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INTRODUCTION
Peripheral arterial occlusive disease (PAOD) affects more 

than 200 million worldwide [1]. In 2017, 3.7 million patients 
underwent peripheral vascular interventions and it is estimated 
that the number of patients will exceed 4.5 million by 2022 

[2]. Endovascular treatment including balloon angioplasty or 
stent implantation is now performed more commonly than 
open surgery for PAOD in Korea [3]. With a growing number 
of patients with PAOD, drug (paclitaxel)-coated technology 
including drug-coated balloons (DCBs) and drug-eluting stents 
(DESs), has been widely accepted as the most promising 
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Purpose: Drug-coated devices have been widely accepted as one of the most promising therapies for femoropopliteal 
artery revascularization. A recent meta-analysis showed increased mortality in patients treated with drug-coated 
devices. We sought to examine the association between mortality and drug-coated devices after the treatment of the 
femoropopliteal artery based on the Korea national administrative claims data.
Methods: In the National Health Insurance Service database from August 2015 to December 2017, we identified patients 
with femoropopliteal artery revascularization using percutaneous transluminal angioplasty (PTA), bare metal stents 
(BMS), drug-coated balloon (DCB), or drug-eluting stents (DES). Kaplan-Meier methods were used to estimate the survival 
among devices, and log-rank tests were used to evaluate differences between groups. Adjusted hazard ratios (aHRs) were 
computed using the inverse probability of treatment weightings (IPTW).
Results: There were 1,724 patients (mean age, 70.9 ± 10.7 years; male, 1,350 [78.3%]) included in the analysis. The median 
follow-up period was 552 days (interquartile range, 404–688 days). There was a difference in IPTW-adjusted mortality 
risk among device types (26.3% in PTA, 22.1% in BMS, 17.7% in DCB, and 17.8% in DES; P = 0.004). IPTW-adjusted Cox 
proportional hazard analysis showed that drug-coated devices were associated with decreased all-cause mortality risk 
(aHR, 0.70; 95% confidence interval, 0.58–0.86). 
Conclusion: Our real-world analysis showed that there was no evidence of increased all-cause mortality after 
femoropopliteal artery revascularization with drug-coated devices compared with non-drug-coated devices. 
[Ann Surg Treat Res 2021;101(1):20-27]
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strategy to reduce restenosis rates compared to percutaneous 
transluminal angioplasty (PTA), or bare metal stents (BMS) [4-8]. 
However, patient safety related to drug-coated technology has 
been controversial, and the attention regarding the mortality of 
patients treated with drug-coated devices for femoropopliteal 
artery revascularization has increased after the disclosure of 
meta-analysis results of randomized clinical trials (RCTs) [9]. 
The authors reported a higher risk of death at 2 years and 5 
years following the use of paclitaxel-coated balloons and stents 
in the femoropopliteal artery. 

The aim of this study was to present a real-world survival 
analysis after the treatment of the femoropopliteal artery with 
drug-coated devices using the Korea national administrative 
claims data.

METHODS

Data source, study population, and study outcome
The administrative claims dataset from the National Health 

Insurance Service (NHIS) of Korea was used. The NHIS system 
is a universal and mandatory health insurance service that 
provides medical care coverage to 97% of the Korean population, 
and nearly all the data in the health system are centralized 
in large databases (Supplementary Table 1). All individuals’ 
demographic information, diagnoses, drug prescription records, 
medical devices, and procedure codes from inpatient and 
outpatient services are collected. Diagnoses are coded according 
to the Korean Classification of Disease, which is a system 
similar to the International Classification of Disease [10-12]. 
Thus, NHIS data have been used as a population-based resource 
in nationwide studies of many diseases [13]. The data of all 
Koreans aged ≥19 years between January 2013 and December 
2017 were included, and the customized data with 50% of the 
random sampling were provided and used for analysis. 

We identified patients with femoropopliteal revascularization 
procedures and relevant device codes (PTA, BMS, DCB, and DES) 
between August 1, 2015 and December 31, 2016. For patients 
with repeated femoropopliteal artery revascularization within 
the study period, the index procedure was defined as the first 
revascularization. For those who crossed over the non-drug-
coated and drug-coated devices, index procedure was defined as 
the first time drug-coated device use. The primary outcome was 
all-cause mortality, and the end of follow-up was on December 
31, 2017. This study was approved by the Institutional Review 
Board of Chung-Ang University School of Medicine (No. 1041078-
201810-HRBM-201-01) and informed consent was waived for the 
retrospective data analysis.

