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Abstract
Aims: Women and men suffering from coronary artery disease differ in their risk profiles. We sought to 
investigate the impact of sex on two-year outcomes after BVS implantation in routine clinical practice.

Methods and results: Sex-based analysis of clinical outcomes was carried out by pooling the individual 
patient data of the ISAR-ABSORB and KUM-ABSORB registries performed in four high-volume tertiary 
centres in Munich. Of the total of 1,032 patients, 259 (25.1%) were women. The primary composite end-
point of death, target vessel myocardial infarction (TV-MI) and target lesion revascularisation (TLR) up to 
two years occurred in 13.2% of women and 17.9% of men (p=0.12). Compared to men, women experienced 
numerically lower rates of TLR and definite or probable BVS thrombosis – 7.5% vs 12.4% (p=0.051) and 
1.2% and 2.7% (p=0.20), respectively. Independent predictors of increased risk for TLR were use of smaller 
size BVS (HR 1.28, 95% CI: 1.02-1.62), while being a woman was a protective factor (HR 0.59, 95% CI: 
0.35-1.00).

Conclusions: BVS used in a routine setting tend to perform better among women compared to men, which 
might be partially related to the lower complexity of their coronary artery disease.
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Abbreviations
BVS bioresorbable vascular scaffold
CAD coronary artery disease
DES drug-eluting stent
MACE major adverse cardiac events
PCI percutaneous coronary intervention
TLF target lesion failure
TLR target lesion revascularisation
TV-MI target vessel myocardial infarction

Introduction
The recent evidence shows an attenuation of angiographic and clini-
cal performance of the Absorb™ everolimus-eluting poly-L-lac-
tic bioresorbable vascular scaffold (BVS) (Abbott Vascular, Santa 
Clara, CA, USA) particularly at longer term after its implantation1,2. 
Suboptimal implantation technique, BVS size selection and BVS 
resorption-related phenomena such as intraluminal scaffold disman-
tling, discontinuity and restenosis are considered the most plausi-
ble mechanisms for these findings3-7. In addition, BVS implantation 
in coronary vessels smaller than 2.25 mm and treatment of longer 
lesions have emerged as predictors of adverse outcomes3,8,9.

Among patients with coronary artery disease (CAD), women 
present with significantly smaller coronary vessels and less exten-
sive and complex CAD compared to men10,11. However, there 
is a large body of scientific evidence demonstrating that women 
derive the same benefit from drug-eluting stent technology as 
men12,13. The sex-related performance of the BVS compared to 
everolimus-eluting stents (EES) has been investigated in a meta-
analysis of four randomised trials enrolling very selected patients 
with stable CAD11. Its findings suggest a consistent relative 
treatment effect of BVS and EES for the two-year incidence of 
device- and patient-oriented cardiovascular outcomes in women 
and men11. However, data about the sex-related performance of 
BVS after implantation in a relatively unselected population are 
still lacking. Therefore, the aim of the current study was to assess 
the impact of patient sex on two-year outcomes after BVS implan-
tation in routine clinical practice.

Editorial, see page 574

Methods
STUDY POPULATION AND PROCEDURE

We included all patients undergoing BVS implantation due to symp-
tomatic CAD between September 2012 and July 2015 at four high-
volume tertiary centres in Munich. The indication for percutaneous 
coronary intervention (PCI) was based on clinical symptoms and 
presence of significant angiographic CAD. The decision for select-
ing the BVS was left up to the operators. In general, less calcified 
lesions located in relatively large vessels were preferably treated.

Implantation of the Absorb everolimus-eluting poly-L-lactic 
BVS was carried out after mandatory lesion preparation (predila-
tation performed in 95% of the lesions). The BVS placement was 
carried out according to the manufacturer’s recommendations. 
The decision about post-dilatation and more aggressive lesion 

preparation was made at the operators’ discretion. If necessary, 
intravascular imaging was performed to optimise the post-inter-
ventional results. Antithrombotic treatment consisted of 250 mg iv 
aspirin, heparin 70-100 IU/kg and loading with an ADP receptor 
antagonist according to the clinical presentation and bleeding risk. 
After PCI, a maintenance aspirin dosage of 80-100 mg daily and 
additional clopidogrel 75 mg, or prasugrel 5-10 mg or ticagrelor 
90 mg twice daily for six to 12 months (according to the clinical 
status at the index PCI) was recommended.

