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Abstract
Background and Purpose The computed tomography
angiography (CTA) spot sign is a validated predictor of
hematoma expansion and poor outcome in supratentorial
intracerebral hemorrhage (ICH), but patients with brainstem ICH have typically been excluded from the analyses.
We investigated the frequency of spot sign and its relationship with hematoma expansion and outcome in patients
with primary pontine hemorrhage (PPH).
Methods We performed a retrospective analysis of PPH
cases obtained from a prospectively collected cohort of
consecutive ICH patients who underwent CTA. CTA firstpass readings for spot sign presence were analyzed by two
trained readers. Baseline and follow-up hematoma volumes
on non-contrast CT scans were assessed by semi-automated
computer-assisted volumetric analysis. Sensitivity, specificity, positive predictive value (PPV), negative predictive
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value (NPV), positive and negative likelihood ratio, and
accuracy of spot sign for prediction of in-hospital mortality
were calculated.
Results 49 subjects met the inclusion criteria of whom 11
(22.4 %) showed a spot sign. In-hospital mortality was
higher in spot sign-positive versus spot sign-negative
subjects (90.9 vs 47.4 %, p = 0.020). Spot sign showed
excellent specificity (95 %) and PPV (91 %) in predicting
in-hospital mortality. Absolute hematoma growth, defined
as parenchymal and intraventricular hematoma expansion
of any amount, was significantly higher in spot sign-positive versus spot sign-negative subjects (13.72 ± 20.93 vs
3.76 ± 8.55 mL, p = 0.045).
Conclusions As with supratentorial ICH, the CTA spot
sign is a common finding and is associated with higher risk
of hematoma expansion and mortality in PPH. This marker
may assist clinicians in prognostic stratification.
Keywords CT angiography  Spot sign  Brainstem 
Pontine  Prognosis  Intracerebral hemorrhage

Introduction
Intracerebral hemorrhage (ICH) accounts for 10–20 % of
all strokes, with 1-month mortality up to 40 % and severe
disability in the majority of survivors [1]. Primary pontine
hemorrhage (PPH) represents the deadliest type of ICH,
with in-hospital case fatality rate of 47.5 % [2] and longterm mortality over 60 % [3]. Many studies of ICH, both
observational and clinical trials, exclude patients with ICH
in the pontine location because outcomes are so poor.
However, the ability to predict which of these subjects in
fact have potential for reasonable outcome would provide
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both clinicians and researchers with the opportunity to
include them, and provide valuable prognostic information.
Computerized tomography angiography (CTA) spot sign
is an established, independent predictor of hematoma
expansion, in-hospital mortality, and poor long-term outcome in supratentorial ICH [4, 5]. However, most of the
previous studies on spot sign excluded patients with PPH,
and therefore, the frequency of spot sign and its relation
with hematoma growth and outcome in PPH is currently
unknown [6, 7]. As this type of ICH may have a subtly
different pathophysiology (and clearly worse outcomes), it
may be that the likelihood of detecting a spot sign and any
relationship with expansion and outcome will be different
in this group. The purpose of the present study was
therefore to investigate whether the presence of spot sign is
associated with hematoma expansion and poor outcome in
PPH.

Methods
Patient Selection
We performed a retrospective analysis of data collected from
an ongoing prospectively collected cohort of consecutive
patients with primary ICH from a single center [8]. Patients
were included if they presented from January 2001 to May
2015 and met the following eligibility criteria: (1) diagnosis
of PPH based on non-contrast CT scan (NCCT) and (2) CTA
performed within 24 h from presentation to the Emergency
Department. Patient exclusion criteria were (1) presence of a
vascular lesion or neoplastic lesion determined as the cause
for the ICH; (2) surgical evacuation of the hematoma; (3)
traumatic intracranial bleeding; (4) supratentorial or cerebellar location of the ICH; (5) absence of thin slices axial
CTA images (0.625–1.25 mm slice thickness); and (6) poor
quality of the CTA images. All aspects of the study were
approved by the Institutional Review Board.

