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Purpose: Elderly people represent a growing stroke population with different pathophysiological 
states than younger. Whether intravenous thrombolysis (IVT) before mechanical thrombectomy 
(MT) is beneficial for elderly patients remains unclear. This study compared the efficacy and safety 
between elderly patients treated with MT alone and those treated with both IVT and MT.
Patients and Methods: Patients aged ≥65 years who were eligible for IVT within 4.5 h from 
symptom onset were selected from the ANGEL-ACT (Endovascular Treatment Key Technique and 
Emergency Work Flow Improvement of Acute Ischemic Stroke) registry, a prospective registry 
program for patients with endovascular treatment from 111 Chinese stroke centers. The primary 
efficacy outcome was the 90-day modified Rankin Scale score. We compared efficacy and safety 
outcomes using ordinal or binary logistic regression or a generalized linear model.
Results: In total, 482 elderly patients were included: 187 (38.8%) received IVT and MT (bridging 
MT) and 295 (61.2%) received MT alone (direct MT). There was no significant difference in the 90- 
day modified Rankin Scale score between the two groups (median: 4 vs 4 points, respectively; 
adjusted β=−0.048, P=0.822). The direct MT group had a shorter onset-to-puncture time (225 vs 
255 min, respectively; adjusted β=−55.074, P=0.002) and a lower rate of parenchymal hemorrhage 
type 2 within 24 h (2.80% vs 6.63%, respectively; adjusted odds ratio [OR]=0.287, 95% confidence 
interval [CI]=0.096–0.856, P=0.025). In addition, the direct MT group showed a trend toward 
a lower incidence of sICH (5.67% vs 10.06%, adjusted OR=0.453, P=0.061), procedure-related 
complications (7.12% vs 12.30%, adjusted OR=0.499, P=0.052) and distal or new territorial 
embolization (4.07% vs 6.95%, adjusted OR=0.450, P=0.093).
Conclusion: Direct MT had similar efficacy to bridging MT in terms of the 90-day functional 
outcome in elderly patients, whereas bridging MT had a longer onset-to-puncture time and 
increased risk of hemorrhagic transformation and procedure-related complications.
Keywords: acute ischemic stroke, endovascular treatment, intravenous thrombolysis, elderly 
patients

Introduction
Mechanical thrombectomy (MT) is now the standard treatment for patients with acute 
ischemic stroke (AIS) caused by large vessel occlusion (LVO). Current guidelines 
recommend that patients eligible for intravenous thrombolysis (IVT) should receive 
IVT even if MT is being considered.1 However, there is some evidence that combining 
IVT with MT (bridging MT) may result in similar outcomes to MT alone (direct MT), 
including from observational studies,2–5 systematic reviews and meta-analyses,6,7 and 
two recently published randomized controlled trials (the DIRECT-MT8 and the DEVT9).
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The progressive increase in life expectancy and aging 
of the population has resulted in a growing number of 
elderly patients with stroke. However, elderly patients 
have different pathophysiological states and more comor-
bidities than younger patients. Although the American 
Heart Association/American Stroke Association (AHA/ 
ASA) guidelines show that IV alteplase treatment is 
recommended for patients aged >80 years under certain 
conditions,1 elderly patients have a higher risk of compli-
cations, including a higher risk of hemorrhagic transfor-
mation (HT) after IVT.10 Nevertheless, the efficacy of 
pretreatment with IVT prior to MT in elderly patients 
and whether this procedure increases the risk of HT 
remains unclear. Thus, the efficacy and safety of bridging 
and direct MT in elderly patients requires further study. 
Therefore, based on the data of the ANGEL-ACT 
(Endovascular Treatment Key Technique and Emergency 
Work Flow Improvement of Acute Ischemic Stroke; 
ClinicalTrial.gov ID: NCT03370939), a prospective, 
nationwide, multicenter registry in China, we explored 
the efficacy and safety of direct MT and bridging MT in 
elderly patients.

