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Abstract

Objective

To analyze factors associated with unplanned revascularization (UR) risk in patients with

coronary artery disease (CAD) who underwent percutaneous coronary intervention (PCI).

Methods

A total of 10,640 cases with CAD who underwent PCl were analyzed. Multivariate COX

regressions and competing risk regressions were applied.

Results The patients who underwent UR following PCl in 30 days, 1, and 2 years accounted for 0.3%,

6.5%, and 8.7%, respectively. After multivariate adjustment, the number of target lesions [hazard ratio
(HR) = 2.320; 95% confidence interval (Cl): 1.643-3.277; P < 0.001], time of procedure (HR = 1.006; 95%
Cl: 1.001-1.010; P = 0.014), body mass index (HR = 1.104; 95% C/: 1.006—1.210; P = 0.036), incomplete
revascularization (ICR) (HR = 2.476; 95% ClI: 1.030-5.952; P = 0.043), and age (HR =1.037; 95% CI:
1.000-1.075; P = 0.048) were determined as independent risk factors of 30-day UR. Factors, including
low-molecular-weight heparin or fondaparinux (HR = 0.618; 95% C/: 0.531-0.719; P < 0.001), second-
generation durable polymer drug-eluting stent (HR = 0.713; 95% CI: 0.624—-0.814; P < 0.001), left anterior
descending artery involvement (HR = 0.654; 95% CI: 0.530-0.807; P < 0.001), and age (HR = 0.992; 95%
Cl: 0.985-0.998; P = 0.014), were independently associated with decreased two-year UR risk. While,
Synergy Between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery score (HR =
1.024; 95% CI: 1.014-1.033; P < 0.001) and ICR (HR = 1.549; 95% CI: 1.290-1.860; P < 0.001) were
negatively associated with two-year UR risk.

Conclusion Specific factors were positively or negatively associated with short- and medium-long-term
UR following PCI.
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INTRODUCTION )l

intervention (PCI

Hospital readmission rates

n China, the dramatic increase in the burden
of ischemic heart disease has been
accompanied by rapidly expanded use of
coronary catheterization and percutaneous coronary

following PCl are considered as important measures
of the quality of care and have important economic
implications for the overall healthcare system[6'7].
Revascularization procedures are frequent, costly,
and the earliest cause for rehospitalization of
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patients with acute coronary syndrome (ACS) who
underwent PCI®. A multicenter data with 315,241
PCI procedures showed that among all the patients
readmitted within 30 days after the index PCI, 27.5%
had an associated revascularization procedure[gl.
Therefore, it is meaningful to study the
characteristics of the population readmitted for
unplanned revascularization (UR), and the predictors
of this adverse event to prevent its occurrence.
Several studies have highlighted this area in China
and abroad™®". For example, it was reported that
multivessel disease and in-hospital PCl with a bare
metal stent were independently associated with
rehospitalization for UR following acute myocardial
infarction (AMI)™. However, large sample data is
still limited regarding the risk or beneficial factors
associated with UR after PCl in patients with
coronary artery disease (CAD) in China. To address
this gap in knowledge, we analyzed a large cohort of
patients with all spectra of CAD who underwent PCI.
The patients were prospectively enrolled in the
largest cardiovascular center in China, wherein
validated unplanned coronary revascularization
procedures in two-year follow-up after discharge
were collected.

METHODS

Ethical Statement

Ethical approvals were obtained from the Fuwai
Hospital Research Ethics Committees (No. 2013-
449). The Institutional Review Board approved the
study protocol, and all the patients signed a written
informed consent before procedure, including a full
set of risk-informed consent and information-use
consent, for scientific purposes.

Study Population and Procedural Details

A total of 10,724 cases with CAD who underwent
PCI were enrolled from January 2013 to December
2013 in Fuwai Hospital, Beijing, the largest
cardiovascular center in China. This research was an
all-comer cohort study without inclusion and
exclusion criteria. Before selective PCl, if not taking
long-term aspirin or clopidogrel, patients orally
received aspirin and P2Y12 inhibitor with loading
dose. Patients with ACS who underwent primary PCI
received the same dose of aspirin and clopidogrel
(loading dose of 300 or 600 mg depending on the
bleeding risk) in the emergency department as soon
as possible. Ticagrelor was seldom used in our center
in 2013, and it was only applied when clopidogrel

resistance was observed, and patients were willing
to take the medicine at their own expense (loading
dose of 180 mg or cumulative dose of 180 mg,
followed by 90 mg twice a day). Dual antiplatelet
therapy (DAPT) was prescribed for at least one year
after drug-eluting stent (DES) implantation and at
least one month after bare-metal stent implantation.
All patients diagnosed with AMI received low-
molecular-weight heparin (LMWH) or fondaparinux
for seven days regardless of intervention therapy.
Patients with non-ST segment elevation ACS (NSTE-
ACS) who were recognized as high-ischemic-risk
group were also treated with LMWH or fondaparinux
before the following selective coronary angiography
(CAG). Patients with stable CAD (SCAD) were treated
with LMWH or fondaparinux for 2—3 days after PCl
based on the nature of lesions and operational
circumstances.

Before CAG, 3000 U heparin sodium was
administered through an arterial sheath or
intravenously. Before PCl, 100 U/kg heparin
sodium was administered. The dose was lowered
to 50-70 U/kg in patients over 70 years old to
reduce the bleeding risk. If PCl proceeded for more
than 1 h, an additional 1,000 U heparin sodium
was administered. CAG results were read by
experienced cardiologists. More than 50% stenosis
of left main (LM) artery, left anterior descending
artery (LAD), left circumflex artery (LCX), right
coronary artery (RCA), and main branch of these
vessels was defined as coronary artery stenosis.
More than 70% stenosis of LAD, LCX, or RCA or
more than 50% stenosis of LM artery along with
ischemic symptoms or ischemic evidence shown by
examinations were indicated for coronary stent
implantation. Synergy Between Percutaneous
Coronary Intervention with Taxus and Cardiac
Surgery (SYNTAX) score (SS) and residual SS (RSS)
were assessed by two of the three experienced
cardiologists, who were blinded to clinical
outcomes, in an independent angiographic core
laboratory. Incomplete revascularization (ICR) was
defined as RSS > 8, which was identified as a level
strongly associated with increased mortality and
other adverse ischemic events™*’

Follow-up and Definitions

The patients who underwent PCl had follow-up
appointments after 30 days, 6 months, and every 1
year thereafter. Information on in-hospital outcome
was obtained through review of medical records,
whereas the long-term clinical outcomes were
collected from a survey completed by telephone
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follow-up, follow-up letter, or visit. A group of
independent clinical physicians checked and
confirmed all adverse events. Investigator training,
blinded questionnaire filling, and telephone
recording were performed to control the data
quality.

