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Prognostic value of contrast staining on dual- D
energy CT after endovascular therapy in acute
ischemic stroke: a meta-analysis

Fan Yang', Yi Zeng?, Fei Zhu? and Xiaoyan Hu'""

Abstract

Background Contrast staining (CS) on dual-energy CT (DECT) is common after endovascular therapy (EVT) in acute
ischemic stroke (AIS). We performed a meta-analysis to investigate the prognostic significance of CS detected by
DECT after EVT in AlS.

Method MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials, Web of Science and Scopus databases
were searched from inception to July 2023 for publications on the prognostic significance of CS on DECT after EVT
in patients with AIS. Prognostic outcomes were hemorrhage transformation (HT) and poor functional outcome
(modified Rankin Scale [mRS] Score of 3-6 at the 90-day follow-up). Data are presented as odds ratios (OR) and 95%
confidence intervals (Cl).

Results Eleven studies including 1123 cases of AIS were included. Pooled results indicated a higher risk of HT in
patients with CS than in those without CS (OR=2.22; 95% Cl 1.41-3.51, P=0.001; ¥ =45.4%). No association between
CS and symptomatic HT was observed (OR=2.10; 95% Cl 0.64-6.95, P=0.223; =67.3%). Moreover, there was also
higher odds of poor functional outcome in patients with CS than in those without CS (OR=2.76; 95% Cl 1.53-4.97,
P=0.001; F=44.9%).

Conclusions The presence of contrast staining on DECT after EVT is associated with a higher risk of hemorrhage
transformation and poor functional outcome. However, further high-quality studies with standardized processes are
required to confirm these results.
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Introduction

Acute ischemic stroke (AIS) is associated with high mor-
bidity and mortality [1]. Endovascular therapy (EVT) is
an effective therapeutic strategy for AIS caused by large-
vessel occlusion [2, 3]. Administration of contrast mate-
rial during EVT often results in hyperdense areas (HDA)
on postprocedural brain non-contrast computed tomog-
raphy (NCCT) related to blood-brain barrier (BBB)
disruption [4]. Hyperdensity may be a sign of contrast
staining (CS) or a combination of hemorrhage. CS usually
resolves within 24—-48 h [5]. However, intracranial hem-
orrhage is potentially associated with poor prognosis [6].
Although CS is also suggestive of ischemic injury to local
vessels, anticoagulant therapy does not need to be dis-
continued as with hemorrhage. In the absence of intra-
cranial hemorrhage, if anticoagulant therapy is abruptly
interrupted, the previous therapeutic effect of thrombol-
ysis may come to naught. Therefore, the identification of
these hyperdense areas on CT as CS or hemorrhage as
early as possible is clinically critical and significant.

It is difficult to differentiate contrast material from
hemorrhage by using conventional single-energy CT
scans. Dual-energy CT (DECT) has been shown to accu-
rately differentiate intracranial hemorrhage from CS with
excellent accuracy and specificity [7]. Furthermore, com-
pared with patients without HDA (No-HDA), patients
with CS have a longer onset-to-reperfusion time, and
more numbers of thrombectomy devices pass as breaking
the BBB [8-10]. Thus, late hemorrhage transformation
(HT) may also occur in patients without signs of bleeding
on CT immediately after EVT.

Several meta-analyses have been published on asso-
ciations between HDA detected by CT and the clini-
cal outcomes of EVT in patients with AIS [11, 12]. But
no meta-analysis has been published with DECT only.
By including studies containing conventional computed
tomography, the diagnostic accuracy for CS may be
reduced. Therefore, this meta-analysis aimed to investi-
gate the association between CS detected by DECT after
EVT and HT, as well as poor functional outcome. We
hypothesized that CS detected by DECT may be associ-
ated with HT and poor functional outcome, which could
provide some assistance in balancing the risks and bene-
fits of antithrombotic therapy strategies for patients after
EVT.

