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Abstract
Introduction This study aimed to identify the imaging char-
acteristics that can help differentiate intraparenchymal hemor-
rhage from benign contrast extravasation on post-procedural
noncontrast CT scan in acute ischemic stroke patients after
endovascular treatment.
Methods We reviewed the clinical and imaging records of all
acute ischemic stroke patients who underwent endovascular
treatment in two hospitals over a 3.5-year period. The imme-
diate post-procedural CT scan was evaluated for the presence
of hyperdense lesion(s). The average attenuation of the le-
sion(s) was measured. Intraparenchymal hemorrhage was de-
fined as a persistent hyperdensity visualized on follow-up CT
scan, 24 h or greater after the procedure.
Results Of the 135 patients studied, 74 (55 %) patients had
hyperdense lesion(s) on immediate post-procedural CT
scan. Follow-up scans confirmed the diagnosis of
intraparenchymal hemorrhage in 20 of these 74 patients.
A receiver operating characteristic analysis showed that the
average attenuation of the most hyperdense lesion can
differentiate intraparenchymal hemorrhage from contrast
extravasation with an area under the curve of 0.78 (p=
0.001). An average attenuation of <50 Hounsfield units

(HU) in the most visually hyperattenuating hyperdense lesion
had 100 % specificity and 56 % sensitivity for identification of
contrast extravasations. Petechial hyperdensity was seen in 46/54
(85 %) patients with contrast extravasation versus 9/20 (45 %)
patients with intraparenchymal hemorrhage on the immediate
post-procedural CT scan (p<0.001).
Conclusion An average attenuation <50 HU of the most
hyperattenuating hyperdense parenchymal lesion on immedi-
ate post-procedural CT scan was very specific for differenti-
ating contrast extravasation from intraparenchymal hemor-
rhage in acute ischemic stroke patients after endovascular
treatment.
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Introduction

After completion of endovascular treatment, a noncontrast CT
scan is usually performed to look for any parenchymal
hyperdensity suggestive of hemorrhagic lesion. Parenchymal
hyperdense areas are commonly seen on immediate post-
endovascular CT scans. However, a significant fraction (39–
57 %) of hyperdense lesions on a post-endovascular therapy
CT scan represents contrast extravasation [1–3]. The imaging
characteristics and clinical outcome of these hyperdense le-
sions have been described periodically, and different terms
have been used to categorize these lesions [1–4]. Differentia-
tion of hyperdensities caused by contrast extravasation from
those caused by intraparenchymal hemorrhage is especially
critical in the immediate post-procedural period, when the use
of oral antiplatelets, intravenous (IV) glycoprotein IIB/IIIA
inhibitors [5, 6], or IVanticoagulation is considered to prevent
reocclusion [7, 8]. In addition, the National Institute of Neu-
rological Disorders and Stroke (NINDS) recombinant tissue
plasminogen activator (rt-PA) trial showed that 80 % of fatal
hemorrhages occur within 12 h of thrombolytic administra-
tion, and the rest occurred within 24 h [9]. Thus, early detec-
tion of intraparenchymal hemorrhage can provide an oppor-
tunity to potentially limit hemorrhage growth.

Although the recent application of dual energy CT has
shown promising results in the differentiation of
intraparenchymal hemorrhage from iodinated contrast, the
dual energy CT scanners are not widely available and the
method has not been rigorously validated [10]. In this study,
we aimed to find an easy-to-apply, reproducible, and objective
method for differentiating hyperdensities caused by contrast
extravasation from those caused by intraparenchymal hemor-
rhage on conventional monochromatic noncontrast CT scans
obtained following endovascular treatment in patients with
acute ischemic stroke.

Methods and materials

Patients

We reviewed the prospectively collected data registry of all
patients with acute ischemic stroke who underwent
endovascular treatment, from December 2006 to June 2010,
at two university-affiliated hospitals, supplemented by retro-
spective chart review. Details of the data collection and ascer-
tainment methods have been described in previous publica-
tions [11–13]. As part of our clinical data collection, the
severity of ischemic stroke at the time of admission was
graded using the National Institutes of Health Stroke Scale
(NIHSS) scores. Clinical outcomes were assessed by the
modified Rankin scale (mRs). Favorable outcomes were de-
fined as scores of 0–2 on the mRs at the time of discharge.

