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ABSTRACT

Background We performed an exploratory analysis to
identify patient and thrombus characteristics associated
with early recanalization in large-vessel occlusion (LVO)
stroke patients transferred for endovascular treatment
(EVT) from a primary (PSC) to a comprehensive stroke
center (CSQ).

Methods We included patients with an LVO stroke

of the anterior circulation who were transferred to

our hospital for EVT and underwent repeated imaging
between January 2016 and June 2019. We compared
patient characteristics, workflow time metrics,
functional outcome (modified Rankin Scale at 90

days), and baseline thrombus imaging characteristics,
which included: occlusion location, thrombus length,
attenuation, perviousness, distance from terminus of
intracranial carotid artery to the thrombus (DT), and clot
burden score (CBS), between early-recanalized LVO (ER-
LVO), and non-early-recanalized LVO (NER-LVO) patients.
Results One hundred and forty-nine patients were
included in the analysis. Early recanalization occurred

in 32% of patients. ER-LVO patients less often had a
medical history of hypertension (31% vs 49%, P=0.04),
and more often had clinical improvement between PSC
and CSC (ANIHSS -5 vs 3, P<0.01), compared with
NER-LVO patients. Thrombolysis administration was
similar in both groups (88% vs 78%, P=0.18). ER-LVO
patients had no ICA occlusions (0% vs 27%, P<0.01),
more often an M2 occlusion (35% vs 17%, P=0.01),
longer DT (27 mm vs 12 mm, P<0.01), shorter thrombi
(17mm vs 27 mm, P<0.01), and higher CBS (8 vs 6,
P<0.01) at baseline imaging. ER-LVO patients had lower
mRS scores (1 vs 3, P=0.02).

Conclusions Early recanalization is associated with
clinical improvement between PSC and CSC admission,
more distal occlusions and shorter thrombi at baseline
imaging, and better functional outcome.

INTRODUCTION

The imaging protocol to confirm the presence of an
acute ischemic stroke (AIS) due to an intracranial
large-vessel occlusion (LVO) generally includes non-
contrast CT (NCCT) and CT angiography (CTA).'
If an LVO is detected at a primary stroke center
(PSC), patients receive intravenous treatment with
alteplase (IVT), if eligible, and are subsequently
transferred to a comprehensive stroke center (CSC)
for endovascular treatment (EVT)." In part of these

patients, imaging is repeated in the CSC, often
because of clinical improvement or deterioration,
or to obtain additional imaging characteristics.” *
It has been observed that in some of the trans-
ferred patients, by the time the imaging protocol
is repeated at the CSC, the thrombus has resolved,
and therefore EVT is no longer indicated.> *°
Identifying patient characteristics associated with
this early recanalization may improve treatment
workflow of transferred patients. As an example,
patients without a predisposition to early recanal-
ization might benefit from direct treatment with
EVT, avoiding the administration of IVT, and thus,
the associated hemorrhagic complications, delay to
EVT, and thrombus fragmentation during EVT.” ®
In addition, identifying early recanalization might
reduce futile preparation for EVT procedures and
the related invasive angiography imaging, proce-
dural risks (such as arterial dissections), and costs.’
The goal of our study is to identify patient and
thrombus characteristics that are associated with
early recanalization. Therefore, we compare patient
characteristics and quantify thrombus characteris-
tics on pre-IVT CT imaging data of early recana-
lized LVO (ER-LVO) and non-early recanalized
LVO (NER-LVO) patients. In addition, we examine
differences in workflow-related time metrics and
patient outcome between ER-LVO and NER-LVO
patients.

METHODS

Patient selection

We included adult patients with an LVO stroke
of the anterior circulation who were presented
to a PSC between January 2016 and June 2019,
were subsequently transferred to our hospital
(Amsterdam University Medical Centers, location
AMC) for EVT, and underwent repeated neuroim-
aging on arrival.

This study was evaluated by the medical ethics
review committee of our hospital, who waived
the need for obtaining written informed consent.
The procedures followed were all in accordance
with institutional guidelines. A letter with detailed
information about the study was sent to all patients
meeting the inclusion criteria. The patient or
legal representative had the opportunity to deny
consent for use of their data via an opt-out form,
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conforming to the European Union General Data Protection
Regulation.

Definitions

An LVO was defined as the occlusion of one of the major intracra-
nial arteries. Early recanalization was defined as the dissolution
of the thrombus, as confirmed with neuroimaging performed at
the CSC. Non-early recanalization was defined as a persistent
LVO either in the same vessel segment (with or without distal
migration) or in a new vascular territory. Spontaneous early
recanalization was defined as early recanalization without IVT
administration.

