
Beattie, James L. Velianou and Dennis T. Ko
Duminda N. Wijeysundera, Harindra C. Wijeysundera, Lingsong Yun, Marcin Wasowicz, W. Scott

Population-Based Study
Risk of Elective Major Non-Cardiac Surgery After Coronary Stent Insertion: A

Print ISSN: 0009-7322. Online ISSN: 1524-4539 
Copyright © 2012 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Circulation 
 published online August 14, 2012;Circulation. 

 http://circ.ahajournals.org/content/early/2012/08/13/CIRCULATIONAHA.112.102715
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

 http://circ.ahajournals.org/content/suppl/2012/08/13/CIRCULATIONAHA.112.102715.DC1.html
Data Supplement (unedited) at:

  
 http://circ.ahajournals.org//subscriptions/

is online at: Circulation  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer available in the

Permissions in the middle column of the Web page under Services. Further information about this process is
Once the online version of the published article for which permission is being requested is located, click Request 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial Office.Circulation
 Requests for permissions to reproduce figures, tables, or portions of articles originally published inPermissions:

 at Malmad Medical Libraries Consortium on August 21, 2012http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/content/early/2012/08/13/CIRCULATIONAHA.112.102715
http://circ.ahajournals.org/content/suppl/2012/08/13/CIRCULATIONAHA.112.102715.DC1.html
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.112.102715 

1

Risk of Elective Major Non-Cardiac Surgery After Coronary Stent Insertion: 

A Population-Based Study 

Running title: Wijeysundera et al.; Surgical Outcomes After Coronary Stent Insertion 

Duminda N. Wijeysundera, MD, PhD1,2,3,4; Harindra C. Wijeysundera, MD, PhD3,5; 

Lingsong Yun, MSc3; Marcin W sowicz, MD, PhD2; W. Scott Beattie, MD, PhD2; 

James L. Velianou, MD6; Dennis T. Ko, MD, MSc3,4,5 

1Li Ka Shing Knowledge Inst of St. Michael’s Hospital; 2Dept of Anesthesia, Toronto General 

Hosp and Univ of Toronto; 3Inst for Clinical Evaluative Sciences; 4Inst of Health Policy 

Management and Evaluation, Univ of Toronto; 5Div of Cardiology, Schulich Heart Ctr, 

Sunnybrook Health Sciences Ctr, Univ of Toronto, Toronto; 6Div of Cardiology, Hamilton 

Health Sciences Ctr and McMaster Univ, Hamilton, Canada 

Address for Correspondence 

Duminda N. Wijeysundera, MD PhD 

Li Ka Shing Knowledge Institute of St. Michael’s Hospital 

30 Bond Street 

Toronto, Ontario, M5B 1W8, Canada 

Tel: 416-864-6060 (ext 7147) 

Fax: 416-340-3698  

E-mail: d.wijeysundera@utoronto.ca 

Journal Subject Codes: [3] Acute coronary syndromes; [4] Acute myocardial infarction; [5] 
Arrhythmias, clinical electrophysiology, drugs; [7] Chronic ischemic heart disease; [8] 
Epidemiology; [24] Catheter-based coronary interventions: stents 

James L. Velianou, MD6; Dennis T. Ko, MD, MSc3,4,5

1LiLii KKKa a a ShShShinining g KnKnKnowowo ledge Inst of St. Michael’ss HoHoHospital;t 2Dept of Annesesttht esia, Toronto General 

HoH sp aandndnd UUUnininiv v ofofof TTTorororonono tototo;;; 33InInInststt fffororor CCClililininin cacal EEvvalluauauatititiveveve Scicicienenncecec s;s;s; 44InInI stt ooof f f HeHeHealalththh PPPolololicicicyyy 

Manageemem nnnt anddd EEEvaaluluuaattioi n,n UUnniivv of TTToooronntoto; 5DiDiiv v v ooof CCarrrdiiologggy,, Scchchululichh HHeHeaaart t Ctrr,, 

SuSuSunnnnnnybybybrororookokk HHHeaeaealtltlthhh ScScSciei ncncceses CCCtrttr, , UnUnUniviviv ooof f ToToTorrorontntnto,o, TTTorororonono tototo;; 66DiDiDiv vv ooof CCCarardididiololologogogyy,y, HHHammmilililtototon n

HHeHe lalalththth SSS icicienencecess CtCtCtr r ananddd MMcMcMMaMa tststerer UUU ininiv,v, HHHamamilililttoton,n, CCCanan dadadaa 

 at Malmad Medical Libraries Consortium on August 21, 2012http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.112.102715 

2

Abstract:

Background - Guidelines recommend that non-cardiac surgery be delayed until 30 to 45 days 

after bare-metal stent implantation and one-year after drug-eluting stent implantation.  

Methods and Results - We used linked registry data and population-based administrative 

healthcare databases to conduct a cohort study of 8116 patients ( 40 years) who underwent 

major elective non-cardiac surgery in Ontario, Canada between 2003 and 2009, and received 

coronary stents within 10 years before surgery. Approximately 34% (n=2725) underwent stent 

insertion within two years before surgery, of whom 905 (33%) received drug-eluting stents. For 

comparison, we assembled a separate cohort of 341,350 surgical patients who had not undergone 

coronary revascularization. The primary outcome was 30-day major adverse cardiac events 

(mortality, readmission for acute coronary syndrome or repeat coronary revascularization). The 

overall rate of 30-day events in patients with coronary stents was 2.1% (n=170). When the 

interval between stent insertion and surgery was less than 45-days, event rates were high for 

bare-metal (6.7%) and drug-eluting (20.0%) stents. When the interval was 45 to 180 days, the 

event rate for bare-metal stents was 2.6%, approaching that of intermediate-risk non-

revascularized individuals. Adjusted analyses suggested that event rates were increased if this 

interval exceeded 180 days. For drug-eluting stents, the event rate was 1.2% once the interval 

exceeded 180 days, approaching that of intermediate-risk non-revascularized individuals. 

Conclusions - The earliest optimal time for elective surgery is 46 to 180 days after bare-metal 

stent implantation or more than 180 days after drug-eluting stent implantation.  

 

Key words: complications; coronary artery disease; percutaneous coronary intervention; surgery 
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Introduction 

The management of non-cardiac surgery after percutaneous coronary intervention (PCI) and 

coronary stent implantation is a frequent and important concern in perioperative care. 

