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Abstract

Objective: The objective was to assess the 2-year clinical performance of three
drug-eluting stents in all-comer patients with severely calcified coronary lesions.
Background: Severe lesion calcification increases cardiovascular event risk after
coronary stenting, but there is a lack of data on the clinical outcome of all-comers
with severely calcified lesions who were treated with more recently introduced drug-
eluting stents.

Methods: The BIO-RESORT trial (clinicaltrials.gov: NCT01674803) randomly assigned
3,514 all-comer patients to biodegradable polymer Synergy everolimus-eluting stents
(EES) or Orsiro sirolimus-eluting stents (SES), versus durable polymer Resolute Integ-
rity zotarolimus-eluting stents (ZES). In a post hoc analysis, we assessed 783 patients
(22.3%) with at least one severely calcified target lesion.

Results: At 2-year follow-up (available in 99% of patients), the main composite
endpoint target vessel failure occurred in 19/252 (7.6%) of the EES and in 33/265
(12.6%) of the ZES-treated patients (p = .07). Target vessel failure occurred in
24/266 (9.1%) of the SES-treated patients (vs. ZES: p = .21). There was a difference
in target vessel revascularization, which was required in EES in 6/252 (2.4%) patients
and in ZES in 20/265 (7.7%) patients (p = .01); the target vessel revascularization rate
in SES was 9/266 (3.4%, vs. ZES: p = .04). Multivariate analysis showed that implanta-
tion of EES, but not SES, was independently associated with lower target vessel
revascularization rates than in ZES.

Conclusions: In BIO-RESORT participants with severely calcified target lesions, treat-
ment with EES was associated with a lower 2-year target vessel revascularization
rate than treatment with ZES.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
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1 | INTRODUCTION

Severe coronary artery calcification is associated with an increased
risk of adverse cardiovascular events following percutaneous coronary
intervention (PCI).! Risk factors contributing to the development of
coronary calcification include advanced age, diabetes, male sex and
renal dysfunction. Coronary artery calcification, which can be found in
20-30% of all patients who undergo PCI,2® may result in a reduced
vascular compliance and impair myocardial perfusion.

In severely calcified coronary lesions the radiopacity of calcium ham-
pers the x-ray visibility of PCI devices,! which may result in technical
challenges and problems that include impaired stent deliverability,
under-expansion or incomplete apposition of stents, and sometimes geo-
graphical miss of the target lesion. In addition, when being advanced
through calcified coronary vessels, the polymer-coating of drug-eluting
stents (DES) can be damaged, which may reduce the efficacy of
preventing lesion recurrence.”® All these factors contribute to the
increased risk of cardiovascular events (e.g., lesion recurrence and
repeated revascularization) that have been reported for calcified target
lesions.>?'1° Although coronary calcification increases the rate of target
lesion recurrence in DES,'? early generation DES improved clinical out-
come as compared to bare-metal stents.?2 Newer DES include devices
with biodegradable polymers and thinner struts* that have shown
excellent results in randomized clinical trials that assessed broad patient
populations.t>*? Calcified lesions may represent a true challenge for the
radial force of stents with particularly thin struts, but data on the out-
come of PCl with these devices in severely calcified lesions are scarce.

BIO-RESORT is a large-scale, randomized clinical trial in all-comer
patients that compares two contemporary very-thin strut biodegrad-
able polymer DES versus a thin-strut durable polymer DES. Clinical
outcome after PCl with all three stents was shown to be favor-
able.2%2% |n the current post hoc analysis, we assessed the clinical out-
come of PCl with the three DES in the challenging population of all-

comer patients who were all treated for severely calcified lesions.

