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Abstract
Background The computed tomography angiography (CTA) spot sign is a validated predictor of
hematoma expansion and 30-day mortality in intracerebral hemorrhage (ICH). However, whether the spot
sign predicts worse functional outcomes among ICH survivors remains unclear. This study investigated
the frequency of the spot sign and its association with functional outcomes and length of hospital stay
among ICH survivors.

Methods This was a retrospective analysis of consecutive patients with primary ICH who received CTA
within 24 h from presentation to admission to the emergency department of a single medical center
between January 2007 and December 2017. Patients who died before discharge and those referred from
other hospitals were excluded. CTAs with motion artifacts were excluded from the analysis. The presence
of a spot sign was examined by an experienced neuroradiologist. Functional outcomes were determined
based on the modi�ed Rankin Scale (mRS) score and Barthel Index (BI). Severe dependency in activities
of daily living (ADL) was de�ned as BI of ≤60 and severe disability as an mRS score of ≥4. Odds ratio
(OR) and multiple linear regression were used as measures of association.

Results In total, 66 patients met the inclusion criteria, of whom 9 (13.64%) were positive for a spot sign.
No signi�cant differences were observed in baseline characteristics between patients with and without a
spot sign. Patients with a spot sign tended to be severely dependent in ADL at discharge (66.67% vs
41.07%; OR = 2.87; p = 0.15) and were more likely to require ICH-related surgery (66.67% vs 24.56%; OR =
6.14; p = 0.01). In multiple linear regression, patients with a higher spot sign score had a signi�cantly
longer hospital stay (coe�cient = 9.57; 95% CI = 2.11–17.03; p = 0.013).

Conclusions The presence of a spot sign is a common �nding and is associated with longer hospital stay
and possibly worse functional outcomes in ICH survivors.

1. Introduction
Primary intracerebral hemorrhage (ICH) is the second most common type of stroke, accounting for 10–
30% of all cases[1]. The incidence rate of primary ICH was estimated to be 22 per 100,000 person-year in
low- to middle-income countries and 10 per 100,000 person-year in high-income countries between 1970
and 2008[1]. Globally, between 1990 and 2013, the age-adjusted prevalence of hemorrhagic stroke
remained stationary, but the age-adjusted mortality of hemorrhagic stroke decreased[2], resulting in an
enhanced survival rate. However, many ICH survivors have neurological and functional impairment,
requiring long-term inpatient or outpatient rehabilitation. In 2015, a population-based study revealed that
only 14% of the patients with primary ICH achieved functional independence, de�ned as a modi�ed
Rankin Scale (mRS) score of ≤ 2, at 1 year[3].

The computed tomography angiography (CTA) spot sign was �rst described in 1999 when the
investigators found that the extravasation of radiographic contrast was an independent predictor of
mortality in patients with primary ICH[4]. Strict radiological criteria and scoring system have been



Page 3/16

developed to better identify and quantify the spot sign[5]. In 2019, a meta-analysis revealed a high area
under the receiver operating characteristic curve for ICH growth and mortality (0.86 and 0.87,
respectively), indicating good sensitivity and speci�city of the spot sign to predict these outcomes[6].

Since its �rst report, many studies have attempted to establish the outcome prediction value of the CTA
spot sign. Several studies have demonstrated the association of the CTA spot sign with higher mortality
rates [7–9] and the predictive value of the spot sign in hematoma expansion [10, 11] in patients with
primary ICH. The CTA spot sign is also associated with higher mRS scores at 3 months[7–9], and it
serves as a predictor of re-bleeding after endoscopic surgery for ICH [12]. In addition, the spot sign may
serve as a marker for potential candidates of early hemostatic therapy after ICH. Several trials using
tranexamic acid and recombinant activated factor VII are ongoing or have been recently completed[13,
14].

Despite these insights, earlier studies on the CTA spot sign and functional outcomes are limited. These
studies used mRS as the only measure of functional outcome, and the calculation of mRS included
patients who died (mRS = 6) in the acute phase of the disease[9, 15]. Additional evaluation of the
association between the CTA spot sign and activities of daily living (ADL) functions in ICH survivors is
warranted. Furthermore, the predictive value of the CTA spot sign for other ICH-related outcomes such as
length of hospital stay or requirement of surgical intervention remains unestablished. This has an
important clinical implication: the CTA spot sign can serve to identify ICH survivors with worse ADL
functions at discharge, potentially experiencing long-term disabilities, and who are primary candidates for
post-acute rehabilitation.