Patient selection
All patients aged ≥19 years who underwent femoropopliteal 

revascularization using PTA, BMS, DCB, or DES between August 

1, 2015 and December 31, 2016 were indexed for this study. 
We excluded the patients with a history of femoropopliteal 
procedure between January 1, 2013 and July 31, 2015.

Patients were assigned to one of the 4 subgroups according to 
their first femoropopliteal procedure within the index period 
considering crossover.  

(1)  Drug-eluting stents: stent implantation procedures 
combined with DES devices

(2)  Drug-coated balloons: PTA procedures combined with 
DCB devices

(3)  Bare metal stents: stent implantation procedures 
combined with BMS devices

(4)  Percutaneous transluminal angioplasty: PTA procedures 
combined with PTA devices

The selection process and procedure/device codes for patient 
identification are presented in detail in Supplementary Fig. 1 
and Supplementary Table 2. 

Statistical analysis 
Categorical variables were reported as counts and 

percentages, and continuous variables as means with standard 
deviations. Between-group differences were assessed using the 
chi-square tests for categorical variables and t-tests or Wilcoxon 
rank-sum tests for continuous variables. 

Survival was evaluated using the Kaplan-Meier methods 
and log-rank tests were used to evaluate differences between 
groups. A Cox proportional hazards regression model was 
used to calculate hazard ratios (HRs) and inverse probability of 
treatment weighting (IPTW) was used to adjust for differences 
among the 4 groups. Analyses were stratified by treatment with 
drug-based devices and calculated standardized differences 
post-IPTW adjustment to ensure that all baseline covariates 
were equally distributed in the adjusted cohorts. We then built 
IPTW-adjusted Cox proportional hazards regression models 
to calculate adjusted HRs for the risk of death and estimated 
IPTW-adjusted survival curves. In addition, we conducted a 
subgroup analysis based on the type of treatment modalities 
(DCB vs. PTA and DES vs. BMS), and patient group of critical 
limb ischemia and intermittent claudication. 

All P-values were 2-sided, and P < 0.05 was considered 
statistically significant. All statistical analyses were conducted 
using SAS ver. 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

Baseline characteristics
We identified a total of 1,724 patients who underwent 

femoropopliteal artery revascularization during the study 
period; PTA was used in 476 (27.6%), DCB was used in 865 
(50.2%), BMS was used in 282 (16.4%), and DES in 101 (5.9%). For 
the total population, the mean age was 70.9 ± 10.7 years, 1,350 
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(78.3%) were male, and 1,467 (85.1%) had hypertension disease. 
A total of 241 (14.0%) patients had renal disease and 1,334 (77.4%) 
had diabetes. The baseline characteristics of the 4 index cohorts 
are shown in Table 1 and those of drug vs. non-drug-coated 
device groups in Table 2, respectively.

Survival by device type after femoropopliteal artery 
revascularization
After femoropopliteal artery revascularization, the median 

follow-up period was 552 days (interquartile range [IQR], 
404–688 days). There was a difference in the adjusted mortality 

Table 1. Patient characteristics at baseline according to index procedure

Characteristic Overall (n = 1,724) PTA (n = 476) DCB (n = 865) DES (n = 101) BMS (n = 282) P-value

Age (yr) 70.9 ± 10.7 71.0 ± 11.7 70.4 ± 10.3 72.8 ± 9.7 71.5 ± 10.2 0.059
Male sex 1,350 (78.3) 337 (70.8) 711 (82.2) 81 (80.2) 221 (78.4) <0.001
CCI 
   0 88 (5.1) 27 (5.7) 34 (3.9) 8 (7.9) 19 (6.7)
   1 641 (37.2) 156 (32.8) 336 (38.8) 33 (32.7) 116 (41.1) 0.038
   ≥2 995 (57.7) 293 (61.6) 495 (57.2) 60 (59.4) 147 (52.1)
Comorbidity
   Myocardial infarction 117 (6.8) 30 (6.3) 57 (6.6) 9 (8.9) 21 (7.5) 0.766
   Chronic heart failure 153 (8.9) 52 (10.9) 70 (8.1) 7 (6.9) 24 (8.5) 0.302
   Cerebrovascular disease 448 (26.0) 122 (25.6) 210 (24.3) 25 (24.8) 91 (32.3) 0.065
   Renal disease 241 (14.0) 88 (18.5) 108 (12.5) 12 (11.9) 33 (11.7) 0.011
   Diabtes
      Without complications 691 (40.1) 208 (43.7) 350 (40.5) 42 (41.6) 91 (32.3) 0.019
      With complications 643 (37.3) 212 (44.5) 327 (37.8) 30 (29.7) 74 (26.2) <0.001
   Critical limb ischemia 371 (21.5) 125 (26.3) 187 (10.9) 15 (14.9) 44 (15.6) 0.002
   Intermittent claudication 896 (52.0) 213 (44.8) 482 (55.7) 51 (50.5) 150 (53.2) 0.002
   Hyperlipidemia 1,208 (70.1) 320 (67.2) 634 (73.3) 65 (64.4) 189 (67.0) 0.030
   Hypertension 1,467 (85.1) 397 (83.4) 749 (86.6) 85 (84.2) 236 (83.7) 0.375