Method

Literature search strategy

This systematic review has been written with reference to

the screening guidelines of the preferred reporting items

for systematic reviews and meta-analyses (PRISMA).
This protocol was registered in the International Pro-

spective Register of Systematic Reviews database (PROS-

PERO, registration number: CRD42022378646). Two
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authors (Y.F. and Z.Y.) with 11 years of radiological
expertise separately searched the MEDLINE (PubMed),
EMBASE (OvidSP), Cochrane Central Register of Con-
trolled Trials (CENTRAL), Web of Science and Scopus
databases through July 15, 2023, using the following
keywords: Dual-Energy Head CT OR Dual Energy Com-
puted Tomography, Cerebral Parenchymal Hemorrhages
OR Intracranial Hemorrhage, Contrast Staining OR
Iodine Contrast Extravasation OR Contrast Extrava-
sation). The language of the studies was without any
restriction. The references included in the studies were
also searched to identify additional studies. Detailed
search strategies are available in Supplementary Table 1.

Inclusion and exclusion criteria
Two reviewers (Y.F. and Z.Y.) independently selected
eligible primary studies and the disagreements were
resolved by consensus. The inclusion criteria were as fol-
lows: (a) in which patients who received EVT after AIS;
(b) in which patients who received contrast medium dur-
ing EVT; (c) in which DECT was performed after EVT;
(d) in which CT and/or magnetic resonance imaging
(MRI) were as reference standards following DECT; (e)
in which 90-day follow-up records were available; and (f)
that contained sufficient data to construct 2x2 contin-
gency tables or direct odds ratio (OR) values.
Duplications, irrelevant articles, animal studies, edito-
rials, comments, correspondence, letters, case reports,
conference abstracts, reviews, and meta-analyses were
excluded.

Data extraction and quality assessment

Two review authors (Y.F. and Z.Y.)) independently
extracted the following data from each included study:
first author’s name, publication year, country, study
design, number of cases, mean age, proportion of males,
baseline NIHSS score, proportion of anterior circulation,
proportion of successful recanalization, DECT protocols
and time interval, reference standards and time interval,
DECT numerical information (cases of CS, No-HDA,
hemorrhage; as well as cases of HT and symptomatic HT
(sHT) according to the criteria of ECASS or the Heidel-
berg bleeding classification [13, 14]), and cases of patients
with poor outcome, which was defined as a modified
Rankin Scale (mRS) score of 3—6 at the 90-day follow-up.
Disagreements were resolved through consensus.

Two authors (Y.F. and Z.Y.) separately assessed the
quality of each eligible study according to Newcastle-
Ottawa Quality Assessment Scale for nonrandomized
studies [15]. Case-control studies and cohort studies
were assessed based on 3 aspects: patient selection, study
comparability, and exposure or outcome. Disagreements
were resolved by the two authors through discussions or
by consulting a third author (H.X.Y).
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Statistical analysis

Stata V.15 software (StataCorp LP, College Station, Texas)
was used for the combined statistical analysis. Data syn-
thesis of the association between CS and HT/sHT, as
well as poor outcome, are presented as OR and 95% CI.
A random effects model was used for the meta-analysis.
Statistical significance was set at P<0.05. Heterogene-
ity was assessed by using Cochrane Q statistics and was
quantified via IZ with values 25-50%, 50—75%, and >75%
consistent with low, moderate, and high heterogeneity,
respectively. Subgroup analysis was conducted based on
the location of the lesion (anterior or posterior stroke)
and DECT time interval (within 1 h or longer). Egger’s
test was performed to detect publication bias.

Results

Study selection

The flow diagram of the search strategy is shown in Fig. 1.
A total of 668 articles were identified using this search
strategy. After screening titles and abstracts, 643 items
were excluded based on the inclusion and exclusion crite-
ria. We read the full texts of the remaining 25 potentially
eligible studies and excluded 14. Six studies had no avail-
able original data that could be extracted, while five stud-
ies had no control groups. One study evaluated patients
who underwent intravenous thrombolysis after AIS. One
study had no follow-up images as reference standards
and one study was duplicate publication. Finally, a total
of 11 studies were included in the final analysis [8-10,
16-23].