Endpoints included all-cause death, cardiac
death, UR, myocardial infarction (MI), stent
thrombosis (ST), stroke, and bleeding. UR was
defined as unplanned readmission for percutaneous
transluminal coronary angioplasty (PTCA), PCl, or
coronary artery bypass graft (CABG) driven by
coronary ischemia. Staged revascularization
procedures were all excluded. The 30-day, 1-, and 2-
year revascularization groups were selected as
analysis cohorts in accordance with the recorded
revascularization time within 30, 395, and 760 days
after PCl. ST was defined as definite, probable, and
possible ST in accordance with the Academic
Research Consortium criteria. All-cause death was
considered as a competing  event  of
revascularization. Ml and ST were used to identify
the causes of revascularization in this study.

Statistical Analysis

Data statistics was applied using SPSS 22.0 (IBM
Corp., Armonk, New York, USA) and Stata 12.0 (Stata
Corp., College Station, Texas, USA). The continuous
variables were all normally distributed and
presented as mean * standard deviation. The
categorical variables were presented as frequency or
ratio. The continuous variables were compared using
Student’s t tests, whereas categorical variables were
compared using Pearson chi-square tests between
two groups.

We considered death as a competing event of
UR. We constructed a series of multivariable Cox
regression models (1) to identify specific predictors
of 30-day revascularization in traditional COX
regression model, considering that cases of deaths
within the first month were excluded before follow-
up; (2) to identify specific predictors of 1- and 2-year
revascularization both in traditional COX regression
models and competing risk models. Covariates
selected for COX regression were the variables with
significant differences or significant tendencies
between the two groups in baseline analysis
(Tables 1 and 2). All covariates were entered in
regression functions. All P values were two-sided
with a significance level of 0.05. The tendency of
significant difference was assessed when 0.05 < P <
0.10. The model coefficients of the three cohorts
were tested by Omnibus tests.

RESULTS

Baseline Characteristics

Among the 10,724 patients enrolled, 25 died
within the first month and had not been followed-
up. Of the 10,699 patients eligible for follow-up, 59
(0.55%) were lost to follow-up. The final analytic
cohort comprised the remaining 10,640 patients
(Figure 1).

The patients readmitted for UR in 30 days, 1 year
and 2 years accounted for 0.3%, 6.5%, and 8.7% of
the analyzed cohort, respectively. The UR group
presented a set of characteristics. Compared with
the 30-day non-UR group, the 30-day UR group
presented with older age (62.3 + 9.7 vs. 58.3 + 10.3,
P = 0.027), lower uric acid level (311.8 + 66.8 vs.
341.7 + 84.8, P = 0.043), higher SS and RSS (16.9
8.7vs. 11.7+8.1, P<0.001; 6.7 +75vs.34+5.7,
P =0.018), more cases with ICR (36.4% vs. 14.3%, P <
0.001), more LM or three-vessel diseases (12.1% vs.
4.2%, P = 0.025), less LAD involvement (75.8% vs.
90.5%, P = 0.004), more target lesions (2.36 + 1.56
vs. 1.40 £ 0.66, P = 0.001), longer time of procedure
(90.9 + 78.2 vs. 36.4 £ 31.0, P < 0.001), and more
intravascular ultrasound application (21.2% vs. 5.5%,
P < 0.001). The 1-year UR group showed higher uric
acid (349.0 + 88.7 vs. 341.0 + 84.4, P = 0.017) and
HbAlc levels (6.7 £ 1.2 vs. 6.6 + 1.2, P = 0.023), a
lower left ventricular ejection fraction (62.0 + 7.5 vs.
62.8 = 7.2, P = 0.003), less LMWH or fondaparinux
use (72.6% vs. 83.7%, P < 0.001), higher SS and RSS
(14.8+9.0vs. 11.5+8.0,P<0.001;5.7+7.1vs. 3.2 +
5.5, P < 0.001), more cases with high SS and ICR
(3.0% vs. 1.5%, P = 0.002; 26.5% vs. 13.5%, P <
0.001), less LAD involvement (85.7% vs. 90.8%, P <
0.001), more target lesions (1.47 + 0.76 vs. 1.40 +
0.66, P = 0.025), longer time of procedure (42.7 *
39.6 vs. 36.2 + 30.7, P < 0.001), less transradial
approach (88.9% vs. 91.1%, P = 0.047), and less
second-generation durable polymer DES (DP-DES)
implantation (43.3% vs. 57.9%, P < 0.001) compared
with the 1-year non-UR group. The 2-year UR group
exhibited younger age (57.6 + 10.1 vs. 58.4 + 10.3,
P = 0.037), more male (80.5% vs. 77.0%, P = 0.014),
more cases had diabetes mellitus (33.2% vs. 30.0%,
P = 0.046) and prior PCI/CABG history (29.3% vs.
25.9%, P = 0.025), higher uric acid (348.1 + 86.6 vs.
340.9 + 84.5, P = 0.014) and HbA1c levels (6.7 £ 1.2
vs. 6.6 £ 1.2, P = 0.011), less LMWH or fondaparinux
use (74.4% vs. 83.8%, P < 0.001), higher SS and RSS
(14.1+9.0vs. 11.5+8.0,P<0.001; 5.6 +7.1vs. 3.2 +
5.5, P < 0.001), more cases with high SS and ICR