Treatment

The protocol for endovascular treatment has been described
previously [13, 14]. Patients who met the criteria for receiving
IV thrombolytic therapy were administered 0.9 mg/kg of IV
rt-PA [15, 16]. Additional mechanical thrombectomy was
considered in patients with severe ischemic deficits (NIHSS
score of ≥10) or demonstration of occlusion on CTangiogram
in large arteries such as M1 or M2 segments of the middle
cerebral artery, internal carotid artery, basilar artery, or bilat-
eral vertebral arteries [14]. Patients who were not candidates
for IV rt-PA and presented within 8 h of symptom onset were
selected for endovascular treatment based on qualitative and
quantitative analyses demonstrating preserved cerebral blood
volume, decreased cerebral blood flow, and increased mean
transit time in ≥20 % of the affected region and involving the
cortex, on admission CT perfusion [13]. Patients on chronic
anticoagulation and INR <1.7 were treated with IV and/or
endovascular treatment [17]. Either Omnipaque 240 (iohexol,
Nycomed) or Visipaque 320 (iodixanol, GE Amersham
Health) was used as contrast medium for the procedures.

Image acquisition

Following the endovascular procedure, all patients underwent
immediate noncontrast CT scans as part of our institutional
protocol. Follow-up noncontrast CT scans were obtained in
the next 24 h and repeated as per clinical condition. The
admission and post-procedural follow-up noncontrast CT
scans were performed using a 64-slice multidetector CT (Bril-
liance CT; Philips Medical Systems, Best, the Netherlands) in
helical mode: 120 kV, mA/slice 400, field of view 25 cm, pitch
0.4, rotation speed 0.5 s, reconstructed in 5-mm-thickness
axial and coronal images. Details of CT angiography/
perfusion scan acquisition protocols have been described pre-
viously [11–13].

Image analysis

Each follow-up CT scan was reviewed and assessed by two
independent reviewers on the picture archiving and commu-
nications system (PACS; Philips iSite PACS, Amsterdam,
Netherlands). The areas of hyperdensity were segmented
using a free-hand region-of-interest marker on all CT scan
slices and correlated with the official report. For the immedi-
ate post-procedural CT scan, two different image analysis
methods were used: (1) the whole hyperdense lesion(s) were
segmented and the average Hounsfield unit (HU) attenuation
and volume were determined in each patient; and (2) the
average attenuation of the single most (visually)
hyperattenuating lesion, on just one CT slice, was calculated
for each patient. For statistical analysis, we used the average of
the values obtained by the two reviewers. Contrast
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extravasation was defined as hyperdense lesions that disap-
peared or prominently cleared within 24 h with no mass effect
on follow-up CT scans. If hyperdensity persisted longer than
24 h and/or developed a mass effect or characteristic
hypoattenuation rim, it was classified as intraparenchymal
hemorrhage. We also categorized all hyperdensities, regard-
less of being hemorrhage or extravasation as per the European
Cooperative Acute Stroke Study 2 (ECASS-2) classification
as follows: hemorrhagic infarct (HI): petechial hemorrhage
without space-occupying effect (HI1: small petechia versus
HI2: more confluent petechia) and parenchymal hemorrhage
(PH): hemorrhage with mass effect [PH1 (<30 % of the
infarcted area) versus PH2 (>30 % of the infarcted area)]
[18] . Symptomat ic hemorrhage was def ined as
intraparenchymal hemorrhage that resulted in deterioration
of four points or greater on the NIHSS score within 24 h.

Statistical analysis

In this study, continuous variables are presented as mean ±
standard error of the mean, ordinal variables as median
(interquartile), and categorical variables as numbers
(frequencies). The chi-square test or Fisher’s exact test was
used to compare categorical variables, and analysis of vari-
ance (ANOVA) with Tukey’s b post hoc test was employed to
compare continuous variables in our analysis. We also evalu-
ated the correlation between the calculated average attenua-
tions between the two reviewers using the rho (r) correlation
coefficient. We also determined the effect of contrast volume
and concentration as well as their interaction terms on
hyperdense lesion attenuation using regression analysis. In
addition, area under the curve (AUC) for receiver operating
characteristic (ROC) analysis was used to evaluate the predic-
tive value of the average HU attenuation of whole lesion(s)
and the most hyperattenuating lesion for identifying
intraparenchymal hemorrhage. All statistical analyses were
performed using SPSS for Windows software (version 19.0,
SPSS Inc., Chicago, IL).

