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ORIGINAL RESEARCH
NEUROVASCULAR/STROKE IMAGING

Contrast Staining in Noninfarcted Tissue after Endovascular
Treatment of Acute Ischemic Stroke

Mohamad Abdalkader, ““Thanh N. Nguyen, “~ Anurag Sahoo, ““’Muhammad M. Qureshi, Charlene J. Ong, "= Piers Klein,
Matthew 1. Miller, “’ Asim Z. Mian, ““’Johannes Kaesmacher, *“’ Adnan Mujanovic, Wei Hu, ““'Hui Sheng Chen, and
Bindu N. Setty

ABSTRACT

BACKGROUND AND PURPOSE: Contrast staining is a common finding after endovascular treatment of acute ischemic stroke. It
typically occurs in infarcted tissue and is considered an indicator of irreversible brain damage. Contrast staining in noninfarcted tis-
sue has not been systematically investigated. We sought to assess the incidence, risk factors, and clinical significance of contrast
staining in noninfarcted tissue after endovascular treatment.

MATERIALS AND METHODS: We conducted a retrospective review of consecutive patients who underwent endovascular treatment
for anterior circulation large-vessel occlusion acute ischemic stroke. Contrast staining, defined as new hyperdensity on CT after
endovascular treatment, was categorized as either contrast staining in infarcted tissue if the stained region demonstrated restricted
diffusion on follow-up MR imaging or contrast staining in noninfarcted tissue if the stained region demonstrated no restricted dif-
fusion. Baseline differences between patients with and without contrast staining in noninfarcted tissue were compared. Logistic
regression was used to identify independent associations for contrast staining in noninfarcted tissue after endovascular treatment.

RESULTS: Among 194 patients who underwent endovascular treatment for large-vessel occlusion acute ischemic stroke and met the
inclusion criteria, contrast staining in infarcted tissue was noted in 52/194 (26.8%) patients; contrast staining in noninfarcted tissue, in 26
(13.4%) patients. Both contrast staining in infarcted tissue and contrast staining in noninfarcted tissue were noted in 5.6% (11/194). Patients
with contrast staining in noninfarcted tissue were found to have a higher likelihood of having an ASPECTS of 8-10, to be associated
with contrast staining in infarcted tissue, and to achieve successful reperfusion compared with those without contrast staining in nonin-
farcted tissue. In contrast staining in noninfarcted tissue regions, the average attenuation was 40 HU, significantly lower than the con-
trast staining in infarcted tissue regions (53 HU). None of the patients with contrast staining in noninfarcted tissue had clinical worsening
during their hospital stay. The median discharge mRS was significantly lower in patients with contrast staining in noninfarcted tissue than
in those without (3 versus 4; P=.018). No independent predictors of contrast staining in noninfarcted tissue were found.

CONCLUSIONS: Contrast staining can be seen outside the infarcted tissue after endovascular treatment of acute ischemic stroke,
likely attributable to the reversible disruption of the BBB in ischemic but not infarcted tissue. While generally benign, understand-
ing its characteristics is important because it may mimic pathologic conditions such as infarcted tissue and cerebral edema.

ABBREVIATIONS: AIS = acute ischemic stroke; CS = contrast staining; CS-l = contrast staining in infarcted tissue; CS-NI = contrast staining in noninfarcted
tissue; EVT = endovascular treatment; HU = Hounsfield unit; IQR = interquartile range; LVO = large-vessel occlusion

ccurate interpretation of the imaging findings after endovascu-
lar therapy (EVT) for acute ischemic stroke (AIS) is important
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for appropriate management and prognostication. Hyperdensities
on NCCT head scans are common findings after EVT, having been
described in up to 84% of patients.'> Although these hyperdensities
may represent extravasated blood products or other hemorrhagic
complications, most are due to retained iodinated contrast material
from intra-arterial iodine contrast injection, a phenomenon termed
contrast staining (CS).
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Brain ischemia is known to induce gradual and time-depend-
ent changes in the integrity of the BBB. which is impermeable to
contrast molecules in a physiologic state.”® Varying degrees of
increased permeability permit the fluid and plasma protein leak-
age seen in cerebral edema, contrast material leakage causing CS,
and the blood product extravasation seen in hemorrhagic trans-
formation.®”” The increased duration and severity of the ische-
mic insult are associated with a higher degree of microvascular
injury and BBB disruption, while collateral circulation in the
involved region may protect the microvasculature.>'*!!