CLINICAL AND ANGIOGRAPHIC DATA MANAGEMENT

Per standard clinical practice, targeted medical history, physical 
examination, 12-lead ECG, laboratory tests (including cardiac bio-
markers) at admission and at least 12 hours after PCI were per-
formed. Clinical follow-up was performed at 1, 6, 12 and 24 months 
after PCI by phone call or at an out-patient clinic in case of symptom 
recurrence. A repeat angiogram was performed in 44.0% (n=114) 
of women and 43.7% (n=338) of men, either if clinically indicated 
or upon the recommendation of the referring physician, consider-
ing the fact that BVS is a new technology. All data collected at 
index PCI and thereafter were prospectively entered into the institu-
tional database, based on a predetermined data set, by trained staff. 
Afterwards, data from the KUM-ABSORB and ISAR-ABSORB 
registries were transferred to the central clinical data management 
centre (ISAResearch Centre, Munich, Germany).

The quantitative coronary angiography (QCA) was performed 
off-line using the automated edge detection system software 
QAngio, version 7.3 (Medis medical imaging systems, Leiden, the 
Netherlands). The contrast-filled non-tapered catheter tip was used 
for calibration. Since the BVS is not visible, the platinum mark-
ers located 1 mm inside the BVS edges were used for orientation. 
Therefore, the position of stent markers in the QCA program were 
1 mm outside the proximal and distal platinum markers. In-BVS 
and in-segment analyses (5 mm proximal and distal to the BVS 
margin) were performed. Interpolated reference vessel diameter 
and the following standard parameters were computed: reference 
diameter, in-lesion and in-segment minimal lumen diameter, in-
lesion and in-segment percentage diameter stenosis.

ENDPOINT DEFINITION

The primary endpoint of this analysis was target lesion failure 
(TLF) – a composite of death, target vessel myocardial infarction 
(TV-MI) or ischaemia-driven target lesion revascularisation (TLR) 
at two years post index PCI. Secondary endpoints were the indi-
vidual components of the primary endpoint as well as stent throm-
bosis rates according to ARC criteria at two-year follow-up. Major 
adverse cardiac events (MACE) were defined as a combination of 
death, any MI or any revascularisation. Myocardial infarction was 
defined according to the third universal definition14.

STATISTICAL ANALYSIS

The population was divided into two groups according to sex. 
Differences between groups were checked for significance using 
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Sex and outcomes after Absorb implantation

the Welch two-sample t-test or the Wilcoxon rank-sum test 
(continuous data) or the chi-square or Fisher’s exact test where 
the expected cell value was <5 (categorical variables). A two-
tailed p-value <0.05 was considered to be statistically significant. 
Continuous data are presented as mean (standard deviation). 
Categorical data are presented as counts or proportions. Event 
rates were calculated according to the Kaplan-Meier method. 
Variable selection for the multivariate model was performed using 
the least absolute shrinkage and selection operator (LASSO) 
regression method provided in the R package glmnet after entering 
all baseline and procedural characteristics as candidates. A Cox 
proportional model was applied after entering a cluster term to 
account for the frequent presence of multiple treated lesions in 
the same patient. Statistical software, R statistics, Version 3.3.2 
(R Foundation for Statistical Computing, Vienna, Austria) was 
used for analysis.

Results
PATIENT CHARACTERISTICS

Of the total 1,032 patients enrolled in this study, 259 (25.1%) were 
women. No significant differences between women and men were 
identified except for women being older and presenting less fre-
quently with multivessel disease and complex lesions (Table 1, 

Table 2).
In total, 1,701 lesions were treated with BVS, 415 of them in 

women. No significant differences regarding lesion and procedural 
characteristics between women and men were observed except 
for a lower rate of complex lesions, shorter lesion and consecu-
tively shorter stented segments among women (Table 2).