Percutaneous coronary interventions are common, with 1.2 million procedures performed every 

year in North America alone.1,2 Of patients who receive coronary stents, 5% subsequently 

undergo non-cardiac surgery within one year,3,4 corresponding to 60,000 patients annually in 

North America. The perioperative period poses important risks for such individuals. Risks of 

stent thrombosis and adverse cardiac events are increased due to the pro-thrombotic state 

induced by the surgical stress response,5 as well as the potential disruption of anti-platelet 

medications. Conversely, if anti-platelet medications are continued to mitigate the risk of stent 

thrombosis, patients may suffer increased risks of major hemorrhage, which itself associated 

with increased mortality.6 

Given these opposing risks, practice guidelines recommend that elective non-cardiac 

surgery be delayed until surgery can be performed safely using anti-platelet therapy with aspirin 

alone. The suggested delay is 30 to 45 days for bare-metal stents and one-year for drug-eluting 

stents.7,8 These recommendations have important implications especially since 70% of North 

American patients who undergo PCI receive drug-eluting stents.9 Specifically, many such 

individuals may not be able to defer their planned surgery for a year.  

These recommendations are largely based on expert opinion, as well as reports that 

showed an increased risk of adverse cardiac events when non-cardiac surgery was performed 

shortly after stent implantation.4,10-13 However, these previous reports have important limitations. 

Some were single-center studies with limited generalizability.11-13 In addition, the association 

between non-cardiac surgery soon after PCI and adverse events may have been confounded by 

medications. Conversely, if anti-platelet medications are continued to mitigate ththee riririskskk oof ff stststenene tt 

hrombosis, patients may suffer increased risks of major hemorrhage, which itself associated 

wiwiththh iiinncncrereeasasasedede mmmororortat lity.6

Given ththhesese ee opopppooosisisingngng rrrisiskskss,, , prpracacttice guuuideeeliinness s rrerecocoommmmmeenend d ththhaaat eeelelecctctiivivee nnnonn-n-cacardrddiiaiaccc 

uurgrgrgerereryyy bebe dddeleelayayyededd uunntntill ssuurgegegeryryy cccananan bbee e pepeperfrfrforrrmemem ddd ssas ffefelylyy uuussingngng aaantntti-i-i-plplaaateeleletett ttheheheraraapypypy wwiiithh h asaspppirririn n

alone. The suguguggegegestststededed dddelee ayayy iisss 3000 tttoo 4544 dddayayaysss fofofor r r babaarerer -m-metetetalalal sstetet ntntnts s s annnd d d ononone-e-e yeyeyeararr fffororor dddrururug-eluting 
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the inclusion of urgent-to-emergent surgeries in several studies.4,10,12,13 Specifically, urgent-to-

emergent procedures, which are likely to necessitate non-cardiac surgery soon after PCI, are 

associated with an almost four-fold increased risk of mortality.6 

Given the important implications of current guideline recommendations for the 

perioperative care of patients with coronary stents, and the limitations to the related literature, we 

conducted a population-based cohort study to evaluate the outcomes of patients who underwent 

elective intermediate-to-high risk non-cardiac surgery in Ontario, Canada following stent 

implantation. 

Methods 

The Cardiac Care Network of Ontario maintains a prospective clinical registry of all individuals 

who undergo cardiac catheterization, PCI, or coronary artery bypass grafting (CABG) surgery in 

Ontario, Canada.14,15 All hospitals performing PCI are required to collect information on 

patients’ clinical characteristics, as well as procedural information on the number of stents, 

characteristics of each stent, and location of stent placement. Following research ethics approval 

from Sunnybrook Health Sciences Centre, we conducted a retrospective cohort study by linking 

this registry to several population-based administrative databases, namely the Discharge Abstract 

Database (DAD) of the Canadian Institute for Health Information (hospital admissions), the 

Ontario Health Insurance Plan database (physician service claims), the Registered Persons 

Database (vital statistics), the Ontario Drug Benefit database (prescriptions for individuals aged 

65 years and older), and the Canadian census. While these databases lack physiologic and 

laboratory measures (e.g. blood pressure, hemoglobin), they have been validated for many 

outcomes, exposures, and comorbidities.16-20 Since the Cardiac Care Network registry is 

Methods

The Cardiac Care Network of Ontario maintains a prospective clinical registry of all individuals

whwhoo o ununundededergrgrgoo caardrdrdiiaiac catheterization, PCI, or corrronono aary artery byppasasa s grgrrafafaftting (CABG) surgery in 

OOOnttatario, Canadadaa..1444,1555 AAAlllll hhhososospipipitatalslss pppererfoforrminnnggg PCCI aare e rereeququuirreded ttto coolllllleecectt ininnfofoformrmatatatioioonn ononon 

papatititienenntstst ’ clcllinininiicicalal cchahah raraactcttereristititicscs, asasas wweelll asasas ppprocococededduurrall infnfnfororormamamatitioonon ooon n ttthee e nunuumbmbmbererr ooofff stttenenntsts,,

characteristiccs s s ofofo eeeacacach h h ststs ennnt,t,t, aaanddd lllococcataa ioioon n n ofofof ssstttenene tt t plplp acaca ememmenenent.t.t. FFFololollolowiwiwingngng rrreseseseaeae rcrcrch h h etetethihihicsc  approvalll 

 at Malmad Medical Libraries Consortium on August 21, 2012http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.112.102715 

5

prescribed under Ontario’s health information privacy legislation, the need for informed consent 

was waived. 

Cohort

We identified all Ontario residents who were aged 40 years or older, underwent any one of 16 

pre-specified elective non-cardiac surgeries between 1 April 2003 and 31 March 2009, and 

underwent coronary stent implantation within 10 years before their index surgery. The included 

surgeries were abdominal aortic aneurysm repair, carotid endarterectomy, peripheral vascular 

bypass, total hip replacement, total knee replacement, large bowel resection, partial liver 

resection, Whipple procedure, pneumonectomy, pulmonary lobectomy, gastrectomy, 

esophagectomy, total abdominal hysterectomy, radical prostatectomy, nephrectomy, and 

cystectomy.8,21,22 Information pertaining to the procedure performed and procedure status 

(elective versus non-elective) in this database is very accurate.18 Individuals who underwent 

CABG surgery between the preoperative PCI and subsequent index non-cardiac surgery were 

excluded. In addition, we excluded low-risk ambulatory surgeries, largely because they are 

associated with a very low risk of major complications.23 Furthermore, many such procedures 

can be performed while patients receive dual antiplatelet therapy, or delayed until dual therapy 

was no longer necessary.  