In the present study, we investigated the frequency of the CTA spot sign and its association with
outcomes at hospital discharge, focusing primarily on independency in ADL, among ICH survivors.

2. Methods
2.1 Patients

We performed a retrospective analysis of consecutive patients with ICH admitted to the rehabilitation,
neurology, or neurosurgery ward who were receiving CTA within 24 h from presentation to admission to
the emergency department of a single medical center between January 2007 and December 2017.
Patients who died before discharge, were younger than 20 years, and were referred from other hospitals
were excluded. CTA with motion artifacts was also excluded from the analysis. Patients with etiologies
other than primary ICH (e.g., aneurysm rupture, arteriovenous malformation, and tumor bleeding) were
excluded. This study was approved by the hospital’s institutional review board.

2.2 Outcome Measures

The presence of a spot sign was retrospectively examined by an experienced neuroradiologist, who was
blinded to patient data, and the spot sign score was calculated. Functional outcomes were determined
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based on the mRS score and Barthel Index (BI) at discharge (Appendix 1, 2). Severe dependency in ADL
was de�ned as BI of ≤ 60 and severe disability was de�ned as an mRS score of ≥ 4. Functional
independence was de�ned as a BI of > 90 or an mRS score of ≤ 2. The number of patients who received
related brain surgery or ventriculostomy and the length of hospitalization were also analyzed.

3. Results
A total of 6602 patient records and brain images were reviewed, and 66 patients met the inclusion criteria
(Fig. 1).

Among primary ICH survivors, 9 (13.64%) had a spot sign (Table 1). On average, BI improved from a
mean of 19.17 to 62.77 during a mean of 42.15 days of hospitalization. Less than half (29; 44.62%) of
the patients were severely dependent in ADL at discharge, and only 10 patients (15.15%) achieved
functional independence, as assessed by BI ≤ 60 or > 90, respectively.
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Table 1
Baseline characteristics of the population (n = 66)

Variables N (% or SD)

Age (years) 55.56(14.85)

Gender  

Female 24 (36.36)

Male 42 (63.64)

GCS at admission  

3–8 12 (18.18)

9–13 18 (27.27)

14–15 36 (54.55)

Presence of spot sign 9 (13.64)

Spot sign score  

1 3 (33.33)

2 3 (33.33)

3 2 (22.22)

4 1 (11.11)

BI at admission 19.17 (20.56)

BI at discharge 62.77 (25.77)

Severe dependency  

BI 60 29/65 (44.62)

mRS 4 25 (37.88)

Functional independence  

mRS 2 7/66 (10.61)

BI > 90 10/66 (15.15)

Length of hospitalization (days) 42.15 (25.37)

N, number; SD, standard deviation; GCS, Glasgow Coma Scale; BI, Barthel Index; mRS, modi�ed
Rankin Scale

≤

≥

≤
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No signi�cant differences were observed in age, sex, and BI and Glasgow coma scale (GCS) score at
admission between patients with and without a spot sign (Table 2). Regarding functional status, patients
with a spot sign tended to be severely dependent in ADL (BI ≤ 60) at discharge (66.67% vs 41.07%; odds
ratio [OR] = 2.87; p = 0.15) and were more likely to have profound disability (mRS score ≥ 4) (55.56% vs
35.09%; OR = 2.31; p = 0.24; Fig. 2). All the patients who achieved functional independence (n = 10, de�ned
by BI > 90; or n = 7 de�ned by mRS score ≤ 2) were negative for the spot sign (Fig. 2).
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Table 2
Comparison between ICH survivors with or without a spot sign (n = 66)

Variables Spot sign negative

(n = 57)

N (% or SD)

Spot sign positive

(n = 9)

N (% or SD)

P-value Odds Ratio

(OR)

Age (years) 55.26 (15.34) 57.44 (11.86) 0.69  

Gender (female) 20/57 (35.09) 4/9 (44.44) 0.59  

GCS at admission     0.85  

3–8 11 (19.30) 1 (11.11)    

9–13 14 (24.56) 4 (44.44)    

14–15 32 (56.14) 4 (44.44)    