33(6): 431-443

2

Biomed Environ Sci, 2020

€0S°0 (81) L2LTt  (98T)TLT S7T0 (LL1)v9L't  (S'6T) SET £89°0 (6£1)v68'T  (T'ST)S (8°LT) 668'T INY

(zew) L60'y  (9°T¥) ¥8E (Tzv) €6ty (LT¥) 88C (Tzv) 19y (9°09) 0T (Tzv) 18¥'Y sli0123d euidue ajgeisun

(8'1€) 680 (€°€€) LOE (6'T€)0LTE  (L'T€E) 9TT (oze)ege's (TT2)L (6°T€) 96€°€E eulsue a|qeis

(€'8) 08 (s9) 09 (€'8) zz8 (T9) ey (1'8) €98 (o€t (T°8) ¥98 elwayas! dnewoldwAsy

9€T’0 19T°0 £9T°0 su012ad euiduy
9% ‘uolejuasald |eaul)

00 TLE8T9 YLFETY €000 TLE8T9 SLF0T9 LL0°0 TLEST9 SLES09 TLF8T9 % '43A1

€EV'0 (Ca4X144 (02 st 88T°0 (7'2) 9z (91) 11 SLEO (€72) LT (000 (€70) Lve adod

692°0 (97) 95¢ (€7€) 0€ Sov'0 (£2) v9t (ze)ee 6€€°0 (£72) 98¢ (00)0 (£72) 98¢ and

vL°0 (801) 70T  (v'0T) 96 6880 (ot)890T  (90T) €L 190 (2oT) 8ET'T (e e (ot) TPT'T and

vZT°0 (svz)esec  (8°97) Lve Shr'0 (ovz) 1sv'c  (6°ST) 6LT €600 (8vz) 99t (rzn)v (£'v2) 0€9°C avo jo Aoisiy Ajiwey

5200 (6'sz) e1s‘'c  (€'6T)0LT 2LT0 (09z) 065 (6°LT) €6T 7080 (zor)szL't  (zve)8 (z9z)esL'e 99V 40 [2d Jold

L9T°0 (Te1) vs8'T  (9°07) 06T T€S0 (T6T)S06'T  (T°0T) 6€ET 1880 (zer)8e0z  (z'81)9 (z61) 70T IINl snoina.d

£90°0 (0'29) €159 (0°0£) 9%9 L¥7'0 (z'£9) 5899  (9'89) vL¥ €500 (e29) eyt (S1S) LT (€'29) 6ST°L elwapidiadAy

9%0°0 (0'0g) st6Cc  (T'€€) 90€ SL0°0 (Tog) 166'C  (€'€€) 0€T L66°0 (o) TTT’e  (€0€) OT (e'0€) TTT'E Wa

€950 (ev9)sve'e  (z'99) 209 8780 (ev9)oov'9  (Lv9) Ly TLT0 (ev9) e (8'SL) St (r'v9) L¥8'9 uolsuapadAH
9% ‘suoilipuod 3ulIsIxa0)

€LT°0 TET6'ST TEFTOC 85€°0 TETE'ST TEFO9C €900 TETOE'ST TETOLL TETE'ST LW/8% INg

LEOO €0TF¥'8S TO0TF9°LS 121°0 €0T T '8 TOTFLLS L20°0 €0T FE€'8S L'6FET9 €0T FE'8S sieah a8y

¥10°0 (0z)eLv'L  (s°08) evL 1220 (T22)sLo't  (TeL) Lvs SYT0 (€'££)002's  (L'99) Tz (€LL) Tee's % ‘19puads 3N
so13s14910e YD d1ydesSowag

(£1L'6=U) (€26 =u) (6v6'6 = U) (te9 =u) (£o9‘0T =) (eg=u) (ov9‘0T = )
anjend dnoasd dnoad anjend dnou8 dnou3 anjea 4 dnou8 dnou8 +0Y03 SIu3 sa|qeuep
yn-uou JealA-g un Jeali-g yNn-uou JeaA-t un JeaA-t yn-uou Aep-og un Aep-og

434

sdnou3 Yn Jeah-g pue seadA-T ‘Aep-0€ JO So13s14910L4RYD |BDIUID 3Y] ‘T d|qel



435

Predictors of unplanned revascularization

‘uol1edI4ISSE|D |G 92404 yse] A1saqO euly) jo dnouo sisAjeue-e1a|A aAlze 2doo) ay3 Suisn ANE\mV: paJenbs sia1ow ul y3ivy
Aq papiaip swesdo|iy ul 1y3iom se paulyap sem [Ag ‘(98eiusdiad) SJUNOI JO UOIIBIASP pJepUEB]S F UBSW Se passaldxd aJe eleq ‘uolleziie|ndseAas pauuejdun
‘N ‘jo49s9j0yd |e10} ‘D) ‘Auadung delpie) pue snxe] YUA\ UOIIUSAJDIU| Aleuoldo) snoauelndiad usamiag ASISUAS ‘XYVLINAS ‘oseasip Jejndsea |esaydiiad
‘AAd ‘AisejdoiSue Aseuosod |euiwn|suel) snoauelnduad ‘yI1d ‘19191e|d ‘I7d ‘uonuaAialul Aleuolod snoaueindsad ‘|Dd ‘uoldJejul [eipdedoAw ‘| ‘uolloedy
uo123(e JejnNdludA Y3| ‘43A7 ‘|o493s3j0yd uiloadodi] Alsusp mo| ‘D-1Q7 ‘ulieday ySiom Jenasjow Mo| ‘HAMIAT ‘ulew 13| ‘AT ‘Aiane Suipusdsap Joliaiue
9| ‘QV1 OTV ulqojdoway OTVgH -ulgojSoway ‘goH ‘o1ed uoleiuswipas 93A04ylAIe ‘YSI ‘e1ed uolleslly Jejnisawo|d palewilss ‘Y499 ‘Adessyy 19j91e|d
-1ue jenp ‘14ya ‘snijidw saiagelp ‘NG ‘3uais Sunnie-3nip ‘S3Q ‘aseasip JejndseA [eaqadad ‘gA) ‘aseasip Aseuow|nd 9AI19NJ1SO d1UOIYd ‘Ad0OD ‘Suiesd
ssedAq Auarie Aueuosod ‘ogy) ‘eseasip Asanie Aleuodod ‘Qy) ‘Juldls |eldw dleq ‘SING ‘xapul ssew Apoq ‘|INg ‘uoldJejul [eipJedoAw ainde ‘|l ‘910N