Individuals in the cohort were categorized based on the type of stent implanted (bare-

metal stent or drug-eluting stent) and duration between PCI and the index surgery. These 

categorizations were largely informed by practice guideline recommendations that elective non-

cardiac surgery be delayed until at least 45 days after bare-metal-stent implantation, and 365 

days after drug-eluting-stent implantation.8 For individuals who underwent multiple PCI 

procedures before their index surgery, the categorization was based on the PCI closest to the 

esophagectomy, total abdominal hysterectomy, radical prostatectomy, nephrectoomymymy, anannd d d

cystectomy.8,21,22 Information pertaining to the procedure performed and procedure status

eeleleectctctivivivee veveversrsuus nnnoonon-elective) in this database iss vvverrry accurate.18 IIndnn ivvidididuuuals who underwent 

CCACABBBG surgeryry bbbetttweweenen tthehehe ppprrereopopperereratatiivivee PCCCI andd d ssuubssseqeqequeueentntt iinnddeex nnooon--cacardrdrdiiaiac c sususurgrgrgererry  wwewerrere 

exxclclcludududedede .. InInIn aaddddiitiioion,n,, wwwe e exexclclc udududededed lllowoww-r-rrisisiskk k amammbubuulaatatoorry yy sususurgrgerererieiees,s, lllarara gggelylyly bbbecece auaua sesese tttheheyyy aararee 

associated wwititth h h a a veveveryryry llowowow rrrisisisk ofofof mmmaja ororor cccomomomplplplicici atatatioioionsn ..232323 FFFurururthththererermomomorerere,, mamamanynyn sssucucuch h h prprproco edures 
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surgery. The nine categories were bare-metal stent within one to 45 days before surgery, bare-

metal stent within 46 to 180 days before surgery, bare-metal stent within 181 to 365 days before 

surgery, bare-metal stent within 366 to 730 days before surgery, drug-eluting stent within one to 

45 days before surgery, drug-eluting stent within 46 to 180 days before surgery, drug-eluting 

stent within 181 to 365 days before surgery, drug-eluting stent within 366 to 730 days before 

surgery, and any stent within 731 days to 10 years before surgery. Patients with remote histories 

of stent implantation (i.e. 731 days to 10 years before surgery) served as the control group 

against which we compared individuals who underwent more recent stent implantation.  

Outcomes and Comorbidities 

Patients were tracked for one year after surgery for mortality, hospital readmission for an acute 

coronary syndrome (myocardial infarction or unstable angina), and repeat coronary 

revascularization (PCI or CABG surgery). The DAD (in-hospital mortality, revascularization, 

hospital readmission for acute coronary syndrome), Registered Persons Database (out-of-hospital 

mortality) and Cardiac Care Network registry (revascularization) were used to ascertain these 

outcomes. We identified hospitalizations for acute coronary syndromes using International

Classification of Diseases 10th Revision diagnostic codes I21, I22, I20, I23.82 and I24.24 The 

primary outcome was a major adverse cardiac event (MACE) – defined as mortality, readmission 

for acute coronary syndrome, or coronary revascularization – within 30 days after the index 

surgery. The secondary outcome was MACE within one year after surgery. 

Demographic information was obtained from the Registered Persons Database, while 

validated algorithms were used to identify diabetes and hypertension.17,19 The Ontario Health 

Insurance Plan database was used to identify anyone who required dialysis before surgery. Using 

the DAD, we used previously described methods to identify other comorbidities based on 

Patients were tracked for one year after surgery for mortality, hospital readmissioioon fofof rr r annan aaacucucutete

coronary syndrome (myocardial infarction or unstable angina), ar nd repeat coronary 

eevavaascscculululararrizizizatata ionn n ((P(PCI or CABG surgery). The DDDADAD (in-hospital l momm rtrttalalaliitity, revascularization, 

hhohosppspital readmmisiissis onon fffororr aacuccutetete ccororronononararyy synnddrromeee), Reeeggigiststeeeredede PPPeerrsosonnss DDDatattabababasase e (o(ooututu --of-f-f-hohohospsppita

momoortrtr alalalititi y)y)y) aaandndnd CCararrdidiacacc CCCarare NeNeNetwtwtwororork k rreregigigistststryryr (((rerer vavavascs uulularararizizizatatioioion)n)) wewewereree uusesed dd totoo aascsccererertaaiiin tthehessse 

outcomes. WeWee iidededentntntififi ieiei d dd hohoospspspittalalalizizi atatatioionsnsn fffororor aaacucuc tetet ccororo ononnararary y y sysysyndndndrooomememes s s usususinining g InInInteteternrnrnatata ional
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International Classification of Diseases (9th or 10th Revision) codes from hospitalizations within 

three years preceding surgery: congestive heart failure, cerebrovascular disease, peripheral 

vascular disease, pulmonary disease, and chronic renal insufficiency.25 We determined patients’ 

socioeconomic status based on their neighborhood median income in the Canadian census, and 

their residence (rural versus urban) using Statistics Canada definitions.26 

Perioperative cardiac risk was also estimated based on the Revised Cardiac Risk Index 

(RCRI).27 This predictive index consists of six equally weighted components: coronary artery 

disease, congestive heart failure, cerebrovascular disease, diabetes, renal insufficiency, and high-

risk surgery (major vascular, intra-peritoneal, or intra-thoracic procedures). It is suggested that a 

RCRI score of zero points corresponds to low risk, one to two points corresponds to intermediate 

risk, and three or more points corresponds to high risk.28 

As an additional comparison, we used the same databases to describe the characteristics 

and outcomes of individuals who were aged 40 years or greater, underwent eligible surgeries 

during the study period, and had not undergone any revascularization (PCI or CABG surgery) 

within 10 years before their index surgery. 

To describe the preoperative use of antiplatelet medications, the Ontario Drug Benefits 

database was used to ascertain preoperative prescriptions for thienopyridines (clopidogrel or 

ticlopidine) in the 100 days before the index surgery. Since these data are only available for 

individuals aged 65 years or older, and a 100-day look-back period was used, this analysis was 

performed in the subgroup aged 66 years or older.  