Results

A total of 135 patients were included in our study with a
median age of 68 years (54–80 years). Most of the patients
(124/135, 92 %) had anterior circulation ischemic stroke with
distal internal carotid, middle cerebral, and anterior cerebral
artery occlusions in 28 (20.7 %), 94 (69.6 %), and 2 (1.5 %)
patients, respectively. In addition, seven (5.2 %) patients with
basilar artery and four (3.0 %) with posterior cerebral artery
occlusion were included in our study.

The average time interval between symptom onset and
endovascular treatment (onset-to-microcatheterization time)

was 5.1±0.3 h; the immediate post-procedural CT scan was
performed after a mean interval of 4.9±0.6 h after initiating
the endovascular treatment. The mean time interval between
the immediate and the follow-up CTscans was 16.2±1.3 h; all
patients had a second post-procedural follow-up CT scan.
Additional follow-up cerebral imaging (CT and/or MRI) was
performed in 33 patients during the hospital stay as per their
clinical care.

On the immediate post-procedural CT scan, 74 (55 %)
patients had hyperdense lesion(s). Follow-up scans confirmed
the diagnosis of intraparenchymal hemorrhage in 20 of 74
patients. Table 1 summarizes the patients’ characteristics and
treatments in patients with no immediate hyperdense lesion,
those with contrast extravasation, and those with
intraparenchymal hemorrhage based on the results of the
follow-up CT scans. There were no significant differences
identified between patients with intraparenchymal hemor-
rhage or those with contrast extravasation (Table 1).

Between the two reviewers, there were good correlations
between the calculated average attenuation of the whole lesion
(r=0.951, p<0.001) and the most hyperattenuating lesion (r=
0.981, p<0.001). The average attenuation of the most
hyperattenuating lesion was significantly higher in patients
with intraparenchymal hemorrhage (74.7±8.2 HU) compared
to those with contrast extravasation (56.6±2.4 HU, p=0.005),
whereas higher average attenuation of the whole hyperdense
lesion(s) in patients with intraparenchymal hemorrhage
(52.7±2.6 HU) compared to those who had contrast extrava-
sation (47.3±1.3 HU) did not reach statistical significance
(p=0.07). The ROC analysis also showed that the average
attenuation of the most hyperattenuating lesion can better
differentiate intraparenchymal hemorrhage from extravasation
(AUC=0.78, p=0.001) compared to the average attenuation
of the whole hyperdense lesion(s) (AUC=0.66, p=0.06)
(Fig. 1). We also found that an average attenuation <50 HU
of the “most hyperattenuating lesion,” found in 24/54 (44 %)
patients with contrast extravasation, had 100% specificity and
56% sensitivity for distinguishing contrast extravasation from
intraparenchymal hemorrhage (Figs. 2 and 3). The hyperdense
lesion(s) volume and the product of volume and average
attenuation could not differentiate intraparenchymal hemor-
rhage from contrast extravasation based on the ROC analysis
results.

Overall, 45/135 (33.3 %) patients had favorable outcome
with mRs of ≤2 at discharge. The rate of favorable outcome
was not significantly different among patients who had no
hyperdensity on the immediate post-procedural noncontrast
CT (39 %), those with intraparenchymal hemorrhage (20 %),
and patients with contrast extravasation (32 %) (p=0.262).
Overall, the rate of early symptomatic intraparenchymal hem-
orrhage in our series was 9.6 % (13/135).

Table 2 summarizes the hyperdensity appearance on the
early post-procedural noncontrast CT based on the ECASS-2
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classification. Notably, all hemorrhages were ipsilateral to
endovascular treatment. The PH2 appearance was much more
common among patients with intraparenchymal hemorrhage
(50 %) compared to those with contrast extravasation (4 %,

p=0.001). Moreover, while petechial enhancement (HI1/HI2)
was seen in 46/54 (85 %) patients with contrast extravasation,
only 9/20 (45 %) patients with intraparenchymal hemorrhage
had petechial hyperdensity (p<0.001). Additionally, among
the intraparenchymal hemorrhage patients with hematoma
type hemorrhage (PH1/PH2), the lowest average attenuation
of the “most hyperattenuating lesion”was 58 HU. None of the
24 patients with an average attenuation <50 HU had PH1/PH2
appearance on their immediate post-procedural noncontrast
CT scan.

