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ORIGINAL RESEARCH
INTERVENTIONAL

Hyperattenuated Intracerebral Lesions after Mechanical
Recanalization in Acute Stroke

N. Lummel, G. Schulte-Altedorneburg, C. Bernau, T. Pfefferkorn, M. Patzig, H. Janssen, C. Opherk, H. Brückmann, and J. Linn

ABSTRACT

BACKGROUND AND PURPOSE: Following mechanical recanalization of an acute intracranial vessel occlusion, hyperattenuated lesions
are frequently found on postinterventional cranial CT. They represent either blood or—more frequently— enhancement of contrast
agent. Here, we aimed to evaluate the prognostic value of these hyperattenuated intracerebral lesions.

MATERIALS AND METHODS: One hundred one consecutive patients with acute stroke in the anterior circulation who underwent
mechanical recanalization were included. Risk factors for hyperattenuated intracerebral lesions were assessed, and lesion volume was
compared with the volume of final infarction. Clinical outcome and relative risk of secondary hemorrhage were determined in patients
with and without any hyperattenuated lesions and compared.

RESULTS: The frequency of hyperattenuated lesions was 84.2%. Risk factors for hyperattenuated lesions were female sex, higher NIHSS
score on admission, and higher amount of contrast agent applied. On follow-up, 3 patients showed no infarction; 53 patients, an ischemic
infarction; and 45 patients, a hemorrhagic infarction. In all except 1 case, final volume of infarction (median � 92.4 mL) exceeded the volume
of hyperattenuated intracerebral lesions (median � 5.6 mL). Patients with hyperattenuated lesions were at a 4 times higher relative risk for
hemorrhagic transformation but had no significantly worse clinical outcome.

CONCLUSIONS: Our data show that the extent of postinterventional hyperattenuated intracerebral lesions underestimates the volume
of final infarction. Although hyperattenuated lesions indicate a higher risk of secondary hemorrhagic transformation, their presence seems
not to be of any prognostic value regarding clinical outcome.

ABBREVIATIONS: CCT � cranial CT; ECASS � European Cooperative Acute Stroke Study; HI � hemorrhagic infarction; IQR � interquartile range; PH � paren-
chymal hemorrhage

Hyperattenuated intracerebral lesions are a frequent finding

on postinterventional cranial CT following intra-arterial

reperfusion therapy in acute ischemic stroke.1-5 These hyperat-

tenuated lesions have been documented and described since the

1990s. It has been suggested that hyperattenuated lesions persist-

ing longer than 24 hours correlate with hemorrhagic lesions,

whereas hyperattenuated intracerebral lesions that are no longer

discernible on the 24-hour follow-up examination correspond to

contrast enhancement.6,7 The presence of hyperattenuated intra-

cerebral lesions was considered a risk factor for secondary hem-

orrhage accompanied by deterioration of neurologic symp-

toms.3-5 However, hyperattenuated lesions do not always indicate

hemorrhage, and rapid clearance of the contrast medium on

postinterventional cranial CT (CCT) has been reported to be a

good prognostic sign.1,6 A recent small study found no increased

risk of symptomatic hemorrhage or negative clinical prognosis in

patients with hyperattenuated intracerebral lesions compared

with those without.8 On the other hand, Costalat et al9 recently

reported that hyperattenuated intracerebral lesions on postinter-

ventional CCT were significantly associated with poorer clinical

outcome. To our knowledge, larger studies on the prognostic

value of hyperattenuated intracerebral lesions are lacking to

date.

Thus, the aim of this study was to further evaluate the prevalence

of hyperattenuated lesions following mechanical recanalization of

acute vessel occlusions in the anterior circulation, to identify risk

factors for their occurrence, and to assess their prognostic value.
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MATERIALS AND METHODS
The study was approved by our institutional review committee,

and subjects or relatives gave their informed consent.

Study Population
All patients with acute stroke who were treated by endovascular

mechanical recanalization between February 2007 and February

2012 were identified retrospectively from our in-hospital data

base of angiographic records. Details on patient selection for en-

dovascular stroke treatment are given in the On-line Appendix.

