
Original Article

Bridging Therapy Versus Direct
Mechanical Thrombectomy in Patients
with Acute Ischemic Stroke due to Middle
Cerebral Artery Occlusion: A Clinical-
Histological Analysis of Retrieved Thrombi
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Abstract
Mechanical thrombectomy (MT) is effective in managing patients with acute ischemic stroke (AIS) caused by large-vessel
occlusions and allows for valuable histological analysis of thrombi. However, whether bridging therapy (pretreatment with
intravenous thrombolysis before MT) provides additional benefits in patients with middle cerebral artery (MCA) occlusion
remains unclear. Therefore, this study aimed to compare the effects of direct MT and bridging therapy, and to elucidate the
correlation between thrombus composition and stroke subtypes. Seventy-three patients with acute ischemic stroke who
received MT, were eligible for intravenous thrombolysis, and had MCA occlusion were included. We matched 21 direct MT
patients with 21 bridging therapy patients using propensity score matching and compared their 3rd-month clinical outcomes. All
MCA thrombi (n ¼ 45) were histologically analyzed, and the red blood cell (RBC) and fibrin percentages were quantified. We
compared the clot composition according to stroke etiology (large-artery atherosclerosis and cardioembolism) and intravenous
thrombolysis application. The baseline characteristics showed no difference between groups except for a higher atrial fibrillation
rate and NIHSS score on admission in the direct MT group. We performed a supportive analysis using propensity score matching
but could not find any differences in the functional outcome, mortality, and intracerebral hemorrhage. In the histological clot
analysis, the cardioembolic clots without intravenous thrombolysis pretreatment had higher RBC (P ¼ 0.042) and lower fibrin
(P ¼ 0.042) percentages than the large-artery atherosclerosis thrombi. Similar findings were observed in the thrombi treated
with recombinant tissue plasminogen activator (P ¼ 0.012). In conclusion, there was no difference in the functional outcomes
between the direct MT and bridging therapy groups. However, randomized trials are needed to elucidate the high ratio of car-
dioembolism subtype in our group of patients. The histological MCA thrombus composition differed between cardioembolism and
large-artery atherosclerosis, and this finding provides valuable information on the underlying pathogenesis and thrombus origin.
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Introduction

Five previously reported randomized clinical trials demon-

strated the efficacy and safety of direct mechanical thrombect-

omy (MT) in patients with acute ischemic stroke (AIS) caused

by large-artery occlusions1–5. Intravenous thrombolysis (IVT)

with recombinant tissue plasminogen activator (rt-PA) adminis-

tered within 4.5 hours of an AIS has been the standard treatment.

However, patients with stroke due to a large-artery occlusion

respond poorly to intravenous rt-PA alone6–8. Therefore, the

debates regarding whether intravenous rt-PA before MT is nec-

essary are ongoing. Moreover, some patients underwent direct

mechanical thrombectomy mainly for contraindications to IVT

and other patients for a suspicion of large thrombi, borderline
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coagulation status, time window close to 4.5 hours, etc. There-

fore, comparing the characteristics of these patients with those

of bridging therapy patients is not optimal9. Several previously

reported studies did not support the idea that IVT before MT in

patients with large-artery occlusions could provide an additional

clinical benefit compared with MT alone2,10. However, the

occlusion sites in those studies included both the middle cerebral

artery (MCA) and internal carotid artery (ICA), suggesting dif-

ferent stroke subtypes and responses to IVT. In Asians, the

incidence of MCA occlusion is significantly higher than that

of ICA occlusion. Therefore, separating patients with MCA

occlusion from those with ICA occlusion to avoid between-

group variance may be necessary.

The application of MT allows for a histological analysis

of the clots retrieved from the intracranial arteries. Recent

studies suggested that a histological examination of retrieved

clots can offer new insights into the pathogenesis of acute

strokes that are caused by intracranial large-artery occlu-

sion11–12. However, few studies have actually analyzed the

thrombus compositions, which were naturally affected by rt-

PA, between the patients who underwent bridging therapy

and direct MT. Furthermore, data on the correlation between

clot composition and stroke subtypes in patients with MCA

occlusion are still limited.

Therefore, the aim of our study was to evaluate whether

the functional outcomes of bridging therapy and direct MT

are similar in IVT-eligible patients with MCA occlusion, and

to further examine thrombus composition and its relationship

with stroke subtypes.

Materials and Methods

Patients

A total of 73 consecutive patients with AIS and MCA occlu-

sion were enrolled from December 2015 to January 2018.