Analyses

We used appropriate tests (analysis of variance, Kruskal-Wallis test, chi-square test) to compare 

the characteristics of patients who had or had not received a bare-metal stent or drug-eluting 

RCRI score of zero points corresponds to low risk, one to two points corresponddsss totoo intntnterrermememediddiate

isk, and three or more points corresponds to high risk.28

AsAsAs aaan n adddididittitioonal comparison, we used thehehe saame databasess tto dedeescscscrir be the characteristics 

anndd d ouo tcomess oof f f innndidiivviv dududualalals s whwhw oo wewewereree aaageddd 440 yeeaearrs ooor r grgreeaeateter,r, uundndererwewew ntnt eelliligigiblblble e susurgrgr eererieeies s

duduririringngng tthehe ssstututudydyy peererioiood,d, aandnd hhhadadad nononott uundndnderererggogonenene aanynyny reevevasasasccuculaaaririr zzazatitiitt ononon (((PCCCI I ooror CCCABABABGGG sssurrgrgererry)y) 

within 10 yeeararrs s bebeefofoforeree tttheh iririr iiindndn exexex ssururu gegegeryryry.

 at Malmad Medical Libraries Consortium on August 21, 2012http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.112.102715 

8

stent within two years before their index surgeries. Descriptive statistics were used to 

characterize event rates of the primary and secondary outcomes among individuals who had 

undergone prior PCI (categorized based on stent type and PCI-to-surgery interval), and among 

non-revascularized individuals (categorized based on RCRI score).27 

We then used multivariable logistic regression to determine the adjusted association 

between the nine categories of stent type and PCI-to-surgery interval with the primary and 

secondary outcomes. The reference category, against which the different categories of the 

primary exposure were compared, was a history of remote stenting (i.e. bare-metal or drug-

eluting stent within 731 days to 10 years before surgery). The other covariates in the regression 

model were age, sex, surgery, congestive heart failure, cerebrovascular disease, peripheral 

vascular disease, hypertension, diabetes, and renal disease. Surgeries were categorized as major 

vascular (abdominal aortic aneurysm repair, peripheral vascular bypass), high-intermediate-risk 

(large bowel resection, partial liver resection, Whipple procedure, pneumonectomy, pulmonary 

lobectomy, gastrectomy, esophagectomy cystectomy, nephrectomy), and low-intermediate-risk 

(carotid endarterectomy, total hip replacement, total knee replacement, total abdominal 

hysterectomy, radical prostatectomy) procedures.29 Model discrimination was measured using 

the c-statistic, while calibration was estimated using the Hosmer-Lemeshow statistic. 

All analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC) and a two-

tailed P-value less than 0.05 was used to define statistical significance. 

Results

The cohort consisted of 8116 patients who underwent stent implantation within 10 years before 

their non-cardiac surgery. Approximately 34% (n=2725) underwent stent implantation within 

model were age, sex, surgery, congestive heart failure, cerebrovascular disease, peppeririiphphherereralalal 

vascular disease, hypertension, diabetes, and renal disease. Surgeries were categorized as major 

vaascscculululaarar (((abababdodd mimiminnanal l aortic aneurysm repair, peririiphphp eeral vascular bybybypaasssss)),), high-intermediate-risk 

lllarrggeg  bowel rreseseececttiononn, ppapartrtrtiaiaal l liliveveerr rerer ssesecctionnn, Whhippppleee ppproroccecedudurre, pnpneueuummomonnenecctctomommy,y, ppuulu mmomonnanarryry 

oobebebectctctomomo y,y,y, gggasastrtrreccctotomymymy,,, ese opopphahahagegegectctctomommy yy cycycyststececectotoommmy,y,y nnepepephhrhrececctotot mymymy),),), aaandndnd llowoww-i-i-intnteerermmmedddiaatate-e-rrriskskk mmm

carotid endararrtetetererer ctctctomomomy,y,y  totototalalal hhhipipip rrepepeplaaacececemememennnt,t,t ttototo alalal kkneneeeee rerereplplplacacacemememenenent,t,t tttotototalalal aabdbdbdomomomininnala  
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two years before surgery; of these individuals, 905 (33%) received drug-eluting stents. The 

proportion that had received drug-eluting stents within two years before surgery varied over the 

study period (Online Data Supplement, Supplemental Figure 1). Compared to individuals with 

remote histories of stent implantation (i.e. 731 days to 10 years before non-cardiac surgery), 

patients who received bare-metal or drug-eluting stents within two years before surgery differed 

with regard to surgical procedure and comorbidities (Table 1). 

The separate comparator group of patients, who were aged 40 years or greater, underwent 

eligible surgeries, and had not undergone coronary revascularization within 10 years before their 

index surgery, consisted of 341,350 individuals. Their characteristics are presented in the Online 

Data Supplement (Supplemental Table 1). 

Among individuals who had undergone prior PCI, the overall risk of 30-day MACE was 

relatively low at 2.1% (n=170), while the risk of 1-year MACE was 9.8% (n=798). The rate of 

postoperative mortality was 1.2% (n=100) at 30-days and 5.2% (n=419) at one-year. The 

incidence of MACE over the first year following surgery is presented in Supplemental Figure 2 

(Online Data Supplement). 

The unadjusted risk of cardiac events at 30-days (Figure 1) and one-year (Online Data 

Supplement, Supplemental Figure 3) after surgery varied based on the type of stent implanted 

and the time interval from stent implantation to surgery. Once the interval between PCI and 

surgery exceeded 45 days, the 30-day risk of MACE in a patient with a bare-metal stent 

approached that of an intermediate risk non-revascularized individual with one to two clinical 

risk factors (Figure 1). Once the interval exceeded 180 days, the 30-day risk of MACE in a 

patient with a drug-eluting stent approached that of an intermediate-risk non-revascularized 

individual with one risk factor (Figure 1). 

Data Supplement (Supplemental Table 1).

Among individuals who had undergone prior PCI, the overall risk of 30-day MACE was 

eelalaatititivevevellyly lllowowow at t 22.2.1%1  (n=170), while the risk offf 11--yyear MACE wwwasaa 99.8.88%%% (n=798). The rate of fff
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Using multivariable logistic regression, we determined the adjusted association of 

coronary stent type and PCI-to-surgery time interval with postoperative MACE at 30-days 

(Figure 2) and one-year (Online Data Supplement, Supplemental Figure 4) after surgery. The 

confidence intervals were generally wide, especially with respect to adjusted odds ratios for 30-

day MACE. However, these analyses were suggestive of an increased 30-day risk of MACE 

when surgery was performed within 45 days of either bare-metal or drug-eluting stent insertion, 

or within 181 to 365 days after bare-metal stent insertion (Figure 2). 

For the subgroup aged greater than 66 years at the time of surgery (n=5381), the 

proportion receiving preoperative thienopyridines was 60.6% (n=734) among the 1211 

individuals who received a bare-metal stent within two years before surgery, 68.9% (n=404) 

among the 586 individuals who received a drug-eluting stent within two years before surgery, 

and 12.8% (n=460) among the 3584 individuals who had received any stent within two to 10 

years before surgery. The specific proportions within subgroups defined by stent type and PCI-

to-surgery time interval are presented in the Online Data Supplement (Supplemental Table 2). 