BI at admission 19.39 (18.15) 17.78 (33.55) 0.41  

BI at discharge (mean) 63.39 (27.05) 58.89 (16.16) 0.32  

Severe dependency        

BI 60 23/56 (41.07) 6/9 (66.67) 0.15 2.87 a

mRS 4 20/56 (35.09) 5/9 (55.56) 0.24 2.31a

Functional independence        

BI > 90 10/57 (17.54) 0/9 (0) 0.17 -

mRS 2 7/57 (12.28) 0/9 (0) 0.34 -

Surgery 14/57 (24.56) 6/9 (66.67) 0.01 6.14

Ventriculostomy 3/57 (5.26) 2/9 (22.22) 0.07 5.14

Length of hospitalization (days) 39.81 (24.00) 55.7 (30.20) 0.06  

N, number; SD, standard deviation; GCS, Glasgow Coma Scale; BI, Barthel Index; mRS, modi�ed
Rankin Scale

a Odds ratio for worse outcome (BI ≤ 60 or mRS score ≥ 4).

In addition, two-thirds of the patients positive for a spot sign received surgery compared with only one-
fourth of those negative for a spot sign (66.67% vs 24.56%; OR = 6.14; p = 0.01). In multiple linear
regression adjusted for age and sex, a higher spot sign score was signi�cantly associated with a longer
hospital stay (coe�cient = 9.57; 95% CI = 2.11–17.03; p = 0.013).

≤

≥

≤
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4. Discussion
4.1 Spot Sign And Functional Outcomes

This study is the �rst to focus on the association of the spot sign and functional outcomes in primary ICH
survivors. Our results demonstrated that patients with a spot sign tended to be severely dependent in ADL
at discharge and were more likely to require surgical intervention. In addition, patients with a higher spot
sign score had a signi�cantly longer hospital stay. ICH survivors, whose numbers are steadily increasing
over the decades, are candidates for long-term neuro-rehabilitation, and analyses focusing on this group
have important clinical implications. Detection of a spot sign may have great bene�t for designing
personalized and intense rehabilitation programs for ICH survivors.

Our results demonstrated that in primary ICH survivors, the presence of a spot sign within 24 h of ICH
onset may be associated with detrimental functional status at discharge. Although the data did not reach
statistical signi�cance, notably, none of the patients positive for a spot sign achieved functional
independence. Earlier studies have revealed that the spot sign is associated with higher mortality,
hematoma expansion, and worse functional outcomes in patients with ICH, indicating the predictive value
of the spot sign. However, these studies determined the endpoint of functional outcome solely based on
the mRS score and the study population included patients who died (mRS = 6) during the acute disease
phase, which might obscure the predictability of the spot sign in ICH survivors[9, 15]. In the present study,
we determined functional outcomes based on both BI and mRS scores, which are better in characterizing
ADLs. Both parameters revealed that patients with a spot sign tended to have worse outcomes (BI: OR = 
2.87, p = 0.15; mRS: OR = 2.31; p = 0.24). The OR for worse outcome de�ned based on the mRS score (≥ 
4) was similar to previous studies, which reported ORs of 2.40 and 2.50[7, 9]. The nonsigni�cance of the
OR in the present study could be attributed to the small sample size, due to strict inclusion/exclusion
criteria, and the selection of patients admitted to rehabilitation, neurology, and neurosurgery wards to
retrieve consistent functional evaluation records.

4.2 Spot Sign, Surgery, And Length Of Hospital Stay

Essentially, two-thirds of the patients positive for a spot sign required cranial surgery compared with only
one-fourth of the patients negative for a spot sign (66.67% vs 24.56%; OR = 6.14; p = 0.01). Indication for
surgery is often an ominous sign of the profound mass effect of hematoma, although numerous factors,
such as location of hematoma and baseline condition of patients, may confound the decision. On the
contrary, although the bene�t of surgery in terms of mortality and functional outcomes remains unclear in
primary ICH[16], recent studies have reported that early neurosurgery is predictive of longer survival and
better functional outcomes in patients with severe primary ICH[17]. Thus, early identi�cation of patients
with ICH in whom surgical intervention has a positive impact is of great clinical importance.