Of note, among those 61 patients who had no hyperdensity
on their immediate post-endovascular treatment noncontrast
CTscan, six patients developed intraparenchymal hemorrhage
on their follow-up CT scans obtained 1 to 5 days after the
procedure, comprising two HI1, one PH1, and three PH2
lesions.

The data regarding the volume, type, and concentration
of the contrast media administered during endovascular
treatment were available in 59/135 (44 %) patients. Of
these, 28 patients received Omnipaque 240, and 31 patients
received Visipaque 320. The average volume of contrast
administered was 137.9±36 mL (n=7) in patients with no
hyperdensi ty, 130 ± 48 mL (n = 12) in those with
intraparenchymal hemorrhage, and 129.7±52 mL (n=40)
in those with contrast extravasation. The multivariate re-
gression analysis showed that the contrast volume, type,
and product of contrast volume and type had no significant
e f f ec t on the ave rage a t t enua t ion o f the mos t
hyperattenuating lesion among patients with hyperdense
lesion (either hemorrhage or extravasation) on their post-

Table 1 Demographic and clinical characteristics based on the presence of contrast extravasation, intraparenchymal hemorrhage, or neither, on the post-
procedural noncontrast CT scan in acute ischemic stroke patients undergoing endovascular treatment

No hyperdense lesion
(n=61)

Contrast extravasation
(n=54)

Intraparenchymal hemorrhagea

(n=20)
p value

Intra-arterial thrombolytic therapy only 31 (51 %) 26 (48 %) 6 (30 %) 0.259

Mechanical thrombectomy only 7 (11 %) 4 (7 %) 2 (10 %) 0.760

Combined intra-arterial thrombolytic and
mechanical thrombectomy

17 (28 %) 18 (33 %) 9 (45 %) 0.362

Intravenous thrombolytic administration 23 (38 %) 25 (46 %) 10 (50 %) 0.512

Hypertension 37 (61 %) 35 (65 %) 11 (65 %) 0.951

Atrial fibrillation 19 (31 %) 15 (28 %) 4 (20 %) 0.612

Diabetes mellitus 12 (20 %) 13 (24 %) 2 (10 %) 0.498

Age (years) 65.1±2.2 68.5±1.9 64.7±3.1 0.436

Median admission NIHSS score (interquartile) 13 (10–19) 17 (11–22) 16 (10–19) 0.502

Time interval between symptom onset and
initiation of endovascular treatment (h)

5.5±0.5 4.6±0.4 5.6±0.7 0.330

Time interval between initiation of
endovascular treatment and CT (h)

6.7±1.1 3.6±0.8 3.4±1.1 0.057

NIHSS National Institutes of Health Stroke Scale
a If hyperdensity persisted longer than 24 h, it was classified as intraparenchymal hemorrhage

Fig. 1 Receiver operating characteristic plots for the average Hounsfield
unit attenuation of the most hyperattenuating lesion (continuous linewith
an area under the curve of 0.78, p=0.001) compared with the average
attenuation of the whole hyperdense lesion(s) (dotted line with an area
under the curve of 0.66, p=0.06), in differentiation of the
intraparenchymal hemorrhage from contrast extravasation
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procedural CT scan (n=52, p=0.459) or those with contrast
extravasation only (n=40, p=0.083).

Discussion

Angiographically confirmed persistent reocclusion within the
first 24 h after endovascular treatment can be seen in 9 % of
acute ischemic stroke patients and is associated with a higher
rate of neurological deterioration [8]. Early use of IVantiplate-
let and/or anticoagulation treatment in these patients may
prevent reocclusion [5, 6]. However, the risk of new hemor-
rhage and exacerbation of existing intraparenchymal hemor-
rhage is high with such treatments [5, 19]. Therefore, differ-
entiation of contrast extravasation from intraparenchymal
hemorrhage is crucial in the immediate post-procedural period

in order to start antiplatelet and/or anticoagulation therapy in
these patients.

