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BACKGROUND AND PURPOSE: Recent studies of intracerebral hemorrhage (ICH) treatments have
highlighted the need to identify reliable predictors of hematoma expansion. The goal of this study was
to determine whether contrast extravasation on multisection CT angiography (CTA) and/or contrast-
enhanced CT (CECT) of the brain is associated with hematoma expansion and increased mortality in
patients with primary ICH.

MATERIALS AND METHODS: All patients with primary ICH who underwent CTA and CECT, as well as
follow-up noncontrast CT (NCCT) before discharge/death from January 1, 2003, to September 30,
2005, were retrospectively identified. One neuroradiologist reviewed admission and follow-up NCCT
for hematoma size and growth. A second neuroradiologist independently reviewed CTA and CECT for
active contrast extravasation. Univariate and multivariate logistic regression analyses were performed
to evaluate the significance of clinical and radiologic variables in predicting 30-day mortality, designated
as the primary outcome. Hematoma growth was considered as a secondary outcome.

RESULTS: Of 56 patients, contrast extravasation was seen in 17.9% of patients on initial CTA and in
23.2% of patients on initial CECT following CTA. Univariate analysis showed that the presence of
extravasation on CT, large initial hematoma size (>30 mL), the presence of “swirl sign” on NCCT, the
Glasgow Coma Scale and ICH scores, and international normalized ratio were associated with in-
creased mortality. On multivariate analysis, only contrast extravasation on CT (P = .017) independently
predicted mortality. Contrast extravasation on CT (P < .001) was also an independent predictor of
hematoma growth on multivariate analysis.

CONCLUSION: Active contrast extravasation on CT in patients with primary ICH independently predicts
mortality and hematoma growth.

rimary intracerebral hemorrhage (ICH) is one of the most

devastating forms of stroke, with 30-day mortality rates
ranging from 35% to 44%.'” Recent studies of hemostatic
treatments such as recombinant activated factor VII as a
means to reduce hematoma growth and impact clinical out-
come in patients with primary ICH have highlighted the need
to identify reliable predictors of hematoma expansion.*® A
number of clinical and radiologic variables have been associ-
ated with poor outcome following ICH, including age; blood
glucose level; Glasgow Coma Scale (GCS) score; and hemor-
rhage location, size, and intraventricular extension.””' Several
prognostic models for ICH have been developed incorporat-
ing both clinical and radiologic variables, among them the
ICH score, which includes the GCS score, advanced age, he-
matoma location, ICH volume, and the presence of intraven-
tricular hemorrhage, to predict 30-day mortality."

Nearly all studies of prognostic variables with respect to
imaging have focused exclusively on noncontrast CT (NCCT).
One study by Becker et al from 1999'* examined the role of
iodinated contrast administration in primary ICH, conclud-
ing that contrast extravasation was independently associated
with increased mortality. However, CT technology has
evolved considerably since 1999, primarily due to the intro-
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duction of multisection CT scanners. High-quality CT angiog-
raphy (CTA) and contrast-enhanced CT (CECT) studies of
the brain are now routinely performed following contrast ad-
ministration. The respective roles of CTA and CECT were not
separately defined in Becker’s study, in which single-section
CT scanner technology was used.'* A recent study by Gold-
stein et al'”> demonstrated an independent association between
contrast extravasation and hematoma expansion but did not
explore the relationship with mortality.

The goal of this study was to determine whether contrast
extravasation as visualized on multisection CTA and/or CECT
is associated with hematoma expansion and increased mortal-
ity in patients with primary ICH.

Methods

Patient Selection

Our institutional review board approved a retrospective study of pa-
tients admitted through the emergency department or directly trans-
ferred for ICH between January 2003 and September 2005. All con-
secutive patients who underwent NCCT, CTA, and CECT of the brain
during this timeframe were retrospectively identified. Only patients
whose NCCT demonstrated ICH were considered for study inclusion.
Patients also should have undergone routine follow-up NCCT before
discharge or death to be enrolled in the study. Patients were excluded
if ICH was shown by history and diagnostic work-up to be secondary
to trauma, aneurysm, vascular malformation, hemorrhagic infarct,

vasculitis, venous infarction, Moyamoya disease, or brain tumor.

