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Abstract

In patients who undergo mechanical thrombectomy for intracranial large vessel occlusion, the 
occluded site is sometimes distal to the site shown in the initial vascular imaging. We investigated the 
factors related to the change in the occluded site between the sequential imagings. The 203 patients 
in the SKIP study were reviewed retrospectively. Magnetic resonance angiography (MRA) or com-
puted tomography angiography (CTA) was used to assess the occluded site. The occluded site shown 
in the cerebral angiography appeared to be distal to the occluded site shown in the initial vascular 
imaging in 55 patients (group A). The location of the occluded site in the remaining 148 patients did 
not change between the sequential imagings (group B). MRA was used more often than CTA in group 
A (54 MRA, 1 CTA; P <0.01). Patients with middle cerebral artery (M1) occlusion were more likely to 
show change of the occluded site than patients with internal carotid artery (ICA) occlusion (M1: 38%, 
ICA: 9%; P <0.01). The number of patients who received intravenous recombinant tissue plasmino-
gen activator did not differ between the two groups (group A: 54%, group B: 49%; P = 0.5). In patients 
with acute intracranial large vessel occlusion who require mechanical thrombectomy, physicians 
should be aware that the location of the thrombus may be distal to the occluded site shown in the 
initial vascular imaging, particularly in patients with M1 occlusion shown by MRA.
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Introduction

Mechanical thrombectomy has proved to be effective 
for patients with acute ischemic stroke caused by 
large vessel occlusions in the intracranial anterior 
circulation.1–7) Before mechanical thrombectomy is 
performed; it is strongly recommended that the 
architecture and occluded site of the intracranial 
vessels is evaluated using noninvasive imaging such 
as computed tomography angiography (CTA) or 
magnetic resonance angiography (MRA).8) In the 
subsequent cerebral angiography, the target occluded 

site for mechanical thrombectomy is sometimes 
shown to be distal to the occluded site in the initial 
noninvasive vascular imaging.9) Two hypotheses 
have been proposed to explain this phenomenon.

First, the occluded site shown in the initial 
noninvasive vascular imaging may be shown to be 
proximal to the actual occluded site due to mechan-
ical features of the imaging modality.10–15) Second, 
the thrombus may have migrated to the distal 
intracranial vessels before cerebral angiography was 
performed.10,16–21) It has been recommended that 
intravenous thrombolysis using recombinant tissue 
plasminogen activator (rt-PA) is administered within 
4.5 hours after the onset of cerebral ischemic stroke, 
even in cases of mechanical thrombectomy.9) However, 
rt-PA may facilitate the fragmentation and distal 
migration of intracranial thrombus, resulting in 
difficulty in performing the thrombectomy.10,17–20,22–25)
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We recently reported the efficiency and safety of 
direct mechanical thrombectomy without the admin-
istration of rt-PA in patients who were eligible for 
intravenous rt-PA (SKIP study).26) In the present 
study, we investigated the patients from the SKIP 
study who showed the change in the location of 
the occluded site between the initial noninvasive 
vascular imaging and the subsequent digital subtrac-
tion angiography (DSA), and elucidated the factors 
related to the change in the occluded site.

Materials and Methods

The SKIP study was multicenter, prospective, 
randomized, open-label clinical trial that investigated 
the efficacy of direct mechanical thrombectomy 
without administration of intravenous rt-PA. This 
trial was approved by the institutional review board 
of each hospital. The study design, methods, and 
results of the SKIP study have been described 
previously.26,27) All enrolled patients had acute 
intracranial large vessel occlusion, specifically in 
the internal carotid artery (ICA) or M1 segment of 
the middle cerebral artery (M1). After eligibility to 
participate in the SKIP study was determined based 
on clinical data, the occluded site of the intracranial 
artery was assessed by MRA or CTA. Immediately 
after ICA or M1 was confirmed to be occluded, the 
patients were enrolled and randomly assigned to 
the direct group, which did not receive intravenous 
rt-PA, or the bridging group, which did receive 
intravenous rt-PA, and then underwent immediate 
mechanical thrombectomy. In this procedure, the 
location of the thrombus causing intracranial large 
vessel occlusion was assessed using the DSA taken 
initially. The occluded site was categorized as ICA, 
proximal M1, or distal M1 and M2 segments of the 
middle cerebral artery. Proximal M1 was defined 
as <5 mm from the ICA terminus in an anteropos-
terior view of 3D reconstructed imaging. The patients 
in whom the occluded site shown on DSA changed 
to the distal category from the occluded site shown 
in the initial noninvasive vascular imaging were 
categorized as group A. The patients in whom the 
category of the occluded site did not change between 
the initial noninvasive vascular imaging and DSA 
were categorized as group B. A core image judging 
committee (two expert neurologists, SF and TH) 
assessed the occluded site independently.28)

The favorable outcome in this study was defined 
as modified Rankin scale 0–2 at 90 days after onset. 
Successful recanalization was defined as modified 
Thrombolysis in Cerebral Infarction score ≥2b 
according to angiographic findings after mechanical 
thrombectomy.29)

For statistical analysis, the unpaired t-test was 
used for continuous variables and the chi-squared 
test for nominal variables. P <0.05 was considered 
statistically significant.

