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The Relationship between Bleeding and 
Contrast Extravasation Judged by Dual 
Energy CT after Acute Thrombectomy

Tomohiro Iida,1,2 Keita Yamauchi,1 Shunsuke Takenaka,3 and Hideki Sakai1

Objective: There are many cases in which computed tomography (CT) after acute thrombectomy demonstrates 
high-density areas, but it may be difficult to judge whether this is hemorrhage or contrast extravasation. Dual energy 
CT (DECT) is an imaging method that enables discrimination of substances by acquiring X-ray image data of two 
different energies.
Methods: We performed DECT to distinguish hemorrhage from contrast extravasation in cases with high-density areas 
on CT after acute thrombectomy at our hospital, and we compared with T2*-weighted image on the following day.
Results: Six patients comprising 22 areas had high-density areas on CT after acute thrombectomy. In all, 20 of the 
22 high-density areas were determined to be contrast extravasation by DECT, and no cases of subsequent symptomatic 
cerebral hemorrhage were observed. However, 11 areas with new microbleeds were confirmed in the 20 extravasation 
areas on MRI-T2* images the day after thrombectomy.
Conclusion: This examination suggested that the contrast extravasation and its concentration are involved in the 
presence of low-intensity areas on T2*.
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Introduction

In many patients, computed tomography (CT) after acute-
phase thrombectomy reveals high-density areas. We there-
fore examined which of two factors, hemorrhage and contrast 
medium extravasation, is associated with the high-density 
areas based on the site/shape of this area, presence of shift, 
and CT value, but it was difficult to evaluate this in some 

patients. As the presence of hemorrhage influences postop-
erative management, the necessity of developing an 
examination procedure that facilitates the differentiation of 
hemorrhage from contrast medium extravasation has been 
emphasized. Dual energy CT (DECT) is an imaging 
method that facilitates the discrimination of substances 
through the acquisition of X-ray image data in two differ-
ent energy areas. It may also be useful for differentiating 
hemorrhage from contrast medium extravasation. A previ-
ous study reported its usefulness.1) In this study, we per-
formed DECT to differentiate hemorrhage from contrast 
medium extravasation in patients in whom CT after acute-
phase thrombectomy demonstrated high-density areas, and 
compared the results with T2*-weighted images the fol-
lowing day to investigate the association of contrast 
medium extravasation with hemorrhage.

Subjects and Methods

Of nine patients who underwent acute-phase throm-
bectomy at our hospital between November 2018 and 
June 2019, we simultaneously performed plain CT and 
DECT for six in whom CT after treatment demonstrated 
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high-density areas, and conducted magnetic resonance 
imaging (MRI), including T2*-weighted imaging, the fol-
lowing day to examine its association with DECT. For 
DECT, an Aquillion PRIME (Toshiba, Japan) was used. 
The following imaging conditions were adopted: dual 
energy volume scan (two-rotation system); tubal voltage, 
80/135 kVp; tubal current, 600/200 mA; collecting detec-
tor, 0.5 mm × 80 rows; tube rotation speed, 1 second; rear-
rangement function, FC13; and rearrangement slice 
thickness, 5 mm. The authors were responsible for image 
assessment of the presence of a high-density area on CT 
after treatment. We confirmed the area of contrast medium 
on an iodine map obtained using DECT and measured the 
CT values at several points per area. The greatest value was 
regarded as the maximum in the area. In our hospital, a 
direct aspiration first pass technique (ADAPT) with a Pen-
umbra system (Penumbra Alameda, CA, USA) was 
selected as the first-choice procedure for thrombectomy. 
When a thrombus was impossible to aspirate, treatment 
was performed using different stent retrievers based on the 
conditions in individual patients.

Results

In six (four males and two females) of the nine patients, CT 
after acute-phase thrombectomy demonstrated high- 
density areas, with a mean age of 79.9 years (Table 1). 
Among them, the internal carotid artery and the middle 
cerebral artery were affected in three patients each (M1: 
two patients, M2: one patient). In four patients, throm-
bectomy had been performed after the administration of 
recombinant tissue plasminogen activator (rt-PA). In the other 
two patients for whom rt-PA was not indicated, thrombec-
tomy alone had been conducted. For all patients, there was 
diffusion-weighted imaging (DWI)-fluid-attenuated inver-
sion recovery (FLAIR) mismatch, suggesting early after 
onset, or DWI-clinical mismatch, suggesting the penum-
bra region. Concerning the results of treatment, TICI3 
recanalization was achieved in four patients and TICI2b 
recanalization was achieved in two patients. In these six 
patients, CT immediately after treatment revealed high-density 
areas at 22 points. At 20 of these points, contrast medium 
was detected on DECT (20/22 points, 90.9%). All areas 
where contrast medium was detected were within ischemic 
areas on CT or DWI on arrival or the latter the following 
day. Case 1 is presented in Fig. 1. In Case 1, CT immedi-
ately after treatment demonstrated eight high-density areas 
and contrast medium was detected in all areas on DECT. In Ta
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Fig. 1  A 92-year-old female (Case 1). CT (A)/diffusion-weighted imaging (B) before thrombectomy. A high-density area on CT (C) after throm-
bectomy was confirmed to be contrast medium extravasation (arrow) on an iodine map (D). CT: computed tomography

