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Abstract \\
The CT-angiography (CTA) spot sign is a predictor of hematoma expansion (HE). We have previously reported on the use of dynamic |
CTA (dCTA) to detect spot sign, and to study its formation over the acquisition period. In this study, we report the frequency of dCTA
spot sign in acute intracerebral hemorrhage, its sensitivity and specificity to predict HE, and explore the rate of contrast extravasation
in relation to hematoma growth.

We enrolled consecutive patients presenting with primary intracerebral hemorrhage within 4.5hours. All patients underwent a
dCTA protocol acquired over 60 seconds following contrast injection. We calculated frequency of the dCTA spot sign, predictive
performance, and rate of contrast extravasation. We compared extravasation rates to the dichotomous definition of significant HE
(defined as 6mL or 33% growth).

In 78 eligible patients, dCTA spot sign frequency was 44.9%. In 61 patients available for expansion analysis, sensitivity and
specificity of dCTA spot sign was 65.4% and 62.9%, respectively. Contrast extravasation rate did not significantly predict HE (Odds
Ratio 15.6 for each mL/min [95% confidence interval 0.30-820.25], P=.17). Correlation between extravasation rate and HE was low
(r=0.297, P=.11). Patients with significant HE had a higher rate of extravasation as compared to those without (0.12 mL/min vs 0.04
mL/min, P=.03).

Dynamic CTA results in a higher frequency of spot sign positivity, but with modest sensitivity and specificity to predict expansion.
Extravasation rate is likely related to HE, but a single measurement may be insufficient to predict the magnitude of expansion.

Abbreviations: Cl = confidence interval, CTA = CT-angiography, dCTA = dynamic CT-angiography, HE = hematoma expansion,
ICH = intracerebral hemorrhage.

Keywords: computerized tomography, hematoma expansion, hemorrhagic stroke, intracerebral hemorrhage

1. Introduction predictive performance are modest at best.>™*! Recent innova-
Hematoma expansion (HE)after acute intracerebral hemorrhage  tions in multi-phase CTA have suggested a higher prevalence of
(ICH) is a major determinant of outcome."! The CT-angiography ~ spot signs with improved sensitivity, and a potential to provide
(CTA) spot sign was initially proposed as a promising predictor ~ better insight into the physiology of contrast extravasation and
for HE, but subsequent studies suggest its prevalence and  spot sign formation."~”!
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We have previously reported on the use of dynamic CTA
(dCTA) to detect and measure the spot sign, and to study its
formation over the acquisition period.”***! We now report on the
predictive performance of dCTA and our observations on the rate
of formation of the spot sign. Our primary objective was to
determine the frequency, sensitivity and specificity of the dCTA
spot sign in a prospective cohort of patients presenting with acute
ICH. Our exploratory objective was to measure the rate of
contrast extravasation over 60seconds, and to determine
whether it correlates with HE.

2. Methods

We enrolled consecutive patients presenting with ICH who
underwent dCTA within 4.5hours from symptom onset at a
tertiary care academic hospital (the Ottawa Hospital, Ottawa,
Canada) as part of an ongoing prospective imaging registry.!’!
Patients were enrolled with Ottawa Health Science Network
Research Ethics Board approval, including a waiver of consent to
ensure consecutive enrollment. We excluded patients presenting
with known secondary causes of ICH such as trauma,
malignancy, aneurysms, or arteriovenous malformations.

The dCTA acquisition protocol has been previously de-
scribed.!! Briefly, non-contrast CT head images followed by
dCTA acquisition were performed using a 320-row volume CT
scanner (Toshiba Aquilion ONE™). We acquired whole-brain
angiographic images over a 60 second period: once at 7 seconds
(used as a mask for subtraction) from the start of injection of
contrast; then every 2seconds from 10 to 35 seconds, followed
every 5 seconds to 60seconds. We calculated hematoma volumes
and dCTA spot sign volumes using a computer-assisted
planimetric platform previously validated for ICH.!®!