CLINICAL OUTCOMES

At two-year follow-up, no gender-specific differences in mortal-
ity were observed (p=0.79) (Figure 1, Table 3). The cumulative 
incidence of TLF (primary endpoint) was 13.2% in women and 
17.9% in men at two years post index PCI, p=0.12 (Figure 2). 
Furthermore, TLR occurred less frequently among women com-
pared to men (12.4% vs 7.5%, p=0.051). At one-year landmark 
analysis, there was a non-significant absolute difference of 2.7% 
in the TLF rate favouring women, which persisted between one 

3.0% between one and two years favouring women (Figure 3). 
Numerically lower rates of definite or probable BVS thrombosis 
were observed among women (Table 3, Figure 2).

The selection of variables to be entered into the multivariable 
Cox proportional analysis for assessment of independent predic-
tors of TLR and TLF was performed by the LASSO method, 
considering all variables from Table 1 and Table 2. Additionally, 
antiplatelet treatment at discharge was forced into the model. 
Age, complex lesion and implantation of small size BVS inde-
pendently predicted two-year TLF, while two-year TLR was 
independently predicted by female sex and small size BVS 
(Table 4, Figure 2).

Table 1. Baseline characteristics.

Women 

(n=259)

Men 

(n=773)
p-value

Age, years 69.9±9.9 64.3±10.8 <0.001

Body mass index, kg/m2 27.2±5.4 27.7±4.3 0.16

Diabetes mellitus 68 (26.3) 213 (27.6) 0.68

Insulin-treated 20 (7.7) 78 (10.1) 0.26

Hypertension 233 (90.0) 659 (85.3) 0.055

Hyperlipidaemia 133 (51.4) 394 (51.0) 0.92

Current tobacco use 45 (17.4) 179 (23.2) 0.051

Chronic kidney disease* 40 (15.4) 147 (19.0) 0.20

Prior myocardial infarction 46 (17.8) 228 (29.5) <0.001

Prior PCI 93 (35.9) 366 (47.3) 0.001

Prior CABG surgery 3 (1.2) 40 (5.2) 0.005

Severity 
of CAD

1-vessel 72 (27.8) 143 (18.5)

<0.0012-vessel 91 (35.1) 235 (30.4)

3-vessel 96 (37.1) 395 (51.1)

More than 1 lesion treated 98 (37.8) 292 (37.8) 0.99

Clinical 
presen-
tation

Stable angina 147 (56.7) 452 (58.5)

0.94
Unstable angina 32 (12.4) 89 (11.5)

Non-STEMI 52 (20.1) 157 (20.3)

STEMI 28 (10.8) 75 (9.7)

Anti-
platelet 
therapy 
at 
discharge

Aspirin 244 (94.2) 751 (97.2) 0.044

Clopidogrel 205 (79.2) 543 (70.2) 0.005

Ticagrelor 8 (3.1) 51 (6.6) 0.005

Prasugrel 46 (17.8) 179 (23.2) 0.083

Oral anticoagulation 20 (7.7) 70 (9.1) 0.72

Values are mean±SD or n (%). *defined as glomerular filtration rate 
<60 ml/minute. CABG: coronary artery bypass graft; CAD: coronary artery 
disease; PCI: percutaneous coronary intervention;  
STEMI: ST-segment elevation myocardial infarction 

Discussion
The main findings of our study are: 1) at two years after BVS 
implantation, there are no sex-related differences in mortality and 
combined device- and patient-oriented clinical outcomes; 2) com-
pared to men, women undergo repeat revascularisation numeri-
cally less frequently, driven by their lower risk of BVS thrombosis; 
3) implantation of small size BVS was identified as an independ-
ent predictor of higher TLF and TLR risk; whereas 4) female sex 
is protective particularly for TLR.