Patients and Methods
Study Population and Treatment
Our study population included patients registered in the 
ANGEL-ACT from November 2017 to March 2019. The 
ANGEL-ACT is a nationwide, multicenter, prospective 
registry program for patients who undergo endovascular 
treatment for acute LVO from 111 stroke centers in 
China.11 This research program was approved by the 
ethics committee of the Second Affiliated Hospital of 
Xi’an Jiaotong University and each participating site. 
Each participant or his/her representative gave written 
informed consent before being enrolled in the study. This 
study was conducted in accordance with the Declaration of 
Helsinki.

The inclusion criteria were (1) the time from onset-to- 
hospital admission <4.5 h; (2) computed tomography 
angiography, magnetic resonance angiography, or digital 
subtraction angiography confirmation of LVO, defined as 
occlusion of the internal carotid artery, vertebral artery, 
basilar artery, middle cerebral artery (M1/M2), anterior 
cerebral artery (A1/A2), and posterior cerebral artery 
(P1); (3) age of ≥65 years; and (4) treatment with MT. 
Patients with contraindications for IVT and missing pri-
mary efficacy outcomes were excluded. In total, 482 

eligible patients were included in this study. The patients 
were divided into the bridging MT group (IVT+MT) and 
the direct MT group (MT without IVT) according to 
whether they received IVT.

Each patient or his/her legally authorized representa-
tive was fully informed of the purpose, cost and complica-
tions of IVT and MT. After full consideration, some 
patients chose to undergo direct MT even if they were 
transferred from the primary hospital to an advanced 
stroke center. The main reasons for not performing IVT 
included refusal by patients or their family members, fear 
of the side effect of IVT by physicians, and for the purpose 
of reducing financial burden.11 Each participant or his/her 
legally authorized representative provided written 
informed consent before IVT and MT treatment. IVT was 
administered according to the current AHA/ASA guide-
lines within 4.5 h from symptom onset in the majority of 
patients (alteplase 0.9 mg/kg, maximum 90 mg, over 1 
h with 10% initial bolus1). The interventional neurologists 
of all centers had received standard training and were 
highly experienced in interventional neuroradiology. 
Stent retriever, aspiration, or a combination of both meth-
ods were included. The type and size of the equipment to 
be used in the operation, as well as other rescue therapies 
such as balloon angioplasty, stent implantation, or arterial 
thrombolysis, were determined based on the interventional 
neurologists’ experience.

Data Collection
Demographic data, vascular risk factors, imaging and 
laboratory data, stroke and surgery details, and 90-day 
functional outcomes were prospectively collected. The 
National Institutes of Health Stroke Scale (NIHSS) score 
and the modified Rankin Scale (mRS) score, which repre-
sent the severity of stroke and the recovery of neurological 
function, respectively, were recorded by trained and qua-
lified professional investigators. The NIHSS scores were 
recorded at baseline and at 24 h and 7d after admission. 
Images were evaluated by an independent laboratory of 10 
trained neuroradiologists who were blinded to the clinical 
data and outcomes. Two neuroradiologists independently 
evaluated each image; when their results were inconsis-
tent, the final results were decided upon by a third 
physician.

Outcomes
Outcomes were divided into efficacy and safety outcomes. 
The primary efficacy outcome was the mRS score at 90 
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days, with an excellent functional outcome being defined 
as an mRS score of 0 or 1, a good functional outcome as 
mRS score of 0 to 2, and a favorable clinical outcome as 
mRS score of 0 to 3. The secondary efficacy outcomes 
were changes in the NIHSS score from baseline to 24 
h and 7 days, successful recanalization, door-to-groin 
puncture time, onset-to-groin puncture time, puncture-to- 
recanalization time, number of thrombectomy passes, and 
total number of operations. Successful recanalization was 
defined as a modified Thrombolysis in Cerebral Infarction 
score of ≥2b. The puncture-to-recanalization time was 
defined as the duration of time from the moment of punc-
ture to the first successful recanalization or the last con-
trast bolus (when the vessel was not successfully 
recanalized). The total number of operations was defined 
as the sum of all endovascular treatments including stent 
retriever, aspiration, balloon angioplasty, and stent 
implantation.