For our primary outcome, we defined “significant hematoma
expansion” as either an absolute growth of 6mL or relative
growth of 33%,”! and total HE as combined intraparenchymal
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and intraventricular hematoma growth. We calculated frequency
of the dCTA spot sign in the full cohort, and calculated sensitivity
and specificity of the dCTA spot sign in patients with follow-up
CT imaging. Based on our prior work,”! we estimated the rate of
contrast extravasation as a measure of dCTA spot sign growth by
calculating the slope of a time-density plot using two techniques:
the first from the earliest point of terminal internal carotid artery
contrast arrival to the maximal volume of the dCTA spot sign
(“early arterial extravasation rate”), the second from the earliest
point of spot sign appearance to the maximal spot volume of the
dCTA spot sign (“local vessel extravasation rate”). We compared
extravasation rates to the dichotomous definition of significant
HE using logistic regression and Mann-Whitney U, and to
absolute HE using Pearson or Spearman Rank correlation, as
appropriate. All statistics were performed using SPSS v25 and
vassarstats.net.

3. Results

We enrolled 83 consecutive patients, 5 of whom were excluded
due to secondary causes of ICH (Fig. 1). There were 35 dCTA
spot positive patients, for a spot frequency of 44.9%.
Demographic information for dCTA spot positive vs negative
patients is shown in Table 1. Dynamic CTA spot positive patients
were more likely to be older, have higher National Institutes of
Health Stroke Scale scores at presentation, and have higher
baseline ICH volumes (median 34.4mL vs 11.2mL in spot
negative; P <.001).

Of the 78 eligible patients, 17 did not have follow-up CT scans,
therefore 61 patients were available for HE analysis. In this
sample, significant HE occurred in 17/30 (56.7%) of spot positive
patients and 9/31 (29.0%) of spot negative patients (p=0.040).
The dCTA spot sign sensitivity and specificity to predict
significant HE were 65.4% (95% confidence interval [CI]
0.44-0.82) and 62.9% (95% CI 0.45-0.78) respectively.

83 patients presented to the Ottawa
Hospital with ICH who underwent

dCTA

f Exclusions:

'L 5 Secondary ICH

A 4

78 patients for determining the
prevalence of dynamic spot sign and
secondary outcomes analyses

Exclusions:
17 No follow-up CT

A 4

A 4 A4

61 patients for significant HE
and total HE analyses

43 spot- 35 spot-
negative positive
patients patients

Figure 1. Flow diagram of enrolled subjects. dCTA=Dynamic CT angiography, HE=hematoma expansion, ICH=intracerebral hemorrhage.
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Baseline demography. Data are n/N (%) or median (25th, 75th
percentile). NIHSS=National Institutes of Health Stroke Scale
(21 missing values).

Spot Negative Spot Positive P Value
Total N 43 35
Demographics
Age (yr) 72 (64, 80.5) 80 (70, 86.5) 016"
Male sex 20/43 (46.5) 15/35 (42.9) 747
Past Medical History
Ischemic Stroke or TIA 6/43 (14.0) 7/35 (20.0) 549
Coronary Artery Disease 2/43 (4.6) 2/35 (5.7) 1
Intracerebral Hemorrhage 6/43 (14.0) 3/35 (8.6) 504
Hypertension 25/43 (58.1) 18/35 (51.4) 649
Diabetes Mellitus 3/43 (7.0) 6/35 (17.1) .285
Atrial Fibrillation 4/43 (9.3) 6/35 (17.1) 330
Baseline Medications
Aspirin 10/43 (23.3) 10/35 (28.6) 613
Plavix 2/43 (4.6) 4/35 (11.4) 400
Aggrenox 2/43 (4.6) 0/35 (0) 499
Warfarin 3/43 (7.0) 5/35 (14.3) 456
Heparin 1/43 (2.3) 2/35 (5.7) 585
Baseline Presentation
ICH Volume Baseline mL 11.23 (4.5,29.9) 34.54 (15.3, 58.2) 001"
[VH Volume Baseline mL 0@©,0 0 (0, 2.24) 241
Total Volume Baseline mL ~ 13.15 (4.6, 33.3)  35.53 (19.8, 63.5) 001"
NIHSS ™ 11 (6, 14.9) 14 (10, 19) 038"

QIIHSS:NaIionaI Institutes of Health Stroke Scale.
P<.05.