Patients were included in the analysis if they fulfilled the fol-

lowing additional inclusion criteria:

● Availability of an initial, complete CT stroke protocol including

CCT, CTA, and CTP of evaluable diagnostic quality

● Occlusion of a large intracranial artery of the anterior circula-

tion (common trunk of the MCA or intracranial segment of

the ICA)

● Endovascular mechanical recanalization by retriever, suction

devices, and/or temporary stent performed

● Availability of a postinterventional CCT performed immedi-

ately after endovascular treatment to assess the prevalence of

hyperattenuated lesions

● Existence of follow-up CT performed 24 � 12 hours after treat-

ment (follow-up 1), to distinguish contrast enhancement ver-

sus hemorrhagic lesions as detailed below

● Availability of follow-up imaging (MR imaging if available,

otherwise CCT) performed �48 hours after treatment (fol-

low-up 2), to determine the final volume of the infarction and

to assess secondary hemorrhage

● Periprocedural and clinical parameters were derived from the

peri-interventional protocol and the clinical records as detailed

in the On-line Appendix. The patient’s clinical state on admis-

sion was rated by using the NIHSS, and clinical outcome was

measured in terms of the mRS 90 days after the event. An mRS

of 0 –3 was defined as good, and an mRS of 4 or 5 and death

were considered poor outcomes.10

Image Analysis
Image analyses were performed by 2 experienced neuroradi-

ologists in consensus. For details on imaging parameters and

image analysis see the On-line Appendix. Briefly, pretherapeu-

tic noncontrast CCT and CT perfusion were analyzed for the

presence of early signs of ischemia, according to the ASPECTS;

and CT angiography was analyzed for the presence and site of

the intracranial vessel occlusion. The presence and topo-

graphic distribution of hyperattenuated lesions were deter-

mined on the postinterventional CCTs (Fig 1). Hyperattenu-

ated lesions that were no longer discernible on the 24-hour

follow-up examination were defined as contrast enhancement;

hyperattenuated lesions that persisted on follow-up 1 were

considered hemorrhagic lesions.6

Final stroke lesion volume and type were determined on fol-

low-up 2 scans on the basis of the ASPECTS, also used for MR

imaging,11 and by manual volume measurements as described in

the On-line Appendix.

Statistical Analysis
Univariate comparisons between the 2 groups were performed

by using the Fisher exact test (categoric variables) and the

Mann-Whitney U test (continuous variables). For univariate

comparison of continuous variables among �2 groups, the

Kruskal-Wallis rank sum test was applied. To evaluate risk

factors for the incidence of hyperattenuated lesions, we per-

formed logistic regression analyses. The Fisher exact test, ORs,

and 95% CIs were determined to evaluate the association of

hyperattenuated lesions with the risk of hemorrhagic transfor-

mation within the first 3 weeks. Logistic regression analyses

with Akaike information criterion-based stepwise variable se-

lection were used to evaluate whether different clinical and/or

imaging factors were associated with clinical outcome. The

clinical and periprocedural parameters that were tested are

detailed in the On-line Appendix. We chose a value of P � .05

as a level of statistical significance.

FIG 1. Postinterventional CCT of 3 different patients with hyperattenuated lesions in the basal ganglia (A, arrows), cortex (B, arrows), and
cortical sulci (C, arrows).
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RESULTS
One hundred one patients (63 women; median age, 71 years;

range, 30 –98 years) matched the inclusion criteria and were en-

rolled in this study (Fig 2). Demographic and clinical patient data,

pretherapeutic imaging findings, and treatment details are sum-

marized in Table 1 and On-line Tables 1 and 2.

The overall prevalence of hyperattenuated lesions on postint-

erventional CCT was 84.2%. Median mean attenuation was 52

HU (interquartile range [IQR], 15 HU) and median maximum

attenuation was 94 HU (IQR � 61 HU) (Table 2). The basal

ganglia were involved in 72.3%. In 36 cases (35.6%), hyperattenu-

ated intracerebral lesions resolved on follow-up 1, which was per-

formed at a median interval of 17 hours after the postinterven-

tional CCT, and were, therefore, interpreted as contrast

enhancement, while hyperattenuated lesions persisted on fol-

low-up 1 in 49 cases (48.5%) and were thus interpreted as hem-

orrhagic lesions.