Image Analysis
The baseline NCCT scans were reviewed to determine the
presence of associated intraventricular hemorrhage (IVH)
and hydrocephalus. Determination of the baseline and follow-up ICH and IVH volumes on NCCT was performed
using Analyze Direct 11.0 software. For the identification of
Spot Sign presence, CTA images were independently
reviewed by two trained readers (AM, MJ). Differences in
reader interpretation were adjudicated by consensus agreement, under the supervision of an expert neuroradiologist
(JMR). 0.625 or 1.25 mm axial CTA source images were
reviewed in ‘‘Spot Windows’’ (width 200, level 110) as
previously described [7]. Delayed CTA images were available only for a minority of patients so only first-pass CTA
acquired images were analyzed. Significant hematoma
expansion was defined as an increase in hematoma volume of
6 mL or >30 % from the baseline ICH volume on NCCT
[9]. The hematoma expansion analysis was performed in the
subgroup of subjects that underwent a follow-up NCCT.
Illustrative images of CTA spot sign-positive pontine hemorrhages are shown in Fig. 1, and a representative case of
CTA spot sign predicting hematoma expansion is shown in
Fig. 2.

Image Acquisition
NCCT examinations were performed using an axial technique with 5-mm slice thickness reconstruction. CTA was
performed by scanning from the base of the skull base to the
vertex using an axial technique, 0.5 pitch, 1.25-mm collimation, 100–140 kVp, maximum tube current 350 mA. For
CTA images acquisition, 65–85 mL of iodinated contrast
material was administered by a power injector at 4–5 mL/s
into an antecubital vein with Smart-Prep, a semiautomatic
contrast bolus triggering technique. Baseline NCCT, CTA,
and follow-up NCCT were acquired on the same hardware
platform.
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Fig. 1 a–c Illustrative examples of spontaneous pontine hemorrhages
on NCCT. b–d Evidence of active contrast extravasation (spot sign)
on CTA images (arrows)
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Fig. 2 a Pontomesencephalic
ICH on NCCT, with baseline
volume of 29 mL. b, c CTA
showing the presence of
multiple spot signs (arrows). d–
f Follow-up NCCT at 5 h
demonstrated significant
hematoma growth to a volume
of 66 mL with massive
intraventricular extension and
hydrocephalus. The patient
passed away shortly after the
follow-up scan

Clinical Variables
Clinical data were captured prospectively including age,
sex, medical history of hypertension, diabetes mellitus,
hypercholesterolemia, pre-ICH treatment with warfarin or
other anticoagulants, antiplatelet medications, and statins;
hospital records were reviewed for Glasgow Coma Scale
(GCS) score, systolic blood pressure and blood glucose on
admission, and time from symptom onset to CTA. Outcome at discharge [modified Rankin Scale (mRS)] was
captured from chart review. In-hospital and 30-day mortality was assessed in long-term follow-up as described [10,
11].
Statistical Analysis
Statistical analysis was performed using SPSS v. 21 (www.
spss.com). Discrete variables were summarized as count
(%) and continuous variables as mean [standard deviation
(SD)] or median [inter-quartile range (IQR)]. Spot signpositive and spot sign-negative subjects were compared,
using Fisher exact test, Student t test, and Mann–Whitney
test, as appropriate. Patients’ outcome at discharge was
stratified as absent or minor disability (mRS 0–2), moderate to severe disability (mRS 3–5), and in-hospital death
(mRS 6). The distribution of mRS at discharge was analyzed with the Wilcoxon rank-sum test. Interobserver
agreement for the identification of any spot sign was
determined using the kappa statistic. Subsequently, we

calculated sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), positive likelihood ratio, negative likelihood ratio, and accuracy, using
standard methods, to determine the performance of the spot
sign in predicting in-hospital and 30-day mortality. The
association between CTA spot sign presence, in-hospital,
and 30-day mortality was investigated with a multivariable
logistic regression analysis.