1000 > (8'€8)TvT'e  (v'¥L) £89 1000 > (e8)9zes  (92L) 20S 47} (0€8)66L'8  (6'28) 6T (0°€8) 878’8 xnuiiedepuoy 40 HMINT
806°0 (to6) 8528 (°06) €€8 61%°0 (1'06) 2968 (0°T6) 629 LO€0 (zo6) €956 (8'78) 8T (1°06) 1656 1ax20|9-g
661°0 (8'8v) 8L’y (€78¥%) 9vv 85€°0 (8'8v) 658y  (0°L¥) StE TLT°0 (£8v) ¥9T's  (9°09) 0T (£°8v) ¥8T'S Jsiuogejue wnpje)
vLL°0 (6's6) 61E'6  (1'96) L88 950 (6's6) 9vS'6  (5796) 099 09£°0 (6's6) ¥£1'0T  (0°L6) CE (6'56) 902°0T uneis
9550 (£86) T65'6  (5'86) 606 ¥6t°0 (£86) 1786 (¥°86) 089 8050 (£°86) 89%'0T (0°00T) €€ (£°86) TOSOT 1dva
1650 (zo)st (To)T LT8°0 (zo)st (Tot 8080 (zo)et (0'0)0 (zo) 6T Joja.gedn
97’0 (8'66) 5696 (6'66) TT6 9/9°0 (8'66) £LT6'6  (6'66) 069 68L°0 (8'66) ¥850T (0°00T) €€ (8'66) LT9°0T [a480pido|D
8150 (£86) ¥65'6  (5'86) 606 €9%°0 (£86) €786 (¥'86) 089 1150 (£86) 0L¥'0T (0°00T) €€ (£°86) €05°0T unidsy

% ‘©34eYdSIp 1B UoIIedIPaIN
200 TITFL0T 6TTFVIT 900 TITF80T 6TTFSTT L6V°0 €ITF80T €LFS6 €TT¥80T y/ww Ys3
6927°0 06'0F0S°C Y60 F VST ¥68°0 06'0F1SC €6'0FTIST 9ST°0 060F1ISC 9T TFELT 060F 15T 1/loww ‘2-1a1
1100 TTF99 TTFL9 €200 TTF99 TIFL9 6670 1799 vIF89 TTF99 % OTVAH
¥10°0 SY8F60VE 998 F I'8YE LT0°0 v¥8F0TIPE  L'88F06VE £v0°0 8Y8FLIVE  899F8TIE L'Y8F9TYE /10w ‘pioe dun
€900 TYSFTEOT 0°LSFL90C o TYSFY'E0T  9°LSF090¢ 070 YPSFOE0C  6'9EF9°S6T v'vS ¥ S'€0T 1/,0T ‘12d 310499 11d
959°0 8STFTIVT  VSTFETVT %90 8STFTIVT  ¥'STF8OVT V10 SSTFTIVYT 09T FT'LET 8STFTTIVT 1/8 ‘10d 240499 99H
0150 TSTFET6 €STFLI6 660 TSTFET6 T'STFET6 9S.°0 T'STFET6 TYTF506 TSTFET6 (e T-uiw)/w
‘IDd @40)39 Y499

uoneuiwexs >Loum._onm._

(LTL'6=U) (€26 =u) (6v6‘6 = u) (169 =u) (£09‘0T = U) (eg =) (0v9°0T = u)
anjend dnoa3 dnous anjend dnou3 dnous anjend dnoss dnoss - sajqelen
J0oYyod ainuz
yn-uou Jeah-g yn 1eah-g yn-uou JeaA- un JeaA-t yn-uou Aep-og un Aep-og

panuijuo)



431-443

33(6):

2

Biomed Environ Sci, 2020

436

‘(98e3uaduad) S1UNOJ U0 ‘UOIIBIAIP pJepuelS F UBSW Se Passaudxa aJe ejeq ‘uolleziie|ndseAal pauueldun ‘Yn ‘AJa84ng oelpae) pue snxe| YA\ UOIIUSAIDIU|
Aleuolo) snoaueindiad usamiag ASIouAs ‘XVINAS ‘AisejdoiBue Aseuosod |euiwn|suedy snosauelnauad ‘yIlid ‘ulew Y| ‘IN7 ‘Aso3e Suipusdssap Jolsiue
U3| ‘QV1 ‘punosesyn JejndseAesiul ‘SNAl ‘uolleziendsenad a1a|dwodul ‘Y| Juals Suinje-3nup JswAjod 3jqelnp ‘S3A-dQ ‘IuUS3S |eIdW d4eq ‘SING ‘910N