Values are presented as mean ± standard deviation or number (%). 
PTA, percutaneous transluminal angioplasty; DCB, drug-coated balloons; DES, drug-eluting stents; BMS, bare metal stents; CCI, 
Charlson comorbidity index.

Table 2. Patient characteristics at baseline for drug vs. non-drug-coated device group

Characteristic Non-drug-coated (n = 758) Drug-coated (n = 966) Sdiff (unadjusted) Sdiff (IPTW-adjusted)

Age (yr) 71.2 ± 11.1 70.6 ± 10.3 0.056 <0.001
Male sex 558 (73.6) 792 (82.0) 0.203 0.001
CCI 
   0 46 (6.1) 42 (4.4)
   1 272 (35.9) 369 (38.2) 0.019 0.019
   ≥2 440 (58.1) 555 (57.5)
Comorbidity
   Myocardial infarction 51 (6.7) 66 (6.8) 0.004 0.007
   Chronic heart failure 76 (10.0) 77 (8.0) 0.072 0.049
   Cerebrovascular disease 213 (28.1) 235 (24.3) 0.086 0.086
   Renal disease 121 (16.0) 120 (12.4) 0.102 0.089
   Diabetes
      Without complications 299 (39.5) 392 (40.6) 0.023 0.022
      With complications 286 (37.8) 357 (37.0) 0.016 0.006
   Critical limb ischemia 169 (22.3) 202 (20.9) 0.034 0.002
   Hyperlipidemia 509 (67.2) 699 (72.4) 0.114 0.001
   Hypertension 633 (83.5) 834 (86.3) 0.079 0.001

Values are presented as mean ± standard deviation or number (%).
Sdiff, standardized difference; IPTW, inverse probability treatment weighting; CCI, Charlson comorbidity index.
Sdiff > 0.1 indicates significant difference.
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risk among device types (26.3% in PTA, 22.1% in BMS, 17.7% in 
DCB, and 17.6% in DES, P = 0.004) (Fig. 1). As a result of the 
IPTW-adjusted Cox proportional hazard analysis with PTA as 
a reference, the adjusted HR was 0.84 (95% confidence interval 
[CI], 0.62–1.13) for BMS, 0.65 (95% CI, 0.51–0.82) for DCB, and 0.71 
(95% CI, 0.43–1.17) for DES, respectively (Table 3). 

Treatment with drug-coated devices was associated with a 
lower cumulative incidence of all-cause mortality compared to 
treatment with non-drug-coated devices after a median time 
period of 552 days from the procedure (24.6% for non-drug-
coated devices vs. 17.9% for drug-coated devices; log-rank P = 
0.001) (Fig. 2). The result of the IPTW-adjusted Cox proportional 

hazard analysis revealed that drug-coated devices were 
associated with reduced mortality risk (adjusted HR, 0.70; 95% 
CI, 0.57–0.86). 

Subgroup analysis
When stratified by the type of device used for revasculariza-

tion, similar survival trends were observed for patients who 
were treated with DCB vs. non-DCB angioplasty (log-rank P = 
0.001; Fig. 3A), and DES vs. BMS (log-rank P = 0.319; Fig. 3B). In 
patients with intermittent claudication, drug-coated vs. non-
drug-coated groups showed significant differences (log-rank P = 
0.003; Fig. 3C) while there was no difference between the groups 
in patients with critical limb ischemia (log-rank P = 0.906; Fig. 
3D).