Results
During the study period, 1931 patients presented with ICH,
of whom 93 (4.8 %) had PPH. Of them, 43 were excluded
for lack of CTA and 1 for surgical intervention, leaving 49
patients for analysis. The characteristics of the study population are summarized in Table 1.
The subjects excluded from the analysis because of
unavailable CTA had larger baseline hematoma volumes
(mean volume: 15.1 ± 13.9 vs 8.1 ± 8.0 mL, p = 0.011).
The remaining demographic, clinical, and imaging characteristics were similar between the two groups (all
p values >0.05).
Spot sign was present in 11 patients (22.4 %), and
hematoma growth of 6 mL or 30 % occurred in 10 of the
38 subjects with a follow-up NCCT available (26.3 %).
Inter-rater reliability for spot sign detection was excellent
(k 0.82, 95 % CI 0.62–1.00). A total of 18 (36.7 %) subjects were found in coma with unknown time of symptom
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Table 1 Baseline characteristics of the population (n = 49)
Parameters
Age, mean ± SD (median) (years)

65.5 ± 14.4 (65.2)

Sex, male, n (%)

27 (55.1)

GCS on admission, median (IQR)

4 (3–15)

History of hypertension, n (%)

40 (83.3)

Admission SBP, mean ± SD (mm Hg)

187.3 ± 40.1

History of diabetes, n (%)

18 (38.3)

Admission blood glucose, mean ± SD (mg/dL)

173.0 ± 73.2

History of hypercholesterolemia, n (%)

17 (37.0)

Statin treatment, n (%)

15 (32.6)

Antiplatelet treatment, n (%)

21 (42.9)

Anticoagulant treatment, n (%)
Baseline ICH volume, mean ± SD (mL)

13 (26.5)
8.1 ± 8.0

Baseline IVH volume, mean ± SD (mL)

2.4 ± 4.9

Time from symptom onset to CTA, mean ± SD (h)

8.7 ± 10.5

Presence of IVH, n (%)

25 (51.0)

Hydrocephalus, n (%)

14 (28.6)

In-hospital mortality, n (%)

28 (57.1)

30-day mortality, n (%)

30 (61.2)

Spot sign presence, n (%)

11 (22.4)

CT computed tomography, GCS Glasgow Coma Scale, CTA computed tomography angiography, ICH intracerebral hemorrhage, IVH intraventricular hemorrhage, SBP systolic blood pressure, IQR inter-quartile range, SD standard deviation

onset. For patients with clear symptom onset, mean time
from stroke to CTA was 8.7 ± 10.5 h. Overall in-hospital
mortality rate was 57.1 %, and 30-day mortality was
61.2 %.
Spot Sign Correlation with Baseline ICH Volume
and Hematoma Expansion
Table 2 shows that the presence of spot sign was associated
with higher baseline ICH volume (16.12 ± 10.38 vs
5.71 ± 5.36 mL, p < 0.001) and baseline IVH volume
(5.80 ± 6.1 vs 0.96 ± 2.43 mL, p < 0.001). The frequency of intraventricular extension was higher in the spot
sign-positive group (81.8 % vs 42.1, p = 0.037). A total of
11 (22.4 %) subjects did not receive a follow-up NCCT scan,
and 4 (36.4 %) of these were spot sign positive. Hematoma
expansion was therefore analyzed in the remaining 38
patients who underwent a follow-up NCCT. While hematoma expansion was observed in 42.8 % of the spot signpositive patients compared to 22.6 % in the spot sign-negative group, the difference was not statistically significant
(p = 0.351). However, patients with spot sign experienced
higher absolute hematoma growth (total parenchymal and
intraventricular hemorrhage growth) compared to spot signnegative patients (absolute hematoma expansion 13.72 ±
20.93 vs 3.76 ± 8.55 mL, p = 0.045) as shown in Fig. 3.
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Clinical Outcome
The overall distribution of the mRS at discharge was significantly different between spot sign-positive and spot
sign-negative subjects (Fig. 4, Wilcoxon Rank-Sum Test
Z 6.12, p < 0.001). Spot sign was also significantly
associated with 30-day mortality (90.9 % in the spot signpositive group compared to 52.6 % for the patients without
spot sign, p = 0.033). The presence of any spot sign
showed very good specificity (95 %) and PPV (91 %) in
predicting both in-hospital and 1-month mortality. The
overall accuracy of spot sign in predicting mortality is
shown in Table 3.
Multivariable logistic regression model found that spot
sign was not an independent predictor of in-hospital of
30-day mortality when we accounted for other known
predictors of ICH outcome such as baseline hematoma
volume, age, and admission GCS [12] (Table 4).