(e2) 8te (89) €9 () tre (z2) 0s (£2) €8¢ (zve) 8 (L2 162 $5920Nsun a.npado.d
(v'T)ovT (92 vt (5°T) 8¥T (e2)at (S°T) 9T (00)0 (S°T) ¥91 (1Aup ‘snuer) siayi0
(7'ST) €6%°T (802) 61 (v'sT) 62S'T (9z2) 95T (8'ST)8£9'T (T12) L (8'ST) §89°T  $3Q jo uopreue|dwi paxiA
. . . . . . . . . . . $3a JawAjod
(LvT) L2yt (6°€1) 8¢CT (97T) 95¥'T (€vT) 66 (£vT) ¥SS'T (0€)T (9%1) SSS'T s|qepe.33poIq Jnsswog
. . . . . . . . . . . . . . $3a JawAjod
1000 > (6°25) 1€9°S (6°5¥) vz 100°0 > (6°£5) 95£'S (€7€v) 66€ €8T°0 (6°95) 0¥0"9 (5°s¥) ST (695) 5509 8NP UOREIBUSE-PUCITS
. . . . . . . $3Q 4owAjod
(9°5) L¥S (T's) Lv (9°) 655 (T's) s¢ (9°5) €65 (o€)t (9'5) v6S 5|qeInp UoREIaUSS-1SI14
(90) £5 (0)9 (9°0) 85 (z0)s (90) €9 (00)o (90) €9 SING
(07) ve1 (zv) 6€ (072) 2oz (sv) 1€ (ze) tee (0€)T (ze) ege vOld
1000 > 1000 > 1000 > % ‘2dA3 JuB1s pue aunpado.d
1S6°0 (9°G) T¥S (s'9) 18 199°0 (5°9) 155 (6'9) T 100°0 > (5°g) 685 (T1e) L (9°5) z65 % ‘SNAI
GET'0 (T'16) 0588 (9°68) T8 L¥0°0 (1°16) €90°6 (688) ¥19 1220 (0'16) 6%9°6 (8'¥8) 8T (606) ££9°6 % ‘yoeoudde |ejpessuel|
100°0 > L'0E FT9E VIEFT I 100°0 > L'0EFT9E 96EFLTY 100°0 > 0'TE F¥'9€ T8LF606 v’ IEF9°9€ ulw ‘ainpado.d jo awi]
£99°0 O0T'TF08'T STTFe8'T Uvo OT'TF08T 9T TF¥8'T 1€T°0 OT'TF08T WTFITT IT'TFIST 3uanedsad sjusis Jo JaquinN
¥10°0 99°0F 0V’ €LOFOVT 5200 99°0F0V'T 9L0FLYT 1000 990 FOV'T 95’ T F9£°C 99°0F 0¥’ T suolisa| 1984e3 Jo JaquinN
1000 > (6°06) €€8'8 (6°98) €61 1000 > (8'06) €06 (£°98) T6S ¥00°0 (5°06) T09'6 (8'52) st (5°06) 929'6 % JUBWA|OAUI QY]
LST0 (ev) ey (re) te 1620 (ev) 62V (5'€) e 5200 (Tv) 6vv (ten) v (E'7) €S % ‘OSe3SIP [95S9A-934Y3 40 A
100°0 > (€'€1) 8821 (8'52) 8€¢ 100°0 > (9°€T) €VE'T (597) €81 100°0 > (EvT) ¥IS'T (vog) ztT (€vT) 925T ‘woneziie|nIseAs. 315|dWooU|
1000 > SSFTE L7979 100°0 > SSFTE TLFLS 8100 L'STYE SLFLY L'STYE 91025 XVLNAS |enpisay
1000 > (ST) TvT (0€) 8z 2000 (sT)8vT (0€)1e £0S°0 (9'T) 891 (0¢)T (9°T) 69T % ‘(€€ 2) 594095 XV.INAS YSIH
1000 > 08%STI 06FT VT 100°0 > 08FSTT 06%8 VT 100°0 > T8FLTT L'8F6'9T T8FLTT 91035 XV.LNAS
solist4eroeseyd
|eanpadoud pue oiydesSoi8uy
(LTL'6=u) (ez6=u) (6v6°6 = u) (169 = u) (£o9‘0T = u) (eg=u) (0v9°0T = u)
anjend dnoasd dnou8 anjend dnou8 dnou8 anjea 4 dnou8 dnou8 - sa|qeuep
Hoyod ainuj
yn-uou JealA-g un Jeali-g yNn-uou JeaA-t un JeaA-t yn-uou Aep-og un Aep-og

sdnou3 yn JesA-g pue ueaA-T ‘Aep-Qg Jo salisualdeleyd [eanpadold ay] g ajqeL



Predictors of unplanned revascularization

437

(3.0% vs. 1.5%, P < 0.001; 25.8% vs. 13.3%, P <
0.001), less LAD involvement (85.9% vs. 90.9%, P <
0.001), more target lesions (1.46 + 0.73 vs. 1.40 +
0.66, P = 0.014), longer time of procedure (41.1 +
37.4 vs. 36.2 + 30.7, P < 0.001), and less second-
generation DP-DES implantation (45.9% vs. 57.9%,
P < 0.001) compared with the 2-year non-UR group
(Tables 1 and 2).

+

Causes and forms of 30-day, 1-, and 2-year UR

AMI was a more important cause of 30-day UR
compared with the 1- and 2-year UR groups (57.6%,
4.6%, and 5.0%, respectively; P < 0.05). ST accounted
for 68.4%, 54.3%, and 50% of AMIs (39.4%, 2.5%,
and 2.5% of 30-day, 1-, and 2-year UR, respectively)
(P < 0.05). CABG and PTCA were the more frequent
forms in the 30-day UR group than in the 1- and 2-
year UR groups [24.2%, 6.5%, and 6.0%, P < 0.05
(CABG); 9.1%, 0.9%, and 0.7%, P < 0.05 (PTCA)]
(Figures 2 and 3).

Multivariate COX Regression Analysis

After multivariate adjustment, number of target
lesions (HR = 2.320; 95% CI: 1.640-3.277; P < 0.001),
time of procedure (HR = 1.006; 95% Cl: 1.001-1.010;
P = 0.014), body mass index (BMI) (HR = 1.104; 95%
Cl: 1.006-1.210; P = 0.036), ICR (HR = 2.476; 95% CI:
1.030-5.952; P = 0.043), and age (HR=1.037; 95%
Cl: 1.000-1.075; P = 0.048) were determined as
independent risk factors of 30-day UR. The patients
with hyperlipidemia history showed a significantly
lower risk of 30-day UR than those without (HR =
0.429; 95% Cl: 0.211-0.872; P = 0.019) (Table 3).