 

Discussion 

In this population-based study, we found that the risk of perioperative MACE was highest when 

major elective non-cardiac surgery was performed less than 45 days after coronary stent 

implantation. The earliest optimal time for performing surgery appeared to be from 46 to 180 

days after bare-metal-stent implantation, or more than 180 days after drug-eluting-stent 

implantation. Thus, these findings help inform clinical decision-making regarding the timing of 

major elective non-cardiac surgery following recent PCI. 

Implications 

ndividuals who received a bare-metal stent within two years before surgery, 68.9.99% %% (nnn=4=4=4040404)))

among the 586 individuals who received a drug-eluting stent within two years before surgery, 

annd d d 121212.88.8%%% (n(n(n=4=4606060)) among the 3584 individualss wwwhhho had receiveed d d any y stststene t within two to 10 

yyearrarss before ssururggegeryry. ThThhee sspspecececifificicc ppproropopoportioonsnss witththiin sssuububgrgrrouuupsps ddefefininedede bby y y ststtenent t tytytypepep aandndnd PPPCICII-

oo-s-ssururrgegegeryryy tttimimime e iinnttetervrvalal aarere pppreresesesentntnteeded iiin n thththe ee OnOnOnlilinnene DDatata a aa SuSuSuppppplelememementntn (((Suuuppppplelelememem ntntntaal TTTaabablelee 22).).)  
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Our findings suggest that elective non-cardiac surgery can be performed reasonably safely in 

carefully selected patients once at least six months had elapsed since drug-eluting-stent 

implantation. There may also be an “optimal” time window for performing surgery within the 

year following bare-metal-stent implantation, namely from 46 to 180 days after PCI. While the 

presence of this “optimal” window is not certain, especially because its associated adjusted odds 

ratio is imprecise, this window is biologically plausible. It represents the period when re-

endothelialization is largely complete after bare-metal-stent implantation,30 but when in-stent 

restenosis has yet to completely manifest itself.31 Conversely, once more than one year has 

elapsed since either bare-metal or drug-eluting stent implantation, physicians can reassured that 

the associated perioperative cardiac risk has reached a plateau, with risks similar to that of 

individuals with remote histories of previous PCI (i.e. two to 10 years before surgery). 

Importantly, our results also indicate that the absolute magnitude of short-term 

postoperative risk is not unreasonable during these periods, namely 45 to 180 days after bare-

metal stent implantation and more than 180 days after drug-eluting-stent implantation. 

Specifically, perioperative risks during these intervals approach that of an intermediate risk non-

revascularized patient with one to two risk factors. This absolute risk is important for clinicians 

to consider when weighing the risks of proceeding with elective surgery following PCI against 

the risks of not operating in individuals who require surgery for conditions such as cancer. 

Our study has implications for current guideline recommendations pertaining to the 

perioperative care of patients with coronary stents. While our results do support the 

recommendation to delay elective non-cardiac surgery until at least 30 to 45 days have elapsed 

since bare-metal-stent implantation, they further suggest that excessive delays are not helpful. 

Specifically, short-term perioperative cardiac risk might rise once more than 180 days have 

he associated perioperative cardiac risk has reached a plateau, with risks similar r toto tthahaat t t ofofof 

ndividuals with remote histories of previous PCI (i.e. two to 10 years before surgery). 
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elapsed since PCI. Conversely, whereas guidelines recommend that surgery be delayed until one 

year after drug-eluting-stent implantation,8 our findings instead suggest that surgery can be 

performed reasonably safely following a six-month delay. 

Our results have both important similarities and differences with respect to previous 

investigations of non-cardiac surgery following coronary stent implantation. We confirmed 

observations of substantially increased risk when surgery is performed within six weeks of 

coronary stent implantation.4,10,12,13 In addition, our study is largely consistent with previous 

research showing that cardiac risk is relatively low if elective surgery is delayed by six months or 

more after drug-eluting-stent implantation.32-34 Our findings also corroborate a prior study where 

discontinuation of dual antiplatelet therapy after six months was not associated with increased 

rates of stent thrombosis following drug-eluting-stent implantation.35 

Conversely, our findings differ from some prior studies with respect to rates of 

perioperative MACE.4,10,36 In two prospective cohort studies, Vincenzi et al. reported an adverse 

event rate of 44% while Godet et al. reported a 12% rate of postoperative myocardial 

necrosis.4,36 These differences may be explained, in part, by their inclusion of urgent-to-emergent 

surgeries (28% in the study by Vincenzi et al. and 8% in the study by Godet et al.). These studies 

also differed from our investigation with respect to the definition of adverse events. Vincenzi et

al. included a broad range of complications – including cardiac death, myocardial infarction, 

repeat revascularization, bleeding, sepsis, and elevated troponin concentrations without clinical 

evidence of myocardial infarction– in their reported event rate. If only cardiac death, myocardial 

infarction and repeat revascularization were considered, the event rate was 22% instead.4 

Similarly, while Godet et al. reported a 12% rate of elevated troponin concentrations, the rate of 

myocardial infarction or death was 4%.36 

discontinuation of dual antiplatelet therapy after six months was not associated wwwitith hh innncrcrcreaeaeasesesedd 

ates of stent thrombosis following drug-eluting-stent implantation.35
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In a previous study that used administrative databases, Cruden et al. reported a 14% rate 

of postoperative death or ischemic events. Notably, the adverse event rate remained elevated at 

11% rate even when surgery was performed more than one year after PCI.10 These differences 

may be explained the investigators’ use of administrative data to identify postoperative in-

hospital cardiac complications. Previous research has shown that administrative data generally 

do not accurately capture in-hospital complications.37 In contrast, the components of our primary 

outcome – mortality, readmission for acute coronary syndrome, or revascularization – are 

accurately captured by administrative databases.18,24 Notably, rates of postoperative death, which 

are generally accurately captured by administrative data, in the study by Cruden et al. were 

considerably lower at only 0.6%. 

The major strength of our study is the generalizability associated with its population-

based sample. Additionally, the cohort only included elective procedures, thereby focusing the 

analysis on the clinically relevant situation where physicians must decide whether to delay 

elective surgery to minimize perioperative risk related to coronary stents. Conversely, for non-

elective procedures, surgery usually proceeds regardless of the interval since recent PCI, and the 

main issue is how best to manage patients’ antiplatelet medications. 