Discussion
We found that in patients with PPH, as in supratentorial
ICH, spot sign has good accuracy for the prediction of
mortality and poor outcome and is associated with higher
total hematoma growth. The frequency of spot sign in our
study population was similar to what we have observed in
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Table 2 Comparison between spot sign-positive and spot sign-negative subjects
Spot sign negative (n = 38)

Spot sign positive (n = 11)

p value

Age, mean ± SD (years)

65.0 ± 14.7

67.3 ± 13.7

0.651

Sex, male, n (%)

20/38 (52.6)

7/11 (63.6)

0.732

GCS on admission, median (IQR)

8 (3–15)

4 (3–8)

0.156

History of hypertension, n (%)

33/38 (86.8)

7/10 (70.0)

0.336

Admission SBP, mean ± SD (mm Hg)

186.3 ± 41.9

190.7 ± 35.1

0.779

History of diabetes, n (%)

13/37 (35.1)

5/10 (50.0)

0.473

Admission blood glucose, mean ± SD (mg/dL)

170.5 ± 78.1

182.3 ± 53.6

0.655

History of hypercholesterolemia, n (%)

14/36 (38.9)

3/10 (30.0)

0.723

Statin treatment, n (%)

11/36 (30.6)

4/10 (40.0)

0.418

Antiplatelet treatment, n (%)

17/38 (44.7)

4/11 (36.4)

0.737

Anticoagulant treatment, n (%)
Baseline ICH volume, mean ± SD (mL)

10/38 (26.3)
5.71 ± 5.36

3/11 (27.3)
16.12 ± 10.38

0.614
<0.001

Baseline IVH volume, mean ± SD (mL)

0.96 ± 2.43

5.8 ± 6.1

<0.001

Time from symptom onset to CTA, mean ± SD (h)

9.0 ± 11.4

7.5 ± 6.7

0.767

Presence of IVH, n (%)

16/38 (42.1)

9/11 (81.8)

0.037

Hydrocephalus, n (%)

7/38 (18.4)

7/11 (63.6)

0.007

In-hospital mortality

18/38 (47.4)

10/11 (90.9)

0.020

30-day mortality

20/38 (52.6)

10/11 (90.9)

0.033

GCS Glasgow Coma Scale, ICH intracerebral hemorrhage, IVH intraventricular hemorrhage, SBP systolic blood pressure, CTA computed
tomography angiography, IQR inter-quartile range, SD standard deviation

Fig. 3 Log-mean absolute hematoma growth (parenchymal and
intraventricular hematoma expansion). Results are presented stratified
by spot sign status

supratentorial ICH [13, 14]. While we did not find a statistically significant association with hematoma expansion,
the direction of the association is similar to findings in
supratentorial ICH, and the lack of significance may simply
be due to the small numbers in this cohort. Those studies
that have included brainstem ICH in their cohorts found
that less than 5 % are in this location [13, 15]. We noted a

relatively high frequency of intraventricular extension of
ICH (overall frequency 57.1 %), compared to previous
results (38.1–37 %) [13, 15]. Furthermore, IVH presence
was significantly more frequent in the spot sign-positive
group. As such, we analyzed total ICH growth including
both parenchymal and ventricular blood, demonstrating a
statistically significant effect. This result again suggests the
lack of significance in ‘‘hematoma expansion’’ is simply
due to sample size constraints.
From a pathophysiological standpoint, our findings
confirm that spot sign is an important radiological marker
of active bleeding [16, 17]. Furthermore, we found a higher
frequency of IVH and hydrocephalus in the spot signpositive population, both of which are also strong predictors of mortality [18, 19]. The proportion of patients with
brainstem ICH included in major clinical trials targeting
hematoma growth was either not specified [20] or extremely low (less than 1 %) [21]. Our findings suggest that
spot sign may be valuable in identifying patients suffering
PPH that have an opportunity to benefit from anti-expansion therapies. We do note that the effect of spot sign on
mortality became non-significant after multivariable analysis controlling for ICH and IVH volume, suggesting that
hematoma volume is still the most powerful predictor of
outcome. It is likely that our sample size was too small to
confirm an additional independent effect on mortality that
has been seen in larger studies of non-pontine ICH [6, 7].
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Fig. 4 Correlation between
spot sign presence and outcome
(mRS) at discharge