2 | METHODS

21 | Study design and participants

The present study was performed in participants of the BIO-RESORT
trial. Details of the randomized BIO-RESORT trial and 2-year follow-
up data have been published.?’?! In brief, the 3-arm, multicenter,
investigator-initiated BIO-RESORT trial (NCT01674803) randomized
and assessed 3,514 all-comer patients undergoing PCl with DES
implantation in 4 Dutch centers for coronary intervention, between
December 2012 and August 2015. Randomization was done in a

1:1:1 fashion with biodegradable polymer everolimus-eluting stents

(EES; Synergy, Boston Scientific, Marlborough, MA) or sirolimus-eluting
stents (SES; Orsiro, Biotronik, Bulach, Switzerland) versus durable
polymer zotarolimus-eluting stents (ZES; Resolute Integrity,
Medtronic, Santa Rosa, CA). Web-based randomization was per-
formed with the use of a custom-designed computer program in
random block sizes of 6 and 3, stratified according to the presence
of diabetes mellitus. All coronary syndromes, de novo and res-
tenotic lesions, and lesions in native vessels or bypass grafts were
permitted. There was no limit for lesion length, reference vessel
size, and number of lesions or vessels to be treated.

The trial complied with the Declaration of Helsinki and the
CONSORT 2010 Statement and was approved by the Medical Ethics
Committee Twente and the institutional review boards of all participating
centers. All patients provided written informed consent. For the current
analysis, patients treated in at least one severely calcified target lesion

(based on qualitative coronary angiographic analysis) were included.

2.2 | Definition of target lesion calcification

Experienced angiographic analysts of Thoraxcentrum Twente per-
formed qualitative and quantitative coronary angiographic analyses of
all cases according to current standards, using the software QAngio
XA (Version 7.3, Medis, Leiden, The Netherlands). Target lesion calcifi-
cation was prospectively classified, in analogy with previous studies.>®
Severe target lesion calcification was defined as readily apparent radi-
opaque densities noted prior to contrast injection without cardiac

motion and generally involved both sides of the arterial wall.>®

2.3 | Procedures and follow-up
Coronary interventions were performed according to standard tech-
nigues, current medical guidelines and the operator's judgment. Clini-
cal follow-up data was obtained at visits to outpatient clinics, or if not
feasible, by telephone follow-up or a medical questionnaire. Research
staff was blinded to the assigned treatment.

The stent platform of the Synergy EES is made from platinum-
chromium struts with a varying strut thickness (74 pm for stent diameters
<2.5 mm, 79 pm for 3.0-3.5 mm stents, and 81 pm for 4.0 mm stents).
The struts have an abluminal biodegradable 4 um poly(lactic-co-glycolic
acid) coating that is resorbed within 4 months and elutes everolimus
within 3 months. The Orsiro SES has a circumferential biodegradable
coating that is resorbed within 24 months and is thicker on the abluminal
side (7.4 pm) than on the luminal side (3.5 pm) that elutes sirolimus
within 4 months. The stent platform is made from cobalt-chromium
struts of 60 pm (for stents <3.0 mm) or 80 pm (for >3.0 mm stents)
and is covered with a thin passive coating of amorphous silicon carbide.
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The durable polymer coating of the Resolute Integrity ZES is a 6 pm thick
blend of three polymers and the stent platform is made from 91 um

round cobalt-chromium struts.?°

2.4 | Clinical endpoints, monitoring and event
adjudication

Clinical endpoints were prespecified according to definitions of the
Academic Research Consortium.???% The composite endpoint target
vessel failure comprised cardiac death, target vessel-related myocar-
dial infarction or clinically indicated target vessel revascularization
(TVR). Secondary endpoints included target lesion failure (a composite
of cardiac death, target vessel myocardial infarction or clinically indi-
cated target lesion revascularization), and stent thrombosis. Data
monitoring and independent clinical event adjudication were per-
formed by an external research organization (Diagram, Zwolle, The
Netherlands). The clinical event committee was blinded for the
assigned stent type at all times.

2.5 | Statistical analysis

Continuous variables were compared between groups with the
Student's t test or Wilcoxon Rank Sum test, as appropriate, while
categorical variables were assessed with chi-square test. The Kaplan-
Meier method was used to calculate the time to clinical endpoint and
the log-rank test was applied for between-group comparisons. Hazard
ratios were computed with Cox proportional hazards regressions anal-
ysis. Potential confounders were identified if in univariate analysis a
p value <.15 was found. The first multivariate Cox regression model
included all potential confounders (i.e., arterial hypertension, previous
myocardial infarction, previous coronary bypass surgery, and total
stent length per patient), and with stepwise backwards selection only
true confounding factors (i.e., arterial hypertension) were kept in the
model. We performed an additional sensitivity analysis in patients
who required single vessel treatment. All confidence intervals (Cl) and
p values are two-sided, p values <.05 were considered significant. Sta-
tistical analyses were performed with SPSS, Version 24 (IBM Corp.,
Armonk, NY).

