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BACKGROUND: Although femoropopliteal-specific stents have durable patency, stent thrombosis (ST) may occur, 
which can lead to acute limb ischaemia (ALI).

AIMS: We aimed to investigate the clinical features and outcomes of ALI caused by femoropopliteal ST in patients 
with lower extremity artery disease.

METHODS: This multicentre retrospective study included 499 patients with ALI − of whom 108 patients had ALI 
caused by femoropopliteal ST (ST-ALI) and 391 patients had ALI caused by other aetiologies (de novo ALI) − who 
underwent treatment between September 2011 and March 2023. Clinical features and outcomes were compared 
between the two groups. The primary outcome measure was 12-month amputation-free survival; factors associated 
with amputation or death were investigated using multivariate Cox proportional hazards regression analysis.

RESULTS: Patients with ST-ALI were significantly more likely to exhibit conventional atherosclerotic risk factors, 
including diabetes mellitus (63% vs 26%) and haemodialysis (51% vs 10%) compared to patients with de novo 
ALI, whereas patients with de novo ALI were older (80 years vs 74 years) and more likely to have atrial fibrillation 
(49% vs 18%) than patients with ST-ALI. The 12-month amputation-free survival rate was significantly lower in 
the ST-ALI group than that in the de novo ALI group (51% vs 76%; p<0.001). Multivariate analysis revealed that 
ST-ALI, older age, haemodialysis, atrial fibrillation, the presence of a  wound, peak C-reactive protein level, and 
non-ambulatory status all have an independent, positive association with death or major amputation.

CONCLUSIONS: The current study revealed that patients with ST-ALI had worse clinical outcomes than those with 
de novo ALI, highlighting the need to maximise ST prevention.
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Rapid progress in endovascular therapy (EVT) has led 
to the extension of its use even for complex lesions 
of the femoropopliteal (FP) artery, which are the 

primary manifestation of lower extremity artery disease 
(LEAD)1-4. Although EVT using drug-coated balloons is cur-
rently regarded as the standard approach for the management 
of these lesions, stent-based EVT is necessary for complex FP 
diseases, such as diffuse, calcified, or total occlusion lesions1. 
However, the use of FP stents in EVT increases the risk of 
acute stent thrombosis (ST), which occurs in 3-10% of cases 
and can ultimately result in acute limb ischaemia (ALI)5.

ALI is an incapacitating and potentially fatal vascular 
emergency6,7. Its primary causes include in situ thrombosis, 
arterial embolisation, and bypass graft thrombosis, and ALI 
with these aetiologies has been associated with high rates 
of limb loss and mortality6,8-10. However, few studies have 
focused on ALI caused by FP-ST (ST-ALI), and its clinical 
outcomes are yet to be fully elucidated. The present study 
aimed to reveal the clinical features and outcomes of ST-ALI, 
compared with ALI of other aetiologies.

Editorial, see page e1122

Methods
STUDY POPULATION
This multicentre, retrospective, observational study was 
conducted at 8 cardiovascular and vascular surgical centres 
across Japan. The study included 499 patients with ALI − of 
whom 108 had ST-ALI and 391 had ALI caused by other 
factors, including in situ thrombosis, arterial embolisation, 
and bypass graft thrombosis in the FP arterial lesions (de novo 
ALI) − treated at these centres between September 2011 and 
March 2023. This study was performed in accordance with 
the Declaration of Helsinki, and each centre obtained ethical 
approval for the study from the relevant institutional review 
board. As the study was observational, with no intervention 
or invasiveness and without the use of human biological 
specimens, it was exempt from the requirement to obtain 
written informed consent from patients, in accordance with the 
Ethical Guidelines for Medical and Health Research Involving 
Human Subjects in Japan. Instead, relevant study information 
was made publicly available, and individuals were given the 
opportunity to refuse the inclusion of their data.

ACUTE LIMB ISCHAEMIA TREATMENT
Treatment strategies for ALI included conservative therapy, 
primary major amputation, open surgical revascularisation 
(OSR), and EVT; the strategy was selected at the discretion of 
the physician based on patient status, the severity of ischaemia, 
and anatomical features. Major amputation was performed in 
cases of irreversible limb ischaemia (Rutherford classification 

stage III). EVT included catheter thrombectomy, catheter-
directed thrombolysis, pharmacomechanical thrombolysis, 
or a  combination of these, followed by angioplasty or 
stent implantation. OSR included direct thrombectomy, 
thrombectomy using a Fogarty catheter (Edwards Lifesciences), 
endarterectomy, and primary bypass with autovein or 
prosthetic grafts. Timing of the revascularisation procedure 
depended mainly on the severity of ischaemia on presentation. 
Mild degrees of ischaemia allowed more time for a diagnostic 
workup and patient optimisation.

OUTCOME MEASURES
After treatment of ALI, all patients were regularly followed 
up at the outpatient clinic and underwent a postinterventional 
examination including clinical symptoms, haemodynamic 
changes in ankle-brachial index, and an evaluation of restenosis 
via Duplex ultrasonography. The primary outcome measure 
was amputation-free survival (AFS), and the secondary 
endpoints were major adverse limb events (MALE) and 
occlusion at 12 months.

DEFINITIONS
AFS was defined as the time until major amputation of the 
index limb and/or death from any cause, whichever occurred 
first. MALE were defined as a composite of major amputation 
and major reintervention (new bypass graft, jump/interposition 
graft revision, or thrombectomy/thrombolysis), and occlusion 
was defined as reocclusion of the treated artery11. ALI severity 
was determined according to the Rutherford classification 
proposed by the Society for Vascular Surgery/International 
Society for Cardiovascular Surgery: stage I − the limb is not 
immediately threatened; stage IIa − the limb is marginally 
threatened; stage IIb − the limb is immediately threatened; 
and stage III − the limb is irreversibly threatened or non-
viable12. Major amputation was defined as above-the-ankle 

Impact on daily practice

The 12-month amputation-free survival rate was 
lower in patients with acute limb ischaemia caused by 
femoropopliteal stent thrombosis (ST-ALI) compared to 
those with acute limb ischaemia with other aetiologies. 
ST-ALI is a life-threatening event, and further investigation 
is required to determine the risk factors for this condition 
after femoropopliteal stenting. A  non-stenting strategy, 
including surgical bypass or drug-coated balloon-based 
endovascular therapy, and implementing optimal medical 
therapy after revascularisation should be considered for 
patients at high risk of ST-ALI.