Table 3 Accuracy of spot sign for prediction of mortality in PPH
In-hospital mortality (95 % CI)

30-day mortality (95 % CI)

Sensitivity

0.36 (0.19–0.56)

0.33 (0.18–0.53)

Specificity

0.95 (0.74–1.00)

0.95 (0.72–1.00)

Positive predictive value

0.91 (0.57–1.00)

0.91 (0.57–1.00)

Negative predictive value
Positive likelihood ratio

0.53 (0.36–0.69)
7.50 (1.04–54.12)

0.47 (0.31–0.64)
6.33 (0.88–45.58)

Negative likelihood ratio

0.68 (0.51–0.89)

0.70 (0.54–0.91)

Accuracy

0.61

0.57

Table 4 Multivariate analysis of predictors of in-hospital and 30-day mortality
In-hospital mortality
OR

(95 % CI)

30-day mortality
p value

OR

(95 % CI)

p value

Age

1.09

(0.99–1.21)

0.081

1.15

(1.03–1.28)

0.015

Admission GCS

0.70

(0.53–0.93)

0.012

0.71

(0.53–0.95)

0.021

Baseline ICH volume

1.35

(1.00–1.83)

0.054

1.44

(1.03–2.02)

0.034

Baseline IVH volume

1.14

(0.79–1.65)

0.483

1.22

(0.83–1.79)

0.306

CTA spot sign

2.70

(0.07–103.62)

0.594

1.14

(0.03–49.70)

0.543

GCS Glasgow Coma Scale, OR odds ratio, CI confidence interval, ICH intracerebral hemorrhage, IVH intraventricular hemorrhage, CTA
computed tomography angiography

Despite progress in prevention and treatment, ICH is
still a disease with high morbidity and mortality, and
almost half of patients with PPH die in hospital. Accurate
prediction of outcome is important not only in guiding
therapeutic options but also in discussions regarding
withdrawal of support and palliative care [22]. CTA is
increasingly used in the diagnostic workup of ICH [23],
and CTA findings may provide valuable additional prognostic information for clinical providers managing patients
with PPH.
Some limitations of the present study should be considered. First we performed a single-center, retrospective
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analysis, with a relatively small sample size. While, given
the relative rarity of PPH, this represents one of the largest
published cohorts, the numbers remain small. Second,
given the high in-hospital mortality rate, follow-up NCCT
scans were not available in several cases. A high proportion
of the subjects with missing follow-up imaging (36.4 %)
had a spot sign, which may have led to an underestimation
of the association between spot sign and ICH expansion.
Finally, a significant number of patients had an unwitnessed symptom onset, and therefore, it was not possible to
accurately estimate the time from symptom onset to CTA
imaging and account for this variable in our analyses.

Neurocrit Care

Conclusion
The presence of CTA spot sign is associated with increase
in total ICH and IVH volume and poor clinical outcome in
patients with PPH. Patients with PPH are often excluded
from clinical trials and observational trials, and it may be
that clinical providers are often quite pessimistic regarding
outcome in this population. However, our findings suggest
that some PPH patients do in fact have good outcomes.
Given the high rate of expansion in these patients, it is
reasonable to hypothesize that PPH patients may benefit
from acute therapies. As CTA is a commonly available tool
in the acute setting, it may be that this tool can help providers in identifying which PPH patients have the greatest
opportunity for the best outcomes.
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