7928 patients treated with drug-eluting stents during study enrolment *

A

:I 4383 patients not screened or ineligible

3545 patients enrolled and randomly
assigned after stratification for diabetes

31 patients excluded
16 provided oral consent but refused written consent

A 4

4 withdrew consent during trial and refused use of any data
11 screening failure

3514 patients included in BIO-RESORT trial

2731 patients excluded from present analysis because

of no severely calcified coronary target lesion

v ‘

4

.

252 patients assigned to EES
249 received assigned stent(s) only

1 received assigned stent and other stent(s)
2 received non-assigned drug-eluting stent(s) only

0 received no stent

265 patients assigned to ZES
256 received assigned stent(s) only

4 received assigned stent and other stent(s)
4 received non-assigned drug-eluting stent(s) only

1 received no stent

266 patients assigned to SES
262 received assigned stent(s) only

1 received assigned stent and other stent(s)
2 received non-assigned stent(s) only

1 received no stent

»| 1 lost to follow-up 0 lost to follow-up - »| 0 losttofollow-up | _
2 withdrew consent o 2 withdrew consent H 3 withdrew consent i
: i !
v v v v v v
252 patients analysed 265 patients analysed 266 patients analysed
241 completed 2-year follow-up 249 completed 2-year follow-up 255 completed 2-year follow-up
8 died 14 died 8 died
3 censored 2 censored 3 censored

FIGURE 1 Study flow diagram. *Total number of patients treated with drug-eluting stents during enrolment period, irrespective of study
eligibility. EES, everolimus-eluting stents; SES, sirolimus-eluting stents; ZES, zotarolimus-eluting stents
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3 | RESULTS prevalent in SES versus ZES (p = .04). Baseline patient characteristics
and procedural details are presented in Table 1.

3.1 | Patient characteristics

Of all 3,514 BIO-RESORT trial participants, 783 (22.3%) all-comer
patients were treated in severely calcified lesions (Figure 1). These
patients were 67.0 £ 10.0 years old, and there was no difference
between stent groups in clinical characteristics except for history of
myocardial infarction, which was less prevalent in EES versus ZES

(p = .02), and previous coronary bypass surgery, which was less

Note: Values are mean + SD, n (%) or median (interquartile range).

3.2 | Two-year clinical outcomes

Two-year follow-up was available in 775/783 patients (99.0%; one lost
to follow-up, seven withdrew consent; all censored at dropout). The
main composite endpoint target vessel failure occurred in 19/252
(7.6%) patients treated with EES, 33/265 (12.6%) patients treated with

TABLE 1 Baseline characteristics for patients of the three stent groups
EES n = 252 ZES n = 265 SES n = 266
Demographics and medical history
Age, years 67.3 £10.0 67.0+£9.8 66.8 £10.2
Female sex 71(28.2) 81 (30.6) 71 (26.7)
Body mass index, kg/m? 275+4.1 27.1+38 274 +42
Current smoker 60/243 (24.7) 65/261 (24.9) 74/259 (28.6)
Diabetes, medically treated 53(21.0) 55(20.8) 54 (20.3)
Hypertension 124 (49.2) 150 (56.6) 131 (49.2)
Hypercholesterolemia 111 (44.0) 119 (44.9) 106 (39.8)
Previous myocardial infarction 37 (14.7)° 60 (22.6) 50 (18.8)
Previous percutaneous coronary intervention 52 (20.6) 49 (18.5) 53(19.9)
Previous coronary artery bypass grafting 25(9.9) 34 (12.8) 20 (7.5)°
Left ventricular ejection fraction <30% 7(2.8) 5(1.9) 7 (2.6)
Renal insufficiency (severe)® 10 (4.0) 13 (4.9) 18 (6.8)
Clinical presentation
ST-elevation myocardial infarction 69 (27.4) 60 (22.6) 53(19.9)
Non-ST-elevation myocardial infarction 42 (16.7) 53 (20.0) 43 (16.2)
Unstable angina 45(17.9) 48 (18.1) 61 (22.9)
Stable angina 96 (38.1) 104 (39.2) 109 (41.0)
Details of target lesions and procedures
Multivessel treatment 59 (23.4) 71(26.8) 62 (23.3)
Severely calcified target vessel®
Right coronary artery 125 (49.6) 120 (45.3) 118 (44.4)
Left anterior descending artery 125 (49.6) 138 (52.1) 152 (57.1)
Left circumflex artery 42 (16.7) 61 (23.0) 50 (18.8)
Chronic total occlusion 14 (5.6) 15(5.7) 15 (5.6)
Rotablator 11 (4.4) 17 (6.4) 17 (6.4)
Cutting balloon 14 (5.6) 10(3.8) 19 (7.1)
Maximum implantation pressure, atm 16.0+2.8 159 +28 157 +2.8
Postdilation 223 (88.5) 226 (85.3) 229 (86.1)
Maximum postdilation pressure, atm 22.3+4.7 222+50 22.6+4.6
Total stent length per patient, mm 38 (24-62) 44 (28-67) 40 (24-62)