The presence of CS has been considered an indicator of irre-
versible brain injury and has been associated with the develop-
ment of symptomatic intracranial hemorrhage and poor clinical
outcome.’> > However, CS may also occur in noninfarcted terri-
tories and may resolve without sequelae. This phenomenon of
transient CS in noninfarcted tissue poses radiologic and manage-
ment challenges because it may mimic pathologic conditions
such as infarcted tissue, extravasated blood products, intracranial
hemorrhage, and cerebral edema. Prior studies that demonstrated
the association of CS with irreversible injury focused on staining
in areas of core infarct, and, to our knowledge, CS in the nonin-
farcted tissue has not been systematically investigated. This study
aimed to characterize the incidence of CS in noninfarted tissue
(CS-NI), its radiologic characteristics, potential risk factors, and
its clinical and imaging outcomes.

MATERIALS AND METHODS

Ethics approval was obtained from Boston University institutional
review board. According to institutional protocol, written
informed consent for EVT was obtained from patients and/or
their legal representatives. Anonymized data are available from
the corresponding author on reasonable request. This article fol-
lowed the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines.

Study Design and Patient Selection

We performed a retrospective review of a prospectively main-
tained neuroendovascular database of consecutive patients who
presented with anterior circulation large-vessel occlusion AIS
(LVO-AIS) and underwent EVT between January 2016 and
January 2022. Patients were included in the analysis under the
following conditions: 1) an NCCT was obtained within 24 hours
after EVT, 2) a follow-up MR imaging of the brain was obtained
within 72 hours after EVT, and 3) clinical follow-up was available
3 months after EVT. Patients were excluded if they had posterior
circulation stroke, complete infarction of the affected vascular
territory, and subarachnoid or parenchymal hemorrhage, as deter-
mined by SWL

Clinical, Radiologic, and Endovascular Data Collection

Patient demographics (age, sex), vascular risk factors (diabetes
mellitus, hypertension, atrial fibrillation, coronary artery disease,
kidney disease, heart failure, smoking), preprocedural stroke and
imaging characteristics, procedural details, follow-up imaging
data, and outcome data are presented as detailed in the Online
Supplemental Data and Tables 1 and 2. In addition, blood pres-
sure measurements at presentation and intraprocedurally, NTHSS
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shift at 24 hours after the procedure, NIHSS at 1 week or dis-
charge if earlier, and the mRS at 90 days after EVT were recorded.
Clinical worsening postprocedure was defined as neurologic dete-
rioration of = 4points on the NIHSS from baseline.

Imaging Analysis

All NCCTs within 24 hours after EVT and follow-up MR imaging
within 72hours after EVT were independently evaluated by 2
board-certified neuroradiologists with 5 (M.A,) and 15 (B.N.S.)
years of experience who were blinded to treatment details. CS
was defined as new parenchymal hyperdensities on early CT
imaging performed within 24 hours after EVT without evidence
of blood products on SWI. CS was categorized as contrast stain-
ing in infarcted tissue (CS-I) if the stained region demonstrated
restricted diffusion on follow-up DWI. CS was categorized as CS-
NI if the stained region demonstrated no corresponding signal
abnormality on T2, FLAIR, or DWI.

For patients with CS, the Hounsfield unit (HU) of the attenu-
ation of the stained tissue was measured using the free-form ROI
and compared with the contralateral symmetric normal region.
CT and MR imaging were also analyzed for associated signs of in-
farction (loss of the gray-white matter, gyral swelling, and sulcal
effacement) and signs of intracranial hemorrhage.

Statistical Analysis

The descriptive analysis compared demographics, medical comor-
bidities, radiographic details, and procedural details between
patients with and without CS-NI. Continuous variables were
expressed as mean (SD) and median (interquartile range [IQR])
and were compared using the Student ¢ test or Mann-Whitney
U test, as appropriate. Differences in categoric variables were
examined with the y” test or Fisher exact test. Variables achiev-
ing P=.1 in univariable analyses and a priori selected variables
based on prior literature (eg, hypertension and diabetes mellitus)
were carried forward into a multivariable logistic regression to
evaluate potential independent factors associated with CS-NI. To
account for sparse data, all logistic regression models used the
Firth adjustment.'® All statistical analyses were performed on
SAS, Version 9.4 (SAS Institute). All tests were 2-sided, and a
P value < .05 was considered significant.