Abbreviations
AFS	 amputation-free survival

ALI	 acute limb ischaemia

CI	 confidence interval

CPK	 creatine phosphokinase

CRP	 C-reactive protein

EVT	 endovascular therapy

FP	 femoropopliteal

HR	 hazard ratio

LEAD	 lower extremity artery disease

MALE	 major adverse limb events

OSR	 open surgical revascularisation

ST	 stent thrombosis
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amputation. The degree of calcification was graded based on 
arterial wall calcium deposits detected during fluoroscopy 
according to the Peripheral Arterial Calcium Scoring Scale13.

STATISTICAL ANALYSIS
Data on baseline characteristics are presented as frequencies 
and percentages for discrete variables and as median 
(interquartile range) for continuous variables. Crude 
comparisons in baseline characteristics between patients 
with ST-ALI and de novo ALI were performed using the 
Student’s t-test for continuous variables and the chi-squared 
test for categorical variables. Cumulative incidence rates were 
assessed using the Kaplan-Meier method, and the rates are 
reported as estimate±standard error. Differences between 
the groups were assessed using the log-rank test when 
necessary. Factors associated with amputation or death were 
analysed in patients with Rutherford classification stage I 
or II ALI, because Rutherford classification stage III ALI is 
generally treated with primary amputation. The association 
of AFS with baseline clinical and procedural variables was 

first analysed using univariate Cox proportional hazards 
regression analysis. Next, multivariate Cox proportional 
hazards regression analysis was performed to adjust for 
confounders and identify risk factors for amputation or 
death. Clinical factors that were known to affect outcomes 
and that achieved p<0.05 in the univariate analysis were 
entered into the multivariate Cox regression analysis. The 
interaction effect of baseline characteristics on the association 
between ALI aetiology and amputation or mortality risk was 
also analysed using a  Cox proportional hazards regression 
model. A p-value<0.05 was considered to indicate statistical 
significance. Statistical analyses were performed using SPSS 
software, version 24.0J (IBM).

Results
BASELINE PATIENT CHARACTERISTICS AND CLINICAL 
FEATURES
Baseline patient, clinical, and procedural characteristics 
are summarised in Table 1 and Table 2. The prevalence 
of conventional atherosclerotic risk factors, including 

Table 1. Baseline patient characteristics.

Patient characteristics

Variable
Total

N=499
ST-ALI
N=108

De novo ALI
N=391

p-value

Age, years 78 [69, 85] 74 [67, 80] 80 [70, 87] <0.001

Male sex 297 (60) 72 (67) 225 (58) 0.087

Ambulatory status 337 (68) 78 (72) 259 (66) 0.240

Hypertension 368 (74) 89 (82) 279 (71) 0.020

Dyslipidaemia 182 (36) 56 (52) 126 (32) <0.001

Diabetes 169 (34) 68 (63) 101 (26) <0.001

Chronic kidney disease 169 (34) 69 (64) 100 (26) <0.001

Haemodialysis 93 (19) 55 (51) 38 (10) <0.001

Current smoker 79 (16) 12 (11) 67 (17) 0.129

Stroke 113 (23) 22 (20) 91 (23) 0.523

Coronary artery disease 155 (31) 62 (57) 93 (24) <0.001

Atrial fibrillation 211 (42) 19 (18) 192 (49) <0.001

Number of antithrombotic drugs 1 [0, 2] 2 [1, 2] 0 [0, 1] <0.001

Aetiology of de novo ALI

Embolism 235 (60)

Pre-existing PAD 129 (33)

In situ thrombosis 102 (26)

Graft failure 27 (7)

Other 27 (7)

Thrombosed stent of ST-ALI

BMS 44 (41)

DCS 12 (11)

DES 17 (16)

SG 27 (25)

IWS 5 (5)

Unknown 3 (2)

Data are presented as median [interquartile range] or number (%). ALI: acute limb ischaemia; BMS: bare metal stent; DCS: drug-coated stent; de novo 
ALI: ALI caused by other aetiologies; DES: drug-eluting stent; IWS: interwoven stent; PAD: peripheral arterial disease; SG: stent graft; ST: stent 
thrombosis; ST-ALI: ALI caused by femoropopliteal ST
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hypertension (82% vs 71%; p=0.020), dyslipidaemia (52% 
vs 32%; p<0.001), diabetes mellitus (63% vs 26%; p<0.001), 
haemodialysis (51% vs 10%; p<0.001), and coronary artery 
disease (57% vs 24%; p<0.001), was significantly higher in 
the ST-ALI group than in the de novo ALI group, whereas 
patients in the de novo ALI group were older (80 years vs 
74 years; p<0.001) and had a  higher prevalence of atrial 
fibrillation (49% vs 18%; p<0.001) than those in the ST-ALI 
group. The onset-to-admission time (ST-ALI group: 18 hours; 
de novo ALI group: 12 hours; p=0.277) did not differ 
significantly between the two groups, whereas the ST-ALI 
group had a  lower peak creatine phosphokinase (CPK) level 
(656 U/L vs 1,200 U/L; p=0.005) and a less severe Rutherford 
classification (stage I: 41% vs 16%; stage II: 56% vs 73%; 
stage III: 3% vs 11%; p<0.001) than the de novo ALI group. 
In terms of the procedures performed, primary surgical 
bypass therapy (7% vs 1%; p=0.017), primary amputation 
(8% vs 2%; p=0.024), and surgical thrombectomy (50% vs 
12%; p<0.001) were more frequently carried out in the de 
novo ALI group than in the ST-ALI group, whereas catheter 
thrombectomy (73% vs 39%; p<0.001) and local thrombolysis 
(41% vs 15%; p<0.001) were more frequently performed in 
the ST-ALI group than in the de novo ALI group. The lesion 
details of the initial EVT in the ST-ALI group are summarised 
in Table 3. Chronic total occlusion accounted for 49% (n=53) 
and the popliteal artery was involved for 58% (n=63) of 
lesions before the initial EVT in the ST-ALI group.

