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Purpose: Ever-increasing noncardiac surgeries are performed in patients aged 80 years or

over with coronary artery disease (CAD). The objective of the study was to explore the

incidence and risk factors of perioperative cardiac complications (PCCs) for the oldest-old

patients with CAD undergoing noncardiac surgery, which have not been evaluated

previously.

Patients and Methods: A total of 547 patients, aged over 80 years, with a history of CAD

who underwent noncardiac surgery were enrolled in this retrospective study. Perioperative

clinical variables were extracted from the electronic medical records database. The primary

outcome was the occurrence of PCCs intraoperatively or within 30 days postoperatively,

defined as any of the following complications: acute coronary syndrome, heart failure, new-

onset severe arrhythmia, nonfatal cardiac arrest, and cardiac death. Multivariate logistic

regression analysis and multivariate Cox regression model were both performed to estimate

the risk factors of PCCs. The incidence of PCCs overtime was illustrated by the Kaplan–

Meier curve with a stratified Log-rank test.

Results: One hundred six (19.4%) patients developed at least one PCC, and 15 (2.7%)

patients developed cardiac death. The independent risk factors contributing to PCCs were

age ≧85 years; body mass index ≧30 kg/m2; the history of angina within 6 months;

metabolic equivalents <4; hypertension without regular treatment; preoperative ST-T seg-

ment abnormality; anesthesia time >3 h and drainage ≧200 mL within 24 h postoperatively.

Conclusion: The incidence of PCCs in elderly patients over 80 years with CAD who

underwent noncardiac surgery was high. Comprehensive preoperative evaluation, skilled

surgical technique, and regular postoperative monitoring may help to reduce the occurrence

of PCCs in this high-risk population.

Keywords: oldest-old, coronary artery disease, noncardiac surgery, perioperative, cardiac

complications

Introduction
Worldwide, more than 300 million major noncardiac surgeries are performed

every year and the number is increasing continuously.1 Cardiac complications are

the most important causes of morbidity and mortality in the first 30 days after

noncardiac surgery which result in prolonged length of stay, increased health care

costs and poorer prognosis,2 and associate with perioperative factors, including
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advanced age, coronary artery disease (CAD), renal insuf-

ficiency, diabetes, congestive heart failure (HF), types of

surgery and other conditions.3–5 Many studies have shown

that advanced age and CAD provide substrate for cardiac

complications after surgery.6–8 So elderly patients with

CAD have a significantly increased risk of perioperative

cardiac complications (PCCs). We have previously con-

ducted a multicenter prospective study that enrolled 1422

elderly patients over 60 years old with CAD to determine

the risk factors of PCCs undergoing noncardiac surgery.9

As global population aging, the proportion of people aged

80 years or over, defined as the oldest-old persons, is growing

even faster than the number of elder persons overall.10 While

the population of those aged over 65 years is expected to

increase by 160% between 2008 and 2040, those aged over

80 years will increase by 233%.11 The number of people aged

80 years or over in China is expected to increase by fourfold

in 2050, representing the world’s largest portion of this most

elderly age group.12 Meanwhile, the prevalence and severity

of CAD increase significantly with age.13 Currently, with the

introduction of minimally invasive surgical techniques, com-

bined with changes in anesthetic practices, and the introduc-

tion of “enhanced recovery after surgery” strategy, the

number of surgical procedures for patients over 80 years

old with CAD is increasing.14

Poor physiological changes are common in the oldest-old

persons presenting with CAD and other complex comorbid-

ities, which could complicate noncardiac operations and nega-

tively impact outcomes.15 The risk of cardiac complications is

rising with the average age increased from 60 years old to 80

years old.6 Not only that, the incidence characteristics and risk

factors of PCCs in noncardiac surgery in the oldest-old popu-

lation could be also partially different from those in the popu-

lation over 60 according to our previous studies, as well as in

the general population. Better risk indicators are imperative to

be evaluated for the improvement of preoperative cardiac risk

prediction for the oldest-old patients.

Therefore, we conducted this retrospective study

based on the data from 2004 to 2019, to investigate

the incidence and risk factors of PCCs in patients aged

80 years or over with CAD who underwent elective

intermediate to high-risk noncardiac surgery. It would

allow a better understanding of the benefit-to-risk ratio

for procedures, optimize the perioperative management,

determine the surgical strategy, guide allotment of lim-

ited clinical resources, and improve the quality of health

care for the oldest-old persons.

Methods
Study Population
This single-center retrospective study was conducted to

explore PCCs and mortality in elderly patients over 80

years old with CAD, who underwent elective noncardiac

surgery in Peking Union Medical College Hospital

(PUMCH) from January 1, 2004, to December 31, 2019.