Patient characteristics

Stroke severity at PSC and CSC admission was assessed using
the National Institutes of Health Stroke Scale (NIHSS. and
NIHSS,, respectively). The change in NIHSS score between
presentation to the PSC and presentation to the CSC was
also calculated (ANIHSS=NIHSS .. — NIHSS,. ). A negative
ANIHSS value means clinical improvement and a positive value

implies clinical deterioration.

Thrombus imaging characteristics

We assessed the occlusion location, the distance from terminus
of intracranial carotid artery (ICA-T) to the thrombus (DT),
thrombus length, thrombus attenuation, thrombus pervious-
ness, and clot burden score (CBS). These characteristics were
assessed on pre-IVT NCCT and/or CTA data from the PSC. If
both NCCT and CTA were available, the scans were co-regis-
tered using Elastix rigid-registration.'” Scan co-registration
permits to simultaneously measure the thrombus characteristics
on both NCCT and CTA scans. In gantry-tilted scans, Elastix
affine-registration was applied.'’ For better scan co-registration,
the scans were re-sliced to obtain a 2.5 mm slice thickness if the
slice thickness was larger than 2.5 mm. Poor quality scans were
defined as scans with movement artefacts, incomplete field of
view, severe beam hardening artefacts, and/or metal artefacts.

Thrombus location was re-assessed on CTA by a trained
observer cognizant of the radiology report of the attending
neuroradiologist, supported by the hyperdense artery sign
if observed on NCCT, and was classified as internal carotid
artery (ICA), middle cerebral artery (M1, M2), or anterior
cerebral artery (A1, A2) occlusions.

The DT was defined as the path length from the ICA-T
to the most proximal thrombus border. Up to five markers
were placed along the vessel centerline connecting the ICA-T
to the proximal thrombus border using the software ITK-
snap (version 3.4)'? (figure 1B). The distance was obtained
by summation of the distances between adjacent markers. If
the thrombus proximal border was located more proximal
than the ICA-T, the DT was set to zero.

Thrombus length was defined as the largest extension of
lack of contrast filling shown on CTA, aided by the hyper-
dense artery sign if observed on NCCT. We placed five
markers along the occluded vessel centerline using ITK-
snap,'” ensuring that the first and last markers were located
at the most proximal and distal borders of the thrombus,
respectively (figure 1A). The length was quantified by
computing the path length between adjacent markers. In the
case of bifurcating thrombi, the occluded branch with the
longest thrombus was followed.

Thrombus perviousness is a measure of the amount of
contrast that has penetrated the thrombus in CTA, compared
with NCCT. Both thrombus attenuation and perviousness
were measured by manually placing three spherical regions
of interests of 1 mm radius within the thrombus (figure 1A).
Thrombus attenuation was computed as the mean attenua-
tion values of the regions of interests in NCCT. Thrombus
perviousness was calculated by subtracting the mean atten-
uation values of the regions of interest on NCCT from
CTA." For these computations, scans with severe re-slicing
(eg, scans with a 5 mm thickness) and slight beam hardening
artefacts were excluded since they may affect the measured
Hounsfield Units (HU).

Figure 1

(A) CTA and NCCT scans of an AlS patient with a right MCA occlusion. Yellow and cyan markers indicate the proximal and distal border
of the thrombus, respectively. The aim of the placement of the blue markers within the thrombus is twofold: aid in the computation of the thrombus
length; and serve to create the spherical regions of interest for the thrombus attenuation and perviousness. (B) CTA and NCCT scans of an AlS patient
with a left MCA occlusion. red and yellow markers indicate the location of the ICA-T and proximal thrombus border, respectively. AlS, acute ischemic
stroke; CTA, CT angiography; ICA-T, terminus of intracranial carotid artery; MCA, middle cerebral artery; NCCT, non-contrast CT.
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The CBS is a 10-point score that assesses the thrombus exten-
sion in the anterior circulation. The CBS was assessed as reported
previously."

All measurements were performed using both co-registered
scans simultaneously. If only NCCT was available, DT, thrombus
length, thrombus perviousness, and CBS were measured solely
based on the hyperdense artery sign (if present). If only CTA was
available, DT, thrombus length, and CBS were measured based
on the lack of contrast filling. All measurements were performed
by three trained observers: NAT, AAEB, and IS]JS.