CLINICAL OUTCOMES OF ST-ALI VERSUS DE NOVO ALI
The 12-month AFS was significantly lower in the ST-ALI 
group than that in the de novo ALI group (51.3±5.1% vs 
75.0±2.5%; p<0.001) (Central illustration). Figure 1 shows that 
the 12-month rates of freedom from MALE and occlusion 
were also significantly lower in the ST-ALI group than those 
in the de novo ALI group (46.5±5.6% vs 85.4±2.2%; p<0.001 
and 50.0±5.5% vs 86.6±2.2%; p<0.001, respectively). As 
shown in Supplementary Table 1 and Supplementary Figure 1, 
the ST-ALI group also had lower rates of freedom from 
death (62.3±5.0% vs 78.4±2.4%; p=0.004), freedom from 
major amputation (78.6±4.9% vs 94.6±1.4%; p<0.001), and 
freedom from thrombectomy/thrombolysis (57.6±5.8% vs 
91.4±1.8%; p<0.001) than the de novo ALI group.

FACTORS ASSOCIATED WITH DEATH OR MAJOR 
AMPUTATION IN PATIENTS WITH RUTHERFORD 
CLASSIFICATION STAGE I OR II ACUTE LIMB ISCHAEMIA
The baseline characteristics significantly associated with 
death and major amputation were older age (hazard ratio 
[HR] 1.04 per 1-year increase, 95% confidence interval 
[CI]: 1.02-1.06; p<0.001), female sex (HR 1.69, 95% CI: 
1.25-2.30; p<0.001), non-ambulatory status (HR 4.19, 
95% CI: 2.93-5.99; p<0.001), haemodialysis (HR 2.39, 
95% CI: 1.66-3.46; p<0.001), current smoking (HR 0.24, 
95% CI: 0.11-0.50; p<0.001), coronary artery disease (HR 
1.51, 95% CI: 1.06-2.16; p=0.024), atrial fibrillation (HR 

Table 2. Baseline clinical, and procedural characteristics.

Clinical characteristics

Variable
Total

N=499
ST-ALI
N=108

De novo ALI
N=391

p-value

Onset-to-admission time, hrs 12 [5, 60] 18 [6, 48] 12 [4.4, 72] 0.277

Peak CPK, U/L 1,148 [225, 4,380] 656 [119, 3,357] 1,200 [282, 4,762] 0.005

Peak CRP, mg/dL 7.8 [2.5, 16.0] 6.7 [1.2, 16.3] 7.8 [2.8, 15.9] 0.153

Presence of wound 54 (11) 24 (22) 30 (8) <0.001

CIA or EIA thrombus 101 (20) 4 (4) 97 (25) <0.001

Rutherford classification <0.001

I 104 (21)  44 (41)  60 (16)

IIa 187 (38)  38 (35)  149 (38)

IIb  161 (32)  23 (21)  138 (35)

III 47 (9)  3 (3)  44 (11)

Procedural characteristics

Variable
Total

N=499
ST-ALI
N=108

De novo ALI
N=391

p-value

Primary bypass 28 (6) 1 (1) 27 (7) 0.017

Primary amputation 33 (7) 2 (2) 31 (8) 0.024

Conservative therapy 10 (2) 1 (1) 9 (2) 0.366

Surgical thrombectomy 209 (42) 13 (12) 197 (50) <0.001

Catheter thrombectomy 233 (47) 79 (73) 154 (39) <0.001

Local thrombolysis 102 (20) 44 (41) 58 (15) <0.001

Additional stenting 155 (31) 45 (42) 110 (28) 0.007

Data are presented as median [interquartile range] or number (%). ALI: acute limb ischaemia; CIA: common iliac artery; CPK: creatine phosphokinase; 
CRP: C-reactive protein; de novo ALI: ALI caused by other aetiologies; EIA: external iliac artery; ST: stent thrombosis; ST-ALI: ALI caused by 
femoropopliteal ST
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Amputation-free survival rate and prognostic factors after acute limb ischaemia.
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A) The 12-month AFS was significantly lower in the ST-ALI group than in the de novo ALI group (51.3±5.1% vs 75.0±2.5%; 
p<0.001), indicating better outcomes for patients with de novo ALI than for those with ST-ALI. B) ST-ALI as well as older age, 
haemodialysis, atrial fibrillation, the presence of wound, peak CRP level, and non-ambulatory status remained significantly 
associated with an increased risk of death or amputation. ALI: acute limb ischaemia; CRP: C-reactive protein; de novo 
ALI: ALI caused by other aetiologies; HR: hazard ratio; SE: standard error; ST: stent thrombosis; ST-ALI: ALI caused by 
femoropopliteal ST
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Figure 1. Twelve-month rates of MALE and occlusion. The incidence of MALE and occlusion of the treated artery were 
measured over a 12-month period following treatment for ALI and compared between patients with ST-ALI and those with de 
novo ALI. The 12-month rates of freedom from MALE (A) and occlusion (B) were significantly lower in the ST-ALI group than 
those in the de novo ALI group (46.5±5.6% vs 85.4±2.2%; p<0.001, and 50.0±5.5% vs 86.6±2.2%; p<0.001, respectively), 
indicating better outcomes for patients with de novo ALI than for those with ST-ALI. ALI: acute limb ischaemia; de novo 
ALI: ALI caused by other aetiologies; MALE: major adverse limb events; ST: stent thrombosis; ST-ALI: ALI caused by 
femoropopliteal ST
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1.49, 95% CI: 1.04-2.11; p=0.028), ST-ALI (HR 2.06, 95% 
CI: 1.44-2.96; p<0.001), peak C-reactive protein (CRP) 
level (HR 1.06 per 1 mg/dL increase, 95% CI: 1.04-1.07; 
p<0.001), and the presence of a wound (HR 2.63, 95% CI: 
1.71-4.05; p<0.001). After multivariate analysis, ST-ALI 
(HR 1.85, 95% CI: 1.14-2.99; p=0.012) as well as older 
age (HR 1.03 per 1-year increase, 95% CI: 1.01-1.05; 
p=0.023), haemodialysis (HR 2.34, 95% CI: 1.45-3.79; 
p<0.001), atrial fibrillation (HR 1.86, 95% CI: 1.25-2.77; 
p=0.002), the presence of a  wound (HR 1.73, 95% CI: 
1.08-2.76; p=0.022), peak CRP level (HR 1.05 per 1 mg/
dL increase, 95% CI: 1.03-1.07; p<0.001), and non-
ambulatory status (HR 2.26, 95% CI: 1.49-3.43; p<0.001) 
remained significantly associated with an increased risk of 
death or amputation (Table 4). Subgroup analyses showed 
that no baseline characteristics had any interaction effect on 
the association between ST-ALI and the primary outcome 
(Figure 2).