Patients had their MT performed using the Solitaire AB stent

retriever (Covidien, Irvine, CA, USA). Patients were

excluded if they were treated with IVT only, had contra-

indications for IVT and missed key outcome data, or had

follow-up loss at 3 months. The patients’ baseline character-

istics (i.e., demographic data, vascular risk factors, and

National Institute of Health Stroke Scale (NIHSS) score on

admission), use of IVT, time to endovascular treatment, time

to reperfusion, revascularization status, stroke subtypes, and

functional outcomes were recorded. Successful reperfusion

was defined as a thrombolysis in cerebral infarction score of

2b-3, and a good functional outcome was defined as a mod-

ified Rankin Score (mRS) of 0–2 at 3 months. Stroke sub-

types were determined in accordance with the Trial of ORG

10172 in Acute Stroke Treatment classification13 using the

following methods: computed tomography or magnetic reso-

nance imaging, digital subtraction angiography, duplex

ultrasound, 24-hour electrocardiography, and transthoracic

or transesophageal echocardiography. The institutional

ethics committee approved this study. Patients were

excluded if they did not have thrombus material suitable for

the histological analysis. As a result, a total of 45 patients

underwent a histological thrombus analysis in this study.

Interventional Thrombectomy

The Solitaire AB retrievable stent (Covidien) was deployed

at the site of the MCA occlusion and then removed under

negative-pressure aspiration as previously recommended3.

Histological Analysis

Formalin-fixed, paraffin-embedded (FFPE) thrombi were

obtained from the patients after the MT. All FFPE thrombi

were cut to a 4 mm section thickness and stained with hema-

toxylin-eosin14. The stained slides were photographed at

200�magnification using the Leica DM500 microscope and

digital camera (Leica, Wetzlar, Germany). The percentages of

red blood cells (RBCs) and fibrin were semi-quantitatively

analyzed using the ImageJ software (National Institutes of

Health, Bethesda, MD, USA). Quantification of fibrin and

RBC was performed manually. The pictures were converted

to grayscale (8-bit), the threshold was set, and the particles

were analyzed automatically (areas covered by the respective

cells[%] were measured). Categorization and analysis were

performed by an experienced pathologist (L.F.) blinded to the

clinical data and imaging findings.

Statistical Analysis

We first compared the baseline characteristics, treatment

data, and functional outcomes of 31 patients in the direct

MT group with 42 patients in the bridging therapy group

using Fisher’s exact test (categorical variables) and the Wil-

coxon signed-rank test (continuous variables). Furthermore,

we performed a 1:1 propensity score-matching analysis

based on a multiple logistic regression model that accounted

for additional explanatory variables. Thereafter, the percent-

age of each clot component that was regarded as a contin-

uous variable was compared between the patients with

cardioembolism and those with large-artery atherosclerosis.

All statistical analyses were performed using the SPSS soft-

ware (Version 23.0; IBM, Armonk, NY, USA). P-values of

<0.05 were considered statistically significant.

Results

The baseline characteristics of the 31 patients in the direct

MT group and 42 patients in the bridging therapy group are

shown in Table 1. Univariate analysis showed no significant

differences in the baseline characteristics between both

groups, except for the higher rate of atrial fibrillation in the

direct MT group compared with the bridging therapy group

(87.1% vs. 47.6%, respectively; P ¼ 0.001) and a higher

NIHSS score on admission in the direct MT group compared

with the bridging therapy group (15 vs. 13, respectively;

P ¼ 0.037). The laboratory findings, treatment data, time
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from symptom onset to endovascular treatment, time from

symptom onset to vascular recanalization, and successful

reperfusion rate showed no significant differences between

the groups. The clinical outcomes at 3 months (Sup.1), intra-

cerebral hemorrhage (ICH) rate, and mortality rate were not

significantly different between the groups.

A total of 21 patients in the direct MT group were eligible

for the propensity score-matching (1:1) analysis, and the

baseline covariates, such as age, NIHSS score, sex, vascular

risk factors, and laboratory parameters were equally distrib-

uted in the two groups as shown in Table 2. We observed no

difference in the major outcomes between the groups: func-

tional independence measured using the mRS score (0–2)

after 3 months (bridging therapy 52.4% vs. direct MT

42.8%; P¼0.758), ICH rate (bridging therapy 47.6% vs.

direct MT 33.3%; P¼0.53), and mortality rate (bridging

therapy 1% vs. direct MT 0.5%; P¼1.0).

Of the 45 thrombus materials collected from the MCA, 36

(80%) clots were classified as a cardioembolism and nine

(20%) as a large-artery atherosclerosis. The mean percentage

of RBCs and fibrin across all retrieved clots in the histological

analysis was 69% and 31%, respectively. The percentages of

the RBC and fibrin compositions differed significantly

between the patients with cardioembolism and those with

large-artery atherosclerosis (Fig. 1). The clots from the

Table 1. Univariate Comparison of Bridging Thrombolysis with
Direct MT in Patients with MCA Occlusions.