two of the rt-PA-treated patients, cerebellar or intraventric-
ular hemorrhage was observed regardless of ischemic areas 
immediately after treatment. However, CT during the 
course did not reveal cerebral hemorrhage in any other 
patient. At 19 of the 20 points where contrast medium was 
detected, it was washed out on CT the following day, 
excluding one patient. One point where a light high- 
density area remained was confirmed in Case 9, and T2*-
weighted imaging the following day revealed hemorrhage 
at the same site, suggesting the simultaneous presence of 
contrast medium and hemorrhage (Fig. 2). As presented 
in Table 2, six patients in whom CT after surgery 

demonstrated high-density areas were compared with 
three without such areas. There were no marked differ-
ences in the age (mean: 81.8 ± 8.4 vs. 76.0 ± 5.4 years, 
respectively), site of occlusion (IC: three patients, 
M1: 2, M2: 1 vs. IC: 2, M1: 1, respectively), tPA admin-
istration (4/6 patients vs. 2/3 patients, respectively), or 
door-to-recanalization time (mean: 183.0 ± 21.9 vs. 
196.760.7 minutes, respectively), but the mean national 
institute of health stroke scale (NIHSS) score (24.5 ± 6.3 
vs. 15.3 ± 8.6, respectively) was slightly higher in the six 
patients with high-density areas. The Alberta stroke pro-
gramme early CT score (ASPECTS)/DWI-ASPECTS 

Fig. 2  A 77-year-old male (Case 9). CT (A) and iodine map (B). CT the following day showed a high-density area (C) at the site of contrast 
medium detection. T2*-weighted imaging (D) revealed hemorrhage, suggesting the concomitant existence of contrast medium and 
hemorrhage. CT: computed tomography
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cerebellar hemorrhage) on CT immediately after treatment, 
and it was washed out on CT the following day. However, 
at three of the six points, new low-intensity areas were con-
firmed on T2*-weighted imaging. Of 20 areas (six patients) 
where contrast medium was detected on DECT, a new T2* 
low-intensity area, which was not observed before treat-
ment, was detected in 11 (55%). We compared the maxi-
mum CT value on DECT between the 11 points and 9 
non-low-intensity areas. The mean maximum CT values in 
the former and latter were 55.0 ± 15.7 and 47.3 ± 13.8 HU, 
respectively, with no significant difference. However, the 
value may be slightly higher in the former.

Discussion

An entity of DECT was proposed in the 1970s. DECT sys-
tems became commercially available at the beginning of 
the 2000s. As changes in the CT value related to X-ray 

(8.3 ± 1.4/7.5 ± 2.2 vs. 5.7 ± 1.2/5.0 ± 2.2, respectively) 
was higher in the six patients.

Case 6 is presented in Fig. 3. In Case 6, contrast 
medium was detected in all six high-density areas (excluding 

Table 2  Case comparison regarding the presence of high-density 
areas

 
HDA+ HDA-
(n = 6) (n = 3)

Age, y 81.8 ± 8.4 76.0 ± 5.4
Occlusion site, n
 ICA 3 2
 M1 2 1
 M2 1
NIHSS score 24.5 ± 6.3 15.3 ± 8.6
ASPECTS, score 8.3 ± 1.4 5.7 ± 1.2
DWI-ASPECTS, score 7.5 ± 2.2 5.0 ± 2.2
D to R, m 183.0 ± 20.3 196.7 ± 60.7

ASPECTS: Alberta Stroke Programme Early CT score;  DtoR: door to 
revasculization; DWI: diffusion-weighted imaging; HDA: high-density 
area; ICA: internal carotid artery; M1 and M2: middle cerebral artery

Fig. 3  A 92-year-old female (Case 6). CT (B) the following day confirmed washout in a high-density 
area on CT (A). Furthermore, T2*-weighted MRI (C) revealed fresh microhemorrhage in a 
portion of the same area. CT: computed tomography; MRI: magnetic resonance imaging
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different phases of BBB disturbance.6) In our patients, T2*-
weighted imaging confirmed the new development of 
microhemorrhage in ≥50% (11/20 points) of the areas 
where contrast medium was detected, suggesting that the 
detection of contrast medium on DECT is a risk factor for 
hemorrhage. Among the areas where contrast medium was 
detected, the CT value on DECT in low-intensity areas on 
T2*-weighted MRI the following day was slightly higher 
than that in non-low-intensity areas (55.0 ± 15.7 vs. 47.3 ± 
13.8 HU, respectively), although there was no significant 
difference. This suggests that the concentration of contrast 
medium played a role in microhemorrhage. Briefly, a high 
concentration of contrast medium may reflect a more 
advanced phase of BBB disturbance.

The detection of contrast medium is influenced by the 
frequency of intraoperative contrast-enhanced imaging, 
infusion pressure, and presence of imaging through a 
microcatheter; therefore, there may be procedure-related 
changes. In addition, whether DECT should be performed 
after thrombectomy is evaluated based on the presence of 
high-density areas, a subjective factor; the possibility that 
high-density areas may be overlooked cannot be excluded. 
In addition, this study involved a small number of patients, 
and this issue should be further investigated in a larger 
number of patients in the future.

Conclusion

Contrast medium was able to be detected on DECT after 
thrombectomy. We compared DECT with T2*-weighted 
MRI, and suggest that the detection of contrast medium 
using DECT is a risk factor for post-treatment hemorrhage. 
Therefore, DECT after thrombectomy may provide infor-
mation useful for postoperative blood pressure control or 
examining the timing of starting antithrombotic therapy.
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