The main safety outcomes were symptomatic intracra-
nial hemorrhage (sICH) within 24 h as defined by the 
criteria of the Heidelberg Bleeding Classification.12 The 
secondary safety outcomes were (1) any ICH within 24 h; 
(2) parenchymal hemorrhage type 2 (PH-2) within 24 
h defined as blood clots in >30% of the infarcted area 
with a substantial space occupying effect;13 (3) mortality 
within 90 days; and (4) procedure-related complications, 
including distal or new territorial embolization, vascular 
perforation, dissection, and vasospasm.

Statistical Analysis
All continuous variables are presented as median with 
interquartile range (IQR), while categorical variables are 
presented as frequency and percentage. Differences in 
continuous variables were analyzed with the Mann– 
Whitney U-test, while categorical variables were analyzed 
with the χ2 test or Fisher’s exact test. The 90-day mRS 
score was treated as an ordinal and dichotomous variable 
and was analyzed with ordinal and binary logistic regres-
sion, respectively. Other binary outcomes were analyzed 
with logistic regression, while continuous outcomes were 
analyzed using a generalized linear model. A multivariate 
model was run to adjust for the use of IVT and variables 
with a P-value of <0.05 in the baseline characteristics. 
A second model was run to add the baseline NIHSS 
score, Alberta Stroke Program Early Computed 
Tomography Score (ASPECTS), location of the occluded 
vessels, and etiology as additional covariates. All statisti-
cal analyses were performed using statistical software 

(SAS v9.4; SAS Institute Inc, Cary, NC, USA). 
A P-value of <0.05 was considered statistically 
significant.

Results
A total of 1793 patients were included in the ANGEL- 
ACT registry. 690 patients met the inclusion criteria, of 
whom 180 were ineligible for IVT and 28 were missing 
the main efficacy outcome. Finally, 482 patients with AIS 
treated with MT were included in the present study; 187 
(38.8%) patients received IVT and MT (bridging MT) and 
295 (61.2%) patients received MT alone (direct MT). 
A patient flowchart is shown in Figure 1.

The median patient age was 73 years (IQR, 69–78 
years), and the median baseline NIHSS score was 17 
(IQR, 13–22). Of the 482 enrolled patients, 259 
(53.73%) were men and 392 (81.33%) had anterior circu-
lation stroke. A total of 426 (88.38%) patients underwent 
stent thrombectomy, while 86 (17.84%) underwent aspira-
tion. The median onset-to-door time was 90 min (IQR, 50– 
140 min). Most patients were directly transported to an 
endovascular-capable center, while 131 (27.18%) were 
transferred from the primary hospital to an advanced 
stroke center.

Baseline Characteristics
The baseline characteristics of patients who underwent 
direct MT and bridging MT are shown in Table 1. There 
was a higher proportion of men (58.31% vs 46.52%, 
respectively; P=0.012), use of preoperative anticoagulants 
(5.42% vs 0.53%, respectively; P=0.004), and use of 
intraoperative heparin (57.97% vs 32.09%, respectively; 
P<0.001) in the direct MT group than in the bridging MT 
group, while the proportion of patients undergoing aspira-
tion catheterization was higher in the bridging MT group 
than in the direct MT group (25.13% vs 13.22%, respec-
tively; P=0.001). There were no significant differences in 
any other factors between the two groups (P>0.05).