Clinical Data
Clinical data were obtained from review of charts and electronic
records. Clinical variables examined included age, sex, hypertension,



diabetes, alcohol use, tobacco use, and hyperlipidemia; systolic blood
pressure, diastolic blood pressure, and mean arterial pressure on ar-
rival at our institution; platelet count, activated partial thromboplas-
tin time, and prothrombin time as expressed by the international
normalized ratio (INR); time from symptom onset to admission, to
CTA, and to follow-up examination; transfer from another hospital
or admission from the emergency department; medications (antihy-
pertensives and diuretics including osmotic agents); and surgical pro-
cedures such as placement of an external ventricular drain or decom-
pressive craniectomy. GCS and ICH scores were also noted; when
they were not specifically recorded in the medical record, they were
calculated from the neurologic examination and relevant radiologic
data, according to a previously published approach.'?

In-hospital mortality was recorded. Vital status at 30 days after
ICH was also sought in the medical records. If this information was
not clearly specified in the medical records, the Internet-based Social
Security Death Index was searched (http://ssdi.rootsweb.com); pa-
tients alive at hospital discharge, with no mention of death in their
medical records and without a recorded date of death in the Internet
index, were presumed to be alive 30 days after ICH.

CT

CT protocol undergone by patients in this study included NCCT,
CTA, and CECT and was performed as follows: 1) Unenhanced con-
tiguous axial 3.75-mm-thick NCCT images were obtained through
the brain, from the vertex through the skull base, by using 120 kVp
and 240 mAs. 2) CTA was performed following 70 mL of iohexol
(Omnipaque; GE Healthcare, Piscataway, NJ; 300 mg I/mL) injected
intravenously at 4 mL/s rate via power injector through an intrave-
nous line, by using the following parameters: 120 kVp; 240 mAs;
section thickness, 1.25 mm; section-acquisition interval, 1 mm; pitch,
1.375:1. Adequate timing of the CTA acquisition was achieved ac-
cording to a test-bolus technique. 3) CECT was performed 2 minutes
after the CTA, by using the same parameters as those used for NCCT.

NCCT Evaluation

AlINCCT scans were reviewed by a neuroradiologist who was blinded
to the clinical interpretation of the images and to the clinical condi-
tion of the patients. Initial NCCT and the last follow-up NCCT stud-
ies available before discharge or death were evaluated at separate ses-
sions; imaging studies were anonymized and randomized so that the
reviewer was blinded to patient identity and to whether he was re-
viewing an admission or follow-up study.

The reviewer was specifically asked the following: 1) to assess the
location of hemorrhage (supratentorial or infratentorial), and 2) to
measure the volume of hemorrhage in milliliters by using the ABC/2
method,'® where A is the greatest diameter of hemorrhage on the CT
section with the largest area of hemorrhage, B is the diameter perpen-
dicular (90°) to A, and C is the number of sections with hemorrhage
multiplied by the section thickness.'® C was calculated by a compar-
ison of each CT section with hemorrhage with the CT section dem-
onstrating the largest area of hemorrhage on that scan. If the area of
hemorrhage for a particular section measured at least 75% of the
largest area of hemorrhage, that section was considered 1 hemorrhage
section for determining C; if the area was approximately 25%—75% of
the largest area, the section was considered half a hemorrhage section;
and if the area was <25% of the largest area of hemorrhage, the sec-
tion was not considered a hemorrhage section. These CT hemorrhage
section values were then added and multiplied by the individual sec-
tion thickness (0.375 cm) to determine the value for C.'® The volume

of hemorrhage was considered both as a continuous and dichoto-
mous variable, with 30 mL selected as a threshold to distinguish be-
tween “small” and “large” hematomas, as done in prior studies.'”'*

The reviewer was also asked: 3) to determine whether a “swirl
sign” was present on initial NCCT because hypoattenuated areas
within a high-attenuation hematoma or “swirl sign” could potentially
indicate ongoing hemorrhage.'® The reviewer was also asked, 4) to
assess the presence or absence of intraventricular hemorrhage; 5) to
record the presence or absence of hydrocephalus, with severity of the
hydrocephalus being graded as mild (dilation of the third ventricle
and temporal horns of lateral ventricles), moderate (dilation of all
ventricles), and severe (transependymal flow); 6) to assess the pres-
ence or absence of herniation (subfalcine, transtentorial, tonsillar,
and/or transcalvarial); 7) and to record the presence or absence of
craniectomy and/or external ventricular drain.