Both technique 1 (early arterial extravasation) and technique
2 (local vessel extravasation) yielded rates that were highly
correlated (r=0.967, P<.0001). Using technique 1, rate of
contrast extravasation predicted HE with an odds ratio of 15.6
for each mL/min of extravasation, but this was not statistically
significant (95% CI 0.30-820.25; P=.17). Similarly, the rate
derived using technique 2 non-significantly predicted significant
HE with an odds ratio of 7.2 (95% CI 0.33-160.7; P=.21).
Neither rate technique revealed a statistically significant correla-
tion between extravasation rate and absolute HE (technique 1:
r=0.297, P=.11; technique 2: r=0.243, P=.20). Patients with
significant HE had a higher rate of extravasation as compared to
those without (median [IQR]: 0.12 [0.33] mL/min vs 0.04 [0.13]
mL/min, P=.03).

4. Discussion

We report that dCTA performed acutely in patients with ICH
reveals a spot sign approximately 45% of the time, which is
higher than previously reported with single phase CTA, but
consistent with triple-phase CTA.”! However, the sensitivity and
specificity for the dCTA spot sign to predict HE was modest. Our
findings do not suggest dCTA has any additional advantage over
routine CTA for predicting HE.

Using dCTA, our study provides additional insight into
contrast extravasation during acute ICH. We were able to
quantify and compare the rate of contrast extravasation using
two different approaches: first by measuring the rate of spot sign
formation once contrast arrives into the cerebral arterial system,
and then by measuring its formation from the point at which the
spot sign begins to form at the affected vessel. Both approaches
were highly correlated, suggesting there is minimal difference
between the two; either approach can be used in future studies
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seeking to explore contrast extravasation. Our second technique
to calculate rate of extravasation using dCTA is analogous to a
technique used in a recent dual-phase CTA study,!"?! where spot
volumes from a first and second pass CTA was used to estimate
rate. Our technique has the advantage of having better temporal
resolution with multiple time points, which theoretically
increases the accuracy of our rate estimates.

Patients with significant HE were more likely to have higher
extravasation rates, though extravasation rate and absolute HE
were poorly correlated. Itis possible this is simply the result of small
sample size and lack of statistical power. However, the lack of
correlation may also highlight the inherent limitation of assessing
extravasation ata single time pointin a highly dynamic process: itis
entirely possible a low rate of extravasation may still lead to
significant HE due to a secondary vessel rupture sometime after
imaging is acquired. Conversely, a high rate of extravasation
may be in the process of slowing down, to ultimately undergo
tamponade and hemostasis before significant expansion occurs.
These possibilities are supported by a recent animal model of
contrast extravasation depicting three distinct patterns of
accelerating and decelerating rates within a 5-minute measurement
period™ ! and suggest serial dynamic imaging may be required to
fully appreciate the physiology of acute extravasation.

Our study has important limitations. The sample size was geared
towards exploring the frequency, sensitivity and specificity of
dCTA spotsign, and may have been underpowered to correlate rate
of extravasation with HE or to perform multivariate modelling.
Furthermore, our objective was to predict early HE, therefore our
sample was restricted to ICH presenting under 4.5hours. The
frequency and predictive values of the dCTA spot sign may vary in
later time points. Finally, our measurement of rate assumes a
constant linear relationship over the course of 60seconds. It is
possible emerging automated machine learning measurement
techniques may be better able to model extravasation rate.

5. Conclusion

Our study reveals that dCTA done within 4.5 hours of ICH onset
results in a higher frequency of spot sign detection, but with
modest sensitivity and specificity to predict HE, and therefore
offers no clear advantage over traditional CTA. Furthermore, our
exploration of extravasation rate suggests a single measurement
in time may be insufficient to predict the magnitude of subsequent
HE. This highlights the need for further study into the dynamics
of extravasation in acute ICH.
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