Hyperdense lesions found on post-procedural CT scan
represent varying degrees of microvascular integrity disrup-
tion.When the ischemic injury is limited to the endothelial cell
permeability barrier, hyperdensities may represent contrast
extravasation with no hemorrhagic product, whereas when
the ischemic injury degrades the basal lamina, hyperdense
lesions may be associated with some degree of hemorrhage
[20]. Similarly, on digital subtraction angiography, the angio-
graphic blush visualized during thrombolysis is suggestive of
blood-brain barrier damage, and prolonged angiographic
blush has been shown to predict hemorrhagic complications
[21, 22].

In the current study, a value below 50 HU average attenu-
ation of the most hyperattenuating lesion on the immediate
post-procedural noncontrast CTscan was exclusively found in

Fig. 2 Post-procedural intraparenchymal hemorrhage in a 72-year-old
woman with acute occlusion of the left middle cerebral artery inferior
branch. There was near-complete recanalization after mechanical
thrombectomy and intra-arterial thrombolytic infusion. The first post-
procedural CT scan (a) shows petechial shape (HI1) enhancement in the

left temporal lobe (outlined) with an average attenuation of 52 HU (2.9 h
after microcatheterization), which persisted on follow-up scans obtained
7.4 h (b) and 38 h (c) after the procedure with peripheral parenchymal
edema

Fig. 3 Post-procedural contrast extravasation in a 42-year-old woman
with acute occlusion of the left middle cerebral artery inferior branch.
There was partial recanalization after mechanical thrombectomy, angio-
plasty, and intra-arterial thrombolytic infusion. The first post-procedural

CT scan (a) obtained 2.7 h after the microcatheterization showed contrast
extravasation in the left temporal lobe with an average attenuation of 46
HU in themost hyperattenuating lesion (outlined), which was resolved on
follow-up scans obtained 8.1 h (b) and 16.9 h (c) after the intervention
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contrast extravasation cases (versus intraparenchymal hemor-
rhage). Previous studies have also shown that lesions with
higher densities (HU values) on the post-endovascular
noncontrast CT scan are associated with symptomatic
intraparenchymal hemorrhage [3, 23]. In patients with hema-
toma formation (PH1/PH2), the lowest average attenuation
was 58 HU; therefore, the “50 HU average attenuation” value
provided an adequate threshold to exclude symptomatic
intraparenchymal hemorrhage although it is only 56 % sensi-
tive for detecting benign contrast extravasation on immediate
post-procedural CT scans. The possibility that hyperdense
lesions with low average HU attenuation had a component
of minor hemorrhage that resolved within 24 h cannot be
entirely excluded; however, the neurological consequences
of such a hemorrhagic component are expected to be minimal.
Interestingly, in our cohort, this cutoff could exclude
intraparenchymal hemorrhage in almost one third (24/74) of
the patients who had hyperdense lesions on their immediate
post-procedural CT scan.

To identify contrast extravasation and contrast enhance-
ment as mutually exclusive entities on CTscan is not possible.
Contrast enhancement is predominantly attributed to neovas-
cularization with new capillaries lacking integrity of the
blood-brain barrier, usually manifesting between the 10th
day and 1 month after ischemic stroke onset [24]. However,
a component of contrast enhancement is related to extravasa-
tion of blood and contrast through disrupted blood-brain bar-
rier [24]. Contrast extravasation is a more specific term that
denotes only hyperdensity related to contrast accumulation in
the extravascular and parenchymal compartment. Yoon et al.
defined contrast extravasation as a hyperdense lesion with
maximum Hounsfield unit >90 that persisted on a follow-up
CT scan [3]. However, six of seven patients with contrast
extravasation (as per definition) had concomitant hemorrhage
on immediate post-procedure CT scans preventing adequate
delineation of contrast extravasation from blood extravasation
[3].We defined “contrast extravasation” as a hyperdensity that
resolves (or significantly clear) within 24 h of endovascular
intervention with no peripheral edema on follow-up CT scan.
We think that the differentiation between contrast-related and

blood-related hyperdensities on CT scan has more therapeutic
implications rather than the differentiation between extrava-
sation and enhancement.