CTA and CECT Evaluation
CTA and CECT were reviewed by a second neuroradiologist who was
also blinded to the clinical interpretation of the images and to the
clinical condition of the patients. This reviewer performed his review
independently of the first reviewer and evaluated CTA and CECT
images separately from each other (images were anonymized and ran-
domized so that it was impossible to associate the CTA and CECT
scans). This reviewer was specifically asked the following: 1) to assess
the presence or absence of active contrast extravasation, as evidenced
by high-attenuation contrast material within the hematoma, and 2) to
note the number of foci of active contrast extravasation, if present.
After evaluation of all CTA and CECT images, a composite CTA/
CECT score was calculated, with zero equal to no areas of extravasa-
tion, 1 equal to extravasation on either CTA or CECT, and 2 equal to
extravasation on both CTA and CECT.

Outcome Measurements and Statistical Analysis

Thirty-day mortality was the primary outcome measure. Hospital
mortality was evaluated as a separate outcome. Hematoma growth on
NCCT between admission and immediately before discharge or death
(considered as a continuous variable) was used as a secondary
outcome.

Univariate analyses for association of clinical and imaging vari-
ables with respect to primary and secondary outcomes were per-
formed with ? test statistics for dichotomous variables and Wilcoxon
rank sum tests for continuous data. Predictive variables with P val-
ues <.10 in univariate analysis were retained and included in a mul-
tivariate backward stepwise logistic regression model; for this multi-
variate model, the significance threshold was set at .05.

Results

Patient, Clinical, and Radiologic Data
Of all patients who had undergone NCCT/CTA/CECT from
January 1, 2003, to September 30, 2005, 56 patients had pri-
mary ICH and follow-up imaging and were included in our
study (Fig 1). Median time from symptom onset to admission
NCCT/CTA/CECT was 13 hours (interquartile range, 7.25—
25.5 hours). Median time from admission NCCT/CTA/CECT
to follow-up CT scanning was 2.4 days (interquartile range,
1.0-9.4 days).

Clinical and radiologic data collected in patients from our
series are summarized in the On-line Table. A longer INR was
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823 patients with an intracranial hemorrhage
on the initial NCT of the brain

573 patients underwent

only a NCT of the brain .

upon their admission
in our institution

250 patients underwent
a NCT/CTA/CECT of the brain
upon their admission
in our institution

190 patients were diagnosed
with a secondary ICH
(aneurysm, AVM,
venous thrombosis, tumor, ...)

60 patients were diagnosed <t =
with a primary ICH

4 had no follow-up imaging
of their brain

56 had follow-up imaging =
of their brain -

patients considered for our study

Fig 1. Schematic of patient selection for our study. The decision of obtaining a CTA/CECT of the brain immediately following the initial NCCT was made by the neurologist in charge of
the patient, on the basis of the degree of suggestion of an underlying origin for the intracranial hemorrhage (ICH). Seventy-six percent (190/250) turned out to have such an underlying
cause (aneurysm, vascular malformation, vasculitis, venous infarction, Moyamoya disease, or brain tumor), whereas 24% (60/250) were finally diagnosed with primary ICH. Among the 60
patients with primary ICH, 56 underwent follow-up brain imaging. Among the 4 who did not, 2 died before follow-up imaging. AVM indicates arteriovenous malformation; NCT, noncontrast
CT.