Abbreviations: EES, everolimus-eluting stents; SES, sirolimus-eluting stents; ZES, zotarolimus-eluting stents.

?Previous myocardial infarction was less prevalent in EES versus ZES, p = .02.

PPrevious coronary artery bypass grafting was less prevalent in SES versus ZES, p = .04.
“Defined as an estimated glomerular filtration rate of <30 ml/min/1.73 m? or the need for dialysis.
dOnly severely calcified target vessels are presented. Patients were allowed to be treated in multiple severely calcified vessels, therefore, the percentages

add up to more than 100%.
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ZES (EES vs. ZES: HR 0.59, 95% Cl 0.34-1.04, p-logrank = .07) and
24/266 (9.1%) patients treated with SES (SES vs. ZES: HR 0.72,
95% Cl 0.42-1.21, p-logrank = .21) (see Figure 2). There was also
no statistically significant between-stent difference in the rates of
the individual safety endpoints cardiac death, target vessel myocar-
dial infarction, and stent thrombosis.

But there was a significant between-DES difference in the effi-
cacy endpoint TVR, which occurred in 6/252 (2.4%) patients treated
with EES, 20/265 (7.7%) patients treated with ZES (EES vs. ZES: HR
0.31, 95% Cl 0.12-0.76, p-logrank = .01), and 9/266 (3.4%) patients
treated with SES (SES vs. ZES: HR 0.44, 95% Cl 0.20-0.97, p-log-
rank = .04). A sensitivity analysis in 591 patients with single-vessel
treatment confirmed these findings: TVR rates were in EES, ZES, and
SES 2.6, 8.0, and 3.5%, respectively (EES vs. ZES: HR 0.32, 95% ClI
0.12-0.89, p-logrank = .02; SES vs. ZES: HR 0.43, 95% Cl 0.18-1.06,
p-logrank = .06). Clinical outcome of patients without severely calci-
fied target lesions is presented in Table S1.

(a) Target vessel failure at 2-years
X 161
E’ = Everolimus-eluting stent, vs. ZES Log-rank p = 0.07, HR 0.59 (0.34 - 1.04)
§ 144 — Sirolimus-eluting stent, vs. ZES Log-rank p =0.21, HR 0.72, (0.42 - 1.21)
E Zotarolimus-eluting stent
% 12.6%
0 124
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Numbers at risk Time after initial procedure (days)
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SES: 266 248 246 242 238 237 235
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(C) Target vessel myocardial infarction at 2-years
167
S = Everolimus-eluting stent, vs. ZES Log-rank p = 0.74, HR 1.14 (0.51 - 2.59)
E 14 = Sirolimus-eluting stent, vs. ZES Log-rank p =0.69, HR 1.18 (0.53 - 2.62)
- Zotarolimus-eluting stent
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0 120 240 360 480 600 720
Numbers at risk Time after initial procedure (days)
EES: 252 240 239 237 233 231 230
SES: 266 249 249 248 245 244 242
ZES: 265 247 247 246 244 241 240

3.3 | Multivariate analysis

Multivariate analysis revealed that the implantation of EES was inde-
pendently associated with a lower risk of TVR (adjusted HR 0.32, 95%
Cl10.13-0.80, p = .02). The lower rate of TVR after the implantation of
SES lost statistical significance after adjustment for confounders, with
an adjusted HR 0.46, 95% Cl 0.12-1.02 p = .06. Further clinical out-

comes at 2-year are presented in Table 2.