Discussion
SUMMARY OF THE CURRENT STUDY
Previous studies have shown that patients with ST-ALI 
experience a higher rate of MALE and a composite of mortality 
and major amputation compared with those without ST5,14. 
However, no studies have compared the clinical features and 
outcomes of patients with ST-ALI to those of patients with 
ALI with other aetiologies. The current study highlighted that 
patients with ST-ALI were more likely to exhibit conventional 
atherosclerotic risk factors than patients with de novo ALI 
and presented with a less severe Rutherford classification and 
lower CPK values. Patients with ST-ALI had a  significantly 
lower rate of 12-month AFS than patients with de novo ALI, 
even after adjusting for baseline characteristics.

CLINICAL FEATURES OF ACUTE LIMB ISCHAEMIA CAUSED 
BY FEMOROPOPLITEAL STENT THROMBOSIS
All patients presenting with ST-ALI were previously treated 
for LEAD, and therefore, it is reasonable that they exhibited 
more atherosclerotic risk factors. In contrast, the aetiology 
of de novo ALI includes not only in situ thrombosis and 
graft failure of LEAD but also cardiac embolisation, aortic 
dissection or embolisation, popliteal artery aneurysm, 
hypercoagulability associated with chemotherapy or cancer, 
and iatrogenic causes1. Therefore, patients with de novo ALI 
are less likely to exhibit atherosclerotic risk factors, are older, 
and have a higher prevalence of atrial fibrillation.

In terms of limb characteristics, the lesser severity of 
symptoms in patients with ST-ALI may be attributable to 
the development of collateral circulation in patients with 
LEAD. A  greater degree of collateral circulation in the FP 
artery is reported to be associated with better lower-extremity 
functional performance, as assessed by the 6-minute walk and 
4-metre walking velocity tests15. In ST-ALI, limbs exposed to 
chronic ischaemia may develop collateral circulation, resulting 
in milder symptoms and lower CPK values compared to those 
in patients with de novo ALI.

Regarding treatment strategy, Taha et al reported that 
OSR was more commonly performed than EVT for the 
treatment of ALI caused by cardiac embolism and prosthetic 
graft failure9. This was consistent with our findings, in which 
OSR, including primary bypass and surgical thrombectomy, 
was more frequently conducted in the de novo ALI group, 
whereas EVT, such as catheter thrombectomy and local 
thrombolysis, was performed more often in the ST-ALI group. 
Although the safety and efficacy of an EVT-first approach 
to ALI have recently been reported, treatment strategies 
are often dependent on the aetiologies of ALI (e.g., surgical 
thrombectomy would be preferred for cardiac embolism 
and prosthetic graft failure, and thrombolysis would be 
preferred for small vessel emboli, vein bypass graft, and stent 
thrombosis)9,16-18.

PROGNOSIS OF PATIENTS WITH ST-ALI
Another important finding of this study was that the clinical 
outcomes of patients with ST-ALI were significantly worse 
than those of patients with de novo ALI. One reason for the 
lower AFS rate in patients with ST-ALI may be the different 
baseline characteristics, such as the higher prevalence of 
atherosclerotic risk factors and the presence of wounds. 

Table 3. Baseline characteristics at initial treatment in the  
ST-ALI group.

Lesion characteristics

Variables N=108
Angiographical data missing 4 (4)

Rutherford category

2 10 (9)

3 32 (30)

4 13 (12)

5 47 (44)

6 6 (5)

TASC II classification

A 3 (3)

B 11 (10)

C 56 (52)

D 34 (31)

Chronic total occlusion 53 (49)

In-stent restenosis 12 (11)

Ostial lesion 35 (32)

Popliteal artery involvement 63 (58)

Below-the-knee vessel run-off

0 10 (9)

1 56 (52)

2 26 (24)

3 12 (11)

Lesion length, cm 25 [15, 30]

PACSS classification

0 35 (33)

1 11 (10)

2 10 (9)

3 11 (10)

4 37 (34)

Data are presented as number (%) or median [interquartile range]. 
ALI: acute limb ischaemia; PACSS: Peripheral Arterial Calcium Scoring 
System; ST: stent thrombosis; ST-ALI: ALI caused by femoropopliteal ST; 
TASC: TransAtlantic Inter-Society Consensus
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This is supported by the fact that the Kaplan-Meier curves 
began to separate after the first month. However, even after 
adjusting for these confounding factors in the multivariate 
analysis, ST-ALI remained an independent risk factor for 
death or amputation. This may be because ST-ALI has 
a  higher recurrence rate than de novo ALI, worsening the 
prognosis. The 12-month freedom from occlusion rates in 
the native artery and bypass graft have been reported as 
87% and 60%, respectively19, which is consistent with the 
findings of the current study, where the 12-month freedom 
from occlusion rate was 86.6% in de novo ALI, which 
included a  relatively high proportion of patients with native 
artery ALI. In contrast, the recurrence rate of ST-ALI was 
greater, consequently leading to a lower AFS rate and higher 
incidence of MALE. Another reason for the poorer prognosis 
of patients with ST-ALI may be the greater anatomical 
complexity of ST-ALI, such as the higher proportion of 
popliteal artery involvement (Table 3). Although angiography 
was not performed before or after treatment in some patients 
who underwent OSR, making it difficult to directly compare 
the anatomical complexity, the anatomical findings at the 

initial treatment in ST-ALI patients revealed that popliteal 
stenting, which may lead to worse limb prognosis, accounted 
for 58% of cases. Interventions in a diseased popliteal artery 
interrupt the collateral circulation to the lower extremities, 
and popliteal artery lesions have been reported to be a  risk 
factor for ALI after EVT using a stent5.