Fig 2. A 69-year-old man underwent imaging 2 hours following onset of right-sided paralysis. A, Admission NCCT demonstrates left thalamic hematoma with extension of hemorrhage
into the third ventricle. Admission CTA (B) and CECT (C), respectively, show 2 foci of active extravasation (arrows). D, Follow-up NCCT 12 hours later shows marked hematoma growth

with hemoarrhage in both lateral ventricles and severe hydrocephalus. The patient had a fatal outcome.

associated with increased mortality in univariate analysis, but
this association did not hold in the multivariate analysis.

CTA and CECT Extravasation

Active extravasation was seen in 17.9% of patients (10/56) on
CTA and in 23.2% of patients (13/56) on CECT. The number
of foci of active extravasation ranged from 1 to 2 on CTA (5
patients had 1 focus of extravasation and 5 patients had 2 foci)
and from 1 to 7 on CECT (5 patients had 1 focus of extrava-
sation, 3 patients had 2 foci, 1 patient had 3, 1 patient had 4, 1
patient had 5, 1 patient had 6, and 1 patient had 7). Figure 2
depicts the imaging findings of a patient with ICH with exten-
sive contrast extravasation on both CTA and CECT, with the
follow-up CT showing a significant increase in the size of the
parenchymal hematoma. CECT demonstrated 5 cases of ex-
travasation not seen on CTA (Fig 3), whereas CTA showed 2
cases of extravasation not appreciated on CECT (Fig 4); the
remaining 8 cases of extravasation were seen on both
CTA/CECT.
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There was a significantly shorter time from symptom onset
to CTA/CECT in patients with active extravasation (10.6 *
13.1 hours) than in patients without active extravasation
(37.6 = 52.8 hours) (2-tailed ¢ test, P = .004). However, active
extravasation was seen up to 24 hours after symptom onset on
CTA; on CECT, active extravasation was seen up to 48 hours
after symptom onset.

Initial hematoma volume was 28.5 mL (range, 0.4-109.5
mL) in patients with active extravasation and 21.6 mL (range,
0.3-136 mL) in patients without active extravasation (no sig-
nificant difference, P = .518). Final hematoma volume was
42.0 mL (range, 6.0—111.0 mL) in patients with active extrav-
asation, which was significantly higher (P = .033) than that in
patients without active extravasation (mean, 23.0 mL; range,
0.9-138.6 mL). Time from admission NCCT/CTA/CECT to
follow-up CT scanning was not significantly different (P =
.610) in patients with active extravasation (median, 2.0 days;
interquartile range, 1.2—6.3 days) and without active extrava-
sation (median, 2.6 days; interquartile range, 0.9-10.5 days).



Fig 3. An 82-year-old man underwent imaging 0.5 hours following onset of right-sided weakness. Admission NCCT (A) and CTA (B) demonstrate hemorrhage in the left midbrain without
active extravasation on CTA. C, Admission CECT, however, reveals focal high attenuation (arrow) in the left tectal plate, consistent with active extravasation. D, Follow-up NCCT 17 hours
later shows hematoma expansion into the left thalamus and lateral ventricle with marked hydrocephalus. The patient had a fatal outcome.

Fig 4. An 85-year-old woman underwent imaging 1 hour following onset of left-sided weakness. A, Admission NCCT demonstrates hemorrhage in the right superior frontal gyrus. B,
Admission CTA conspicuously reveals a focal area of high attenuation (arrow) within the hematoma consistent with active extravasation. C, Admission CECT shows a slightly heterogeneous
right frontal hematoma with several areas of higher attenuation, frequently seen with acute hemorrhage, which were not interpreted by the reviewer as discrete foci of contrast

extravasation (as a reminder, the reviewer evaluated CTA and CECT images separately from each other). This patient survived.

Comparison of Mortality Rates in Patients with and
without Extravasation

The overall 30-day mortality rate was 28.6% (16/56). The
30-day mortality rate of patients with active extravasation
on CTA or CECT was 53.3% (8/15); this was significantly
higher (x*, P = .013) than the 30-day mortality rate of
patients without active extravasation on CTA and CECT,
which was 19.5% (8/41). The number of foci of extravasa-
tion on CTA or CECT did not influence mortality or hema-
toma growth on multivariate analysis. Similarly, the com-
posite CTA/CECT score described in the “Methods”
section did not add significant information compared with
the simple presence or absence of contrast extravasation on
either CTA or CECT.