Workflow time metrics

Workflow-related outcomes included time from stroke onset to
initiation of IVT, time from stroke onset to arrival at the PSC,
time from arrival at the PSC to initiation of IVT, and time from
imaging at the PSC to imaging at the CSC. The time of stroke
onset was defined as the time of witnessed symptom onset or, if
unknown, as the time the patient was last seen well.

Outcomes

Functional patient outcome was assessed using the modified
Rankin Scale (mRS) at 90 days after stroke onset. Functional
independence was defined as an mRS of 0-2.

Statistical analysis

We performed an exploratory analysis and compared patient
and thrombus characteristics of ER-LVO patients to those of
NER-LVO patients. Data are presented as median and inter-
quartile range (IQR) for continuous variables, and number and
proportion (%) for categorical variables. Comparison between
groups was done using the Mann—-Whitney U test for continuous
variables and x* and Fisher’s exact test for categorical variables.
Statistical significance was set at P<0.05. All the analyses were
performed with IBM SPPS Statistics package software (version
26.0).

RESULTS
Patient characteristics
In total, 677 patients were transferred to our hospital for EVT
between January 2016 and June 2019. Of these, 169/667 (25%)
underwent repeated CT imaging on arrival. The reasons under-
lying repeated imaging in our study population have previously
been reported:® clinical improvement (529%), clinical deteriora-
tion (40%), and other reasons (8%). We excluded 20 patients
due to: objection to use of data (4/169), no LVO (imaging
misread by the PSC radiologist) (4/169), and posterior circula-
tion occlusions (12/169). Therefore, we included 149 patients in
the analysis (online supplemental figure 1). CTA was repeated in
108/149 (72%) patients and NCCT in 111/149 (74%) patients.
No hemorrhages were reported in the repeated CT imaging.
Early recanalization occurred in 48/149 (32%) patients. Spon-
taneous early recanalization (without IVT) occurred in 6/48
(12%) ER-LVO patients. Among the NER-LVO patients, 48/101
(48%) patients had a persistent LVO in the same vessel segment,
11/101 (119%) patients had a distally migrated thrombus, and
1/101 (1%) patients had a thrombus in a new vascular territory.
For 41/101 (40%) patients, the location of the persistent LVO
was not explicitly reported. Among the NER-LVO patients, we
did not identify any complete thrombus resolution on the first
digital subtraction angiography (DSA) scan. In four NER-LVO
patients, the location of the thrombus (as shown in the DSA
scan) was too distal for EVT.

Table 1

Baseline clinical characteristics* ER-LVO, n=48

Baseline characteristics for ER-LVO and NER-LVO patients.
NER-LVO, n=101 P-value

Age — median (IQR) 74 (59-84) 76 (63-84) 0.78
Sex, female — no./ total (%) 27/48 (56%) 55/101 (54%) 0.84
Medical history — no./total (%)
Previous stroke 8/48 (17%) 18/100 (18%) 0.84
Diabetes mellitus 7148 (15%) 11/100 (11%) 0.53
Coronary artery disease 1/48 (2%) 9/100 (9%) 0.17
Hypertension 15/48 (31%) 49/100 (49%) 0.04
Atrial fibrillation 9/48 (19%) 24/100 (24%) 0.47
Pre-stroke mRS — no./total (%) 0.72
0 7119 (37%) 10/37 (27%)
1 1119 (58%) 25/37 (67%)
2 0/19 (0%) 1137 (3%)
3 119 (5%) 1137 (3%)
Systolic blood pressureT (mmHg) - 147 (134-163) 150 (126-168) 0.93
median (IQR)
Diastolic blood pressure'r (mmHg) - 83 (72-92) 82 (71-90) 0.90
median (IQR)
Pulse pressure’ (mmHg) median 68 (50-80) 63 (50-80) 0.95
(IaR)
NIHSS, ' — median (IQR) 10 (7-15) 11 (7-16) 0.75
NIHSS ... — median (IQR) 4(1-9) 14 (7-19) <0.01
ANIHSS* — median (IQR) =5 (-3-(-9)) 3(7-(-3) <0.01
IVT — no./total (%) 42/48 (88%) 79/101 (78%) 0.18

Number of missing values: '5, *9, 52.

*All baseline characteristics were measured on arrival at the CSC, unless reported
otherwise.