4 | DISCUSSION

4.1 | Main findings
Among all-comer patients with at least one severely calcified target
lesion, there were no statistically significant differences in the 2-year

rate of the main composite endpoint target vessel failure between

—
O
-

Cardiac death at 2-years

~— Everolimus-eluting stent, vs. ZES Log-rank p = 0.34, HR 0.52 (0.13 - 2.07)
1l = Sirolimus-eluting stent, vs. ZES Log-rank p = 0.51, HR 0.66 (0.19 - 2.32)
Zotarolimus-eluting stent

Cumulative incidence of cardiac death (%)
©

6-
4
o 2.3%
— 1.5%
—— 1.2%
[f T T T T T 1
0 120 240 360 480 600 720
Time after initial pr: ur
Numbers at risk e aftel al procedure (days)
EES: 252 250 249 247 244 242 241
SES: 266 262 262 261 258 257 255
ZES: 265 256 256 255 253 250 249
(d ) Target vessel revascularisation at 2-years
161
= Everolimus-eluting stent, vs. ZES p Logrank = 0.01, HR 0.31 (0.12 - 0.76)
N Sirolimus-eluting stent, vs. ZES p Logrank = 0.04, HR 0.44 (0.20 - 0.97)
I Zotarolimus-eluting stent
o
E 121
-
°
o 101
o
H
- 7.7%
£
2
5
3
44
E 3.4%
o ’_'_'_,—,7 2.4%
0 T T T T T 1
0 120 240 360 480 600 720
Tim r initial pr:
Numbers at risk e after initial procedure (days)
EES: 252 249 248 244 240 237 236
SES: 266 259 257 253 249 248 246
ZES: 265 253 253 249 240 234 232

FIGURE 2 Kaplan-Meier cumulative event curves for target vessel failure and its individual components at 2-year follow-up. Target vessel
failure (a), a composite of cardiac death (b), target vessel-related myocardial infarction (c), or clinically indicated target vessel revascularization (d).

HR, hazard ratio; MI, myocardial infarction; ZES, zotarolimus-eluting stents



BUITEN ET AL

WILEY_L®&%

TABLE 2  Clinical events during 2-year follow-up

All patients N = 783

ZES Resolute Hazard ratio Hazard ratio
EES Synergy Integrity SES Orsiro  [95% CI] EES p-logrank [95% CI] p-logrank
n =252 n =265 n =266 vs. ZES EES vs. ZES  SES vs. ZES SES vs. ZES
Target vessel failure 19 (7.6) 33(12.6) 24(9.1) 0.59 [0.34-1.04] .07 0.72[0.42-1.21] .21
Cardiac death 3(1.2) 6(2.3) 4(1.5) 0.52[0.13-2.07] .34 0.66[0.19-2.32] .51
Target vessel myocardial 12 (4.8) 11 (4.2) 13 (4.9) 1.14[0.51-2.59] .74 1.18 [0.53-2.62] .69
infarction
Target vessel revascularisation 6 (2.4) 20(7.7) 9 (3.4) 0.31[0.12-0.76] .007 0.44 [0.20-0.97] .04
Target lesion failure 19 (7.6) 30(11.5) 22(8.3) 0.65[0.37-1.16] .14 0.72[0.42-1.25] .24
Target lesion revascularisation 6(2.4) 16 (6.2) 7(2.7) 0.38[0.15-0.98] .04 0.43[0.18-1.04] .05
Definite-or-probable stent 2(0.8) 3(1.2) 2(0.8) 0.70[0.12-4.16] .69 0.66 [0.11-3.96] .65
thrombosis
Definite stent thrombosis 2(0.8) 2(0.8) 2(0.8) 1.04 [0.15-7.40] 97 0.99 [0.14-7.05] .99

Note: Event rates are expressed as n (%) and were calculated with the use of the Kaplan-Meier method. All target vessel revascularizations were clinically

indicated.

