematoom expansie bij alle patiënten, dus ook bij de-
genen die later arriveren of van wie niet bekend is wanneer de klachten zijn begonnen 
(bijvoorbeeld mensen die zijn gevonden door vrienden of familie). Deze bevindingen 
zijn van groot belang voor nieuwe klinische trials en nieuwe behandelingen voor de vele 
patiënten die momenteel niet binnen 4 – 6 uur  in het ziekenhuis zijn, de grens die nu 
wordt gehanteerd voor inclusie in de meeste klinische trials.
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Om nog beter te kunnen voorspellen welke patiënten hematoom expansie zullen ont-
wikkelen hebben we in hoofdstuk 11 een predictie model ontwikkeld voor hematoom 
expansie. Voor deze studie hebben we 817 patiënten geïncludeerd in ons ontwikke-
lingscohort en vervolgens hebben we de verkregen predictiescore gevalideerd in een 
replicatiecohort van 195 patiënten. Het gebruik van bloedverdunners, een kortere tijd 
tot CT-angiografi e, een groter initieel hematoom volume en het CT-angiografi e spot 
sign waren allen sterk voorspellend voor hematoom expansie. De incidentie van he-
matoom expansie nam gestaag toe met een hogere score (0 – 9). De C-statistiek voor 
de verkregen predictiescore was 0.72 in het ontwikkelingscohort en 0.77 voor het 
replicatiecohort. Het grote voordeel van ons predictiemodel is dat het toepasbaar is op 
alle patiënten met intracerebrale bloedingen, ongeacht de tijd die is verlopen tussen 
het ontstaan van de bloeding en de aankomst in het ziekenhuis. Dit in tegenstelling 
tot de kleine subgroep van patiënten die geïncludeerd worden in de huidige klinische 
trials (zie ook hoofdstuk 10). De ontwikkelde en gevalideerde score opent een weg naar 
geïndividualiseerde behandeling en gerichte studies door patiënten te selecteren met 
het hoogste risico op hematoom expansie, aangezien die de grootste kans hebben op 
profi jt van een agressieve behandeling.

Cruciaal bewijs dat het CT-angiografi e spot sign inderdaad een uiting is van een actieve 
bloeding wordt besproken in hoofdstuk 12. Dit handelt over een studie, uitgevoerd 
in twee centra (Utrecht en Boston), van opeenvolgende patiënten met intracerebrale 
bloedingen die een CT-angiografi e hebben ondergaan, gevolgd door neurochirurgische 
evacuatie van het hematoom. De resultaten laten zien dat het spot sign geassocieerd 
is met meer intra-operatieve bloedingen (59% versus 30%), grotere residu hematoom 
volumes en meer postoperatieve nabloedingen (31% versus 10%). Deze bevindingen 
zijn consistent met de theorie dat het spot sign een uiting is van een actieve bloeding. 
Ook vonden we dat onvolledige verwijdering van het hematoom en postoperatieve 
nabloedingen waren geassocieerd met een hogere mortaliteit tijdens opname en er 
werd een borderline signifi cante associatie gevonden met een hogere mortaliteit na 
drie maanden (p = 0.07). Deze bevindingen zullen bijdragen aan het selecteren van 
patiënten met intracerebrale bloedingen voor toekomstige neurochirurgische trials.

In hoofdstuk 13 beschrijven we een klinische trial die momenteel gaande is in de 
Verenigde Staten. In deze trial wordt het spot sign voor het eerst gebruikt als selec-
tiemethode voor de acute behandeling van patiënten met intracerebrale bloedingen.  
Het beschreven protocol van de ‘Spot Sign Score In Restricting Intracerebral Hemorrhage 
Growth’ (SCORE-IT) studie dient als leidraad voor een gestratifi ceerde analyse van de ‘An-
tihypertensive Treatment of Acute Cerebral Hemorrhage’ (ATACH-II) studie die momenteel 
nog gaande is. Bij de ATACH-II studie wordt agressieve verlaging van de systolische bloed-
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druk binnen 4.5 uur na het ontstaan van de bloeding tot onder 140 mmHg, vergeleken 
met een standaard bloeddruk behandeling (onder de 180 mmHg). De SCORE-IT studie 
heeft als hypothese dat patiënten met een spot sign op CT-angiografi e het meeste baat 
zullen hebben bij het agressief verlagen van de bloeddruk, aangezien deze patiënten 
a priori het hoogste risico hebben op hematoom expansie en een slechte uitkomst. De 
inclusie van de SCORE-IT studie is momenteel nog gaande, dus de resultaten van deze 
studie zullen gepubliceerd worden buiten dit proefschrift om.

Tot slot bevat hoofdstuk 14 de algemene discussie van dit proefschrift. Door een beter 
begrip van de pathofysiologie en de risicofactoren voor hematoom expansie en meer 
inzicht in de klinische toepasbaarheid van het CT-angiografi e spot sign, is nu een meer 
geïndividualiseerde behandeling mogelijk, gericht op de patiënten met het hoogste 
risico op hematoom expansie. Door deze patiënten goed te selecteren – ongeacht 
de duur van de klachten bij aankomst in het ziekenhuis – kunnen ze ook agressiever 
behandeld worden, omdat dit hoogstwaarschijnlijk de patiënten zijn die het meeste 
baat zullen hebben bij de behandeling. Hiermee zullen de potentiële voordelen van de 
behandeling ook eerder opwegen tegen de mogelijke schadelijke bijwerkingen van een 
medicijn of operatie. Als voorbeeld kunnen we de recombinant factor VIIa studie nemen 
(een zeer sterke stollingsfactor), die bij niet-geselecteerde patiënten geen eff ect liet 
zien. Dit komt waarschijnlijk doordat de overgrote meerderheid van de geïncludeerde 
patiënten toch geen signifi cante uitbreiding van hun hematoom kregen, zoals werd 
gezien in de placebo groep van de studie. Deze patiënten werden dus alleen bloot-
gesteld aan de risico’s van de behandeling zonder er überhaupt profi jt van te kunnen 
hebben. Door met behulp van onze predictiescore alleen de patiënten met een hoog 
risico op hematoom expansie te includeren, hebben de geselecteerde patiënten meer 
kans om ook daadwerkelijk te profi teren van de gekozen behandeling. Daarbij komt dat 
patiënten met een laag risico op hematoom expansie niet onnodig blootgesteld hoeven 
worden aan de eventuele gevaren van een mogelijk invasieve behandeling. Met deze 
benadering hebben we de veelbelovende mogelijkheid om een geïndividualiseerde 
en op maat gemaakte behandeling in te zetten voor patiënten met een intracerebrale 
bloeding. Hopelijk is het een stap op de lange weg naar een eff ectieve behandeling 
voor een ziekte waarvoor op dit moment geen enkele medische of chirurgische therapie 
bewezen eff ectief is.
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In his fourth year of medical school a 10-week research internship at the University Me-
dical Center Utrecht, under supervision of Dr. T.J. Snijders, Dr. A.J.M. van Wijck and Prof. 
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