Efficacy Outcomes
The median mRS at 90 days was 4 both in the direct MT 
group and the bridging MT group, and there was no sig-
nificant difference between the two groups (P=0.858; 
Table 2). The distribution of mRS scores of 0–6 at 90 
days is shown in Figure 2. There were no significant 
differences in the proportions of an excellent clinical out-
come (35.83% vs 34.24%, respectively; P=0.721; Table 2), 
good functional outcome (37.97% vs 38.31%, 
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respectively; P=0.941; Table 2), or favorable clinical out-
come (45.99% vs 48.81%, respectively; P=0.546; Table 2) 
between the two groups. Ordinal logistic regression and 
binary logistic regression based on the classification of 0– 
1, 0–2, and 0–3 showed no significant difference in the 90- 
day mRS score (P>0.05 for each; Table 3). In total, 88 
(18.26%) patients were ≥80 years old. A subgroup analysis 
stratified by age (65–79 vs ≥80 years) showed no signifi-
cant difference in the ratio of a 90-day mRS score of 0–1, 
0–2, and 0–3 (Table 4).

The direct MT group had a shorter onset-to-puncture 
time than the bridging MT group (225 vs 255 min, respec-
tively; P<0.001; Table 2). This finding remained 
unchanged after controlling for other factors by multiple 
linear regression (model 1: adjusted β=−59.94518, 
P=0.001; model 2: adjusted β=−55.07449, P=0.002; 
Table 3). Although there were significant differences in 
the 24-h NIHSS score change (P=0.045; Table 2), number 
of thrombectomy passes (P=0.009; Table 2), and total 
number of operations (P=0.009; Table 2), the multivariate 

analysis showed no significant differences after adjusting 
for other factors (P>0.05 for each; Table 3).

Safety Outcomes
Univariate analysis showed a trend toward a lower inci-
dence of PH-2 within 24 h in the direct MT group than in 
the bridging MT group (2.80% vs 6.63%, respectively; 
P=0.053; Table 2). Further, after adjusting for other fac-
tors, multivariate logistic regression analysis confirmed 
that the incidence of PH-2 was lower in the direct MT 
group (model 1: OR=0.318, 95% CI=0.114–0.890, 
P=0.029; model 2: OR=0.287, 95% CI=0.096–0.856, 
P=0.025; Table 3). The direct MT group also showed 
a trend toward a lower incidence of sICH (5.67% vs 
10.06%, respectively; model 1: OR=0.522, P=0.093; 
model 2: OR=0.453, P=0.061; Table 3), procedure- 
related complications (7.12% vs 12.30%, respectively; 
model 1: OR=0.463, P=0.027; model 2: OR=0.499, 
P=0.052; Table 3) and distal or new territorial emboliza-
tions (4.07% vs 6.95%, respectively; model 1: OR=0.403, 

Figure 1 Flow chart of the patient inclusion steps.
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Table 1 Comparison of Baseline Characteristics Between Direct Mechanical Thrombectomy (MT) and Bridging MT Patients

Characteristics Total (n=482) BMT (n=187) DMT (n=295) P-value

Age, median (IQR), year 73 (69–78) 72 (68-78) 73 (69-78) 0.791

Male (n, %) 259 (53.73) 87 (46.52) 172 (58.31) 0.012

Medical history (n, %)

Hypertension 309 (64.11) 115 (61.50) 194 (65.76) 0.342
Diabetes mellitus 97 (20.12) 36 (19.25) 61 (20.68) 0.703

Dyslipidemia 34 (7.05) 18 (9.63) 16 (5.42) 0.079

Coronary heart disease 108 (22.41) 46 (24.60) 62 (21.02) 0.358
Atrial fibrillation 221 (45.85) 85 (45.45) 136 (46.10) 0.890