Results

From January 2017 through July 2019, 204 patients 
were enrolled in the SKIP study. One patient was 
excluded for analysis in this present study because 
the occlusion was caused by vessel dissection. For 
the initial assessment of the occluded site, MRA 
was used in 180 patients (88.7%), whereas CTA 
was used in 23 patients (11.3%). The occluded site 
shown in MRA or CTA was ICA in 77 patients 
(37.9%) and M1 in 126 patients (62.1%). After 
patients were randomly assigned in a 1:1 ratio to 
the group of mechanical thrombectomy with or 
without intravenous rt-PA, 103 patients received 
intravenous rt-PA (Table 1). Fifty-five patients were 
categorized as group A and the remaining 148 
patients were categorized as group B. MRA was 
used more frequently than CTA as the initial nonin-
vasive vascular imaging in group A (54 MRA, 1 CTA; 
P <0.01). Patients with M1 occlusion in the  noninvasive 
vascular imaging were categorized more often 
into group A than patients with ICA occlusion (M1: 
38%, ICA: 9%; P <0.01). The change in the 
location of the occluded site between the sequential 
imagings did not affect the successful recanalization 
rate and functional outcome (Table 2).

Table 1 Occluded site and administration of 
intravenous rt-PA

ICA 
(n = 77)

M1 (n = 126)

P valueProximal 
M1 (n = 36)

Distal M1 
(n = 90)

Initial 
noninvasive 
vascular 
imaging

0.2

  CTA 
(n = 23)

12  2  9

  MRA 
(n = 180)

65 34 81

IV rt-PA 0.6

  Yes 
(n = 103)

36 18 49

  No 
(n = 100)

41 18 41

ICA: internal carotid artery, IV: intravenous, M1: M1 seg-
ment of middle cerebral artery, rt-PA: recombinant tissue 
plasminogen activator.
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There were 30 patients in whom DSA showed 
that the target thrombus for mechanical thrombec-
tomy was located in the M2 segment. It was noted 
that most of these patients (29/30) showed distal 
M1 occlusion in the initial noninvasive vascular 
imaging and that two thirds of patients (20/30) 
received intravenous rt-PA (Table 3).

Although the distal change in the occluded site 
was seen frequently in patients with distal M1 
occlusion who received intravenous rt-PA (P = 0.09), 
the number of patients who received intravenous 
rt-PA did not differ between the two groups (group 
A: 54%, group B: 49%; P = 0.5). In patients who 
received rt-PA, the mean interval from administra-
tion of rt-PA to the puncture of cerebral angiography 
was 8 minutes and did not differ between the two 
groups. Also, the mean interval from randomization 
to puncture was 21 minutes and did not differ 
between the two groups (Table 4).

Discussion

In this study, the patients with acute M1 occlusion 
shown in the initial noninvasive vascular imaging, 
especially by MRA, tended to show a change in the 
occluded site distally in the subsequent DSA, 
regardless of rt-PA administration. M1 occlusion 
and the usage of MRA as an initial assessment tool 

of the occluded site were determined to be the 
major causable factors related to the change in the 
occluded site. It appeared that the reduced signal 
intensity of MRA in the vascular segment proximally 
to the thrombus location was the primary reason 
for the change in the occluded site.

Previous studies have reported the distal migration 
of the thrombus before mechanical thrombec-
tomy.10,16–19,21) A specific type of thrombus that 
contains rich erythrocytes with low components of 
fibrin is likely to be dissolved by rt-PA.30) Also, it 

Table 2 Associated factors and change in occluded sites 
in sequential imaging

Distal 
change in 
occluded 

site in 
sequential 
imaging 

(Group A) 
(n = 55)

No 
change in 
occluded 

site in 
sequential 
imaging 

(Group B) 
(n = 148)

P value

Initial noninvasive 
vascular imaging

<0.01

  CTA (n = 23)  1  22

  MRA (n = 180) 54 126

 Occluded site <0.01

  ICA (n = 77)  7  70

  MCA (n = 126) 48  78

 TICI grade ≥2b 
(n = 187)

51 136 0.9

 mRS 0–2 at 90 days 
(n = 119)

35  84 0.3

ICA: internal carotid artery, MCA: middle cerebral artery, 
mRS: modified Rankin scale, TICI: thrombolysis in cerebral 
infarction.