Bridging
Thrombolysis

n¼42

Direct
Meichanical

Thrombectomy
n¼31

P
Value

Baseline characteristics
Sex female 15/42 16/31 0.232
Age, y(SD) 69 (9) 71 (10) 0.372
NIHSS on admission,

median(range)
13 (6–21) 15 (6–22) 0.037

Vascular risk factors
Diabetes mellitus 7/42 (16.67%) 7/31 (22.58%) 0.56
Atrial fibrillation 20/42 (47.62%) 27/31 (87.1%) 0.001
Hypertension 31/42 (73.81%) 19/31 (61.29%) 0.312

Laboratory findings
WBC, mean(SD) 8.11 (2.75) 8.27 (3.6) 0.971
Neutrophilic

granulocyte
percentage,%(SD)

75.46 (11.07) 72.8 (14.51) 0.566

C-reactive protein,
means(SD)

6.22 (6.61) 15.53 (32.48) 0.251

D-Dimer, means(SD) 3.01 (3.69) 2.55 (2.51) 0.432
fibrinogen(SD) 2.68 (0.63) 2.82 (0.76) 0.7

Treatment
Median time from

symptom onset to
endovascular
treatment, min(SD)

184.86 (56.8) 216.17 (88.3) 0.149

Puncture time,
min(SD)

95.9 (35.2) 96.64 (34.8) 0.879

Median time from
symptom onset to
vascular
recanalization,
min(IQR)

295.1 (87.5) 306.8 (123.75) 0.153

Outcome
Reperfusion after

endovascular
intervention
TICI(2b/3)

41/42 (97%) 28/31 (90.3%) 0.305

ICH 11/42 (26.2%) 10/31 (32.3%) 0.609
Clinical outcome

mRS score(0–2) 25/42 (59.5%) 12/31 (38.7%) 0.1
Mortality 3 2 1

MT: mechanical thrombectomy; MCA: middle cerebral artery; ICH: intra-
cerebral hemorrhage; mRS: modified Rankin Scale; NIHSS: National Insti-
tute of Health Stroke Scale; TICI: thrombolysis in cerebral infarction.

Table 2. Comparison of Bridging Thrombolysis With Direct MT in
Patients with MCA Occlusion Using Multivariate Matching.

Bridging
Thrombolysis

n¼21

Direct
Meichanical

Thrombectomy
n¼21

P
Value

Baseline characteristics
Sex female 9 (43%) 10 (48%) 1
Age, y(SD) 70 (11) 71 (10) 0.694
NIHSS on admission,

median(range)
14 (7–21) 15 (6–22) 0.721

Vascular risk factors
Diabetes mellitus 4 (19%) 5 (23.8%) 1
Atrial fibrillation 19 (90.5%) 19 (90.5%) 1
Hypertension 15 (71.4%) 13 (61.9%) 0.744

Laboratory findings
WBC, mean(SD) 8.46 (3.03) 8.36 (4.00) 0.722
Neutrophilic granulocyte

percentage,%(SD)
77.58 (12.66) 73.87 (14.85) 0.522

C-reactive protein,
means(SD)

5.28 (4.61) 15.07 (37.3) 0.497

D-Dimer, means(SD) 3.5 (4.79) 2.72 (2.81) 0.358
fibrinogen(SD) 2.57 (0.812) 2.89 (0.94) 0.465

Treatment
Median time from

symptom onset to
endovascular
treatment, min(SD)

172.2 (29.81) 216.5 (57.8) 0.185

Median time from
symptom onset to
vascular
recanalization,
min(IQR)

267.5 (46.56) 296.5 (81.58) 0.456

Outcome
Reperfusion after

endovascular
interventionTICI(2b/3)

20 (95.2%) 18 (85.7%) 0.606

ICH 10 (47.6%) 7 (33.3%) 0.53
Clinical outcome

mRS score(0-2) 11 (52.4%) 9 (42.8%) 0.758
Mortality 2 (1%) 1 (0.5%) 1

MT: mechanical thrombectomy; MCA: middle cerebral artery; ICH: intra-
cerebral hemorrhage; mRS: modified Rankin Scale; NIHSS: National Insti-
tute of Health Stroke Scale; TICI: thrombolysis in cerebral infarction.
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patients in the direct MT group with cardioembolism had a

higher percentage of RBCs (69% vs. 55.5%, P¼0.012) and a

lower percentage of fibrin (31% vs. 44.5%, P¼0.012) than

those with large-artery atherosclerosis. The group with rt-PA

pretreatment showed similar results (P¼0.042).