Sex has been constantly reported to play an important role in 
outcomes after invasive diagnostic and therapeutic procedures 
among CAD patients10,12,15. Older age, higher aggregation of 
comorbidities, presence of frail and small size arteries prone to 
dissection and other vascular complications, increased bleeding 
risk as well as underuse of evidence-based treatment have fre-
quently been identified as predictors of poorer outcomes among 
women compared to men13,15. On the other hand, women derive 
the same benefit from PCI and drug-eluting stent technology as 
men10,12,16. In a meta-analysis of randomised trials comparing 
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BVS to EES, Shreenivas and colleagues reported a consistent 
relative treatment effect of BVS and EES for the two-year inci-
dence of device- and patient-oriented cardiovascular outcomes 
in women and men11. In this very selected population of stable 
CAD patients, the incidence of TLF after BVS implantation was 
identical among women and men (8.9%)11. On the other hand, in 
our study women had a 26% lower risk of two-year TLF com-
pared to men (13.2% vs 17.9%, p=0.12). These different findings 

Table 2. Lesion and procedural characteristics.

Women 

(n=415)

Men 

(n=1,286)
p-value

Target 
lesion 
location

Left anterior 
descending artery

182 (43.9) 560 (43.5)

0.42

Left circumflex artery 83 (20.0) 310 (24.1)

Right coronary artery 140 (33.7) 383 (29.8)

Left main 9 (2.2) 30 (2.3)

Saphenous vein graft 1 (0.2) 3 (0.2)

Complex lesion morphology 221 (53.3) 790 (61.4) 0.003

Bifurcation lesion 57 (13.8) 203 (16.0) 0.28

Chronic total occlusion 13 (3.1) 30 (2.3) 0.60

TIMI 
coronary 
flow 
before 
PCI

≤1 52 (12.6) 157 (12.3)

0.372 36 (8.7) 142 (11.2)

3 325 (78.7) 973 (76.5)

TIMI coronary flow after PCI <3 5 (1.2) 23 (1.8) 0.58

Vessel size, mm 2.80±0.49 2.82±0.54 0.46

Lesion length, mm 16.4±10.8 18.0±12.1 0.020

MLD before PCI, mm 1.02±0.54 0.97±0.53 0.12

Diameter stenosis before PCI, % 63.7±17.8 65.8±16.9 0.068

Predilatation performed 388 (93.5) 1,223 (95.1) 0.20

Post-dilatation performed 370 (89.2) 1,147 (89.2) 0.98

Maximal balloon size, mm 3.20±0.48 3.22±0.53 0.35

Balloon pressure, atm 13.7±3.6 13.7±3.4 0.93

Implanted BVS size, mm 3.10±0.44 3.10±0.47 0.69

Total implanted BVS length, mm 25.0±13.9 27.7±15.8 0.001

MLD after PCI, mm 2.57±0.43 2.57±0.48 0.95

Diameter stenosis after PCI, % 11.3±7.0 12.0±7.7 0.14

Values are mean±SD or n (%). BVS: bioresorbable vascular scaffold; 
MLD: minimal lumen diameter; PCI: percutaneous coronary intervention; 
TIMI: Thrombolysis In Myocardial Infarction

Men

Women
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8
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0
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M
o
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a
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Months after procedureNo. at risk

Women 259 251 230 198 172

Men 773 720 654 581 508

HR (95% CI) 0.91 (0.46-1.80), log-rank p=0.79 

5.2%

4.7%

(%)

Figure 1. Mortality among women and men at two years after BVS 
implantation. CI: confidence interval; HR: hazard ratio

Table 3. Clinical outcomes at 2 years. 

Women 

(n=259)

Men 

(n=773)