Table 3 Detail of occluded site in sequential imaging

Occluded site in 
initial noninvasive 
vascular imaging

Occluded site in DSA Number 
of cases

ICA (n = 77) ICA (no change) 70

Proximal M1  3

Distal M1  4

M2  0

Proximal M1 (n = 36) Proximal M1 (no 
change)

17

Distal M1 18

M2  1

Distal M1 (n = 90) Distal M1 (no change) 61

M2 29

ICA: internal carotid artery, M1: M1 segment of middle cere-
bral artery, M2: M2 segment of middle cerebral artery.

Table 4 IV rt-PA administration and change in occluded 
site in sequential imaging

Distal change 
in occluded 

site in 
sequential 
imaging 

(Group A) 
(n = 55)

No change in 
occluded site 
in sequential 

imaging 
(Group B) 
(N = 148)

P value

IV rt-PA 0.5

Yes (n = 103) 30 73

No (n = 100) 25 75

Time interval 
between IV 
rt-PA and DSA

7.7 (n = 30) 8.6 (n = 73) 0.7

Time interval 
between 
randomization 
and DSA

21.1 20.9 0.9

IV: intravenous, rt-PA: recombinant tissue plasminogen 
activator.
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is known that thrombi with rich erythrocytes exhibit 
low friction to the vessel wall and easily migrate 
distally.10,31,32) It is possible for thrombolysis using 
intravenous rt-PA to facilitate the fragmentation and 
distal migration of the thrombus.10,17,18,20,23–25) In some 
patients, particularly those for whom the time 
between the initial noninvasive vascular imaging 
and cerebral angiography was relatively long, the 
change in the occluded site in DSA may have been 
caused by distal migration of the thrombus, and 
the administration of rt-PA may possibly facilitate 
the migration. Kaesmacher et al. assessed the loca-
tion of the thrombus by using CTA and subsequent 
DSA and demonstrated that the frequency of distal 
migration of the thrombus was not affected by 
intravenous rt-PA.19) Similarly in the present study, 
although MRA was mainly selected for the initial 
assessment of the occluded site, the administration 
of rt-PA did not increase the number of patients 
who showed change in the occluded site in DSA. 
It is notable that the mechanical thrombectomy was 
usually started immediately after the completion of 
the initial noninvasive vascular imaging and subse-
quent administration of rt-PA. Therefore, the reason 
for the change in the occluded site was not likely 
to be caused by the distal migration of the thrombus 
in most of our patients, and other possible factors 
such as thrombus location, vascular structure, and 
radiological feature of vascular imagings mainly 
affect the change in the occluded site. However, 
distal migration of the thrombus possibly occurred 
in some patients, particularly with relatively distal 
occlusion. In this study, there were 30 patients in 
whom the thrombus was located at the M2 segment 

shown in DSA. If the thrombus is actually located 
at the M2 segment, the other patent M2 branch 
should be clearly seen in the noninvasive vascular 
imaging, which could accurately identify the occluded 
site as M2 segment. In addition, most of these cases 
were initially determined to be distal M1 occlusion 
in the noninvasive vascular imaging. These findings 
suggest that the thrombus possibly moved from the 
distal M1 segment to the M2 segment during the 
time between the noninvasive vascular imaging and 
DSA (Fig. 1).

Conversely, the feature of MRA may be a primary 
reason for the change in the occluded site between 
the sequential imagings because MRA was used for 
the initial assessment of the occluded site in most 
of the patients who showed the change in the 
occluded site in DSA. Time-of-flight (TOF) MRA is 
a widely available noninvasive technique that 
requires no radiation exposure and no administra-
tion of contrast agent. When MRI is used as the 
first-line modality for the assessment of acute isch-
emic stroke, TOF MRA is recommended to detect 
the location of the vessel occlusion. However, despite 
high sensitivity and specificity in identifying the 
absence of blood flow, TOF MRA tends to overes-
timate the degree of stenosis and misidentify the 
occluded sites, typically for distal vascular lesions, 
due to its lack of sensitivity of slow blood flow and 
lack of ability of direct visualization of the thrombus. 
In addition, TOF MRA requires a comparatively 
long time to complete, leading to patient motion 
artifacts and degradation of image quality.12,14,15) 
Contrast-enhanced MRA and black-blood MRI are 
recently used methods that can improve the ability 