Several factors other than ST-ALI − such as age, 
haemodialysis, atrial fibrillation, non-ambulatory status, the 
presence of a wound, and peak CRP value − were also risk 
factors for amputation or death. These findings are consistent 
with the results of previous studies20-23.

PREVENTION OF ST-ALI
This study demonstrates that patients with ST-ALI have 
significantly worse clinical outcomes than those with de novo 
ALI, highlighting the need to prevent ST occurrence. Previously, 
haemodialysis and lesions involving the popliteal artery were 
the predictors for acute thrombotic occlusion5. Therefore, 
selection of a  non-stenting strategy would be considered 
for patients at high risk of ST-ALI. One option within this 
approach is drug-coated balloon-based EVT. EVT with 

Table 4. Univariate and multivariate analyses to identify factors associated with death or amputation.

Variable
Univariate analysis Multivariate analysis

Hazard ratio 
[95% CI]

p-value
Hazard ratio

[95% CI]
p-value

Age 1.04 [1.02-1.06] <0.001 1.03 [1.01-1.05] 0.023

Female sex 1.69 [1.25-2.30] <0.001 1.24 [0.84-1.82] 0.277

Non-ambulatory status 4.19 [2.93-5.99] <0.001 2.26 [1.49-3.43] <0.001

Hypertension 0.92 [0.62-1.38] 0.692

Dyslipidaemia 0.89 [0.62-1.28] 0.526

Diabetes mellitus 1.28 [0.89-1.82] 0.183

Haemodialysis 2.39 [1.66-3.46] <0.001 2.34 [1.45-3.79] <0.001

Current smoker 0.235 [0.11-0.50] <0.001 0.54 [0.24-1.20] 0.130

Coronary artery disease 1.51 [1.06-2.16] 0.024 1.13 [0.73-1.73] 0.590

Cerebral infarction 1.18 [0.78-1.78] 0.446

Atrial fibrillation 1.49 [1.04-2.11] 0.028 1.86 [1.25-2.77] 0.002

Number of antithrombotic drugs 1.12 [0.93-1.36] 0.227

ST-ALI 2.06 [1.44-2.96] <0.001 1.85 [1.14-2.99] 0.012

Onset to admission 0.99 [0.99-1.01] 0.775

Peak CPK 1.00 [0.99-1.00] 0.143

Peak CRP 1.06 [1.04-1.07] <0.001 1.05 [1.03-1.07] <0.001

Presence of a wound 2.63 [1.71-4.05] <0.001 1.73 [1.08-2.76] 0.022

CIA or EIA thrombus 0.91 [0.57-1.47] 0.708

Rutherford classification 1.36 [0.87-2.12] 0.181

Pre-existing PAD 1.36 [0.87-1.99] 0.198

Primary bypass 0.59 [0.22-1.60] 0.301

Conservative therapy 1.03 [0.26-4.17] 0.966

Surgical thrombectomy 0.75 [0.52-1.09] 0.129

Catheter thrombectomy 1.01 [0.71-1.44] 0.951

Local thrombolysis 1.00 [0.66-1.52] 0.988

Additional stenting 1.32 [0.92-1.89] 0.134

ALI: acute limb ischaemia; CI: confidence interval; CIA: common iliac artery; CPK: creatine phosphokinase; CRP: C-reactive protein; EIA: external iliac 
artery; PAD: peripheral arterial disease; ST: stent thrombosis
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drug-coated balloons have demonstrated durable patency and 
a  lower thrombosis risk than stent-based EVT5. Therefore, 
whenever the outcome of drug-coated balloon angioplasty is 
deemed acceptable, deferred stenting should be considered. 
Another alternative treatment strategy is surgical bypass, 
as reported in the BEST-CLI trial, particularly for critical 

limb-threatening ischaemia patients with a  well-functioning 
saphenous vein graft24.

In addition, implementing optimal medical therapy after 
revascularisation that may mitigate the occurrence of stent 
thrombosis is also crucial. Dual pathway inhibitor therapy, 
which combines an antiplatelet agent and a  direct oral 

168

Subgroup OR (95% CI) Interaction p-value

All patients 2.07 (1.44-2.99) 

Age >78 yrs  0.722
            Yes 2.31 (1.41-3.78) 
            No 3.20 (1.75-5.88) 

Bedridden  0.942
            Yes 2.08 (0.27-15.91) 
            No 2.51 (1.70-3.72) 

Hypertension  0.298
            Yes 2.56 (1.53-4.27) 
            No 1.72 (1.01-2.94) 

Dyslipidaemia  0.584
            Yes 1.91 (1.07-3.40) 
            No 2.32 (1.44-3.76) 

Diabetes mellitus  0.428
            Yes 2.51 (1.40-4.53) 
            No 1.79 (1.01-3.16) 

Haemodialysis  0.941
            Yes 1.55 (0.81-3.96) 
            No 1.50 (0.87-3.33) 

Cerebral infarction  0.551
            Yes 2.52 (1.21-5.29) 
            No 2.51 (1.40-4.53) 

Coronary artery disease  0.949
            Yes 2.00 (1.13-3.54) 
            No 1.95 (1.15-3.33) 

Atrial fibrillation  0.640
            Yes 2.91 (1.57-5.40) 
            No 2.45 (1.50-4.03) 

Onset to admission <12 hrs  0.323
            Yes 2.00 (1.13-3.54) 
            No 2.52 (1.54-4.14) 

Presence of wound  0.188
            Yes 3.41 (1.36-8.58) 
            No 1.58 (1.02-2.45) 

CPK >1,148 U/L  0.399
            Yes 1.79 (1.03-3.09) 
            No 2.47 (1.51-4.04) 

CRP >7.8 mg/dL  0.498
            Yes 2.36 (1.49-3.74) 
            No 1.84 (1.01-3.36) 

Catheter thrombectomy  0.744
            Yes 2.13 (1.29-3.53) 
            No 2.43 (1.34-4.42) 

Thrombolysis  0.652
            Yes 1.84 (0.87-3.90) 
            No 2.28 (1.48-3.51) 