RESULTS
Among 254 patients who underwent EVT for LVO-AIS during
the study period, 194 patients were included after the exclusion
of 60 patients due to complete territorial infarct (n = 10), paren-
chymal or subarachnoid hemorrhage (n = 30), posterior circula-
tion stroke (n = 17), or lack of imaging follow-up (n = 3) (Fig 1).
Among the 194 included patients, CS-I was noted in 52
(26.8%) patients, and CS-NI was noted in 26 (13.4%) patients.
Both CS-T and CS-NI were noted in 5.6% (11/194) of patients
who underwent EVT in our study. Examples of CS-NI are
depicted in Figs 2 and 3. In the overall cohort, the median age
was 72 (IQR, 59-82) years, 48.5% were men, and the median
baseline NTHSS was 18 (IQR, 13-21), with no difference between
groups. Other baseline demographic and clinical characteristics
of patients with or without CS-NI are shown in the Online
Supplemental Data.



Starting LVO
Dataset

(n=254)

Analysis Set
(n=194)

FIG 1. Eligibility criteria for study inclusion are demonstrated.

v

Exclusion Criteria
Complete Territorial Infarct
(n=10)
Parenchymal or
Subarachnoid Hemorrhage
(n=30)

Posterior Circulation Stroke
(n=17)

Lack of Imaging Followup
(n=3)

Imaging and Procedural
Characteristics

The most common occlusion site was
the M1 segment of the MCA (45.9%,
89/194). There was no difference in
lesion location between those with and
without CS-NI (P=.21). The most
common first-line technique of EVT
was a stent retriever (74.7%, 145/194),
and a balloon guide catheter was used
in 78.9% (153/194) of cases. In 84.5%
(164/194) of cases, =3 passes were
completed. Patients with successful
reperfusion, defined as an expanded
TICI of =2b, were more likely to de-
velop CS-NI than those without suc-
cessful reperfusion (16.2% versus O,
P=.01). Patients with ASPECTS of 8-
10 on preprocedural CT were also more
likely to have CS-NI than those with
ASPECTS of 5-7 (16.2% versus 5.8%,
P = .059); however, this difference did
not reach statistical significance. There
was no difference between the median
volume of contrast used during the

H N

FIG 2. Noncontrast head CT (A) and perfusion imaging map (B) of a patient who presented with an acute left M1 occlusion stroke, showing pre-
served brain parenchyma and a large area of penumbra (in green, B). Angiogram before (C) and after (D) mechanical thrombectomy shows com-
plete recanalization of the left MCA territory. Note good leptomeningeal collaterals in the contrast-stained region. NCCT performed after the
procedure (E) shows contrast staining with increased attenuation and sulcal effacement in the left cerebral convexity, which was completely
effaced on the virtual noncontrast dual-energy CT (F). MR imaging follow-up shows normal findings on MR images with no corresponding signal

abnormality on DWI (G) and FLAIR (H) images.
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measurements in areas considered nor-
mal, CS-I or CS-NI were calculated and
are shown in Table 3. While there was a
trend suggesting a higher incidence of
CS-NT in patients with CS-I, CS-NI was
identified in 22.2% (11/52) of patients
with CS-I compared with 10.6% (15/
142) in patients without CS-I; this dif-
ference did not reach statistical signifi-
cance. In our cohort, only 8 of the 194
patients underwent CT perfusion, and
2 of them exhibited CS-NI.

Outcomes

None of the patients with CS-NI had
clinical worsening after EVT compared
with 12.5% of patients with CS-I (0%
versus 12.5%; P—=.08). There was no
difference in the median NIHSS at
24hours post-EVT (12 versus 13;
P=.77) or median NTHSS at discharge
(6 versus 9.5; P=.08) between patients
with and without CS-NI. The median

FIG 3. Transient contrast staining of noninfarcted regions in the right cerebral convexity after

endovascular treatment of a right M1 MCA occlusion (A-C) and left M1 MCA occlusion (D-F),
manifesting as increased parenchymal attenuation and effacement of the cortical sulci (A and D)
on the early posttreatment CT imaging. Repeat CT imaging 48-72 hours later (B and E) shows nor-
malization of the brain parenchyma and cortical sulci. DWI (C and F) shows normal brain paren-

chyma with no restricted diffusion in the previously stained region.

Table 1: Clinical outcomes by contrast staining status

discharge mRS was significantly lower
in patients with CS-NI compared with
those without (3 versus 4; P=.018),
and there was no difference in median
3-month mRS between the 2 groups (3
versus 3; P=.06) (Table 1).