Prior stroke 106 (21.99) 33 (17.65) 73 (24.75) 0.067

Current smoking 348/391 (89.00) 138/155 (89.03) 210/236 (88.98) 0.988

SBP, median (IQR), mmHg 147 (133–161) 146 (133–165) 148 (132–160) 0.980

NIHSS score, median (IQR) 17 (13–22) 17 (13–21) 18 (13–23) 0.084

Serum glucose, median (IQR) 7.0 (5.9–9.2) 7.1 (6.0–9.1) 7.0 (5.8–9.3) 0.864

WBC count, median (IQR) 7.7 (6.3–9.8) 7.5 (6.4–9.9) 7.8 (6.3- 9.7) 0.932

Platelet count, median (IQR) 190 (152–232) 191 (156–232) 190 (152–232) 0.525

INR, median (IQR) 1.02 (0.96–1.10) 1.01 (0.95–1.10) 1.03 (0.97–1.10) 0.224

Serum creatinine, median (IQR) 71.0 (60.4–83.3) 72.0 (60.0–84.5) 71.0 (60.6–83.0) 0.996

ASPECTS, median (IQR) 10 (7–10) 10 (7–10) 10 (7–10) 0.213

Occlusion site (n, %)
Anterior circulation 392 (81.33) 158 (84.49) 234 (79.32) 0.156

Posterior circulation 90 (18.67) 29 (15.51) 61 (20.68)

Good collaterals (n, %) 109/206 (52.91) 37/75 (49.33) 72/131 (54.96) 0.436

TOAST classification (n, %)
Large artery atherosclerosis 198/480 (41.25) 75/186 (40.32) 123/294 (41.84) 0.551
Cardioembolism 217/480 (45.21) 89/186 (47.85) 128/294 (43.54)
Other or unknown etiology 65/480 (13.54) 22/186 (11.83) 43/294 (14.63)

Treatment (n, %)
Preoperative antiplatelet agents 81 (16.80) 26 (13.90) 55 (18.64) 0.175

Preoperative anticoagulants 17 (3.53) 1 (0.53) 16 (5.42) 0.004*

General anesthesia 184 (38.17) 74 (39.57) 110 (37.29) 0.615
Stent retriever 426 (88.38) 162 (86.63) 264 (89.49) 0.340

Aspiration catheter 86 (17.84) 47 (25.13) 39 (13.22) 0.001

Intra-arterial thrombolysis 44 (9.13) 14 (7.49) 30 (10.17) 0.319
Balloon angioplasty 79 (16.39) 35 (18.72) 44 (14.92) 0.272

Stenting 63 (13.07) 25 (13.37) 38 (12.88) 0.877

Intraoperative heparin 231 (47.93) 60 (32.09) 171 (57.97) <0.001
Infusion of GP IIb/IIIa inhibitor 205 (42.53) 74 (39.57) 131 (44.41) 0.296

OTD time, median (IQR), min 90 (50–140) 90 (53–140) 90 (48–144) 0.583

Drip and ship (n, %) 131 (27.18) 51 (27.27) 80 (27.12) 0.970

Notes: Good collaterals: American Society of Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology≥2; *Represents Fisher’s exact test. 
Abbreviations: DMT, direct mechanical thrombectomy; BMT, bridging mechanical thrombectomy; SBP, systolic blood pressure; NIHSS, National Institutes of Health Stroke 
Scale; WBC, white blood cell count; INR, international normalized ratio; ASPECTS, Alberta Stroke Program Early CT Score; OTD, symptom onset to door.
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P=0.047; model 2: OR=0.450, P=0.093; Table 3). There 
were no differences in other safety outcomes, including 
any ICH within 24 h and death within 90 days, between 
the two groups.

Discussion
As a prospective registry study of 111 centers, the present 
study reflects the real-world situation of endovascular 
treatment for AIS in China. By comparing the efficacy 
and safety of MT with or without pre-treatment IVT in 
elderly patients, we found that direct MT had a similar 90- 
day mRS score to that for bridging MT.