Hazard ratio 

(95% CI)
p-value

All-cause death 11 (4.7) 35 (5.2) 0.91 (0.46-1.80) 0.79

All-cause death or 
any MI

18 (7.5) 64 (9.2) 0.82 (0.49-1.38) 0.46

All-cause death or 
TV-MI

16 (6.7) 58 (8.3) 0.80 (0.46-1.40) 0.44

Any MI 7 (2.7) 33 (4.7) 0.62 (0.28-1.40) 0.25

TV-MI 5 (1.9) 25 (3.6) 0.59 (0.23-1.51) 0.27

TLR 18 (7.5) 84 (12.4) 0.61 (0.37-1.00) 0.051

Definite BVS 
thrombosis

2 (0.8) 17 (2.5) 0.34 (0.08-1.39) 0.13

Definite or probable 
BVS thrombosis

3 (1.2) 19 (2.7) 0.46 (0.14-1.51) 0.20

Death or any MI or 
revascularisation

34 (14.0) 130 (18.7) 0.75 (0.51-1.09) 0.13

Death or TV-MI or 
TLR

32 (13.2) 124 (17.9) 0.74 (0.50-1.09) 0.12

Values are mean±SD or n (%). BVS: bioresorbable vascular scaffold; 
MI: myocardial infarction; TLR: target lesion revascularisation; TV-MI: target 
vessel MI; TVR: target vessel revascularisation

Table 4. Multivariable predictors of TLF and TLR at 2 years.

Target lesion failure
Target lesion 

revascularisation

Hazard ratio 

(95% CI)
p-value

Hazard ratio 

(95% CI)
p-value

Age 1.29 (1.08-1.52) 0.003 1.13 (0.92-1.38) 0.23

Female sex 0.68 (0.45-1.01) 0.053 0.59 (0.35-1.00) 0.048

Diabetes 1.14 (0.80-1.61) 0.47 − −

Hypertension 1.14 (0.67-1.92) 0.63 1.16 (0.62-2.17) 0.64

Hypercholesterolaemia − − 1.09 (0.73-1.62) 0.67

Acute coronary syndrome 1.02 (0.72-1.43) 0.91 − −

Complex lesion treatment 1.44 (1.02-2.04) 0.037 1.48 (0.95-2.28) 0.080

Post-dilatation performed − − 0.90 (0.49-1.66) 0.74

Maximum pressure balloon − − 0.98 (0.73-1.32) 0.89

Implanted BVS size  
(each 0.5 mm decrease)

1.24 (1.03-1.49) 0.023 1.28 (1.02-1.62) 0.033

Total implanted BVS length 1.04 (0.95-1.15) 0.35 1.06 (0.94-1.19) 0.35

Aspirin at discharge 0.75 (0.35-1.62) 0.46 0.78 (0.28-2.18) 0.64

Clopidogrel at discharge 0.96 (0.66-1.41) 0.84 0.88 (0.57-1.37) 0.57

Values are mean±SD or n (%). BVS: bioresorbable vascular scaffold; CI: confidence interval
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Female gender

Complex lesion 

Total implanted 
BVS length

Smaller BVS size
(–0.5 mm)

 HR (95% CI) p-value

0.59 (0.35-1.00) 0.048

1.48 (0.95-2.28) 0.080

1.06 (0.94-1.19) 0.35

1.28 (1.02-1.62) 0.033

Independent predictors of target lesion 
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Figure 2. Clinical outcomes according to sex and independent predictors of target lesion revascularisation at two years after BVS 
implantation. A) Target lesion failure. B) Definite or probable BVS thrombosis. C) Target lesion revascularisation. D) Independent predictors 
of two-year TLR. BVS: bioresorbable vascular scaffold; CI: confidence interval; HR: hazard ratio
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Figure 3. One-year landmark analysis for target lesion failure and revascularisation. A) Target lesion failure. B) Target lesion 
revascularisation. CI: confidence interval; HR: hazard ratio
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are driven by the poorer baseline profile of patients included in 
our study, particularly among women – mean age 69.9 years vs 
65.4 years; MI at presentation 31.0% vs 3.9%; multivessel CAD 
72.2% vs 26.9%; treated vessel size 2.8 mm vs 2.6 mm; treated 
lesion length 16.4 mm vs 12.7 mm; total scaffold length 25.0 mm 
vs 19.0 mm. They reflect the constantly reported differences in 
patient selection policy among registries and randomised trials, 
particularly in the BVS era17. An overall two-year TLF rate after 
BVS implantation of between 3.2% and 20.8% reported in differ-
ent randomised trials and registries is in line with our findings18,19.