Univariable and Multivariable

With Without Analysis
All CS-NI CS-NI P Value SIS . o
NIHSS (24 hr) No. (median, IQR) 94 (125, 319) 15 (12, 5-17) 79 (13, 2-20) 77 In univariable analysis, no- significant
NIHSS (discharge) No. (median, IQR) 170 (9,3-19) 22 (6,2-9) 148 (9.5,3-20.5) .08 differences between patients with and
mRS (discharge) No. (median, IQR) 194 (4,3-5) 26 (3,2-4) 168 (4, 3-5) 02 without CS-NI were observed by sex,
MRS (3 mo) No. (median, IQR) 183(3,2-5  25(3,1-3) 158 (3, 2-5) 06 comorbidities, NIHSS, administration
Worser;ing pc;stprocedure, No. 08 of IV thrombolysis, occlusion site, lat-
NO(CO i 7} 173 (89.2) 26(1000) 17 (875) erality, time of postprocedural CT,
Yes 21(10.8) 0(0.0) 21(12.5) endovascular technique, contrast vol-

procedure, the mean systolic blood pressure, or blood pressure
variability between those with and without CS-NI. There was no
statistical significance in the duration of the procedure between
patients with or without CS-NL There was a higher incidence of
CS-NI observed in patients with kidney disease; however, the
increase did not reach statistical significance.

NCCT was performed at a median interval of 517 (IQR, 400—
767) minutes after EVT, with no difference between those with
and without CS-NI. In CS-NI regions, the average mean attenua-
tion was 40 HU, and the average maximum attenuation was 53
HU, which was greater than the average mean (32 HU) and average
maximum attenuation (43 HU) in the contralateral normal hemi-
sphere (P<<.001). For patients with both CS-NI and CS-I (11
patients), HU values were higher in CS-I regions than in CS-NI
regions for both the average mean (53 versus 40; P=.027) and the
average maximum (70 versus 52; P=.014). In Hounsfield unit
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ume, or blood pressure measurements.
In multivariable analysis, there was a
trend toward a higher incidence of CS-NI with higher ASPECTS
(8-10) and higher reperfusion (TICI 2b-3), but it did not achieve
statistical significance. Otherwise, no independent association for
CS-NI was found (Table 2).

DISCUSSION

In this retrospective analysis of 194 patients who underwent EVT
for anterior circulation LVO stroke, we describe a phenomenon
of CS-NI that consists of a benign and transient parenchymal
enhancement on early NCCT after EVT, without evidence of
infarct on follow-up imaging. CS-NI was identified in 13.4% (26/
194); CS-1 was observed in 26.8% (52/194); and both, in 5.6%
(11/194) of patients who underwent EVT in our study. In con-
trast to CS-I, indicating permanent brain injury and poor out-
comes, patients with CS-NI in our series showed a favorable

soe . . 12,17-20
clinical course with no post-EVT worsening.



Table 2: Crude and adjusted odds of contrast staining outside the infarcted tissue®

perfusion imaging and electron micro-

Univariable Multivariable P Value scopic examinations, have explored the
Hypertension regional heterogeneity of BBB disruption
No Ref Ref in AIS*? Krueger et al”’* found,
Yes ' 176 (0.69-4.41) 0.24 1.81 (0.68-4.85) 23 through electron microscopic and im-
DI:;\:etes mellitus Ref Ref munofluorescence studies, that BBB
Yes 178 (074-426) 019 171 (060-487) 23 injury extends to the penumbral areas,
Kidney disease which showed less structural BBB dam-
No Ref Ref age than core infarct regions. Other stud-
Yes ) 250 (095-6.57) 006 166  (0.54-512) 37 ies revealed regional variations in BBB
II;I)EE?SCT scan (min) 0.999  (0.998-1.0) 0.21 0.999  (0.997-1.0) 16 disruption between the core infarct and
5 7 Ref Ref the penumbra on perfusion imaging, with
8-10 278 (0.85-9.06) 009 346  (0.96-12.53) 06 the penumbra regions showing reduced
Core infarct staining BBB disruption.”
No Ref Ref In the current study, CS-NI is charac-
Yes 228 (0.98-5.31) 0.06 174 (0.70-4.34) 23 terized by mild parenchymal enhance-
Contrast volume 1.01 (0.999-1.02) 0.09 1.01 (0.999-1.02) .01
Recanalization score ment on noncontrast CT, with an average
TICI 0-2a Ref Ref HU of 40, which was significantly lower
TICI 2b-3 13.10 (0.75-229.98)  0.08 12.10 (0.77-190.21) .08 than the CS-I (53 HU) and lower than

®Data are OR (95% Cl).