In univariate analysis, higher NIHSS scores on admission,

larger amount of contrast agent applied, and longer duration of

mechanical recanalization were significantly associated with hy-

perattenuated lesions (On-line Table 3). There was a tendency for

hyperattenuated lesions to be more frequently observed in pa-

tients who had not received IV thrombolysis, compared with

those with IV thrombolysis (P � .06); however, the difference was

not statistically significant. The amount of IV thrombolysis

showed no significant influence on the occurrence of hyperat-

tenuated lesions (P � .41). For details on clinical, imaging, and

therapy-related differences between patients with and without

hyperattenuated lesions, see On-line Table 3.

The multivariate analysis primarily confirmed results of the

univariate analyses. In the multivariate analysis, sex, NIHSS score

on admission, and amount of contrast agent applied emerged as

relevant influential factors on the occurrence of hyperattenuated

lesions, whereby female sex (OR, 5.13; 95% CI, 1.34 –19.52),

higher NIHSS value (OR, 1.22; 95% CI, 1.02–1.46), and a higher

FIG 2. Flow diagram of patient identification and imaging findings. HCLs indicate hyperattenuating intracerebral lesions; pCCT, postinterven-
tional cranial CT; CE, contrast enhancement; HT, hemorrhagic transformation.
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amount of contrast agent (OR, 1.0; 95% CI, 1.0 –1.01) led to a

higher risk of hyperattenuated lesions (P overall � .001).

The median time between follow-ups 1 and 2 was 4 days. MR

imaging was available as follow-up 2 in 54 patients. Except for 1

patient, final volume of infarction (median, 92.4 mL; IQR, 177.7

mL) consistently exceeded the volume of hyperattenuated intra-

cerebral lesions (median, 5.6 mL; IQR, 16.2 mL). Of the 36 pa-

tients with contrast enhancement on follow-up 1, one patient

showed no infarction on follow-up 2, thirty-one patients devel-

oped pure ischemic lesions, and 4 cases demonstrated secondary

hemorrhagic transformation (HI) (HI1/2 [see On-line Appen-

dix], no parenchymal hemorrhage [PH]1/2). Of the 49 patients

with hemorrhagic lesions on follow-up 1, final lesions were pure

ischemic in 10 cases and hemorrhagic in 39 cases (HI1/2, n � 33;

PH1, n � 6; PH2, n � 0). In 2 of the hemorrhagic lesion cases with

small hematomas on follow-up 2, localization of the bleeding did

not accord with localization of hyperattenuated lesions on postin-

terventional CCT (Fig 3). Patients without any hyperattenuated

lesions (n � 16) showed no infarction on follow-up 2 in 2 cases, a

pure ischemic stroke in 12 cases, and a secondary hemorrhagic

transformation in 2 cases (all HI1/2, no PH1/2).

In the univariate analysis, the following factors were signifi-

cantly associated with poor clinical outcome: older age, higher

NIHSS scores on admission, lower ASPECTS on the initial CCT,

low degree of mismatch on CTP, longer time between initial CCT

and start of the intervention, and unsuccessful recanalization

(TICI 0, 1, or 2a) (On-line Table 4).

The multivariate analysis primarily confirmed results of the

univariate analyses. In the multivariate analysis, age, NIHSS score

on admission, ASPECTS on the initial CCT, degree of mismatch

on CTP, and recanalization result emerged as important influen-

tial factors on the clinical outcome, whereby older age (OR, 1.07;

95% CI, 1.02–1.12), higher NIHSS values (OR, 1.20; 95% CI,

1.02–1.40), lower ASPECTS values (OR, 0.77; 95% CI, 0.58 –

1.02), lower degree of mismatch (OR, 0.78; 95% CI, 0.61–1.00),

and unsuccessful recanalization (OR, 0.02; 95% CI, 0.00 – 0.31)

led to a higher risk of poor clinical outcome (P overall � 1.5 �

10�8).