Characteristics of the Studies

The characteristics of the included studies are shown in
Table 1 and online Supplementary Tables 3—6. In total,
5 case-control studies and 6 cohort studies, including
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1184 patients with AIS treated with EVT, in which 1123
patients underwent the DECT and follow-up CT and/
or MRI, were included in the meta-analysis. The selected
studies were conducted between 2014 and 2022 in 6
countries. Eventually, 46.1% of the patients (546/1184)
were diagnosed with CS only. Of the 11 studies included,
10 studies outlined the correlation between CS and HT
[8-10, 16-19, 21-23], along with four studies on sHT [8,
16, 19, 20], while four studies reported the relationship
between CS and poor functional outcome [8, 10, 16, 20].
One of the studies [16] evaluated the anterior circulation
stroke and the posterior circulation stroke separately,
so we extracted the data as if it were two separate stud-
ies. The quality of the included studies, according to the
Newcastle-Ottawa Quality Assessment Scale, is shown in
Table 1 and online Supplementary Table 2.

Relationships between CS after EVT and HT, sHT

Compared with Non-CS patients, CS significantly
increased the risk of HT (OR=2.22; 95% CI 1.41-3.51;
P=0.001), with moderate heterogeneity (P=0.057,
P=45.4%) [8, 10, 16—19, 21-23]. The association between
CS and HT was still significant in the subgroup analy-
sis, including studies that had underwent the index test
time interval within 1 h (OR=1.86; 95% CI: 1.07-3.23;
P=0.028; test of heterogeneity: P=0.146, F=37.0%)
[10, 17-19, 21-23] and studies with anterior circula-
tion stroke (OR=2.40; 95% CI: 1.66—3.48; P<0.001; test
of heterogeneity: P=0.372, =6.1%) [8, 15, 17, 18, 20]
(Fig. 2). However, no association was found between CS
and sHT (OR=2.10; 95% CI 0.64-6.95; P=0.223), with
significant heterogeneity (P=0.016, P=67.3%) [8, 16, 19,
20]. Moreover, no association was observed between
CS and sHT in the anterior circulation stroke subgroup

MEDLINE (by PubMed) (n=217)
EMBASE (by OvidSP) (n=282)
CENTRAL (n=76)
Web of Science(76)
Scopus(17)

Records identified through database searching(n=668)

Records excluded (n=433)
Case reports, reviews, conference

Records screened after removal of

abstracts, editorials, letters, comments,

duplicates(n=458) animal studies (n=120)
i Orignal studies not in the field of
| Records screened by full text(n=25) | interest (n=313)
Insufficient data (n=6)
No control group (n=5)

0 study from references | | 11 studies included |

|

I 11 studies included in the final analysis

Fig. 1 Flow diagram of the search strategy

Intravenous thrombolysis  (n=1)
No follow-up images as reference
standards (n=1)
Redundant publication (n=1)
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Table 1 Characteristics of the studies included
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Author Year Country Mean Proportion Proportion DECT time Reference Sam-  Outcome Scores of
Age(y) of anterior of successful interval standard/  ple NOS scale/
circulation recanalization time Size(n) study design
interval
An,H.[13] 2019 China 61.3 65.6% 83% 12-24 hs NCCT,72+6 180 (00 8/cohort
hs
Bonatti, M. 2018 ltaly 70 89.4% 64.7% within T h NCCT, 24 hs 85 0] 6/case-control
[14]
Byrne, D. 2020 Canada 70 100% 100% within 1 h NCCT, 24 hs 71 0] 7/case-control
[15] or earlier
Cai, J.[16] 2021 China 71 100% 80.3% immediately NCCT or 147 (0] 7/case-control
MRI, 24 +4
hs
Chen, Z.[8] 2020 China 63.1 100% 81.9% within 24 hs NCCT, 166 (006 9/cohort
72-120 hs
Liu, K. [10] 2021 China 72 84.9% 84% immediately DECT, 24 hs 106 [06©)] 7/cohort
Ma, C.[17] 2021 China 70 100% 100% within 1 h NCCT48hs 102 @® 7/case-control
Ma, C.[18] 2022 China 69 100% 100% within T h NCCT, 24-to 138 0] 7/case-control
8-hs
Reny, A.[9] 2015 Spain 68 83% 84.5% within 24 hs NCCT or 71 0] 7/cohort
MRI, 48 to
72 hs
Tijssen, M. 2014  Netherlands 56 na na immediately NCCT, 22 ® 7/cohort
P.[19] 24-48 hs
Zaouak,Y. 2020 Belgium 55 na na within 1 h NCCT or 35 0] 7/cohort
[20] MRI, 24-48
hs

CT, computed tomography; DECT, dual energy computed tomography; NCCT, noncontrast computed tomography; NOS, Newcastle-Ottawa Scale; na, not available;
®© = HT, hemorrhage transformation; @ = sHT, symptomatic HT; ® = Modified Rankin Scale Score 3-6 at 90-day follow-up

(OR=1.22; 95% CI: 0.48-3.09; P=0.679; test of heteroge-
neity: P=0.134, 2=46.2%) [8, 16, 19, 20] (Fig. 3).