Surgical thrombectomy  0.203
            Yes 1.06 (0.33-3.42) 
            No 2.34 (1.52-3.72) 

1 2 40.5

De novo ALI worse ST-ALI worse

Figure 2. Interaction effect on the association of the aetiology of ALI with amputation or mortality risk. The interaction effect of 
baseline characteristics on the association between ALI aetiology and amputation or mortality risk was analysed using a Cox 
proportional hazards regression model. Interactions for baseline characteristics between patients with ST-ALI and those with de 
novo ALI were not observed in the AFS. AFS: amputation-free survival; ALI: acute limb ischaemia; CI: confidence interval; 
CPK: creatine phosphokinase; CRP: C-reactive protein; de novo ALI: ALI caused by other aetiologies; OR: odds ratio; ST: stent 
thrombosis; ST-ALI: ALI caused by femoropopliteal ST
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Acute limb ischaemia after femoropopliteal ST

anticoagulant, has recently emerged as a promising approach 
to reduce cardiovascular and lower extremity vascular events, 
including ALI after EVT25. Further investigation is required to 
determine the optimal postprocedural antithrombotic regimen 
for reducing the incidence of ST-ALI.

Limitations
This study has certain limitations. First, although our study 
represents one of the largest series to investigate ST-ALI, its 
retrospective nature means that some data, including the 
antithrombotic therapy following treatment for ALI, were 
missing. The type, dose and duration of the postprocedural 
antithrombotic drug, especially whether a  low-dose oral 
anticoagulant was used, would have been interesting to know, 
but these were not available. In addition, some anatomical 
information before and/or after treatment for ALI was not 
available, because many patients treated with OSR did not 
undergo angiography.

Second, de novo ALI affects a  heterogeneous population, 
and the aetiology and background characteristics of ALI 
differ, resulting in variations in characteristics and risk 
factors. In addition, this study included only de novo ALI 
in FP arterial lesions for comparison with FP-ST, which is 
clinically challenging. However, the patient characteristics 
and aetiology of de novo ALI in the current study were 
similar to those in the previously reported comprehensive 
national registry of ALI, and the clinical outcomes of de 
novo ALI in the current study were comparable to those of 
previous studies that included similar patient and clinical 
characteristics, supporting the generalisability of the current 
study6,7-9.

Third, there may be interfacility variations in treatment 
strategies and technical success rates. Although this 
multicentre registry included both high-volume cardiovascular 
and vascular surgical centres, the first-line treatment strategy 
and its detailed procedure steps may have differed between 
hospitals, and these differences may have affected patient 
prognosis. However, recent studies have revealed comparable 
results between OSR and EVT, and the multivariate analysis 
of the current study showed that the treatment approach did 
not affect AFS9,17-19. Future studies to determine the optimal 
treatment strategy are needed.

Finally, the precise aetiology of ALI was clinically 
challenging to distinguish. There may be stent thrombosis 
cases where thrombotic stent occlusion, due to embolism to 
the stented segment with superimposed thrombosis, impaired 
run-in and run-off (e.g., in-stent restenosis or poor below-the-
knee vessel run-off).

Conclusions
Patients with ST-ALI were associated with a lower 12-month 
AFS rate than those with de novo ALI, highlighting the need 
to maximise ST prevention.

Authors’ affiliations
1. Cardiovascular Center, Kansai Rosai Hospital, Amagasaki, 
Japan; 2. Cardiovascular Division, Osaka Police Hospital, 
Osaka, Japan; 3. Department of Diabetes Care Medicine, 
Osaka University Graduate School of Medicine, Osaka, 
Japan; 4. Department of Cardiology, Saiseikai Fukuoka 

General Hospital, Fukuoka, Japan; 5. Department of Vascular 
Surgery, Matsuyama Red Cross Hospital, Matsuyama, Japan; 
6. Department of Cardiology, Tokyo Bay Medical Center, 
Urayasu, Japan; 7. Department of Cardiology, Kishiwada 
Tokushukai Hospital, Kishiwada, Japan; 8. Department of 
Cardiology, Shonan Kamakura General Hospital, Kamakura, 
Japan; 9. Sapporo Cardiovascular Clinic, Sapporo, Japan; 
10. Department of Cardiology, Miyazaki Medical Association 
Hospital, Cardiovascular Center, Miyazaki, Japan

Acknowledgements
The authors thank Shunsuke Kojima and Tomofumi 
Tsukizawa for their excellent assistance with data collection.

Conflict of interest statement
O. Iida received remuneration from Boston Scientific Japan, 
W. L. Gore & Associates G.K., BD, and Terumo. M. Takahara 
has received an endowed chair funded by AstraZeneca K.K., 
Mitsubishi Tanabe Pharma Corp., MSD K.K., Nippon 
Boehringer Ingelheim Co., Ltd, Ono Pharmaceutical Co., Ltd, 
and Taisho Toyama Pharmaceutical Co., Ltd. T. Yamaoka 
received remuneration from Boston Scientific Japan, W. L. 
Gore & Associates, Japan Lifeline, and Kaneka Medix. T. 
Nakama is a  consultant for BD, Boston Scientific, Cook 
Medical, Cordis/Cardinal Health, Kaneka Medix, Nipro, 
and OrbusNeich. K. Tobita is a consultant for W. L. Gore & 
Associates and Boston Scientific; and has received presentation 
fees from Medtronic, Kaneka Medix, Terumo, and Medicon. 
T. Mano received a  research grant from Abbott Vascular 
Japan. The other authors have no conflicts of interest to 
declare.

References
	 1. �Aboyans V, Ricco JB, Bartelink MEL, Björck M, Brodmann M, Cohnert T, 

Collet JP, Czerny M, De Carlo M, Debus S, Espinola-Klein C, Kahan T, 
Kownator S, Mazzolai L, Naylor AR, Roffi M, Röther J, Sprynger M, 
Tendera M, Tepe G, Venermo M, Vlachopoulos C, Desormais I; ESC 
Scientific Document Group. 2017 ESC Guidelines on the Diagnosis and 
Treatment of Peripheral Arterial Diseases, in collaboration with the 
European Society for Vascular Surgery (ESVS): Document covering athero-
sclerotic disease of extracranial carotid and vertebral, mesenteric, renal, 
upper and lower extremity arteriesEndorsed by: the European Stroke 
Organization (ESO)The Task Force for the Diagnosis and Treatment of 
Peripheral Arterial Diseases of the European Society of Cardiology (ESC) 
and of the European Society for Vascular Surgery (ESVS). Eur Heart J. 
2018;39:763-816.