Discussion

In this single-center observational study, we examined

whether the treatment of patients with AIS due to MCA

occlusion with intravenous rt-PA before MT yielded better

outcomes or added any risks. With the exclusion of IVT-

ineligible patients, our matched analysis reveals that there

are no significant differences in the functional outcomes,

mortality rate, and recanalization rate between bridging ther-

apy and direct MT in patients with MCA occlusion. Given

the poor response to intravenous rt-PA alone in patients

suspected of having a large thrombus burden or the increased

hemorrhage rate after IVT in subjects with atrial fibrillation,

the experienced team in our stroke center would sometimes

decide to perform a direct MT after their full assessment.

Therefore, our univariate analysis showed a higher rate of

atrial fibrillation and higher NIHSS scores on admission in

the direct MT group. However, after propensity-score

matching, the observed decrease in the difference of func-

tional outcomes between the two groups further proved the

univariate analysis findings.

Several previous clinical observations that compared direct

MT with bridging therapy suggested that bridging therapy

could provide benefits for the endovascular procedure and

increase the recanalization rates15–17. Moreover, another

meta-analysis concluded that bridging therapy is superior to

direct MT18. In contrast, these findings are not supported by

the subgroup analysis findings of the SWIFT and STAR stud-

ies, and of a previous meta-analysis of five randomized con-

trolled trials (HERMES)10,19. Considering that inclusion of

IVT-ineligible patients was an inherent bias, several addi-

tional matched-pair analyses indicated that there was no dif-

ference in the outcomes of IVT-eligible patients who

underwent either MT alone or bridging therapy20–22. How-

ever, a lower mortality rate was observed in patients with ICA

occlusion who were treated with direct MT9.

The major limitation of these studies was the inclusion of

patients with MCA and ICA occlusions. MCA occlusions are

more commonly found in Asian populations and mainly ori-

ginate from atherosclerosis or stenosis in situ, suggesting

Figure 1. Difference in the mean percentages of the RBC and fibrin compositions in the stroke subtypes of cardioembolism and large-artery
atherosclerosis. Fibrin (A), RBC (B) composition in bridging thrombolysis group, and fibrin (C), RBC (D) composition in direct mechanical
thrombectomy group. RBC indicates red blood cell; LAA, large-artery atherosclerosis; CE, cardioembolism.
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inherent differences from ICA occlusions. Patients with ICA

occlusion that is treated with IVT alone have a lower reca-

nalization rate (4.4–8%) than patients with MCA occlusion

(30.8–32.3%)6,23. Therefore, the difference in the outcomes

may be influenced by these confounders in the baseline

characteristics. In our study, the enrolled patients were eli-

gible for IVT and had MCA occlusion. We observed no

difference in the functional outcomes and mortality rates

in the patients receiving different treatments. The suggestion

that pretreatment with IVT results in superior outcomes in

patients with MCA occlusion undergoing MT remains

unsubstantiated. Even if pretreatment with thrombolysis

could result in a higher rate of recanalization24, we found

no difference in these rates (both groups as high as 90%).

One potential explanation could be the efficient recanaliza-

tion by MT, which might influence the functional outcomes.

Moreover, with the accompanying atrial fibrillation (19/21)

in the propensity score-matched group with MCA occlusion,

another explanation could be the poor response of the cardi-

oembolic thrombi to IVT alone.

Our study demonstrates that the histological compositions

of the clots from the patients with MCA occlusion differ

between the two major causes of ischemic stroke (i.e.,

large-artery atherosclerosis and cardioembolism). Moreover,

we found that the difference in histological composition

existed in both the patients treated with bridging therapy and

those treated with direct MT. Our data from the MCA

thrombi show that the percentage of RBCs was higher in the

patients with cardioembolism than in those with large-artery

atherosclerosis (Fig. 2). Conversely, the percentage of fibrin

was higher in the patients with large-artery atherosclerosis

than in those with cardioembolism. Although several previ-

ous studies have reported that the composition of retrieved

clots was correlated with the stroke mechanism11–12,25–27,

the results are inconsistent or contradicting. In contrast to

our results, a previously reported histopathological analysis

of retrieved clots indicated that clot composition was

unrelated to any stroke etiology25, but detailed data were not

provided in that analysis. Furthermore, the majority of the

population in that study included Caucasian subjects (82%)

and only a small proportion of Asian subjects (6%). Another

study that investigated 22 thrombi found that clots originat-

ing from large-artery atherosclerosis had a higher percentage

of RBCs than clots originating from other stroke subtypes.