DISCUSSION
Hyperattenuated intracerebral lesions are a common finding on

CCT following mechanical recanalization in ischemic stroke. Our

data show that female sex, a poor clinical condition on admission,

and a high amount of contrast agent applied during mechanical

thrombectomy correlate with their occurrence. Concerning their

prognostic value, we found hyperattenuated lesions significantly

more often associated with hemorrhagic transformation of the

infarction. However, hyperattenuated lesions seem to be no pre-

dictor of poor clinical outcome.

In the 1990s, Wildenhain et al1 and Komiyama et al2 were

among the first to document the occurrence of high-attenuation

lesions on CT scans immediately after intra-arterial thrombolysis

in acute stroke. Currently, hyperattenuated intracerebral lesions

on postinterventional CCT are considered a common finding, not

only following intra-arterial thrombolysis but also after mechan-

ical thrombectomy.

Compared with previous studies, the incidence of hyperat-

tenuated lesions on postinterventional CCT was fairly high in this

study (84% versus 25%–78%1,6,8,9,12,13). However, most earlier

studies1,6,12,13 evaluated hyperattenuated lesions after IA throm-

bolysis, while data on hyperattenuated lesions following mechan-

ical recanalization is sparse. In studies with a comparable patient

collective, hyperattenuated intracerebral lesions on postinterven-

tional CCT were found in 40% and 54% of cases, respectively,8,9

though other factors like a different number of patients, different

mechanical retrievers, revascularization rate, and anticoagulation

therapy may additionally influence the incidence of hyperattenu-

ated intracerebral lesions. Compared with Parrilla et al,8 the per-

centage of patients who received IV thrombolysis before mechan-

ical recanalization was indeed higher in our collective (46.7%

Table 1: Demographic and clinical characteristics of the study
population (N � 101 patients)

No.a No. (%) Median IQR
Age (yr) 101 71 21.5
Sex 101

Men 38 (37.6%)
Women 63 (62.4%)

NIHSS score on admission 98 15 6
No. of CVRFs 81 1 1
Etiology of stroke 101

TOAST 1 17 (16.8%)
TOAST 2 63 (62.4%)
TOAST 3 5 (5%)
TOAST 4 16 (15.8%)

Clinical outcome 98 4 2
Good (mRS 0–3) 34 (33.7%)

mRS 0 5 (5%)
mRS 1 5 (5%)
mRS 2 13 (12.9%)
mRS 3 11 (10.9%)

Poor (mRS 4–6) 64 (63.4%)
mRS 4 39 (38.6%)
mRS 5 14 (13.9%)
mRS 6 11 (10.9%)

Note:—CVRF indicates cardiovascular risk factors; Trial of Org 10172 in Acute Stroke
Treatment (TOAST) 1, large-artery atherosclerosis; 2, cardioemboly; 3, dissection; 4,
unknown etiology.
a No. indicates number in which the parameter was available in this retrospective
study.

Table 2: Characteristics of hyperattenuated intracerebral lesions
regarding Hounsfield units in patients with contrast
enhancement versus hemorrhagic lesions on follow-up 1 and
patients with final ischemic-versus-hemorrhagic infarction,
respectively

HU Mean HU Maximum

No. Median IQR P Value Median IQR P Value
HCL on pCCTa 75 52 15 94 61
Follow-up 1 75

CE 29 45 4 72 19.5
�.001 �.001

HL 46 58 13.5 113 59.5
Final infarction 74b

Ischemic 35 46 7 80 27
�.001 �.001

Hemorrhagic 39 58 11 109 68

Note:—HCL indicates hyperattenuated intracerebral lesion; CE, contrast enhance-
ment; HL, hemorrhagic lesion; pCCT, postinterventional cranial CT.
a All patients with hyperattenuated intracerebral lesions in the basal ganglia and
cortex; patients with pure sulcal hyperattenuating lesions (n � 10) are excluded in this
calculation because Hounsfield unit values were not evaluated in these patients.
b One case with hyperattenuated lesions on postinterventional CCT had no infarc-
tion on follow-up 2 and was therefore excluded.
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versus 73.3%); however, IV lysis was not found to be a risk factor

for the occurrence of hyperattenuated lesions.