	 2. �Gerhard-Herman MD, Gornik HL, Barrett C, Barshes NR, Corriere MA, 
Drachman DE, Fleisher LA, Fowkes FGR, Hamburg NM, Kinlay S, 
Lookstein R, Misra S, Mureebe L, Olin JW, Patel RAG, Regensteiner JG, 
Schanzer A, Shishehbor MH, Stewart KJ, Treat-Jacobson D, Walsh ME. 
2016 AHA/ACC Guideline on the Management of Patients With Lower 
Extremity Peripheral Artery Disease: Executive Summary: A Report of the 
American College of Cardiology/American Heart Association Task Force 
on Clinical Practice Guidelines. J Am Coll Cardiol. 2017;69:1465-508.

	 3. �Society for Vascular Surgery Lower Extremity Guidelines Writing Group; 
Conte MS, Pomposelli FB, Clair DG, Geraghty PJ, McKinsey JF, Mills JL, 
Moneta GL, Murad MH, Powell RJ, Reed AB, Schanzer A, Sidawy AN; 
Society for Vascular Surgery. Society for Vascular Surgery practice guidelines 
for atherosclerotic occlusive disease of the lower extremities: management of 
asymptomatic disease and claudication. J Vasc Surg. 2015;61:2S-41S.

	 4. �Nordanstig J, Behrendt CA, Baumgartner I, Belch J, Bäck M, Fitridge R, 
Hinchliffe R, Lejay A, Mills JL, Rother U, Sigvant B, Spanos K, Szeberin Z, 
van de Water W; ESVS Guidelines Committee; Antoniou GA, Björck M, 
Gonçalves FB, Coscas R, Dias NV, Van Herzeele I, Lepidi S, Mees BME, 
Resch TA, Ricco JB, Trimarchi S, Twine CP, Tulamo R, Wanhainen A; 



EuroIntervention 2024;20:e1163-e1172 • Sho Nakao et al.e1172

Document Reviewers; Boyle JR, Brodmann M, Dardik A, Dick F, Goëffic Y, 
Holden A, Kakkos SK, Kolh P, McDermott MM. Editor's Choice -- 
European Society for Vascular Surgery (ESVS) 2024 Clinical Practice 
Guidelines on the Management of Asymptomatic Lower Limb Peripheral 
Arterial Disease and Intermittent Claudication. Eur J Vasc Endovasc Surg. 
2024;67:9-96.

	 5. �Nakao S, Iida O, Takahara M, Okamoto S, Ishihara T, Tsujimura T, 
Hata Y, Toyoshima T, Higashino N, Mano T. Incidence of Acute 
Thrombotic Occlusion and Its Predictors After Contemporary 
Femoropopliteal Endovascular Therapy in Patients With Peripheral Artery 
Disease. J Endovasc Ther. 2024;31:263-73.

	 6. �Howard DP, Banerjee A, Fairhead JF, Hands L, Silver LE, Rothwell PM; 
Oxford Vascular Study. Population-Based Study of Incidence, Risk Factors, 
Outcome, and Prognosis of Ischemic Peripheral Arterial Events: 
Implications for Prevention. Circulation. 2015;132:1805-15.

	 7. �Björck M, Earnshaw JJ, Acosta S, Bastos Gonçalves F, Cochennec F, 
Debus ES, Hinchliffe R, Jongkind V, Koelemay MJW, Menyhei G, 
Svetlikov AV, Tshomba Y, Van Den Berg JC, Esvs Guidelines Committee, de 
Borst GJ, Chakfé N, Kakkos SK, Koncar I, Lindholt JS, Tulamo R, Vega de 
Ceniga M, Vermassen F, Document Reviewers, Boyle JR, Mani K, Azuma N, 
Choke ETC, Cohnert TU, Fitridge RA, Forbes TL, Hamady MS, Munoz A, 
Müller-Hülsbeck S, Rai K. Editor's Choice - European Society for Vascular 
Surgery (ESVS) 2020 Clinical Practice Guidelines on the Management of 
Acute Limb Ischaemia. Eur J Vasc Endovasc Surg. 2020;59:173-218.

	 8. �Ouriel K, Veith FJ, Sasahara AA. A comparison of recombinant urokinase 
with vascular surgery as initial treatment for acute arterial occlusion of the 
legs. Thrombolysis or Peripheral Arterial Surgery (TOPAS) Investigators. 
N Engl J Med. 1998;338:1105-11.

	 9. �Taha AG, Byrne RM, Avgerinos ED, Marone LK, Makaroun MS, Chaer RA. 
Comparative effectiveness of endovascular versus surgical revascularization 
for acute lower extremity ischemia. J Vasc Surg. 2015;61:147-54.

	 10. �Kashyap VS, Gilani R, Bena JF, Bannazadeh M, Sarac TP. Endovascular 
therapy for acute limb ischemia. J Vasc Surg. 2011;53:340-6.

	 11. �Rocha-Singh KJ, Zeller T, Jaff MR. Peripheral arterial calcification: pre-
valence, mechanism, detection, and clinical implications. Catheter 
Cardiovasc Interv. 2014;83:E212-20.

	 12. �Conte MS, Geraghty PJ, Bradbury AW, Hevelone ND, Lipsitz SR, 
Moneta GL, Nehler MR, Powell RJ, Sidawy AN. Suggested objective per-
formance goals and clinical trial design for evaluating catheter-based treat-
ment of critical limb ischemia. J Vasc Surg. 2009;50:1462-73.e1-3.

	 13. �Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA, Fowkes FG; 
TASC II Working Group. Inter-Society Consensus for the Management of 
Peripheral Arterial Disease (TASC II). J Vasc Surg. 2007;45:S5-67.