Fig. 1 A representative case showing the discrepancy of the occluded site between noninvasive vascular imaging 
and DSA. MRA shows the signal loss at M1 segment of the middle cerebral artery (white arrow) (left). The 
occluded site is shown to be located at the M2 segment in subsequent DSA (black arrow) (right). 
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to localize the site of the vessel occlusion because 
these techniques have low sensitivity to flow 
dynamics and high spatial resolution.14,33–36) Despite 
these superior techniques of MRI, CTA has been 
recommended to evaluate the site of intracranial 
vessel occlusion in patients with acute stroke due 
to its higher sensitivity and positive predictive value 
as well as the shorter acquisition time compared 
with MRI.14,37,38) Group A has only one patient in 
whom CTA was selected as the initial assessment 
of the occluded site. In this patient, CTA showed 
the occluded site located in the distal M1 segment 
and the thrombus located in the M2 segment in 
DSA. Also, this patient received intravenous rt-PA. 
Considering the high accuracy of CTA for thrombus 
localization, the change in the occluded site in this 
patient may have been caused by the distal migra-
tion of the thrombus.

In patients with M1 occlusion and a patent ante-
rior cerebral artery, the signal intensity of ICA in 
TOF MRA should be intact because the blood flow 
through ICA and the patent anterior cerebral artery 
is preserved. Therefore, the M1 occlusion is not 
likely to be incorrectly shown as ICA occlusion 
even when MRA is used for the assessment of the 
occluded site. In this study, 188 patients (93%) had 
the ipsilateral A1 segment of anterior cerebral artery 
with antegrade flow seen in DSA. It was noted that 
the sensitivity of M1 occlusion with MRA was 96% 
(110/115) in patients with the ipsilateral A1 segment 
in comparison with the one of 67% (4/6) in patients 
without the A1 segment (P = 0.03). This suggests 
that MRA is comparatively useful to distinguish 
between ICA and M1 occlusion in most cases. 
However, it may be difficult to localize the occluded 
site precisely at M1 by using TOF MRA, which is 
highly susceptible to blood flow dynamics, and the 
signal intensity is likely to be attenuated by slow 
flow. Indeed, in this study, DSA was more likely 
to show the different occluded site in patients with 
M1 occlusion than in those with ICA occlusion. It 
was noted that DSA detected distal M1 occlusion 
in half of patients with proximal M1 occlusion 
shown in the initial noninvasive vascular imaging. 
In addition, the location of the thrombus in DSA 
was shown to be at the M2 segment in one-third 
of patients with distal M1 occlusion shown in the 
initial noninvasive vascular imaging. Conversely, it 
was noted that the occluded site rarely changed to 
the M2 segment in DSA in patients with relatively 
proximal occlusion (ICA or proximal M1) shown 
in the initial noninvasive vascular imaging.

In conclusion, in patients with acute intracranial 
large vessel occlusion who require mechanical 
thrombectomy, the location of the thrombus may 

be distal to the occluded site in the preliminarily 
taken noninvasive imaging, particularly in cases of 
M1 occlusion shown by MRA. The strategy of 
mechanical thrombectomy must be modified based 
on the location of the thrombus. Therefore, physi-
cians should be aware that the target thrombus may 
be located distally to the occluded site shown in 
the initial noninvasive vascular imaging.

There were some limitations in this study due to 
insufficient data. The first limitation was a lack of 
detailed information about time. In order to discuss 
the possibility of thrombus migration, it was desir-
able to use the time interval between the acquisition 
of initial vascular imaging and DSA rather than the 
time interval between randomization and puncture 
of cerebral angiography. However, there was no 
available exact time of acquiring these radiological 
pictures in the original database of the SKIP study. 
Although randomization should be performed imme-
diately after taking the initial noninvasive vascular 
imaging and it should not take a long time to obtain 
the first intracranial DSA after the puncture, it was 
no doubt that the time interval between these radio-
logical pictures was slightly longer than that between 
randomization and puncture. The second limitation 
was a lack of detailed information about vascular 
structure. The anatomical features of M1 segment 
of the middle cerebral artery such as length, diam-
eter, shape, and location of bifurcated branches 
might contribute to the change in the occluded site 
in DSA. Unfortunately, these kinds of information 
based on the radiological images was also not avail-
able in the original database of the SKIP study. 
Therefore, it was not possible to evaluate if these 
factors affected the change in the occluded site.
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