Hyperattenuated intracerebral lesions do not represent a homo-

geneous kind of underlying parenchymal change but can reflect dif-

ferent pathologic changes. They correspond either to a primary or

secondary parenchymal hemorrhage or to enhancement of contrast

medium or a mixture of both. Unfortunately, there is no widely ac-

cepted definition for differentiating these phenomena. Referring to

Yoon et al (2004),4 we distinguished 2 types of hyperattenuated le-

sions: 1) Hyperattenuated lesions resolving on follow-up 1 were clas-

sified as contrast enhancement, identical to those in Yoon et al; 2)

hyperattenuated lesions persisting on follow-up 1 were categorized as

hemorrhagic lesions in this study. We deliberately used a term differ-

ent from that of Yoon et al, who classified these lesions as contrast

extravasation, to stress that it is not only contrast material but also

blood crossing the blood-brain barrier. Using this definition, we

found contrast enhancement in 35.6% of patients and hemorrhagic

lesions in 48.5% of cases.

In accordance with previous studies, we found the basal gan-

glia most frequently involved with hyperattenuated intracerebral

lesions.3,4,6,13 This might be related to the increased vulnerability

of the lenticulostriate arteries to ischemia. However, further

pathomechanisms seem to be involved in the occurrence of hy-

perattenuated intracerebral lesions. Regarding the differentiation

between contrast enhancement and hemorrhagic lesion, the most

widely accepted hypothesis assumes that contrast enhancement is

caused by leakage of contrast medium from vessels into the extra-

cellular spaces because of increased permeability of the BBB. On

the other hand, hemorrhagic lesions are supposed to be caused by

the potential contrast toxicity, which leads to degradation of the

basal lamina, associated with disruption of the BBB, and results in

cellular blood element extravasation from microvessels.14 Intra-

vascular injection of iodinated contrast media, especially superse-

lective infusion directly into the site of acute ischemic damage, has

been identified as a risk factor for disruption of the BBB.13-15

Postulates for the mechanism of contrast neurotoxicity include

hyperosmolality, increased pinocytosis, and inherent chemotox-

icity of the contrast agents.14 Additionally, pressure transmission

from injections may contribute to BBB disruption and thus con-

trast extravasation. In our population, the amount of contrast

agent applied during mechanical recanalization showed signifi-

cant influence on the occurrence of hyperattenuated lesions on

postinterventional CCT. Furthermore, in vitro studies indicate

that the type of contrast media applied has an influence on the

occurrence and extent of intracerebral hemorrhage.16 However,

our study cannot give further evidence in this regard, because

low-osmolar, nonionic contrast was used consistently. Here, ad-

ditional evaluation is needed.

Furthermore, it might be anticipated that administration of

thrombolysis influences the risk of BBB damage. Thrombolytic

agents themselves could provoke injury to the microvascular per-

meability barrier, and exogenous plasminogen activators might

accelerate dissolution of the BBB, microvascular basal lamina,

and platelet-fibrin plugs, thereby increasing edema formation

and the risk of hemorrhage.17 In this context, the type of admin-

istration of thrombolysis seems to play an important role. IA

thrombolysis with direct administration of thrombolytics into the

core of the infarct has been linked to a higher risk of hemorrhage

compared with IV thrombolysis.18-20 In the present study, pa-

tients were included only if thrombolysis was given intravenously,

and all patients with mere or additional intra-arterial thrombol-

ysis were excluded. Hence, we found no significant association

between hyperattenuated intracerebral lesions and IV thrombol-

ysis, in accordance with former investigations.8 Neither the appli-

cation of IV thrombolysis nor the amount of thrombolysis given

showed a significant influence on the occurrence of hyperattenu-

ated lesions on postinterventional CCT. Furthermore, other fac-

tors with conceivable impact on the occurrence of hyperattenu-

ated intracerebral lesions, like cardiovascular risk factors,

ASPECTS on initial CCT, type of retriever, recanalization success,

FIG 3. A 47-year-old man with acute occlusion of the right MCA and mechanical recanalization. Postinterventional CCT (A) shows a hyperat-
tenuated intracerebral lesion in the right putamen (thin arrow) and early signs of ischemic infarction in the right anterior insula (thick arrow). MR
imaging (FLAIR in B, and T2* in C) 2 days following the event shows pure ischemic infarction in both localizations (right putamen and anterior
insula; thin and thick arrows in B and C). Furthermore, MR imaging shows an intracerebral hematoma (PH1) in the right parieto-occipital lobe
(arrowheads on B and C), where no hyperattenuated lesion was evident on postinterventional CCT. Clinical outcome of this patient was good
(mRS 1).
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or different time factors, showed no significant association. Only