Comparison of Clinical and Radiologic Variables,
Including CTA/CECT Contrast Extravasation, with
Respect to Mortality (Primary Outcome)

The results of the univariate analysis for the association between
all evaluated clinical and radiologic variables and 30-day mortal-
ity are summarized in the On-line Table. Active extravasation on
CTA and/or CECT, “swirl sign” on NCCT, large initial hema-
toma size (>30 mL), GCS score, ICH score, and INR were signif-
icantly associated with 30-day mortality (P < .10) and were con-
sidered for the multivariate analysis.

Because the ICH score was a summed ordinal variable
and included hematoma size and the GCS score, we decided
to consider the components of the ICH score, rather than
the ICH score itself, in the multivariate analysis to avoid
collinearity. The variables included in the multivariate
backward stepwise logistic regression model were active ex-
travasation on CTA and/or CECT, “swirl sign” on NCCT,
large initial hematoma size, infratentorial location of the
hematoma, presence of intraventricular hemorrhage, GCS
score, INR, age, and time from symptom onset to initial
NCCT/CTA/CECT at our institution. The backward step-
wise process successively dropped infratentorial location
(P = .716), GCS score (P = .373), age (P = .327), NCCT
“swirl sign” (P = .432), time from symptom onset to initial
NCCT/CTA/CECT at our institution (P = .366), INR (P =
.163), large hematoma size (P = .126), and intraventricular
hemorrhage (P = .062). Only the presence of active extrav-
asation on CTA and/or CECT remained significant in pre-
diction of death (odds ratio, 4.71; 95% confidence interval,
1.31-16.87; P = .017).

The same results were obtained when hospital mortality
instead of 30-day mortality was used as the outcome because
only 1 patient alive at hospital discharge was found to be de-
ceased within 30 days of ICH.
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Comparison of Clinical and Radiologic Variables,
Including CTA/CECT Contrast Extravasation, with
Respect to Hematoma Growth (Secondary Outcome)
Univariate analysis of all evaluated clinical and radiologic vari-
ables with respect to hematoma growth between initial and
follow-up imaging demonstrated that active extravasation on
CTA (P = .004) and CECT (P = .048), number of foci of
extravasation on CTA (P = .004) and CECT (P = .045), com-
posite CTA/CECT score (P = .048), ICH score (P = .004),
initial hematoma volume (P = .005), and herniation (P =
.044) predicted hematoma growth. However, only extravasa-
tion on CECT remained significant on multivariate analysis
(P <.001).

Patients Admitted Through the Emergency Department
and Patients Transferred from Outside Hospitals

Because our institution is a tertiary care referral center, 32 of
56 patients in the study were transferred from outside hospi-
tals. Transferred patients underwent admission NCCT/CTA/
CECT after a median time of 23 hours (interquartile range,
12.5-48 hours), which was significantly longer (Wilcoxon
rank sum test, P < .001) compared with patients who were
admitted from the emergency department with a median time
of 5.3 hours from symptom onset to admission NCCT/CTA/
CECT (interquartile range, 2-10 hours). Transferred patients
also had significantly larger volumes of hemorrhage on initial
NCCT (31.7 * 33.1 mL) compared with patients admitted
from the emergency department (14.7 = 13.7 mL) (Wilcoxon
rank sum test, P <.001). On the other hand, patients admitted
from the emergency department (10/24 or 41.7%) had a sig-
nificantly higher incidence of active extravasation on CTA or
CECT as compared with transferred patients (5/32 or 15.6%;
x> P = .029). However, there were no significant differences
between the 2 groups in terms of mortality ( X’ P =.794), the
need for external ventricular drain ()%, P = .520), or craniec-
tomy ()% P = .380).