Moreover, the number of patients with large-artery athero-

sclerosis (n¼8) and cardioembolism (n¼6) in that study was

too small to draw a conclusion, and this was a major limita-

tion that could be related to the contradictory finding26. One

of the most recent previous studies suggested an association

of high fibrin and low RBC percentages with cardioembolic

thrombi12 and was contrary to the findings of a postmortem

study on red cardioembolic thrombi28. Conversely, the rates

in patients with cardioembolism treated with IVT are signif-

icantly higher than the rates in patients with large-artery

atherosclerosis. Considering the probable bias by rt-PA

application, these findings should be interpreted with cau-

tion12. The findings of Kim et al. that showed a higher per-

centage of RBCs in thrombi arising from cardioembolism

were in accordance with our results11. One potential expla-

nation could be that the enrolled candidates with MCA

occlusion were mostly Asian in that study, similar to our

study’s population.

The considerable limitation of all these studies was the

inclusion of patients with and without rt-PA application. The

clot composition with IVT is inherently different from that

without IVT, and this is likely to be the cause of the major

differences in their findings. To determine whether throm-

bolysis could have any additional effects on thrombus com-

position, our study compared the clot composition according

to the presence or absence of rt-PA application. Although we

still found similar associations of red thrombi arising from

cardioembolism with IVT application prior to MT, no pre-

vious study has stratified this bias. Thus, even if the clot

composition may have been affected by the use of

Figure 2. Microscopic view of retrieved thrombi from middle cerebral artery. (A) indicates most thrombi consist of fibrin (white thrombi)
in a hematoxylin-eosin stained section (200� magnification); (B) RBC (red thrombi). Scale bar: 50 mm. Inserts show higher magnification
(400�) of representative staining.
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intravenous rt-PA, the thrombus composition could still pro-

vide information on the subtypes of stroke.

Limitations and Strengths

Our study has several limitations. This study is a single-

center, observational design with a natural bias. Considering

the small size of the population, it is difficult to draw a strong

conclusion that there is no significant difference in mRS

score by univariate analysis between the two groups:

59.5% in bridging therapy and 38.7% in direct MT. There-

fore, this difference may need to be examined using a large-

scale group in future studies. Furthermore, the main reasons

not to perform IVT on eligible patients before thrombectomy

were the suspicion of a large thrombus burden and major

vessel occlusions. This decision took into consideration the

poor recanalization and increased hemorrhage rates after

intravenous rt-PA in these patients. However, given the ret-

rospective nature of our research, the exact reason to decide

against IVT cannot be provided for every single patient.

Recently, the updated guidelines suggested that eligible

patients with AIS should receive intravenous rt-PA even if

MT is being considered. Therefore, this new suggestion

should be considered in clinical practice and in further stud-

ies. The components of the retrieved thrombi might not com-

pletely reflect those of the entire thrombus and, although this

bias was unavoidable, it should be considered. The strengths

of our study include the exclusion of the imbalance in the

clinical characteristics of the patients according to IVT

ineligibility and the homogeneous histological analysis in

the patients with only MCA occlusion with or without rt-

PA application.

Conclusion

This study supports the hypothesis that direct MT is non-

inferior to bridging therapy, especially in the cardioembolic

stroke subtype of patients with MCA occlusion. However,

the evidence should be carefully considered due to the small

number of patients in this study and should be established by

further randomized controlled trials. Our histologic findings

that show the proportion of RBC composition in retrieved

clots is higher in patients with cardioembolism lend support

to those of previous studies. Moreover, this composition

characteristic was found in the presence and absence of rt-

PA application. Our findings would have references for clin-

ical choice and study design in the future.
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Vivas E, Prendreu J, Gallofré M. Catalan stroke code and

reperfusion consortium. Outcomes after direct thrombectomy

or combined intravenous and endovascular treatment are not

different. Stroke. 2017;48:375–378.

22. Tsivgoulis G, Katsanos AH, Mavridis D, Alexandrov AW,

Magoufis G, Arthur A, Caso V, Schellinger PD, Alexan-

drov AV. Endovascular thrombectomy with or without sys-

temic thrombolysis? Ther Adv Neurol Disord. 2017;10:

151–160.

23. del Zoppo GJ, Poeck K, Pessin MS, Wolpert SM, Furlan AJ,

Ferbert A, Alberts MJ, Zivin JA, Wechsler L, Busse O,

Greenlee R. Recombinant tissue plasminogen activator in acute

thrombotic and embolic stroke. Ann Neurol. 1992;32(1):

78–86.

24. Tsivgoulis G, Katsanos AH, Schellinger PD, Köhrmann M,
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