In the 1-year cohort, LMWH or fondaparinux
(HR = 0.572; 95% CI: 0.482-0.679; P < 0.001),
second-generation DP-DES (HR = 0.661; 95% CI
0.566—0.771; P < 0.001), and LAD involvement (HR =
0.617; 95% CI: 0.484-0.785; P < 0.001), were
independently associated with decreased 1-year UR

[Pat—ients with CAD underwent PCI]

N=10,724
Died within 1 month
N =25
Alive at 1 month
N =10,699
Lost-to-follow-up with 2 years
N=59
Analytic cohort
N =10,640

Figure 1. Flowchart.

risk. SS (HR = 1.033; 95% CI: 1.022-1.043; P < 0.001),
ICR (HR = 1.382; 95% CI: 1.122-1.701; P = 0.002),
time of procedure (HR = 1.002; 95% CI: 1.001-1.004;
P = 0.011), and uric acid (HR = 1.001; 95% CI
1.000-1.002; P = 0.019) were negatively associated
with 1-year UR risk. These factors showed consistent
effects in the competing risk model. Unexpectedly,
number of target lesions (HR = 0.859; 95% CI:
0.741-0.997; P = 0.046) was an independent
protective factor of 1-year UR after adjustment of
death risk in the competing risk model, despite of
just a weak association (Table 4).

In 2-year cohort, LMWH or fondaparinux (HR =
0.618; 95% ClI: 0.531-0.719; P < 0.001), second-
generation DP-DES (HR = 0.713; 95% (I
0.624-0.814; P < 0.001), LAD involvement (HR =
0.654; 95% ClI: 0.530-0.807; P < 0.001), and age (HR
= 0.992; 95% Cl: 0.985-0.998; P = 0.014) were
independently associated with decreased 2-year UR
risk. SS (HR = 1.024; 95% CI: 1.014-1.033; P < 0.001),
ICR (HR = 1.549; 95% ClI: 1.290-1.860; P < 0.001), and

30-day Revascularization group (n = 33)

57.6%

= Angina or asymptomatic = AMI for non-ST = AMI for ST

1-year Revascularization group (n = 691)

= Angina or asymptomatic = AMI for non-ST = AMI for ST

2-year Revascularization group (n = 923)

= Angina or asymptomatic = AMI for non-ST = AMI for ST

Figure 2. Causes of 30-day, 1-year and 2-year
unplanned revascularization.
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time of procedure (HR = 1.002; 95% CI: 1.000-1.004;
P =0.042) were negatively associated with 2-year UR
risk. In the competing risk model, LMWH or
fondaparinux, second-generation DP-DES, SS, ICR,

30-day Revascularization group (n = 33)

®"PCl ®PTCA =CABG

1-year Revascularization group (n = 691)

=PCl ®PTCA ®CABG

2-year Revascularization group (n = 923)

=PCl =PTCA = CABG

Figure 3. Forms of 30-day, 1-year and 2-year
unplanned revascularization.

LAD involvement, and age remained significant at
the indicated p level, whereas the time of procedure
was not. Kaplan—Meier curves in the competing risk
model showed that 2-year UR cumulative event
rates significantly differed between groups, which
were grouped by the variates of ICR, second-
generation DP-DES, LMWH or fondaparinux, and LAD
involvement (Table 5 and Figure 4).

DISCUSSION

The study revealed the following findings. 1) The
30-day UR following PCI accounted for 0.3% of the
analyzed cohort, more than half of which were
caused by AMI; ST was still an important cause of
short-term UR. 2) The forms of 30-day UR
significantly differed from those of medium-long-
term UR. 3) A set of factors had positive or negative
associations with short-term or medium-long-term
UR. The possible explanations for the lower
ischemia-driven revascularization rates in this study
compared with the values reported elsewhere were
as follows. 1) The whole cohort had an overall low
risk with a mean SS of 11.7 + 8.1. The relatively low
values of SS and low prevalence of LM or three-
vessel disease in the study population were mainly
due to the strict indication of PCl and CABG under
international guidelines and expert consensus in
China. A small portion of patients who rejected
CABG subjectively or could not withstand surgery
owing to poor general conditions received PCl after
comprehensive informed consent was provided. 2)
Secondary prevention medication was normal, as
exhibited by DAPT use in 98.7% of patients and
statin use in 95.9% of patients at discharge. And
persistence of DAPT was recorded till 3 months in

Table 3. Factors independently associated with 30-day UR risk

30-day UR
Independent predictor (ordered by Wald value)
Wald value HR (95% Cl) P value
Number of target lesions 22.9 2.320(1.643-3.277) <0.001
Time of procedure 6.1 1.006 (1.001-1.010) 0.014
Hyperlipidemia 5.5 0.429 (0.211-0.872) 0.019

BMI 4.4 1.104 (1.006-1.210) 0.036
ICR 41 2.476 (1.030-5.952) 0.043
Age 3.9 1.037 (1.000-1.075) 0.048

Note. The following variables were included in multivariable COX regression model: age, BMI,
hyperlipidemia, family history of CAD, LVEF, uric acid, SYNTAX score, incomplete revascularization, LM or three-
vessel disease, LAD involvement, number of target lesions, time of procedure, IVUS. Abbreviations as in Table 1

and Table 2.
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99.4% of patients and 12 months in 69.0% of
patients. 3) Patients with purely second-generation
DES implantation accounted for more than half of
the whole cohort, which is higher than that reported
in other large centers in China in 2013"4%),

Data on rehospitalizations after PCl showed that
approximately 50% of all readmitted PCl patients
underwent a repeat revascularization procedurem].
An analysis of a cohort including 315,241 PCl
procedures performed at 1,108 hospitals in 2005
reported that the 30-day all-cause readmission rate

of AMI patients was significantly higher than that of
non-AMI patients[S]. Baseline analysis showed that
the 30-day, 1-, and 2-year readmission rates for UR
were similar between AMI patients and non-AMI
patients and among patients with subtypes of
angina pectoris in this study. These results indicate
that UR was not related to admission diagnosis,
different from the result of study on all-cause
readmission.