Two recently published randomized controlled trials (the 
DIRECT-MT trial8 and the DEVT trial9) proved that endovas-
cular thrombectomy alone was noninferior to bridging MT in 
terms of functional outcome. Later, the SKIP trial14 showed 
that endovascular treatment alone and bridging MT had simi-
larly favorable outcomes, although the trial failed to demon-
strate noninferiority. Our findings are consistent with those 
trials. The patients in the above trial were >18 years old, and 
only the SKIP trial performed a subgroup analysis for ages of 
<70 and ≥70 years; however, it showed no significant hetero-
geneity of effect on the mRS score. Previous data on the effects 
of direct MT and bridging MT in elderly patients predomi-
nantly comes from observational studies. For example, in 

Table 2 Univariate Analysis of Outcomes in the Direct Mechanical Thrombectomy (MT) and Bridging MT Patients

Outcomes BMT DMT OR/β (95% CI) P-value

Efficacy outcome
mRS at 90 d, median (IQR) 4 (1–5) 4 (1–5) 0.03738 0.858

mRS 0–1 at 90 d 67 (35.83) 101 (34.24) 0.932 (0.635–1.368) 0.721

mRS 0–2 at 90 d 71 (37.97) 113 (38.31) 1.014 (0.696–1.479) 0.941
mRS 0–3 at 90 d 86 (45.99) 144 (48.81) 1.120 (0.776–1.617) 0.546

Change in NIHSS score at 24 h,  

median (IQR)

−2 (−6, 0) −2 (−7, 0) −1.56836 0.045

Change in NIHSS score at 7 d,  

median (IQR)

−9 (−14, −3) −9 (−14, −4) −1.12063 0.275

Successful recanalization 163 (87.17) 258 (87.46) 1.027 (0.592–1.779) 0.925

OTP time, median (IQR), min 255 (199–322) 225 (175–273) −61.53800 <0.001

DTP, median (IQR), min 144 (100–207) 109 (76–158) −45.91377 0.060
PTR time, median (IQR), min 87 (53–123) 83 (50–123) 0.99663 0.857

Number of MT passes, median (IQR) 2 (1–3) 1 (1–2) −0.36955 0.009

Total number of operation,  
median (IQR)

2 (1–3) 2 (1–3) −0.36790 0.009

Safety outcomes
Symptomatic ICH within 24 h 18/179 (10.06) 16/282 (5.67) 0.538 (0.267–1.085) 0.083

Any ICH within 24 h 51/181 (28.18) 62/286 (21.68) 0.706 (0.459–1.083) 0.111

PH-2 within 24 h 12/181 (6.63) 8/286 (2.80) 0.405 (0.162–1.012) 0.053
Death within 90 d 37/143 (25.87) 54/237 (22.78) 0.845 (0.522–1.369) 0.494

Distal or new territorial embolization 13 (6.95) 12 (4.07) 0.568 (0.253–1.272) 0.169

Arterial perforation 5 (2.67) 8 (2.71) 1.015 (0.327–3.149) 0.980
Arterial dissection 2 (1.07) 0 (0) – 0.957

Arterial vasospasm 4 (2.14) 1 (0.34) 0.156 (0.017–1.403) 0.097

Total complications 23 (12.30) 21 (7.12) 0.546 (0.293–1.018) 0.057

Abbreviations: OTP time, time from symptom onset to puncture; DTP time, time from door to puncture; PTR time, time from puncture to recanalization.

Figure 2 Distribution of the modified Rankin Scale (mRS) scores at 90 days. 
Abbreviations: BMT, bridging mechanical thrombectomy; DMT, direct mechanical 
thrombectomy.
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a study examining the factors associated with a favorable 
functional outcome after MT in elderly patients, pre- 
treatment with IVT was found to be related to a better func-
tional outcome.15 In contrast, some studies have revealed no 
association of IVT pre-treatment prior to MT with prognosis in 
elderly patients.16–18 It is important to note that those studies 
were not designed to compare the effects of direct MT and 
bridging MT. Furthermore, some of those studies were not 
multicenter studies. The present study makes up for these 
confounders. Given some studies defined elderly patients as 
≥80 years old, we performed an exploratory subgroup analysis 
stratified by age (65–79 vs ≥80 years), but found no difference 
in the 90-day mRS of patients between these subgroups.