Table 3: Hounsfield units in healthy controls, penumbra, and
core tissue®

No. HU Value CSP P Value
Hounsfield units (mean) <.0001
Control 26 3235
Penumbra 26 40.12
Hounsfield units (max) <.0001
Control 26 4242
Penumbra 26 52.96
Hounsfield units (mean)
Penumbra n 39.73 .027
Core |l 53.09
Hounsfield units (max)
Penumbra n 52.45 .014
Core 1 69.73

Note:—Max indicates maximum; CSP, contrast staining in penumbra.

CS-NI is likely linked to a reversible, milder BBB disruption,
differing from the more severe, potentially irreversible BBB dis-
ruption seen in CS-I. In addition to the BBB breakdown, the no-
reflow phenomenon could contribute to contrast staining outside
of the infarcted tissue. The no-reflow phenomenon describes a
lack of blood flow at the capillary level despite established flow on
the macrovascular level, preventing blood washout in the micro-
circulation and resulting in contrast retention and staining.*' The
potential contribution of the glymphatic system to this phenom-
enon cannot be excluded.*” Existing evidence indicates that the
functionality of the glymphatic system might be significantly
compromised following AIS, resulting in reduced glymphatic
perfusion and inadequate molecular clearance.”> We believe that
CS is distinct from contrast-induced neurotoxicity/encephalop-
athy, which results from hyperosmolarity and direct neurotoxic
effects caused by extravasated contrast and is marked by more
pronounced and diffuse contrast enhancement, accompanied by
abnormal MR imaging findings in the affected regions.”*

No existing literature demonstrates the association between
BBB integrity and the degree or type of contrast staining on con-
ventional cross-sectional imaging. However, several studies, including

what is typically described in the literature
for contrast staining after EVT (mean,
63.4 [SD, 17.0] HU; range, 39-140 HU).9 Furthermore, CS-1 is typi-
cally seen in the basal ganglia, whereas CS-NI was exclusively located
in the cerebral convexities, which typically represent ischemic but not
infarcted regions due to leptomeningeal collaterals (ie, penurnbra).(”3 !
Parenchymal enhancement in CS-NI in our series was typically
accompanied by increased attenuation in the CSF spaces, which
could be related to the progressive clearance of the extravasated
contrast molecules to the CSF spaces and/or the glymphatic sys-
tem.> Staining of the parenchyma and sulci in a given region can
mimic cerebral edema and may be mistaken for irreversible tissue
damage/infarction (Figs 2 and 3). CS-NI on CT may represent a
phenomenon similar to that of the hyperintense acute reperfusion
marker, which is a delayed enhancement of the subarachnoid or
subpial space observed on postcontrast FLAIR MR imaging.>*
Despite the statistical nonsignificance, the increased incidence
of contrast staining in patients with kidney disease might also
result from the direct effects of kidney disease on the integrity of
the BBB or due to impaired renal function with a significantly
prolonged half-life of the contrast medium (exceeding 16 hours
compared with around 2 hours in patients with normal kidney
function).33 34 Additionally, sustained exposure to microvascular
risk factors, including kidney disease, hypertension, diabetes mel-
litus, amyloid angiopathy, and inflammatory conditions, may
potentiate the effects of ischemia on the cerebral microvascula-
ture and increase the risk of staining.**"*> Most interesting, no
association was found between the occurrence of CS-NI and the
use of IV thrombolysis, the duration of the procedure, or the vol-
ume of contrast injected, which have been described to poten-
tially compromise the integrity of the BBB.®**®
There are several limitations to our study. First, the retrospec-
tive and single-center study design introduces selection bias.
Despite using the Firth regression adjustment, the small sample
size may not have the statistical power to expose potential small
effects. Additionally, preprocedural perfusion imaging was not
obtained for most of the included patients, preventing us from
assessing the perfusion status of brain regions that developed CS-
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NI Moreover, we could not evaluate collateral circulation because
we performed only single-phase CTA in our patients. Furthermore,
we relied on restricted diffusion on MR imaging as a surrogate for
irreversible infarction (core infarct) without considering the possi-
bility of restricted diffusion reversibility after EVT. Finally, system-
atic recording of microcatheter contrast injection distal to the
occluded side was not performed.

CONCLUSIONS

CS can be seen outside the infarcted tissue after EVT of AIS and
is likely due to a reversible milder degree of BBB disruption.
Although potentially benign, knowing its characteristics is impor-
tant because it may mimic pathologic conditions such as infarcted
tissue and cerebral edema. Further studies are required to compre-
hend the role of the BBB after ischemic stroke and its potential
role as a target for neuroprotection after stroke therapy.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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