This study also showed that AMI accounted for
more than half of 30-day UR but less than 5% of

Table 4. Factors independently associated with 1-year UR risk

Multivariate COX regression

Competing risk regression

Independent predictor 1-year UR Independent predictor 1-year UR

(ordered by Wald value) \‘:ZTLIZ HR (95% Cl) Pvalue (ordered by |Z| value) 12| SHR (95% Cl) Pvalue

LMWH or fondaparinux 41.1 0.572(0.482-0.679) <0.001 LMWH or fondaparinux 6.4 0.567(0.477-0.674) <0.001

SYNTAX score 38.4 1.033(1.022-1.043) <0.001 SYNTAX score 6.4  1.034(1.024-1.045) <0.001

Second-generation durable 277 0.661(0.566-0.771) <0.001 Second-generation durable 54 0.650(0.556-0.760) <0.001
polymer DES polymer DES

LAD involvement 15.4 0.617(0.484-0.785) < 0.001 LAD involvement 3.7 0.629(0.491-0.806) <0.001

Incomplete revascularization 9.3 1.382(1.122-1.701) 0.002 Incomplete revascularization 2.7  1.356 (1.091-1.684) 0.006

Time of procedure 6.5 1.002(1.001-1.004) 0.011 Uric acid 2.5 1.001(1.000-1.002) 0.013

Uric acid 5.5 1.001(1.000-1.002) 0.019 Time of procedure 2.3 1.002(1.000-1.004) 0.020

Number of target lesions 2.0 0.859(0.741-0.997) 0.046

Note. The following variables were included in multivariable COX regression model: DM, LVEF, uric acid,
HbAlc, ESR, SYNTAX score, incomplete revascularization, LAD involvement, number of target lesions, time of

procedure, transradial approach,
Abbreviations as in Table 1 and Table 2.

second-generation durable polymer

DES, LMWH or fondaparinux.

Table 5. Factors independently associated with 2-year UR risk

Multivariate COX regression

Competing risk regression

Independent predictor 2-year UR Independent predictor 2-year UR

(ordered by Wald value) \‘I/Zﬁj‘: HR (95% Cl) P value (ordered by |Z| value) 12| SHR (95% Cl) P value
LMWH or fondaparinux 38.7 0.618(0.531-0.719) <0.001 LMWH or fondaparinux 6.3 0.613(0.526-0.714) <0.001
Second-generation durable 250 0.713 (0.624-0.814) <0.001 Second-generation durable 5.2 0704 (0.617-0.805) < 0.001

polymer DES polymer DES
SYNTAX score 24.7 1.024(1.014-1.033) <0.001 SYNTAX score 5.1 1.025(1.015-1.035) <0.001
Incomplete revascularization 21.9 1.549 (1.290-1.860) <0.001 Incomplete revascularization 4.4 1.527 (1.265-1.844) <0.001
LAD involvement 15.7 0.654 (0.530-0.807) <0.001 LAD involvement 3.7 0.665(0.537-0.824) <0.001
Age 6.0 0.992 (0.985-0.998) 0.014 Age 2.7 0.991 (0.985-0.998) 0.008

Time of procedure 4.1 1.002 (1.000-1.004) 0.042

Note. The following variables were included in multivariable COX regression model: male gender, age, DM,

hyperlipidemia, prior PCI or CABG, LVEF, PLT before PCl, uric acid, HbAlc, ESR, SYNTAX score, incomplete
revascularization, LAD involvement, number of target lesions, time of procedure, second-generation durable
polymer DES, LMWH or fondaparinux. Abbreviations as in Table 1 and Table 2.
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medium-long-term UR. ST accounted for more than
half of the short-term AMIs after PCl. This result
indicates that non-ST-related AMI was also an
important cause for short-term UR. Most of ST can
be explained by stent or procedure defects,
individual gene polymorphisms, or poor medication
compliance[m. Non-ST-related AMI may be more
associated with ICR and vulnerability of unstable
plagues. On the other hand, for those who
underwent medium-long-term revascularization,
complaint of recurrent angina after PCl required
attention. About 15% of patients who underwent PCI
or CABG suffered from recurrent angina; their
prognosis should be brought to the forefront™. In
type Il diabetes patients who underwent elective
PCl, long-term oral nitrate therapy was needed to
control angina symptoms in 42.6% of the patients“gl.
The rates of recurrent angina at one and two years in
this study were approximately 6.2% and 8.2%,
respectively, which are lower than those previously
reported; these findings were probably due to
relatively low ischemic risk and normal secondary
prevention medication in the whole cohort.

The use of LMWH or fondaparinux
perioperatively was positively associated with UR
risk. Given that patients treated with LMWH or
fondaparinux included those diagnosed with ACS or
SCAD, determining which subgroup contributed to
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the significance was difficult. However, this result
implies that the benefit brought by perioperative
anticoagulation may be underestimated. In cases
with NSTE-ACS, enoxaparin or fondaparinux had
similar effects in terms of survival or residual angina
pectorism]. For PCl, meta-analysis showed that
LMWH could be considered as a preferred
anticoagulant across the spectrum of ACS and as an
adjunct to pCI?+2, However, the evidence
determining whether patients with SCAD who
underwent PCI can benefit from the use of LMWH or
fondaparinux following PCl remains insufficient.
LMWH or fondaparinux following PCl should be
backed up by more evidence in patients with SCAD.
ICR is considered as an important cause of
recurrent angina following PCl. Furthermore, it was
reported that complete revascularization with PCI
during index hospitalization was independently
associated with improved early and long-term
prognosis in comparison with ICR in patients with
multivessel CAD and NSTE-ACS”®. RSS was a strong
independent predictor of one-year UR for ischemia
in patients with moderate- and high-risk ACS who
underwent PCI**. Our study group reported that
despite an increase in revascularization, cases who
received reasonable ICR had similar mortality and Ml
risk, compared with cases who received complete
revascularization; RSS is a prognostic indicator after
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Figure 4. Kaplan—Meier curves of cumulative incidence of 2-year unplanned revascularization, given the