In terms of safety, we found bridging MT increased the 
incidence of PH-2 and showed a trend toward a higher inci-
dence of sICH (10.06% vs 5.67%, respectively; adjusted 
P=0.061). The SKIP trial and two multicenter retrospective 

studies also showed that bridging thrombectomy had a higher 
risk of ICH,11,14,19 which support our result to a certain extent. 
This suggests that IVT increases the risk of ICH in elderly 
patients. In fact, some studies have also shown that IVT may be 
associated with an increased risk of sICH in elderly 
patients,20,21 and that Asian patients may have a higher risk 
of sICH after IVT.22 Therefore, we believe that bridging MT is 
probably associated with a higher risk of sICH. The relatively 
small sample size might explain the lack of a statistically 
significant difference in the incidence of sICH. Further studies 
with larger cohorts are needed to explore this issue. 
Furthermore, the bridging MT group showed a trend toward 
more procedure-related complications, especially distal or new 
territorial embolization, which is consistent with the DEVT 
trial.9 This may be related to thrombus migration and resolu-
tion caused by intravenous alteplase.23 Bridging thrombolysis 
has also been found to be a risk factor for periprocedural 

Table 3 Multivariate Analysis of Outcomes in Elderly Patients

Model 1 Model 2

Adjusted OR/β 
(95% CI)

P-value Adjusted OR/β 
(95% CI)

P-value

Efficacy outcome
mRS at 90 d, median (IQR) 0.02080 0.925 −0.04827 0.822

mRS 0–1 at 90 d 0.945 (0.629–1.418) 0.784 0.976 (0.634–1.503) 0.914

mRS 0–2 at 90 d 1.003 (0.672–1.496) 0.990 1.050 (0.687–1.604) 0.822
mRS 0–3 at 90 d 1.185 (0.802–1.752) 0.394 1.278 (0.846–1.930) 0.244

Change in NIHSS score at 24 h,  

median (IQR)

−1.81529 0.029 −1.41694 0.075

Change in NIHSS score at 7 d,  

median (IQR)

−1.51778 0.165 −0.74295 0.436

Successful recanalization 1.158 (0.649–2.066) 0.620 1.158 (0.641–2.089) 0.627
OTP time, median (IQR), min −59.94518 0.001 −55.07449 0.002

DTP time, median (IQR), min −49.80116 0.053 −44.82975 0.085

PTR time, median (IQR), min 2.78556 0.634 2.97991 0.612
Pass number of thrombectomy,  

median (IQR)

−0.12366 0.354 −0.07015 0.599

Total number of operation,  
median (IQR)

−0.16219 0.243 −0.10225 0.466

Safety outcomes
Symptomatic ICH within 24 h 0.522 (0.244–1.116) 0.093 0.453 (0.198–1.036) 0.061

Any ICH within 24 h 0.816 (0.515–1.291) 0.385 0.839 (0.513–1.374) 0.486

PH-2 within 24 h 0.318 (0.114–0.890) 0.029 0.287 (0.096–0.856) 0.025
Death within 90 d 0.813 (0.484–1.365) 0.433 0.775 (0.450–1.335) 0.359

Distal or new territorial embolization 0.403 (0.164–0.990) 0.047 0.450 (0.178–1.141) 0.093

Total complications 0.463 (0.234–0.916) 0.027 0.499 (0.248–1.004) 0.052

Notes: Model 1 was adjusted for men, preoperative anticoagulants, aspiration catheter, intraoperative heparin, and the use of IVT. Model 2 was additional adjusted for 
baseline NIHSS, ASPECTS, location of the occluded vessels, and TOAST classification.
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thrombus fragmentation and subsequent downstream 
embolism,24 which further supports our conclusion. Although 
bridging MT was associated with more HT and periprocedural 
complications, we found no difference in the 90-day mRS 
score between the two treatments. This may be related to the 
finding that there were no differences in the main factors that 
could affect the prognosis, such as the NIHSS score and 
ASPECTS, between the two groups.