An increased risk of BVS thrombosis at short- and long-term 
follow-up has been reported in registries and randomised tri-
als1,2,8,20. The observed two-year BVS thrombosis rates of 1.2% 
among women and 2.7% among men are amongst the lowest 
reported in the BVS literature2,11. This is partially owing to the 
large size of the treated vessels, mandatory lesion preparation and 
the 95% rate of post-dilatation in our study.

Sex has not been shown to impact on the risk of thrombosis 
after implantation of metallic coronary stents with or without drug 
coating10,12,13. Our study suggests that BVS-treated women might 
be at lower risk of BVS thrombosis compared to their male coun-
terparts. Within the BVS-treated patients of the above-mentioned 
meta-analysis and of the Amsterdam Investigator-Initiated Absorb 
Strategy All-Comers trial, the cumulative incidence of two-year 
BVS thrombosis was 1.3% and 1.7%, respectively, among women, 
and 2.0% and 4.2%, respectively, among men2,11. Furthermore, 
both these studies demonstrated a borderline interaction between 
sex and device type for the occurrence of two-year thrombosis, 
suggesting an increased risk of thrombosis with BVS compared to 
EES only among men. In our study, women experienced no BVS 
thrombosis between one and 24 months after PCI.

BVS are designed to overcome the limitations of DES techno-
logy – the ongoing device-related events even one decade after 
PCI21. Contrary to expectations, ongoing device-related events 
are observed up to three years after poly-lactic acid-based BVS 
implantation1,8. BVS elastic recoil due to the lower radial strength 
of poly-lactic acid-based BVS3,22, and ongoing inflammation 
accompanying the resorption process which promotes thrombosis 
and neoatherosclerosis might explain these findings7,23,24. The TLR 
rates in our study were 7.5% among women and 12.4% among men, 
which differ from rates reported in selected stable populations of 
randomised trials, 3.7% vs 4.8%, respectively11. In our relatively 
unselected population, the risk of ischaemia-induced TLR was 30% 
lower among women compared to men; the amount of this risk 
reduction doubles beyond the first year. Female sex emerges as the 
only independent predictor of TLR risk after BVS implantation.

We can only speculate about the possible mechanisms for this 
sex-related difference in BVS thrombosis and restenosis. First, the 
physical and design features of the BVS platform play an impor-
tant role in vessel wall apposition and integration of BVS23,25,26. 
Women have less complex and calcified as well as shorter lesions 
which facilitates BVS sizing, placement and vessel wall apposi-
tion. Second, intraluminal scaffold dismantling and discontinuity 

during the resorption process leads to protrusion of strut fragments 
into the vessel lumen promoting thrombus formation3-5,23. Since 
this tissue is most probably inflammation-triggered fibrin depo-
sition, it leads to impaired neointimal BVS strut coverage, late 
malapposition and neoatherosclerosis formation. Although there 
are no data about sex-related differences in vascular response to 
BVS implantation, a large animal study demonstrated temporal 
sex-related differences in the extent and timing of resolution of 
inflammation and fibrin clearance after DES implantation24.

Study limitations
Despite including all patients receiving BVS at our institutions, the 
current findings might be influenced by patient selection bias during 
decision making for BVS. Since women naturally present with smaller 
vessels, they might have been more frequently affected by the selec-
tion process. Intravascular imaging was only used in a very small per-
centage of patients and might have provided further information about 
the mechanisms of scaffold failure. Furthermore, although we report 
two-year outcomes of more than 1,000 patients, follow-up beyond 
the complete resorption time of BVS (three to four years) is needed 
to investigate the role of sex on the resorption process more fully.

Conclusions
BVS used in the routine setting tends to perform better among 
women compared to men, which is only partially related to the 
lower complexity of their coronary artery disease. However, larger 
patient cohorts and follow-up beyond the BVS resorption time are 
required to confirm the observed sex-related differences.

Impact on daily practice

The observed lower incidence of repeat revascularisations and 
lack of late BVS thrombosis among women compared to men 
might suggest that women undergoing PCI for less complex 
lesions located in large coronary vessels are more suitable for 
BVS technology.
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