Our study also has several limitations. First, despite being one of the largest evaluations 

of non-cardiac surgery following stent implantation, event rates were relatively low, thereby 

limiting our statistical power. Many estimates from multivariable analyses therefore had wide 

confidence intervals, and smaller subgroups within patients who underwent prior PCI (e.g. strata 

defined by RCRI score) could not be evaluated. Second, administrative databases generally do 

not accurately capture in-hospital complications.37 We could not therefore ascertain several 

postoperative complications that are directly relevant to this study, such as non-fatal myocardial 

considerably lower at only 0.6%. 

The major strength of our study is the generalizability associated with its population-d
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infarction, stent thrombosis, and clinically significant bleeding. Nonetheless, the primary 

outcome includes all significant sequelae of a postoperative myocardial infarction, namely death, 

repeat revascularization or hospital re-admission for acute coronary syndrome. Third, our 

databases did not capture in-hospital medications or outpatient aspirin use; furthermore, they did 

not describe whether patients had briefly discontinued their aspirin or thienopyridine use before 

surgery. Indeed, the absence of information on in-hospital medications may explain the 

paradoxically lower rate of thienopyridine use among patients who had non-cardiac surgery less 

than 45 days after stent insertion (Online Data Supplement, Supplemental Table 1). Fourth, the 

PCI registry lacked some detailed procedural information (e.g. bifurcational stenting, poor run-

off) that may have influenced both patients’ perioperative risks and clinicians’ willingness to 

discontinue anti-platelet therapy earlier than recommended by practice guidelines.  

Fifth, survivor bias and unmeasured confounding may explain, in part, the lower event 

rates among individuals with longer delays between PCI and non-cardiac surgery. For example, 

when compared to anyone who underwent surgery shortly after PCI, such patients would have to 

survive longer after PCI without dying or needing repeat revascularization. Thus, any individual 

with unstable coronary artery disease requiring repeat revascularization would either be excluded 

if CABG was performed, or reclassified as having a shorter interval from PCI to surgery. In 

addition, the performance of elective surgery sooner after PCI may have been a marker of more 

urgent procedures that were themselves associated with increased perioperative risk. Sixth, 

changing practice guidelines might explain, in part, the reduced risk of MACE when surgery was 

performed more than six months following drug-eluting stent insertion. Specifically, prior to the 

updating of perioperative practice guidelines in 2007,7 PCI-specific guidelines recommended 

clopidogrel therapy for only three months after sirolimus stent implantation, and six months after 

off) that may have influenced both patients’ perioperative risks and clinicians’ wiwiilllinini gngngnessesss s tototo 

discontinue anti-platelet therapy earlier than recommended by practice guidelines.  
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paclitaxel stent implantation.38 Performance of surgery more than six months after drug-eluting 

stent implantation may therefore be a marker of more compliant physicians whose patients 

generally had better overall outcomes. 

 

Conclusions

In this population-based study, the earliest optimal time for performing elective non-cardiac 

surgery appeared to be from 46 to 180 days after bare-metal-stent implantation, or more than 180 

days after drug-eluting-stent implantation. In addition to being relevant to future practice 

guidelines, these findings will help inform clinical decision-making when weighing the risks of 

operative versus non-operative therapy in patients being considered for major elective non-

cardiac surgery following recent coronary stent implantation. 
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Table 1. Characteristics of main study cohort* 

BMS 0-2 Years 
before Surgery 

(n=1820)

DES 0-2 Years 
before Surgery

(n=905) 

Stent 2-10 Years 
before Surgery 

(n=5391)
P-Value

Demographics     
Female sex 590 (32.4%) 314 (34.7%) 1,681 (31.2%) 0.09 
Age (y), mean (SD) 69.1 (9.3) 68.8 (9.5) 69.2 (9.0) 0.45 
Income quintile     

First (lowest) 364 (20.1%) 175 (19.3%) 1,009 (18.8%)  
Second 325 (17.9%) 196 (21.7%) 1,133 (21.1%)  
Third 387 (21.3%) 175 (19.3%) 1,097 (20.4%) 0.12 
Fourth 371 (20.5%) 165 (18.2%) 1,084 (20.1%)  
Fifth (highest) 366 (20.2%) 194 (21.4%) 1,057 (19.6%)  
Missing 7 (0.4%) 0 (0%) 11 (0.2%)  

Rural residence 314 (17.3%) 152 (16.8%) 974 (18.1%) 0.54 
Comorbid disease     

Congestive heart failure 202 (11.1%) 71 (7.8%) 313 (5.8%) <0.001 
Cerebrovascular disease 116 (6.4%) 57 (6.3%) 212 (3.9%) <0.001 
Peripheral vascular disease 369 (20.3%) 169 (18.7%) 817 (15.2%) <0.001 
Hypertension 1,501 (82.5%) 779 (86.1%) 4,640 (86.1%) <0.001 
Diabetes mellitus 591 (32.5%) 372 (41.1%) 1,939 (36.0%) <0.001 
Pulmonary disease 163 (9.0%) 81 (9.0%) 436 (8.1%) 0.41 
Renal disease 113 (6.2%) 60 (6.6%) 290 (5.4%) 0.19 

Procedure     
AAA repair 161 (8.8%) 48 (5.3%) 323 (6.0%)  
Carotid endarterectomy 92 (5.1%) 68 (7.5%) 265 (4.9%)  
Peripheral vascular bypass 157 (8.6%) 89 (9.8%) 350 (6.5%)  
Total hip replacement 304 (16.7%) 137 (15.1%) 964 (17.9%)  
Total knee replacement 482 (26.5%) 279 (30.8%) 1,929 (35.8%)  
Large bowel surgery 280 (15.4%) 130 (14.4%) 563 (10.4%) <0.001 
Liver resection 17 (0.9%) 6 (0.7%) 29 (0.5%)  
Whipple procedure 6 (0.3%) 8 (0.9%) 24 (0.4%)  
Lung resection 67 (3.7%) 21 (2.3%) 155 (2.9%)  
Gastrectomy or esophagectomy 33 (1.8%) 13 (1.4%) 85 (1.6%)  
Abdominal hysterectomy 73 (4.0%) 47 (5.2%) 215 (4.0%)  
Radical prostatectomy 59 (3.2%) 26 (2.9%) 277 (5.1%)  
Nephrectomy 70 (3.8%) 25 (2.8%) 47 (0.9%)  
Cystectomy 19 (1.0%) 8 (0.9%) 47 (0.9%)  