In the present study, the time from onset to groin 
puncture was longer in the bridging MT group. Similar 
findings were reported in the multicenter registry MR 
CLEAN (Multicenter Randomized Clinical Trial of 
Endovascular Treatment of Acute Ischemic Stroke),25 

which supports our conclusion. Because the time from 
symptom onset to door was similar between the two 
groups (90 [53–140] vs 90 [48–144] min, respectively; 
P=0.583), the difference in the onset-to-puncture time 
mainly resulted from the door-to-groin puncture time. 
The time from door to groin puncture did showed 
a trend toward being longer in the bridging MT group 
(144 [100–207] vs 109 [76–158] min, respectively; 
P=0.060]). Another multicenter study from China also 
showed that bridging MT had a longer door-to-groin 
puncture time,19 which supports our conclusion. 
Overall, these data suggest that bridging MT might 
delay the time for endovascular treatment. In the 
DIRECT-MT trial, the median time from hospital admis-
sion to groin puncture in the bridging MT group was 
only 1.5 min longer than that in the direct MT group 
(85.5 [70–115] vs 84 [67–105] min, respectively), which 
is markedly less than that in the present study (144 
[100–207] vs 109 [76–158] min, respectively). To 
some extent, this also suggests that some flaws remain 
in the emergency management of AIS. For example, 
some patients may not receive MT immediately after 
IVT, although guidelines recommend that observation 

after IVT to assess for a clinical response should not 
be performed.1 Furthermore, patients and their relatives 
are required to be fully informed and provide written 
consent before IVT in China, which can also somewhat 
delay the initiation of treatment.

As a nationwide, multicenter prospective registry pro-
gram, the advantage of the present study is its high exter-
nal validity. Further, we provide a reference for elderly 
patients to help with the selection of direct or bridging MT. 
However, our study has some limitations, and our findings 
must be interpreted with caution. First, this was not 
a randomized controlled trial; unknown confounders 
affecting the results cannot be completely ruled out, 
although we adjusted for possible confounding factors. 
Second, patients treated with IVT and recanalized success-
fully to avoid MT were not enrolled, which may under-
estimate the efficacy of IVT. Third, because most patients 
were treated with alteplase, the effects of different throm-
bolytic drugs were not analyzed. Fourth, the sample size 
was relatively small. Finally, there are some missing data 
in this study. Thus, although relevant statistical methods 
were used to fill in these missing data, there is the potential 
for bias.

Conclusion
Our findings suggest that direct MT has similar efficacy to 
bridging MT in terms of the 90-day functional outcome in 
elderly patients with LVO, while bridging MT has a longer 
onset-to-puncture time and increased risk of HT and pro-
cedure-related complications.

Data Sharing Statement
The data that support the findings of this study are avail-
able from the corresponding author Zhongrong Miao 
(zhongrongm@163.com) upon reasonable request.

Table 4 The 90-Day mRS Between Bridging and Direct MT in Patients of Aged 65–79 and ≥80 Years Old

65–79 ≥80

BMT (N=148) DMT (N=246) P-value BMT (N=39) DMT (N=49) P-value

mRS 0–1 53 (35.81) 88 (35.77) 0.994 14 (35.90) 13 (26.53) 0.344

mRS 2–6 95 (64.19) 158 (64.23) 25 (64.10) 36 (73.47)
mRS 0–2 56 (37.84) 95 (38.62) 0.877 15 (38.46) 18 (36.73) 0.868

mRS 3–6 92 (62.16) 151 (61.38) 24 (61.54) 31 (63.27)

mRS 0–3 68 (45.95) 122 (49.59) 0.483 18 (46.15) 22 (44.90) 0.906
mRS 4–6 80 (54.05) 124 (50.41) 21 (53.85) 27 (55.10)
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