Table 3. Risk factors of mortality after femoropopliteal artery revascularization by treatment

Variable
Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

Age 1.06 (1.05–1.07) <0.001 1.06 (1.04–1.07) <0.001
Male sex 0.57 (0.45–0.71) <0.001 0.72 (0.57–0.90) 0.004
CCI 1.11 (1.06–1.17) <0.001 1.11 (1.06–1.17) <0.001
Critical limb ischemia 1.39 (1.11–1.76) 0.005 1.28 (1.00–1.63) 0.046
Claudication 0.63 (0.52–0.78) <0.001 0.61 (0.49–0.75) <0.001
Hyperlipidemia 0.80 (0.65–0.99) 0.047 0.83 (0.66–1.03) 0.095
Hypertension 1.83 (1.28–2.62) 0.001 1.29 (0.89–1.86) 0.175
DCB 0.65 (0.51–0.82) <0.001 0.65 (0.51–0.82) <0.001
BMS 0.86 (0.63–1.16) 0.311 0.84 (0.62–1.13) 0.245
DES 0.65 (0.40–1.07) 0.092 0.71 (0.43–1.17) 0.176
PTA NA NA 

HR, hazard ratio; CI, confidence interval; CCI, Charlson comorbidity index; DCB, drug-coated balloons; BMS, bare metal stents; DES, 
drug-eluting stents; PTA, percutaneous transluminal angioplasty; NA, not applicable. 
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revascularization for 4 device types. BMS, bare metal stents; 
DES, drug-eluting stents; DCB, drug-coated balloons; PTA, 
percutaneous transluminal angioplasty. 
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Causes of death
Among the total 1,724 patients, 370 patients (21.5%) died 

and information on the causes of death was available only for 
365 patients. The major causes of death were diabetes (21.9%), 
cardiac death (13.1%), cancer (11.2%), and pulmonary disease 
(10.9%). Causes of death were well-balanced among the group 
with no pattern or trend toward an increase in any specific 
causes of death in certain device groups except for renal failure 
and infection (Supplementary Table 3). 

DISCUSSION
In this analysis of the national claims data set that were 

treated for femoropopliteal artery revascularization, we found 
no evidence of increased death following treatment with drug-

coated devices compared to non-drug-coated devices over a 
median time period of 552 days (IQR, 404–688 days). Moreover, 
mortality risk was lower for patients treated with drug-coated 
devices compared with those who were treated with non-drug-
coated devices. Similar trend was shown in the patients with 
claudication. The causes of death were well-balanced among 
groups except for renal failure and infection.

The findings of this study were consistent with the findings 
of other studies based on administrative claims data. Secemsky 
et al. [14] evaluated the differences in all-cause mortality 
between patients who were treated with drug-coated devices 
vs. non-drug-coated devices based on nationwide 16,560 
Centers for Medicare and Medicaid services beneficiaries who 
were admitted for femoropopliteal artery revascularization. 
Treatment with drug-coated devices was associated with a 
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lower cumulative incidence of all-cause mortality compared 
with treatment with non-drug-coated devices through 600 
days after procedure (32.5% vs. 34.3%, respectively; log-rank P 
= 0.007). In addition, drug-coated devices were not associated 
with a difference in all-cause mortality compared with non-
drug-coated devices after multivariable adjustment (HR, 0.97; 
95% CI, 0.91–1.04). Their study, however, was limited by a 
relatively short follow-up with a median of 389 days. In a recent 
retrospective health insurance claims analysis of propensity-
matched 37,914 German patients, the author reported that 
DCBs and stents were significantly associated with a 17% 
improvement in overall survival (HR, 0.83; 95% CI, 0.77–0.90) 
compared to uncoated devices at 5 years postoperatively for 
patients with chronic limb threatening ischemia. This trend was 
observed in patients with intermittent claudication, although 
there was no statistical significance [15]. In another study using 
German BARMER health insurance data by Freisinger et al. 
[16], 64,771 patients were included over a median time period 
of 7.6 years. Multivariable Cox regression analysis showed 
that the use of DES was not associated with increased long-
term mortality for over 11 years (P > 0.006), moreover DCB 
was associated with decreased mortality for the first-year past 
application (HR, 0.92; P < 0.001) [16].  