Patients with CS had a higher incidence of HT at fol-
low-up (OR=6.56; 95% CI: 3.39-12.69; P<0.001; test
of heterogeneity: P=0.307, ’=15.7%) than No-HDA
patients [9, 10, 17-19, 21-23].

The Egger’s test showed that the outcomes of HT and
sHT did not show any publication bias (see online Sup-
plementary Tables 3-5).

Relationships between CS after EVT and poor functional
outcome
A meta-analysis of four eligible studies [8, 10, 16, 20]
including 554 patients illustrated that patients with
CS had a higher rate of poor functional outcome at
90-day follow-up than those without CS (OR=2.76;
95% CI 1.53-4.97; P=0.001), without heterogene-
ity (P=0.123, F=44.9%). The association between CS
and poor outcome was still significant in the subgroup
analysis, including studies on anterior circulation stroke
(OR=3.55; 95% CI: 1.72-7.32; P=0.001; test of heteroge-
neity: P=0.131, P=50.8%) [8, 16, 20]. (Fig. 4)

Using the Egger’s test, no publication bias could be
attributed to the poor functional outcome at the 90-day
follow-up (see online Supplementary Table 6).

Discussion

This meta-analysis aimed to investigate the prognostic
significance of contrast staining detected by DECT after
EVT. We identified that CS significantly increased the
risk of HT and poor functional outcome at the 90-day
follow-up in patients with acute ischemic stroke. How-
ever, no association was found between CS and sHT.

The recent advent of DECT has allowed for differentia-
tion between contrast staining and hemorrhage following
thrombectomy. Our study revealed that the presence of
CS on DECT post-thrombectomy is probably associated
with the development of HT, which supports the con-
cept that both CS and HT are successive stages of BBB
disruption [24]. Ahn et al. [25] showed that delayed pete-
chial hemorrhage was predicted by anticoagulant use and
maximum contrast density. It is recommended that the
patients with evident CS following thrombectomy war-
rant close monitoring and necessary interventions such
as avoiding or reversing anticoagulation [25].

Extravascular contrast material demonstrates washout
within 24-48 h in a hyperdense area [5]. Thus, DECT
should be performed as early as possible to detect CS
post-EVT, and follow-up examinations are better after
24 h. If follow-up imaging is performed within 24 h after
EVT, confusion will occur between CS and HT. In our
study, the time interval between EVT and DECT differed
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Study %
D OR (95% CI) Weight
I
anterior circulation !
An, H[16] (2019) — 2.38 (1.10, 5.15) 1452
Byrne, D.[18] (2020) — 7.47 (1.94,28.72) 7.86
Cai, J.[19] (2021) +—— 1.75 (0.88, 3.47) 15.90
Chen, Z[8] (2020) ——— 2.03(1.03, 3.98) 16.08
Ma, C.[21] (2022) —_— 3.28 (1.32, 8.13) 12,51
Subtotal (I-squared = 6.1%, p = 0.372) <> 2.40 (1.65, 3.48) 66.87
: |
posterior circulation :
An, H.[16] (2019) | ——————— 20.83(360,12069) 5.3
Subtotal (I-squared = %, p =) | === 2083(360,12069) 532
. |
anterior and posterior circulation |
Bonatti, M.[17] (2018) —— 1.39(0.42, 4.58) 9.25
Liu, K.[10] (2021) —_— 1.10 (0.46, 2.62) 13.05
Subtotal (I-squared = 0.0%, p = 0.749) <> 1.19(0.59, 2.41) 22.30
N 1
/ |
Tijssen, M. P.[22] (2014) : 0.38(0.03, 5.57) 2.57
Zaouak, Y.[23] (2020) - . 0.57 (0.05, 6.90) 295
Subtotal (I-squared = 0.0%, p = 0.825) —C>I- 0.47 (0.07, 2.93) 5.52
1
Overall (I-squared = 45.4%, p = 0.057) <> 2.22(1.41,351) 100.00
NOTE: Weights are from random effects analysis i