Revised Cardiac Risk Index     
1 point 597 (32.8%) 317 (35.0%) 2,181 (40.5%)  
2 points 756 (41.5%) 343 (37.9%) 2,193 (40.7%) <0.001 
3 points 351 (19.3%) 181 (20.0%) 800 (14.8%)  
4 or more points 116 (6.4%) 64 (7.1%) 217 (4.0%)  

Abbreviations: AAA, abdominal aortic aneurysm; BMS, bare-metal-stent; DES, drug-eluting-stent; SD, standard 
deviation 
* Values are expressed as number (percentage) unless indicated otherwise 

Congestive heart failure 202 (11.1%) 71 (7.8%) 313 (5.8%)%) <<0.0.00001 
Cerebrovascular disease 116 (6.4%) 57 (6.3%) 212 (3.9%9%%)) <0<0<0.0.0.0001 
Peripheral vascular disease 369 (20.3%) 169 (18.7%) 817 (15.2%2%%))) <0<0<0 00.001010  
Hypertension 1,501 (82.5%) 779 (86.1%) 4,640 (86.1%) <0.001 
Diabetes mellitus 591 (32.5%)) 372 (41.1%) 1,939 (36.0%) <0.001 
PuPuPulmlmlmonononarararyyy ddiseeeasasasee 163 (9.0%)) 81 (9.0%)) 4436 (8.1%) 0.41 
ReReRenanal diiseseasasase 111133 (6(6.2.2%)%) 6600 (6(6( .6%)%)%) 22900 ((5.5.4%4%)) 0.0.1919 

PPrProocedure   
AAAAAA repairir 161611 (8..8%%%) 444888 (5(5.3%%%) 32233 (((6..0%%%))  
CaCaCarororotitid d enenendadad rtrteerereecectotomymymy 929292 (((5.5.5.1%1%%) ) ) 686868 ((7.7..5%5%5%) 2626555 (4(44.9.9%)%)%) 
PePeriri hphphereralal vasascuc lalar r bybypaassss 157577 ((8.8 66%6%)) 88989 ((9.9.8%8 )) 353500 (6(66 5.5.5%%%)  
Total hip reeplplp acaca emememenennt tt 30004 4 4 (1(1( 6.6.6 7%7%7%)) 13133777 (1(115.5.5.1%1%1%) 9696964 4 4 (1(117.7.7.9%9%9%) ) )  
ToTotatall knkneeee rrepeplalacecemementnt 484822 (2(266 5%5%)) 272799 (3(300 8%8%)) 11 929299 (3(355 8%8%))
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Figure Legends:

Figure 1. Proportion of patients with major adverse cardiac events within 30 days after elective 

non-cardiac surgery. Proportion of patients with major adverse cardiac events (death, 

readmission for acute coronary syndrome, coronary revascularization) within 30 days after 

elective non-cardiac surgery, based on the interval between the most recent coronary stent 

insertion and subsequent non-cardiac surgery. The red columns represent proportions for 

individuals who received bare metal stents (BMS), drug eluting stents (DES), or either type of 

stent (for stent insertions two to 10 years before non-cardiac surgery). For comparison, the 

horizontal dashed lines represent event rates for individuals who did not undergo coronary 

revascularization within 10 years before non-cardiac surgery, and had been stratified by their 

Revised Cardiac Risk Index scores. 

Figure 2. Adjusted association of stent type and time interval from stent insertion to surgery with 

major adverse cardiac events within 30 days after elective non-cardiac surgery. The diamonds 

represent adjusted odds ratios (OR) for 30-day major adverse cardiac events, while the error bars 

are 95% confidence intervals (CI). The corresponding numerical values for these point estimates 

and CIs are presented on the right. The arrows denote CIs that extend beyond the scale of this 

graph. The reference category for the adjusted odds ratios was a remote history of stent insertion 

(i.e. bare-metal or drug-eluting stent within 731 days to 10 years before surgery). The adjusted 

ORs were derived from a logistic regression model that adjusted for age, sex, surgery, congestive 

heart failure, cerebrovascular disease, peripheral vascular disease, hypertension, diabetes 

mellitus, and renal disease. This model had reasonable discrimination (c-index 0.71) and good 

calibration (Hosmer-Lemeshow statistic P=0.63). 

horizontal dashed lines represent event rates for individuals who did not undergoo coroo ononnarrary y y t

evascularization within 10 years before non-cardiac surgery, and had been stratified by their 

ReReviviviseseeddd CaCaCardrdrdiac c RRiRisks  Index scores. 
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SUPPLEMENTAL MATERIAL 

 

Supplemental Table 1: Characteristics of individuals who were aged 40 years or greater, underwent eligible surgeries during the 

study period, and had not undergone any coronary revascularization procedure within 10 years before their index non-cardiac surgery. 

 
RCRI: 0 points 

(n=206,774) 

RCRI: 1 point 

(n=103,490) 

RCRI: 2 points 

(n=24,945) 

RCRI: 3 

points 

(n=4,841) 

RCRI: ≥4 

points 

(n=1,066) 

Demographics      

Female sex 145,008 (70.1%) 54,405 (52.6%) 10,104 (40.5%) 1,763 (36.4%) 379 (35.6%) 

Age (y), mean (SD) 61.7 (12.5) 66.1 (11.3) 69.6 (10.1) 71.9 (9.6) 72.8 (9.5) 

Income quintile      

First (lowest) 33,681 (16.3%) 19,538 (18.9%) 5,442 (21.9%) 1,213 (25.2%) 250 (23.4%) 

Second 40,336 (19.6%) 21,572 (20.9%) 5,494 (22.1%) 1,064 (22.1%) 284 (26.7%) 

Third 41,491 (20.1%) 20,654 (20.0%) 4,974 (20.0%) 887 (18.4%) 205 (19.3%) 

Fourth 43,693 (21.2%) 20,819 (20.2%) 4,651 (18.7%) 911 (18.9%) 175 (16.5%) 

Fifth (highest) 47,039 (22.8%) 20,609 (20.0%) 4,294 (17.3%) 748 (15.5%) 146 (13.7%) 

Missing 534 (0.3%) 298 (0.3%) 90 (0.4%) 18 (0.4%) 6 (0.5%) 

Rural residence 34,690 (16.8%) 16,267 (15.7%) 3,908 (15.7%) 807 (16.7%) 187 (17.5%) 

Comorbid disease      

Coronary artery disease 0 (0.0%) 5,196 (5.0%) 6,498 (26.0%) 3,266 (67.5%) 895 (84.0%) 

Congestive heart failure 0 (0.0%) 832 (0.8%) 1,367 (5.5%) 1,176 (24.3%) 652 (61.2%) 