competing risk of 2-year all-cause death.
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PClI in daily practice, and it may be used to
determine a reasonable level of revascularization™.
The results of this study showed independent
association between ICR (RSS > 8) and medium-long-
term UR, consistent with the results of previous
studies. The 2017 European Society of Cardiology
Guidelines for the management of AMI in patients
presenting with ST-segment elevation mentioned
that, 'Revascularization of non-infarct-related artery
lesions should be considered in ST-segment elevated
MI patients with multivessel disease before hospital
discharge'[zsl. Therefore, combining the results of
this study in all-spectrum CAD, complete
revascularization is considered as an optimum choice
to prevent UR and other adverse cardiovascular
events not only in patients with ACS but also those
with SCAD whose ischemia cannot be controlled by
optimal drugs. Patients with ICR or recurrent angina
should be treated with strong medication, educated,
and followed up with more attention®.

BMl is considered as one of the several standards
of weight and health. This variable cannot
completely reflect obesity given that fat percentage
is not included. Previous studies reported
controversies on whether higher-BMI patients
suffered lower in-hospital and long-term mortality
than normal BMI patientsmaol. Our study group also
reported that overweightness, compared with
normal weight, was an independent protective
factor of the two-year all-cause mortality in patients
undergoing PClI but was not independently
associated with in-hospital or two-year target-vessel
revascularization®". This study showed that BMI was
independently associated with the 30-day UR risk,
which increased by 10% as BMI increased by one
unit. This result might be associated with the effect
of adipocytokines secreted by adipocytes and
requires further research®*>*,

The effect of time of procedure on UR risk was
first analyzed in a large sample of Chinese
population; the 30-day UR risk increased by 0.6%,
whereas the one-year UR risk increased by 0.2% as
the time of procedure increased by 1 min. Given that
the time of procedure is decided based on various
aspects, such as complexity of lesions, operators’
experience, patient compliance, teamwork
proficiency, development of complications, and so
on, whether this variable might be useful as an
integrating indicator for prognostic assessment
remains to be studied. For patients who underwent
a relatively longer procedure, stronger medication,
more education, and surveillance should be
necessary to prevent recurrent ischemic symptoms

and UR. Radial approach and radial experience affect
the outcomes of PCI significantly[35’36]. In this study,
radial approach only showed a significant difference
between the one-year UR group and the
corresponding control group. The difference
diminished after multivariate adjustment. Therefore,
radial or femoral approach was not independently
associated with either short-term or long-term UR
risk.

Second-generation DP-DESs, represented by
zotarolimus-eluting stents and cobalt-chromium
everolimus-eluting stents, exhibit improved stability
and lipotropism of eluting drugs compared with first-
generation DESs®"3?, Furthermore, improvements in
the polymer biocompatibility coupled with a well-
proportioned and slim frame reduce endothelial
damage and proliferation[37'43]. This study showed
that patients implanted with second-generation DP-
DES had a decreased medium-long-term UR risk by
33%—-39%, consistent with the results of previous
studies™.

The number of target lesions was negatively
associated with 30-day UR, positively associated with
one-year revascularization, and neutrally associated
with two-year revascularization. The unstable
attribute of this factor probably means that it is
unsuitable for risk assessment of UR. History of
hyperlipidemia and LAD involvement were also
independently associated with low UR risk. Given
that more lesions with LAD involvement were
treated by second-generation DESs (58.1% vs. 41.9%,
P < 0.001), stent type was an important confounder
and had been adjusted in the model. However,
searching for explanations for these independent
associations was difficult. Possible explanations may
be better education and compliance, including
medication and reviewing in those patients who had
LAD involvement or history of hyperlipidemia, which
were not adjusted in the model, thus requiring
further research to confirm.

This study achieved certain understanding on
how to minimize UR. Alterable risk and feasible
positive factors, including BMI, uric acid level, ICR,
perioperative use of LMWH or fondaparinux, and
second-generation DP-DES, can be used. Advisable
measurements include BMI control, reduction of uric
acid, complete revascularization, perioperative
application of LMWH or fondaparinux, and second-
generation DP-DES implantation. Given the
reasonable inferences from our study, BMI control
may reduce short-term UR. Patients may benefit
from the perioperative application of LMWH or
fondaparinux, second-generation DP-DES
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implantation, and uric acid control to reduce
medium-long-term UR risk. Meanwhile, complete
revascularization is positively associated with both
short-term and medium-long-term UR risk. These
unalterable risk or protective factors help in the
identification of patients at high risk of UR, who may
require intensified secondary prevention medication
and closer post-PCl follow-up.

Admittedly, several limitations should be
considered. First, we did not collect the data of other
secondary prevention drugs besides DAPT during
follow-up. Second, causes of UR were divided into
AMI, angina, or asymptomatic ischemia, and more
detailed classification data were not obtained during
follow-up. Third, the study population was mainly
composed of Han Chinese, who were enrolled from a
single center in the Northern China, which
influenced the extrapolation of the conclusions to a
certain extent. Nevertheless, this study was the first
to analyze the independent predictors of short-term
and medium-long-term UR in a large sample of
patients with all-spectrum CAD who underwent PCI
in China. We believe that we have accounted for the
most clinically relevant variables in our model. The
collection of five-year follow-up data is ongoing for
this cohort, and the analysis of long-term prognosis
will provide further information on UR risk
assessment.

CONCLUSIONS

Causes and forms of revascularization differ
among groups of patients who underwent short-,
medium-, and long-term UR. Specific factors are
positively or negatively associated with short- and
medium-long-term  UR.  These  multivariable
predictors may help PCl operators to modify
treatment strategies and identify patients at high
risk of UR, who may require intensified secondary
prevention therapies or closer post-PCl follow-up.
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