In addition to functional outcomes, multiple linear regression demonstrated that patients with a higher
spot sign score had a longer mean hospital stay (p = 0.013). Essentially, all the patients in this study were
covered by the National Health Insurance program, which covers 99.9% of the citizens of Taiwan,
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attenuating the in�uence of private health insurance and socioeconomic status on the length of hospital
stay. The duration of hospitalization may re�ect the severity of diseases, complications rates, and
medical costs. Furthermore, studies in geriatric and general populations indicate that prolonged
hospitalization is associated with increased functional dependence, infection, and comorbidities[18–20].

4.3 Implications

Early CTA serves as an important tool to diagnose and evaluate ICH, and an earlier study reported that a
CTA spot sign could be precisely detected across multiple medical centers[21]. Extending its association
with functional outcomes, as is shown in our results, the spot sign is a potential indicator for prognosis in
patients with primary ICH. Furthermore, the spot sign helps identify ICH survivors who might require
surgical intervention and longer in-patient treatment course. Combining the CTA spot sign with other
prognostic tools is also an option[15], but more research on this topic is warranted.

4.4 Limitations

This study has several limitations. First, the sample size was relatively small. CTA was not routinely
performed in patients with ICH. Limited case number hinders further strati�cation according to BI and
mRS scores. Second, the follow-up period was short and not standardized in all the patients because of
the retrospective study design. Further large-scale prospective studies with longer follow-up durations are
warranted to comprehensively verify the predictive value of the spot sign. Third, in our retrospective
review, we found no clear protocol for when and on whom to perform CTA in patients with ICH. CTA was
performed when the cerebral hemorrhage seemed atypical for primary hypertensive ICH, which was
determined by neurologists or neurosurgeons. This could have caused a selection bias that not all
patients with primary ICH have CTA data available, and the criteria for prescribing a CTA may differ
between physicians. Despite these limitations, our study still provides important evidence of the
association of an early spot sign and deleterious outcomes in primary ICH survivors.

5. Conclusions
The presence of a spot sign is a common �nding and is associated with longer hospital stay and
possibly worse functional outcomes in ICH survivors. This study provides important evidence of the
association of an early CTA spot sign and deleterious outcomes in primary ICH survivors.

List Of Abbreviations
ADL: activities of daily living

BI: Barthel Index

CTA: computed tomography angiography

GCS: Glasgow coma scale
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ICH: intracerebral hemorrhage

mRS: Modi�ed Rankin Scale

OR: odds ratio
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Activity Score
Feeding 0 = unable

5 = needs help cutting, spreading butter, etc., or requires modified diet
10 = independent
 

Bathing 0 = dependent
5 = independent (or in shower)

Grooming 0 = needs to help with personal care
5 = independent face/hair/teeth/shaving (implements provided)

Dressing 0 = dependent
5 = needs help but can do about half unaided
10 = independent (including buttons, zips, laces, etc.)
 
 

Bowels 0 = incontinent (or needs to be given enemas)
5 = occasional accident
10 = continent
 

Bladder 0 = incontinent, or catheterized and unable to manage alone
5 = occasional accident
10 = continent
 

Toilet 0 = dependent
5 = needs some help, but can do something alone
10 = independent (on and off, dressing, wiping)
 

Transfer 0 = unable, no sitting balance
5 = major help (one or two people, physical), can sit
10 = minor help (verbal or physical)
15 = independent
 

Ambulation 0 = immobile or < 50 yards
5 = wheelchair independent, including corners, > 50 yards
10 = walks with help of one person (verbal or physical) > 50 yards
15 = independent (but may use any aid; for example, stick) > 50 yards
 
 

Stairs 0 = unable
5 = needs help (verbal, physical, carrying aid)

1.  independent
 

 

B. Modified Rankin scale
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Score Definition
0 No symptoms 

1 No significant disability. Able to carry out all usual activities, despite some symptoms.

2 Slight disability. Able to look after own affairs without assistance, but unable to carry out all
previous activities.

 
3 Moderate disability. Requires some help, but able to walk unassisted.

4 Moderately severe disability. Unable to attend to own bodily needs without assistance, and unable to
walk unassisted.

5 Severe disability. Requires constant nursing care and attention, bedridden, incontinent.

6 Dead.

 

Figures
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Figure 1

Diagram of patient selection
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Figure 2

Functional outcomes of patients with or without a spot sign * p < 0.05