I
00829

121

Fig. 2 The forest plot of the relationships between CS and HT compared with Non-CS, including anterior circulation stroke subgroup analysis
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Fig. 3 The forest plot of the relationships between CS and sHT compared with Non-CS, including anterior circulation stroke subgroup analysis
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Fig. 4 The forest plot of the relationships between CS and poor functional outcome compared with Non-CS, including anterior circulation stroke sub-

group analysis

from immediately [10, 17-23] to within 24 h [8, 9, 16] in
different studies. Thus, we conducted a subgroup analy-
sis of studies with time intervals within 1 h to reduce
heterogeneity.

Various other possible covariates, including image anal-
ysis, location of the lesion, reference standard judgment,
and the time of follow-up imaging, had a significant influ-
ence on the heterogeneity [7, 12]. Previous studies have
identified that the posterior circulation has greater isch-
emic tolerance, and BBB disruption may be delayed after
stroke onset compared with the anterior circulation [26,
27]. At the same time, the vasoreactivity and autoregula-
tion of the anterior and posterior circulation are also dif-
ferent. In our study, the association between CS and HT
was still significant in the subgroup analysis with studies
on anterior circulation stroke without heterogeneity.

However, no association was found between CS and
sHT, particularly in the anterior circulation stroke sub-
group. A previous study indicated that a hyperdense area
on CT after thrombectomy is significantly associated
with a high risk of symptomatic intracerebral hemor-
rhage [12]. The opposite conclusion may be mainly attrib-
uted to the fact that high-density lesions after EVT also
contain intracranial hemorrhage, which is considered to
be a strong predictor of later sHT development [20].

We came up with a clinically significant result that CS
after EVT was likely related to poor functional outcome.
However, it was contrary to previous An’s [16] study. It

may caused by the small sample size, various biases and
random errors of the individual study. In addition, we
specifically pooled patients with only anterior circulation
stroke and found that CS presentation was associated
with a 3.55-fold increase in the odds of a poor outcome.
However, the exact mechanism of CS for poor outcome
remains unclear. The assumptions for the mechanism
are as follows. First, the contrast medium may cause
neurotoxic effects via the inherent chemotoxicity [28],
and allergic reactions as the contrast medium remains
in the brain. Similarly, other studies have indicated that
the use of contrast media is related to the deterioration
of neurological function and conditions, such as poste-
rior reversible leukoencephalopathy [29] and iodinated
contrast encephalopathy [30]. Second, the risk of HT was
increased in patients with CS on DECT, as mentioned
above, and was associated with high mortality rates and
significantly poor prognosis [31, 32]. A delayed reper-
fusion time and hyperperfusion after EVT may cause
greater injury to the vasculature and BBB, further leading
to evident CS [9]. Furthermore, the numbers of device
passes per procedure and inappropriate operations dur-
ing EVT may promote BBB disruption [9].

Our meta-analysis has several limitations. First, most of
the included studies were retrospective and case-control,
and patient selection could have introduced some bias.
Second, the baseline NIHSS score, location of occlusion,
proportion of successful recanalization, time interval of
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index test, time interval of reference standard and the
DECT protocols were not the same among the included
studies, which may have caused heterogeneity. How-
ever, we reduced this influence by performing a series
of subgroup analysis. Third, although CS could predict
HT in the subgroup analysis of studies that had an index
test time interval within 1 h, we need to be aware that
the lower limit of the confidence interval for OR was
1.07, but may fluctuate to the left or right due to a new
research, and might further change our results.

Conclusion

Our results indicate that the presence of contrast staining
on DECT after endovascular therapy for acute ischemic
stroke is probably associated with a high risk of hem-
orrhage transformation and poor functional outcome.
However, our assessment of the evidence has several lim-
itations. Further high-quality studies with standardized
processes are required to validate our findings.

Abbreviations
(@) contrast staining

DECT  dual-energy CT

EVT endovascular therapy

AIS acute ischemic stroke

HT hemorrhage transformation

mRS modified Rankin Scale

OR odds ratio

@] confidence interval

HDA hyperdense area

NCCT  non-contrast computed tomography
BBB blood-brain barrier
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