regarding the NIHSS score on admission did our data deviate

from those of Parrilla et al (2012).8 In our series, patients who

presented with major neurologic deficits were more prone to de-

velop hyperattenuated lesions following recanalization.

In summary, our multivariate analysis highlights the following

3 factors as significant predictors for the occurrence of hyperat-

tenuated lesions: 1) sex, 2) clinical condition on admission

(NIHSS score), and 3) the amount of contrast agent applied dur-

ing mechanical recanalization.

Prognostic Value of Hyperattenuated Intracerebral
Lesions
Besides imaging characteristics and etiologic factors of hyperat-

tenuated lesions on postinterventional CCT, their prognostic

value was a major objective of this study. Some investigators sug-

gested that hyperattenuated intracerebral lesions are highly asso-

ciated with the formation of severe hemorrhagic transformation

and/or parenchymal hematoma with neurologic deterioration

and should thus be considered as a negative prognostic predictor

for the procedure.3,4,13 In our population also, patients with hy-

perattenuated lesions demonstrated a clearly higher risk of devel-

oping a hemorrhagic infarction compared with patients without

hyperattenuated lesions. In patients with hyperattenuated lesions

on postinterventional CCT, a hematoma of �30% of the in-

farcted area with some mild space-occupying effect (PH1) was

evident in 5.9% (n � 6) of patients, in whom hemorrhage did not

occur in the same localization as hyperattenuated lesions in 2

cases. Despite the increased risk for hemorrhagic transformation

in patients with hyperattenuated lesions on postinterventional

CCT, we, as well as Parrilla et al (2012), 8 found no statistically

significant influence of hyperattenuated intracerebral lesions on

the clinical outcome. Accordingly, the post hoc analysis of the

data of the European Cooperative Acute Stroke Study (ECASS) II

trial identified only intracerebral hematomas in �30% of the in-

farcted area with significant space-occupying effect (PH2) but not

hemorrhagic transformation (HI1/2) or PH1 to be significantly

associated with clinical deterioration and impaired prognosis.21

Even when we considered patients with contrast enhancement

separately from patients with hemorrhagic lesions, there was no

significant difference regarding clinical outcome in our collective,

contrary to Yoon et al (2004),4 who suggested that extravasation

(like our hemorrhagic lesion) portended poorer outcome than

did enhancement.

Generally, occlusion of a proximal intracranial vessel is a seri-

ous disease, and our patient collective was severely clinically af-

fected, with a high risk of persisting neurologic deficits (total me-

dian NIHSS score on admission � 15 [IQR � 6], total median

mRS 90 days after the event � 4 [IQR � 2]). For this reason

mRS � 3 was still considered a good outcome when dichotomiz-

ing the scale.10

Among factors for good clinical outcome, time from onset of

symptoms to recanalization is considered one of the key factors,

with an increasing time span to recanalization decreasing the

chances of success for the rescue of tissue at risk.22 In our inves-

tigation, various time factors were assessed but, as shown in pre-

vious investigations, did not show a statistically significant influ-

ence on clinical outcome.9 Only a short time between initial CCT

and beginning of the procedure of mechanical thrombectomy was

associated with better clinical outcome in the univariate analysis,

but it did not sustain multivariate testing. These results emphasize

that time alone might not be as essential as suggested because

other, more elusive factors, like collateralization, considerably de-

termine the evolution of cerebral infarction.23

Our data agree with those in previous studies assigning signif-

icant influence on clinical outcome to the extent of mismatch in

the initial CTP and recanalization success.23 Furthermore, we

likewise found that age seems to play a critical role, implicating

that younger patients with stroke might benefit even more from

interventional stroke therapy.23 In our collective, a more favor-

able outcome was comprehensively evident in patients with lower

NIHSS scores9 and higher ASPECTS on admission.