Although prior studies have shown the imaging evolution
and clinical correlations of hyperdense lesions on post-
procedural CT [1–4], none of them have identified a repro-
ducible and objective method for differentiating
intraparenchymal hemorrhage from contrast extravasation.
Moreover, unlike prior studies [2–4], we used a free-hand
region-of-interest selection tool to segment the hyperdense
lesions and measure the average attenuation (HU). This is an
easy-to-apply method and readily available to all PACS
viewers. In addition, our analysis showed that the average
HU values of the most hyperattenuating lesion (with the
highest visual density) on a single CT slice can better differ-
entiate intraparenchymal hemorrhage from contrast extrava-
sation compared with the whole lesion(s) average HU. We
think that such a method can be more practical and less time
consuming, compared with determining the maximum HU or
measuring the whole lesion volume average attenuation.

It is plausible that the amount and concentration of the
injected contrast media affect the development and attenuation
of post-procedural hyperdense lesions. In our series, the type
(concentration) and volume of the contrast media adminis-
tered during endovascular intervention were not available in
all patients which made the evaluation limited. However, the
multivariate regression analysis showed no significant effect
of the injected contrast volume and concentration or their
interaction on post-procedural hyperdense lesion densities.
In addition, an average attenuation below 50 HU in the most
hyperattenuating lesion could exclude intraparenchymal hem-
orrhage regardless of the administered contrast volume and
concentration.

Recently, dual energy CT scanners have been introduced
for differentiation of iodinated contrast from hemorrhage (iron
deposits) in the brain following endovascular treatment [25].
With dual energy CT, images are reconstructed from two
different X-ray spectra at different kilovoltages either from
two separate X-ray sources or one X-ray source with rapid
kilovoltage switching [10]. This acquisition method allows

Table 2 The hyperdensity appearance on the immediate post-procedural noncontrast CT scan among patients with intraparenchymal hemorrhage and
average attenuation of the most prominent lesion

HI1 HI2 PH1 PH2

Intraparenchymal hemorrhage (n=20) 4 (20 %) 5 (25 %) 1 (5 %) 10 (50 %)

Contrast extravasation (HU≥50)a (n=30) 10 (33 %) 12 (40 %) 5 (17 %) 3 (10 %)

Contrast extravasation (HU<50)a (n=24) 15 (63 %) 9 (37 %) 0 0

Intraparenchymal hemorrhage classification: HI (hemorrhagic infarct)—HI1: small petechia versus HI2: more confluent petechia; PH (parenchymal
hemorrhage)—PH1: <30 % of the infarcted area versus PH2: >30 % of the infarcted area [18]
a Those patients with contrast extravasation on their immediate post-procedural CT scans were divided based on the average attenuation of the most
hyperattenuating lesion into those with an average below 50 HU and those ≥50 HU average attenuation
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decomposition of CT into virtual noncontrast and iodine over-
lay images, which allows differentiation of parenchymal io-
dinated contrast staining from hemorrhagic iron deposits and
calcification. However, these scanners are not yet widely
available and the acquisition protocols require adjustment to
the higher image quality for optimal gray–white matter
differentiation.

The results of our study are subject to some limitations.
This is a retrospective study with a small sample size; for
example, our cohort might not have been large enough to
demonstrate that PH1/PH2 type intraparenchymal hemor-
rhage is a significant risk factor for poor clinical outcome, or
to identify other potential confounders.Moreover, reliable and
consistent records regarding the presence of contrast blush
during the procedures were not available in all patients; such
data could have been correlated with post-procedural CT
findings. In addition, a separate cohort may be required to
validate our prediction model. In our series, the patients were
treated with a variety of endovascular treatments including IA
thrombolytics, mechanical thrombectomy, and primary angio-
plasty, and some patients received IV rt-PA before
endovascular thrombolysis/thrombectomy. The varying ef-
fects of these modalities on blood-brain barrier breakdown
and hemorrhage may have introduced heterogeneity in our
observations.

Conclusion

Although the single source (monochromatic) brain CT scan is
limited in the differentiation of hemorrhagic product deposi-
tion from iodinated contrast, we described a practical and
time-sensitive method to increase the ascertainment of
intraparenchymal hemorrhage. Our findings suggest that an
average a t tenua t ion be low 50 HU of the most
hyperattenuating hyperdense lesion on immediate post-
procedure CT scan can effectively exclude intraparenchymal
hemorrhage in acute ischemic stroke patients, although it is
modestly sensitive for detecting contrast extravasation. Such
an approach represents an easy-to-use method for exclusion of
intraparenchymal hemorrhage in patients who may benefit
from antiplatelet/anticoagulation treatment after endovascular
treatment.
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