In an updated systematic review and meta-analysis of all 
available RCTs comparing DCB to PTA, 3,217 patients from 22 
RCTs were included in the analysis [17]. There was no difference 
in mortality between DCB and PTA in the femoropopliteal 
artery (relative risk [RR], 1.33; 95% CI, 0.97–1.84) at a median 
follow-up of 21.6 ± 14.4 months. This study was the most 
comprehensive analysis as it included all available studies, 
but the results were inconsistent with the major findings and 
conclusions of a meta-analysis published by Katsanos et al. 
[9] in 2018. Dake et al. [18] reported a mortality risk between 
DES and non-drug comparators (BMS/PTA) using patient-level 
data from 2 large studies. There was no difference in all-cause 
mortality for the DES compared to PTA/BMS (19.1% of DES vs. 
17.1% of PTA/BMS through 5 years, P = 0.600). In a Japanese 
post-market surveillance study, the mortality was not different 
between the 2 groups (15.8% DES vs. 15.3% BMS through 3 
years, P = 0.890). Cox proportional hazard models revealed 
that age, tissue loss, and congestive heart failure were the 
risk factors associated with mortality in the RCT, and critical 
limb ischemia, age, renal failure, and sex were the risk factors 
in the Japanese study. At a VIVA analysis of the de-identified 
individual patient-level data of 8 RCTs, including 2,185 patients 
with 4-year median follow-up, it was indicated that 38% (95% 
CI, 6%–80%) increased mortality risk, corresponding to 4.6% 
absolute increase at 5 years after drug-coated device use [19]. 
However, the authors suggest that selection bias is influential 
when using an aggregate data approach and a limited number 
of long-term follow-up studies. Furthermore, the data of 9.5% 

of the participants were not available due to follow-up loss or 
withdrawal. Notably, recent data showed that loss to follow-
up is associated with worse survival [20]. Interestingly, these 
results were not consistent with those of other studies based 
on patient-level data, although the study approach using meta-
analysis methodology of patient-level data of existing RCTs 
was similar, the data included for analysis were different, and 
this may have resulted in the disparity in the association of 
mortality between drug-coated devices and non-drug-coated 
devices.  

Katsanos et al. [9] also suggested a significant relationship 
between paclitaxel dose and increased incidence of death, the 
risk of death increased by 0.4% per paclitaxel milligram-year. 
However, a dose-effect assessment applied in the meta-analysis 
has several limitations including lack of precise paclitaxel dose 
information and intention-to-treat analysis approach without 
consideration of crossover after index treatment [21]. Looking 
into the patient-level meta-analysis using detailed information, 
there was no difference in mean paclitaxel dose between 
patients who died and survived, also no correlation between 
paclitaxel dose and mortality when survival was stratified 
paclitaxel dose by low, mid, and upper dose in patient-level 
meta-analysis of trials using IN.PACT Admiral DCB by Schneider 
et al. [22]. Rocha-Singh et al. [19] showed that mortality risk 
was not associated with paclitaxel exposure level in another 
patient data meta-analysis based on 8 RCTs comparing DCB and 
PTA. So far, it is remained controversial due to the cytotoxicity 
of paclitaxel, and further investigation and evaluation are 
warranted. 

The strengths of our analysis are its comprehensive database 
of unselected real-world patients covering the period of drug-
coated device usage from its introduction to the market until 
the end of 2017. The methodological approach of our analysis 
was to address the potential treatment selection bias due to 
the retrospective nature of the study design using the IPTW 
method, which allows us to obtain unbiased estimates of 
average treatment effects. In addition, we investigated the 
cause of death among the 4 groups as there is a potential risk 
of cancer development after the use of paclitaxel-based devices, 
but there were no differences among groups in terms of death 
caused by cancer. Our study has some limitations. First, as 
with all non-randomized studies, potential imbalances in 
unmeasured confounders, such as current or prior tobacco use, 
body mass index, alcohol use, and obesity may have biased 
our results; however, we used IPTW methods to mitigate this 
potential bias as mentioned above. Second, as we lacked treated 
lesion information in the NHIS administrative claims data, 
there is a possibility that patients treated for below-the-knee 
(BTK) or iliac lesion were not completely excluded although 
we tried to exclude those patients based on current clinical 
practice. When we define the patients differently by including 
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BTK or iliac lesion as a sensitivity analysis, the results remained 
unchanged. Third, real-world administrative data lacked 
laboratory information such as cholesterol, dyslipidemia, etc. 
at baseline and follow-up and does not provide information 
on the underlying reason for drug-coated or non-drug-coated 
device treatment for the patients. Lastly, inaccurate coding in 
administrative claims databases which is general constraints 
in the use of secondary health care data may have biased our 
results. 

Our real-world analysis found that the use of drug-coated 
devices for endovascular therapy for the femoropopliteal 
artery does not increase mortality compared to the mortality 
of non-drug-coated devices. The results of this study provide 
important information for physicians caring for patients with 
femoropopliteal arteries, and this information should be 
considered in addition to data from RCTs.
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