	 14. �Banerjee S, Sarode K, Mohammad A, Gigliotti O, Baig MS, Tsai S, 
Shammas NW, Prasad A, Abu-Fadel M, Klein A, Armstrong EJ, Jeon-
Slaughter H, Brilakis ES, Bhatt DL. Femoropopliteal Artery Stent 
Thrombosis: Report From the Excellence in Peripheral Artery Disease 
Registry. Circ Cardiovasc Interv. 2016;9:e002730.

	 15. �McDermott MM, Carroll TJ, Kibbe M, Kramer CM, Liu K, Guralnik JM, 
Keeling AN, Criqui MH, Ferrucci L, Yuan C, Tian L, Liao Y, Berry J, 
Zhao L, Carr J. Proximal superficial femoral artery occlusion, collateral 
vessels, and walking performance in peripheral artery disease. JACC 
Cardiovasc Imaging. 2013;6:687-94.

	 16. �Poursina O, Elizondo-Adamchik H, Montero-Baker M, Pallister ZS, Mills 
JL Sr, Chung J. Safety and efficacy of an endovascular-first approach to 
acute limb ischemia. J Vasc Surg. 2021;73:1741-9.

	 17. �Kolte D, Kennedy KF, Shishehbor MH, Mamdani ST, Stangenberg L, 
Hyder ON, Soukas P, Aronow HD. Endovascular Versus Surgical 
Revascularization for Acute Limb Ischemia: A Propensity-Score Matched 
Analysis. Circ Cardiovasc Interv. 2020;13:e008150.

	 18. �Earnshaw JJ, Whitman B, Foy C. National Audit of Thrombolysis for 
Acute Leg Ischemia (NATALI): clinical factors associated with early out-
come. J Vasc Surg. 2004;39:1018-25.

	 19. �Vakhitov D, Hakovirta H, Saarinen E, Oksala N, Suominen V. Prognostic 
risk factors for recurrent acute lower limb ischemia in patients treated with 
intra-arterial thrombolysis. J Vasc Surg. 2020;71:1268-75.

	 20. �Kempe K, Starr B, Stafford JM, Islam A, Mooney A, Lagergren E, 
Corriere MA, Edwards MS. Results of surgical management of acute 
thromboembolic lower extremity ischemia. J Vasc Surg. 2014;60:702-7.

	 21. �Chang SH, Tsai YJ, Chou HH, Wu TY, Hsieh CA, Cheng ST, Huang HL. 
Clinical predictors of long-term outcomes in patients with critical limb 
ischemia who have undergone endovascular therapy. Angiology. 2014; 
65:315-22.

	 22. �Tsujimura T, Takahara M, Iida O, Kohsaka S, Soga Y, Fujihara M, Mano T, 
Ohya M, Shinke T, Amano T, Ikari Y. In-Hospital Outcomes after 
Endovascular Therapy for Acute Limb Ischemia: A Report from a Japanese 
Nationwide Registry [J-EVT Registry]. J Atheroscler Thromb. 2021;28: 
1145-52.

	 23. �Kuukasjärvi P, Salenius JP, Riekkinen H. Prognostic value of preoperative 
C-reactive protein concentration and white cell count in acute extremity 
ischaemia. Eur J Surg. 1995;161:335-9.

	 24. �Siracuse JJ, Farber A, Menard MT, Conte MS, Kaufman JA, Jaff M, 
Kiang SC, Ochoa Chaar CI, Osborne N, Singh N, Tan TW, Guzman RJ, 
Strong MB, Hamza TH, Doros G, Rosenfield K. Perioperative compli-
cations following open or endovascular revascularization for chronic 
limb-threatening ischemia in the BEST-CLI Trial. J Vasc Surg. 2023;78: 
1012-20.e2.

	 25. �Bauersachs RM, Szarek M, Brodmann M, Gudz I, Debus ES, Nehler MR, 
Anand SS, Patel MR, Hess CN, Capell WH, Rogers K, Muehlhofer E, 
Haskell LP, Berkowitz SD, Hiatt WR, Bonaca MP; VOYAGER PAD 
Committees and Investigators. Total Ischemic Event Reduction With 
Rivaroxaban After Peripheral Arterial Revascularization in the VOYAGER 
PAD Trial. J Am Coll Cardiol. 2021;78:317-26.

Supplementary data
Supplementary Table 1. Cumulative events rate.
Supplementary Figure 1. Twelve-month rates of death, major 
amputation, major reintervention and thrombectomy/
thrombolysis. 

The supplementary data are published online at:  
https://eurointervention.pcronline.com/ 
doi/10.4244/EIJ-D-24-00016	



Supplementary data 
Supplementary Table 1. Cumulative events rate. 

Outcome measure ST-ALI De novo-ALI p-value 

Composite of death or major 

amputation 

  
<0.001 

No. of events 48 76  

1-year event rate 48.7±5.1 25.0±2.5  

MALE   <0.001 

No. of events 46 41  

1-year event rate 53.5±5.6 14.6±2.2  

Occlusion   <0.001 

No. of events 44 34  

1-year event rate 50.0±5.5 13.4±2.2  

All-cause death   0.004  

No. of events 37 65  

1-year event rate 37.7±5.0 21.6±2.4  

Major amputation   <0.001  

No. of events 17 16  

1-year event rate 21.4±4.9 5.4±1.4  

Bypass surgery    0.135 

No. of events 5 7  

1-year event rate 6.0±2.6 2.5±1.0  

Thrombolysis required   <0.001  

No. of events 34 23  

1-year event rate 42.4±5.8 8.6±1.8  



Data are presented as mean±standard deviation or number.  

ALI: acute limb ischaemia; MALE: major adverse limb events; ST: stent thrombosis 
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Supplementary Figure 1. Twelve-month rates of death, major amputation, major 

reintervention and thrombectomy/thrombolysis. 

The incidence of death, major amputation, major reintervention and 

thrombectomy/thrombolysis were measured over a 12-month period following treatment for 

ALI and compared between patients with ST-ALI and those with de novo-ALI. The ST-ALI 

group also had lower rates of freedom from death (62.3±5.0% vs. 78.4±2.4%, p=0.004), 

freedom from major amputation (78.6±4.9% vs. 94.6±1.4%, p<0.001), and freedom from 

thrombectomy/thrombolysis (57.6±5.8% vs. 91.4±1.8%, p<0.001) than the de novo-ALI 

group. 
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