Abbreviations: Cl, confidence interval; EES, everolimus-eluting stents; SES, sirolimus-eluting stents; ZES, zotarolimus-eluting stents.

patients treated with biodegradable polymer Synergy EES or Orsiro
SES versus durable polymer Resolute Integrity ZES.

Yet, the efficacy endpoint TVR was significantly less often reached
after treatment with Synergy EES and Orsiro SES versus Resolute
Integrity ZES. For Synergy EES, this statistically significant finding was
confirmed in a sensitivity analysis in patients with single-vessel treat-
ment. Furthermore, multivariate analysis showed that during 2-year
follow-up the implantation of Synergy EES was independently associ-
ated with a lower risk of TVR. After treatment with Orsiro SES the TVR
rate was low, but multivariate analysis did not show a statistically signif-
icant difference versus Resolute Integrity ZES.

There was no between-stent difference in various safety
endpoints, such as cardiac death, target vessel myocardial infarction,
and stent thrombosis. Overall, clinical adverse event rates were low
as compared to previous studies that assessed patients treated in

severely calcified coronary lesions,?>10:12

which may be partly related
to the high rate of stent postdilation and the high-balloon pressures

applied.

4.2 | Previous studies

There is lack of data on the performance of new-generation biode-
gradable polymer DES in severely calcified coronary lesions. Some
previous studies assessed other DES in calcified coronary target
lesions, but to the best of our knowledge, no other randomized study
assessed these two biodegradable polymer study stents in patients
with severely calcified target lesions. In patient-level pooled analyses
from previous TWENTE trials,> patients with severely calcified target
lesions were also treated with Resolute Integrity ZES. Two-year target
vessel failure and TVR rates in patients with stable angina (16.4 and

7.6%, respectively) and in patients with acute coronary syndromes

(12.4 and 6.8%) were quite similar to the corresponding event rates in
the BIO-RESORT all-comer patients treated with Resolute Integrity
ZES in the current study (12.6 and 7.7%).

The prospective, multicenter ADAPT-DES registry assessed 8,582
all-comer patients who underwent successful PCI with DES implanta-
tion.2 Moderate-to-severe coronary artery calcification was observed
in 2,644 (30.8%) patients, and these patients had a 2-year target
vessel failure rate of 14.2%, which is somewhat higher than in our
present study. Yet, the ADAPT-DES registry assessed patients who
were treated with a variety of early- and new-generation durable
polymer DES, and not with the two new-generation biodegradable
polymer DES that were examined in BIO-RESORT. As DES differ in
various characteristics (i.e., design and strut thickness of metallic
stent; material, distribution, and degradation (if any) of polymer
coating; and type and pharmacodynamics of drug), we can only
hypothesize that the rather biocompatible coatings and the -on
average- thinner stent struts may have accounted for the lower target
vessel failure rates in our present study.

A large multiethnic registry retrospectively assessed patients,
who had undergone stent implantation between 2009 and 2013,
according to coronary calcification.?* A total of 994 (8.0%) of these
patients were treated with second-generation durable polymer DES
for severely calcified lesions, and the 1-year incidence of the compos-
ite clinical endpoint of death, myocardial infarction, or TVR (17.8%)
was much higher than the 2-year incidence of target vessel failure in
our current study. A possible explanation could be differences in
patient population, with a higher prevalence of comorbidities in the
registry.

In a large patient-level pooled dataset of 26 randomized clinical
trials, the coronary artery calcification status of 11,557 women was
assessed.* The coronary calcification status was known in 6,371 par-
ticipants, of whom 1,622 (25.5%) had moderate-to-severely calcified
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coronary arteries. After 3-year of follow-up, moderate-to-severely cal-
cified coronaries led to higher rates of adverse clinical events,
irrespective of the generation of DES used.* While this registry
included patients treated with early thick-strut biodegradable polymer
DES, it did not assess any of the contemporary very-thin-strut biode-
gradable polymer DES.