Cerebrovascular disease 0 (0.0%) 2,134 (2.1%) 2,138 (8.6%) 993 (20.5%) 343 (32.2%) 

Peripheral vascular disease 803 (0.4%) 7,755 (7.5%) 5,073 (20.3%) 1,576 (32.6%) 475 (44.6%) 

Hypertension 105,222 (50.9%) 67,268 (65.0%) 20,200 (81.0%) 4,333 (89.5%) 1,005 (94.3%) 
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Diabetes 0 (0.0%) 39,637 (38.3%) 18,411 (73.8%) 3,786 (78.2%) 903 (84.7%) 

Pulmonary disease 5,963 (2.9%) 6,092 (5.9%) 2,719 (10.9%) 916 (18.9%) 305 (28.6%) 

Renal disease 0 (0.0%) 954 (0.9%) 2,074 (8.3%) 1,395 (28.8%) 559 (52.4%) 

Procedure      

AAA repair 0 (0.0%) 3,874 (3.7%) 2,007 (8.0%) 516 (10.7%) 90 (8.4%) 

Carotid endarterectomy 2,406 (1.2%) 2,025 (2.0%) 800 (3.2%) 175 (3.6%) 31 (2.9%) 

Peripheral vascular bypass 0 (0.0%) 3,616 (3.5%) 2,789 (11.2%) 907 (18.7%) 315 (29.5%) 

Total hip replacement 45,562 

(22.0%) 

10,790 (10.4%) 1,345 (5.4%) 270 (5.6%) 53 (5.0%) 

Total knee replacement 74,568 

(36.1%) 

25,485 (24.6%) 2,836 (11.4%) 430 (8.9%) 62 (5.8%) 

Large bowel surgery 0 (0.0%) 29,539 (28.5%) 8,700 (34.9%) 1,448 

(29.9%) 

331 (31.1%) 

Liver resection 0 (0.0%) 1,603 (1.5%) 511 (2.0%) 66 (1.4%) 9 (0.8%) 

Lung resection 0 (0.0%) 4,972 (4.8%) 1,386 (5.6%) 265 (5.5%) 41 (3.8%) 

Gastrectomy, esophagectomy, or 

Whipple procedure* 
0 (0.0%) 3923 (3.8%) 1374 (5.5%) 190 (3.9%) 41 (3.8%) 

Abdominal hysterectomy 69,261 

(33.5%) 

7,830 (7.6%) 407 (1.6%) 51 (1.1%) 8 (0.8%) 

Radical prostatectomy 14,977 (7.2%) 2,623 (2.5%) 155 (0.6%) 8 (0.2%) 0 (0.0%) 

Nephrectomy 0 (0.0%) 5,655 (5.5%) 2,084 (8.4%) 389 (8.0%) 72 (6.8%) 

Cystectomy 0 (0.0%) 1,555 (1.5%) 551 (2.2%) 126 (2.6%) 13 (1.2%) 

Abbreviations: AAA, abdominal aortic aneurysm; RCRI, Revised Cardiac Risk Index 

 

* These categories were combined to prevent small cell numbers and thereby preserve the anonymity of these administrative 

healthcare data 
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Supplemental Table 2: Proportion of individuals aged 66 years or older who were receiving 

thienopyridines (clopidogrel or ticlopidine) before elective non-cardiac surgery* 

Stent Type 
Interval between Stent 

Insertion and Surgery 

Total 

Number 

Patients Receiving 

Thienopyridines before 

Surgery (%) 

BMS 1 to 45 days 63 47 (74.6%) 

 46 to 180 days 337 286 (84.9%) 

 181 to 365 days 285 206 (72.3%) 

 366 to 730 days 526 195 (37.1%) 

DES 1 to 45 days 15 11 (73.3%) 

 46 to 180 days 98 88 (89.8%) 

 181 to 365 days 161 141 (87.6%) 

 366 to 730 days 312 164 (52.6%) 

BMS or 

DES 
2 to 10 years 3584 460 (12.8%) 

Abbreviations: BMS, bare metal stent; DES, drug-eluting stent 

 

* Defined as presence of one or more relevant outpatient prescriptions within 100 days before 

admission for index non-cardiac surgery 
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Supplemental Figure 1: Proportion with drug-eluting stents among patients who received 

coronary stents within two years before major elective non-cardiac surgery 

 

 
 

Legend: Proportion of patients with drug-eluting stents, among individuals who received 

coronary stents within two years before major elective non-cardiac surgery. The columns 

represent proportions for each fiscal year of the study – from fiscal year 2003 (1 April 2003 to 30 

March 2004) to fiscal year 2008 (1 April 2008 to 30 March 2009) 
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Supplemental Figure 2: Time to first major adverse cardiac event within one year after major 

elective non-cardiac surgery 

 

 
 

Legend: Proportion suffering adverse cardiac events among patients who underwent coronary 

stent implantation within two years before non-cardiac surgery, as stratified by type of stent 

implanted.   
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Supplemental Figure 3: Proportion of patients with major adverse cardiac events within one 

year after elective non-cardiac surgery 

 

 
 

Legend: Proportion of patients with major adverse cardiac events (death, readmission for acute 

coronary syndrome, coronary revascularization) within 365 days after elective non-cardiac 

surgery, based on the interval between the most recent coronary stent insertion and subsequent 

non-cardiac surgery. The red columns represent proportions for individuals who received bare 

metal stents (BMS), drug eluting stents (DES), or either type of stent (for stent insertions two to 

10 years before noncardiac surgery). For comparison, the horizontal dashed lines represent event 

rates for individuals who did not undergo coronary revascularization within 10 years before non-

cardiac surgery, and had been stratified by their Revised Cardiac Risk Index scores. 
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Supplemental Figure 4: Adjusted association of stent type and time interval from stent insertion 

to surgery with major adverse cardiac events within one year after elective non-cardiac surgery. 

 

 
 

Legend: The diamonds represent adjusted odds ratios (OR) for 1-year major adverse cardiac 

events, while the error bars are 95% confidence intervals (CI). The corresponding numerical 

values for these point estimates and CIs are presented on the right. The reference category for the 

adjusted odds ratios was a remote history of stent insertion (i.e. bare-metal or drug-eluting stent 

within 731 days to 10 years before surgery). The adjusted ORs were derived from a logistic 

regression model that adjusted for age, sex, surgery, congestive heart failure, cerebrovascular 

disease, peripheral vascular disease, hypertension, diabetes mellitus, and renal disease. This 

model had a c-index of 0.67 and good calibration (Hosmer-Lemeshow statistic P=0.42). 
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