CSC, comprehensive stroke center; ER-LVO, early-recanalized large vessel occlusion;
IVT, intravenous treatment with alteplase; mRS, modified Rankin Scale; NER-LVO,
non-early-recanalized large vessel occlusion; NIHSS, National Institutes of Health
Stroke Scale; ANIHSS, change in NIHSS score between presentation to the PSC and
presentation to the CSC; NIHSS ., NIHSS on CSC admission; NIHSS ., NIHSS on PSC
admission; PSC, primary stroke center.

ER-LVO patients less often had a medical history of hyperten-
sion than NER-LVO patients (31% vs 49%, P=0.04). NIHSS .
scores were lower for ER-LVO patients (4 vs 14, P<0.01), and
median ANIHSS score was —5 for ER-LVO patients (clinical
improvement) and 3 for NER-LVO patients (clinical deterio-
ration) (P<0.01) (table 1). IVT was more common in ER-LVO
than in NER-LVO patients (88% vs 78%), but this difference was
not statistically significant (P=0.18).

A subgroup analysis comparing the baseline characteristics
of ER-LVO and NER-LVO patients that received IVT can be
found in the online supplemental table 1. This analysis showed
similar results to table 1: ER-LVO patients treated with IVT had
lower NIHSS . scores and more often had clinical improvement
between PSC and CSC admission.

Thrombus imaging characteristics
NCCT and CTA acquired prior to IVT were both available in
133/149 patients. Scan co-registration succeeded in 100/133
patients: 71/100 with rigid-registration and 29/100 with affine-
registration. Co-registration of the remaining patients was not
successful due to poor quality scans (13/33), and other co-regis-
tration errors (20/33). In total, 63 NCCT scans were re-sliced.
ER-LVO patients did not have ICA occlusions (0% vs 27%,
P<0.01) and more often had M2 occlusions (35% vs 17%,
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Table 2 Thrombus imaging characteristics for ER-LVO and NER-LVO
patients at baseline CT imaging.

Thrombus imaging

characteristics ER-LVO, n=48 NER-LVO, n=101  P-value
Occlusion location — no./total
(%)
ICA 0/48 (0%) 27/101 (27%) <0.01
M1 31/48 (65%) 57/101 (56%) 0.35
M2 17/48 (35%) 17/101 (17%) 0.01
DT (mm) — median (IQR) 27 (14-33) 12 (0-23) <0.01
Thrombus length (mm) — median 17 (10-21) 27 (15-38) <0.01
(IQR)
Thrombus perviousness (HU) — 13.6 (7.1-22.6) 11.0 (1.4-21.1) 0.29
median (IQR)
Thrombus attenuation (HU) — 42.7 (36.8-47.4) 46.0 (36.5-55.0) 0.16
median (IQR)
CBS — median (IQR) 8 (7-9) 6 (5-8) <0.01

Occlusion location was assessed in all 149 patients. DT was measured in 131/149
patients, thrombus length in 117/149, thrombus density and perviousness in
73/149, and CBS in 124/149.

CBS, clot burden score; DT, distance from terminus of intracranial carotid artery to
the thrombus; ER-LVO, early-recanalized large vessel occlusion; ICA, internal carotid
artery; M1, middle cerebral artery M1 segment; M2, middle cerebral artery M2
segment; NER-LVO, non-early-recanalized large vessel occlusion.

P=0.01) (table 2). ER-LVO patients had longer DT (27 mm
vs 12mm, P<0.01) and shorter thrombi (17mm vs 27 mm,
P<0.01). CBS was higher in ER-LVO patients (8 vs 6, P<0.01).

Among patients that had IVT administered, ER-LVO patients
had more distal occlusions, shorter thrombi, and higher clot
burden score than NER-LVO patients. This subgroup analysis
can be found in the online supplemental table 2.

Workflow time metrics
There were no significant differences in the time metrics between
ER-LVO and NER-LVO patients (online supplemental table 3).

EmMRSO MmmRS1 WMmRS2 EmMRS3 mmRS4

NER-LVO 9/67

ER-LVO

0%

10%

20% 30% 40%

7/67

Outcomes

In ER-LVO patients, mRS at 90 days was lower (1 vs 3, P=0.02)
(figure 2). ER-LVO patients were more often functionally inde-
pendent (62% vs 40%), however, this difference is not statisti-
cally significant (P=0.08). There were no significant differences
in mortality (19% vs 36%, P=0.19) or in the occurrence of
symptomatic intracranial hemorrhage (0/48 [0%] vs 2/100 [2%],
P=0.99).