Three-year clinical outcomes according to coronary calcification
status were assessed among 6,296 patients in a patient-level pooled
analysis of seven stent trials.® Patients with severe lesion calcification
had a higher 3-year mortality as compared to patients without severe
coronary calcification. In that study, multivariate analysis showed that
severe calcification was independently associated with mortality,
myocardial infarction, and repeat revascularization. The study, which
did not include patients treated with one of the biodegradable poly-
mer DES assessed in BIO-RESORT, underlines that severe coronary
calcification is not only a marker of advanced atherosclerosis but also

a predictor of worse prognosis.’

4.3 | Stent design and clinical outcome

The material and design of the metallic stent may have an impact on
the radial force of a DES. Platinum-chromium alloy has a higher radio-
graphic visibility and a somewhat higher radial force, which allowed to
reduce strut thickness in the very thin-strut Synergy EES as compared
to the previous cobalt-chromium-based device. Both, Orsiro SES and
Resolute Integrity ZES use cobalt-chromium stent backbones. The
newer devices (i.e., the EES and SES), assessed in BIO-RESORT, have
thinner uncoated metallic stent struts with a flexibility that is higher
than in their predecessors, but it was unknown whether the radial
force of these very-thin strut devices is sufficient in the complex,
severely calcified target lesions of an all-comer patient population.

In the present study, we perceived no signal for a potential prob-
lem with radial force following the use of very thin-strut Synergy EES
and Orsiro SES, as clinical adverse event rates of both of these DES
were lower than with Resolute Integrity ZES. These findings should
be interpreted in light of the applied high maximum balloon pressures
and the very high postdilation rates (>85%), which both may have been
advantageous. In addition, a bench study with scanning electron micros-
copy has shown no more than mild effects of aggressive postdilation on
the polymer coatings of DES.2® Furthermore, to achieve the best possible
stent apposition despite severe lesion calcification, a high rate of stent
postdilation and high balloon pressures may be expected in this particular
patient population. In fact, the rates and pressures of stent postdilation
were similar to previous substudies of other TWENTE trials that
assessed patients with severely calcified target lesions.>®

The “ideal” DES for patients with severely calcified target lesions
has not yet been determined, and in such patients adverse clinical
event rates are still increased. Based on the results of our current
study, the combination of very-thin struts with sufficient radial force
and good radiographic visibility appears to be highly suitable to
achieve and maintain good clinical results in patients with severely

calcified target lesions.

44 | Limitations

The findings of this post hoc analysis are hypothesis generating and
should, therefore, be interpreted with caution. Nevertheless, with a
reasonable sample size of 783 patients and high 2-year follow-up rate
(99%), the present subgroup analysis of a randomized all-comer trial
provides quite unique data about the treatment of severely calcified
target lesions using three different DES. However, we cannot rule out
potential effects of unmeasured confounders, and treatment details
were classified on a patient-level (rather than on a lesion-level). In
addition, the severity of coronary lesion calcification was determined
by (blinded) angiographic analysts in a central core laboratory, based
on coronary angiographic images and not on intravascular imaging.
Routine intravascular ultrasound or optical coherence tomography
assessment in severely calcified lesions could have further improved
angiographic and clinical outcomes. Finally, the use of rotablator and
cutting balloon was relatively low, to which many reasons may have
contributed: (a) severely calcified plaques, seen on angiography, may
be located on the outside of the vessel wall and no suitable target for
these therapeutic devices; (b) a large proportion of patients was
treated for an acute myocardial infarction in which rotablator use is
controversial?®; (c) considering the increased procedural risk of
rotablation, some centers follow a more restrictive policy of rotablator
use; (d) data were obtained from an all-comer stent trial rather than a
dedicated rotablator- or calcified lesion study. The Resolute Integrity
ZES is the predecessor of the present widely used Resolute Onyx
ZES, which has struts that are slightly thinner and more visible. Future
research may focus on clinical outcomes with this newest iteration of
the ZES.

5 | CONCLUSION

In patients with severely calcified target lesions, there was no signifi-
cant between-DES difference in the main composite endpoint target
vessel failure and various safety endpoints. Nevertheless, the use of
Synergy EES was independently associated with a lower 2-year inci-
dence of repeat target vessel revascularization as compared to the
Resolute Integrity ZES. These findings are hypothesis generating and
therefore further validation in randomized clinical trials and large-

scale prospective registries is required.
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