In the multivariate analysis, the following 5 factors emerged as

significant predictors for clinical outcome after mechanical re-

canalization of an acute intracranial vessel occlusion in the ante-

rior circulation: 1) age, 2) clinical condition an admission (NIHSS

score), 3) extent of early stroke signs (ASPECTS) on the initial

CCT, 4) mismatch in initial CTP, and 5) recanalization success of

the cerebral artery (TICI).

Limitations
In general, the retrospective design is the major limitation of this

study. Due to this approach, only the beginning of the procedure

of mechanical thrombectomy, instead of the exact time of recan-

alization, could be validly ascertained. In addition, time factors

were unknown in almost half of the patients, mainly in so-called

“wake-up-strokes” or in single patients who were transferred

from other hospitals where IV thrombolysis was applied without

documentation of time. Another drawback of the current study is

the image-based estimation of hemorrhagic transformation with-

out histopathologic correlation. Further experimental and patho-

logic studies are needed regarding changes in the cerebral micro-

vascular barriers in stroke and mechanical recanalization to

clarify underlying mechanisms of hyperattenuated intracerebral

lesions, particularly with respect to the differentiation between

contrast enhancement and hemorrhagic lesions. Potentially, by

using dual-energy CT, accurately differentiating between intra-

cranial hemorrhage and iodinated contrast medium staining

might be feasible,24 but currently this technology is not generally

available. Furthermore, the lack of detailed information about

prior and further anticoagulation therapy is another limitation of

this study. An influence of this medication on the occurrence of

hyperattenuated lesions and/or hemorrhage might be conceiv-

able, but it was not an objective of this study. Further prospective

work is needed regarding this issue.

CONCLUSIONS
In summary, our data show that hyperattenuated intracerebral

lesions frequently occur on CCT following mechanical thrombec-

tomy in acute stroke of the anterior circulation. The extent of

these lesions underestimates the volume of final infarction; hence,

it is of limited predictive value. In our series, hyperattenuated

lesions were associated with a higher risk of hemorrhagic trans-

formation, which might be consequential for the postinterven-
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tional drug management, and need to be evaluated circumstan-

tially in large, prospective studies. However, hyperattenuated

lesions cannot be used to forecast negative clinical outcomes.
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18. Wahlgren N, Ahmed N, Dávalos A, et al. Thrombolysis with alte-
plase for acute ischaemic stroke in the Safe Implementation of
Thrombolysis in Stroke-Monitoring Study (SITS-MOST): an ob-
servational study. Lancet 2007;369:275– 82

19. Tissue plasminogen activator for acute ischemic stroke: the Na-
tional Institute of Neurological Disorders and Stroke rt-PA Stroke
Study Group. N Engl J Med 1995;333:1581– 87

20. Nichols C, Khatri P, Tomsick T, et al. Advantages of a combined
approach to recanalization therapy. Stroke 2008;39:e71, author reply
e72

21. Berger C, Fiorelli M, Steiner T, et al. Hemorrhagic transformation of
ischemic brain tissue—asymptomatic or symptomatic. Stroke
2001;32:1330 –35

22. Jansen O, Schellinger P, Fiebach J, et al. Early recanalisation in acute
ischaemic stroke saves tissue at risk defined by MRI. Lancet
1999;353:2036 –37

23. Hesselmann V, Niederstadt T, Dziewas R, et al. Reperfusion by com-
bined thrombolysis and mechanical thrombectomy in acute stroke:
effect of collateralization, mismatch, and time to and grade of re-
canalization on clinical and tissue outcome. AJNR Am J Neuroradiol
2012;33:336 – 42

24. Phan CM, Yoo AJ, Hirsch JA, et al. Differentiation of hemorrhage
from iodinated contrast in different intracranial compartments us-
ing dual-energy head CT. AJNR Am J Neuroradiol 2012;33:1088 –94

AJNR Am J Neuroradiol 35:345–51 Feb 2014 www.ajnr.org 351