DISCUSSION

Early recanalization occurred in 32% of repeated imaging
patients transferred to a CSC. These patients had more distal
occlusions and shorter thrombi at baseline CT imaging. Spon-
taneous early recanalization occurred in a small subgroup of
patients that did not receive IVT. Patients with early recanali-
zation more often had clinical improvement between PSC and
CSC admission. Early recanalization was associated with better
functional outcome.

Our results are in accordance with previous findings. A
systematic review of 26 studies has reported that the inci-
dence of early recanalization after IVT is 33% (95% CI 27 to
40). Distal LVOs have been associated with less severe neuro-
logical deficit,”® and have more often shown early recanaliza-
tion after IVT than patients with more proximal LVOs.® 1672
Other studies have reported that early recanalization more
often occurs in patients with shorter thrombi.’ 2'* In addition,
shorter thrombus length has been related to distal occlusions.'?
Previous research has reported that ER-LVO patients have better
functional outcome.'” ?* The less time the vessel is occluded, the
less brain damage (time is brain), which might be translated into
better patient outcome.

Other studies have shown that ER-LVO patients have lower
NIHSS,,. scores.*’ '® However, we only found statistically signif-
icant differences in the NIHSS . and the ANIHSS scores, which
likely reflect the clinical improvement of the patient due to the
thrombus resolution. Previous studies have also suggested that
higher thrombus attenuation and partial occlusions are poten-
tial predictors of early recanalization.’ *' 2 *” However, we did

mRS 5 mRS 6
2/67 24/67
2/21 2/21 2/21 4/21
50% 60% 70% 80% 90% 100%

Figure 2 Functional outcomes according to the mRS at 90 days for ER-LVO and NER-LVO patients. ER-LVO, early-recanalized large-vessel occlusion;
mRS, modified Rankin Scale; NER-LVO, non-early-recanalized large vessel occlusion.
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not find any differences in these characteristics between ER-LVO
and NER-LVO patients.

We found that patients with a medical history of hyperten-
sion were less likely to have early recanalization. High blood
pressure on hospital admission has been related to reducing the
chances of early recanalization.”® However, we did not find any
differences in the systolic, diastolic, or pulse pressure on CSC
admission.

Early recanalization is a factor to consider in the current debate
on which treatment is more beneficial for AIS patients: bridging
therapy (IVT together with EVT) or EVT alone. Some previous
studies found that patients with bridging therapy have a better
functional outcome,” while others have suggested that bridging
therapy does not improve functional outcome over EVT alone.*°
Our study suggests that: the administration of IVT in patients
that are far from a CSC is important and may lead to a better
functional outcome of these patients; and repeated imaging in
the CSC might reduce futile transfers to the angio-suite for EVT
(and thus, invasive angiographic imaging and associated proce-
dural risks’) and improve efficient use of resources. Therefore,
early recanalization might be relevant when designing the treat-
ment workflow of patients who are considered for transfer to a
CSC. Future research might focus on developing a prediction
model of early recanalization in order to improve the workflow
of patients considered for transfer to a CSC for EVT (eg, by
identifying beforehand patients who do not benefit from IVT).

Limitations

Our study has some limitations. First, the number of transferred
patients who underwent repeated imaging is limited, and only
one-third shows early recanalization. Therefore, any statistical
analysis comparing both groups is also limited. In addition, 41%
of mRS scores at 90 days' post-stroke were missing.

Second, the requirements for measuring the thrombus imaging
characteristics further reduced our sample size. The slice thick-
ness exceeded 2.5 mm in 63 NCCT scans. The HU interpolation
caused by the re-slicing led to the exclusion of several patients
for the thrombus density and perviousness measurements. More-
over, defining the thrombus extension was challenging when both
modalities were not available, especially in cases without collat-
eral filling on CTA and in the absence of the hyperdense artery
sign on NCCT, which in many cases prevent us from measuring
thrombus length. In addition, the performed measurements are
observer-dependent. An (semi-) automatized method that places
the markers along the occluded vessel centerline would be less
time-consuming and would reduce the observer-dependency.

Finally, the decision to perform repeated imaging is not
arbitrary.’ ER-LVO patients might be more likely to undergo
repeated imaging than NER-LVO patients.

CONCLUSION

Patients with early recanalization are characterized by more
distal occlusions and shorter thrombi at baseline CT imaging,
and clinical improvement between presentation to the PSC and
the CSC. Early recanalization is associated with better functional
patient outcome and might therefore be an important factor to
consider in treatment-planning of transferred stroke patients.
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