Interpretation
Recent studies of hemostatic treatments such as recombinant
activated factor VII as a means to reduce hematoma growth
and improve clinical outcome in patients with primary ICH
have highlighted the need to identify reliable predictors of he-
matoma expansion.*® Nearly all previous outcome studies of
spontaneous ICH have focused on the evaluation of NCCT
studies of the brain. Prognostic models for outcome in pa-
tients with ICH most frequently include the initial hematoma
size as assessed on NCCT in addition to clinical variables such
as the GCS score, which have been found to be significant
independent predictors of mortality in multiple studies.'>*°>*
The present study demonstrated that the addition of intra-
venous contrast in the setting of acute ICH, usually performed
to assess an underlying cause or substrate of hemorrhage, can
provide useful information about the risk of hematoma ex-
pansion in acute ICH. This is in agreement with the recent
study by Goldstein et al.'> Also, contrast extravasation on
CTA/CECT independently predicted hospital mortality and
30-day mortality. Although ICH score and INR correlated sig-
nificantly with mortality as on previous studies, our study
found that contrast extravasation on CT was the only indepen-
dent predictor of mortality on multivariate analysis.
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Focal contrast accumulation, which we assume to repre-
sent active extravasation of contrast, was seen in 17.9% of
patients on CTA and in 23.2% of patients on CECT. We found
that patients with active extravasation on CTA/CECT had sig-
nificantly shorter mean times to imaging than patients with-
out extravasation. However, time from symptom onset to ini-
tial NCCT/CTA/CECT at our institution, if significant in the
univariate analysis, did not prove to be an independent pre-
dictor of mortality in the multivariate analysis. Also, most in-
teresting, contrast extravasation on CT was seen up to 48
hours following symptom onset, suggesting that hematoma
growth may continue to occur later into the course of ICH,
though hematoma growth is traditionally considered to occur
mainly during the first few hours following onset.'”'®** The
observation of active extravasation up to 48 hours after symp-
tom onset in this study may carry implications for designing
the treatment window to be used in further ICH treatment
trials.

Contrast extravasation on CT was more frequently seen on
CECT compared with CTA, possibly due to more time for
contrast pooling on CECT. However, there were cases in
which extravasation was seen on CTA only, perhaps as a result
of a higher rate of contrast extravasation. Hence, reviewing
both CTA and CECT images is important because each
showed cases of extravasation not seen on the other. Both
carried the same information in terms of predicting hema-
toma growth and mortality.

Limitations of this study include the relatively small sample
size. Also, a significant number of patients were transferred
from another hospital, and contrast extravasation on CTA/
CECT may have been underestimated in these transferred pa-
tients with longer times to imaging. Comparison with fol-
low-up imaging for hematoma growth was made on the last
CT scan available before discharge or death. We did not stan-
dardize the follow-up interval so that the impact of contrast
extravasation on ultimate hematoma size could be evaluated,
but lack of a uniform follow-up interval may have misrepre-
sented hematoma growth, potentially in cases of patients who
were hospitalized for extensive periods of time with gradual
hematoma resorption. Finally, acquisition of CTA/CECT in
patients with ICH was not performed according to specific
guidelines or protocol; patients in whom an underlying cause
for hemorrhage was suspected generally underwent CTA/
CECT, whereas patients with classic clinical and radiologic
findings for primary hypertensive hemorrhage may not have
been administered contrast on admission. This has likely in-
fluenced the types of patients included in this study and its
generalizability. However, because the ordering of a CTA/
CECT was not related to the presence or absence of active
contrast extravasation, there is no reason to suspect a bias that
would have compromised the internal validity of our study.
The “swirl sign” on NCCT was associated with increased mor-
tality in univariate analysis, but this association did not hold in
the multivariate analysis.

Conclusion

Intravenous contrast material should be administered to pa-
tients with ICH not only to evaluate underlying sources of
hemorrhage but also to identify patients at risk for hematoma
expansion and death. Assessing a simple radiologic feature



such as contrast extravasation on CT may serve as a very effi-
cient and straightforward method of risk-stratifying patients
on admission. This should be confirmed in prospective studies
in which all patients with ICH would systematically undergo
CTA and CECT.
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