Ethical consent was approved by the Ethics Committee and

Institutional Review Board of PUMCH (No. of ethical

approval: S-K1212). We conducted this study in accordance

with the Declaration of Helsinki. The data were anonymized

before analysis. Informed consent was waived. The types of

surgery were elective intermediate to high-risk noncardiac

surgery based on the American College of Cardiology

(ACC)/American Heart Association (AHA) guidelines of

perioperative cardiovascular evaluation.16 CAD was diag-

nosed if any of the following conditions were met: CAD

confirmed by coronary angiography, history of myocardial

infarction (MI), history of coronary revascularization, posi-

tive myocardial perfusion scintigraphy, positive exercise

stress test, or typical symptoms of angina pectoris with

simultaneous signs of myocardial ischemia on the electro-

cardiograph (ECG).17

Exclusion criteria included: emergency surgery; local

anesthesia; low-risk surgery, including eye surgery, endo-

scopic surgery (transurethral prostatic resection was not

excluded), superficial surgery, and ambulatory surgery;

patients with the American Society of Anesthesiologists

(ASA) classification V or VI; patients complicated with

other heart diseases (such as rheumatic heart disease, con-

genital heart disease, cardiomyopathy, or pulmonary heart

disease); patients who underwent two operations or more

during the same hospitalization.

Clinical Care and Monitoring
All patients were evaluated by routine preoperative assess-

ment. The examination included at least 12-lead ECG,

transthoracic echocardiography, and complete laboratory

tests, otherwise, the patient would be excluded.

Intraoperative routine monitoring included blood pres-

sure (BP), pulse oxygen saturation (SpO2), 3-lead ECG

and end tidal CO2 by mass spectroscopy. Intraoperative

hypotension was defined as SBP <90 mmHg or 70% of the

baseline value, or DBP <60 mmHg, which lasted at least

10 min. Intraoperative hypoxemia was defined as SpO2

<90% or arterial partial pressure of oxygen <60 mmHg

lasting over 5 min.
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Postoperatively, continuous ECG monitoring was

obtained for at least 12 h after surgery. A 12-lead ECG

was implemented when indicated. Cardiac troponin

I (cTnI) levels were measured when ECG changed or

suspicious symptoms of PCCs developed, such as dyspnea

or chest pain.

Data Collection
The electronic medical record system in PUMCH was

used in this study. We identified all discharges over 80

years from the surgery department with a diagnosis of

CAD. Further manual screening of medical records was

performed according to inclusion/exclusion criteria.

Clinical data were extracted retrospectively from electro-

nic medical records, including demographics, preoperative

evaluation, surgical invasiveness, ASA grade, anesthetic

management, postoperative complications, and other rele-

vant perioperative information. Body mass index (BMI)

cut-off points were 30 kg/m2 in consistent with the World

Health Organization BMI diagnosis of obese.18

Bradycardia was defined as the baseline heartbeat <50

beats/min when the patient was awake and calm.19

Tachycardia was defined as the baseline heartbeat >100

beats/min when the patient was awake and calm.20

Hypertension was diagnosed if systolic blood pressure

(SBP) ≥ 130 mmHg or diastolic blood pressure (DBP)

≥80 mmHg.21 Hypertension without regular treatment

was defined as discontinuous antihypertensive treatment

without regular monitor and medications, occasional anti-

hypertensive treatment only if self-conscious discomfort,

no antihypertensive drugs or no awareness of the diagnosis

of hypertension until admission.

Outcomes
The primary outcome was the occurrence of at least one of

the PCCs intraoperatively or within 30 days postoperatively.

PCCs were defined as acute coronary syndrome (ACS), HF,

new-onset severe arrhythmia, nonfatal cardiac arrest, and

cardiac death.22–27 ACS included ST-elevation myocardial

infarction (STEMI) and non-ST-elevation acute coronary

syndrome (NSTE-ACS). NSTE-ACS could be further sub-

divided into non-ST-elevation MI and unstable angina

according to the cardiac biomarkers. Diagnosis of MI

requires a cTnI rise above the 99th percentile, accompanied

by chest pain, ST-segment changes or new-onset left bundle

branch block, ventricular wall motion abnormalities, or

angiography confirmation.25 HF was diagnosed mainly by

active clinical symptoms or physical examination findings

of dyspnea, orthopnea, peripheral edema, jugular venous

distention, rales, third heart sound, or chest x-ray with

pulmonary vascular redistribution or pulmonary

edema.16,24 New-onset severe arrhythmia was defined as

ECG changes needing to be treated with drug or electrical

conversion, including malignant ventricular arrhythmia

(ventricular tachycardia or ventricular fibrillation), atrial

flutter or atrial fibrillation (AF), atrioventricular block (sec-

ond-degree type II or third-degree), or frequent ventricular

premature contractions. Cardiac arrest was defined as the

loss of circulation prompting resuscitation requiring chest

compressions, defibrillation, or both.26 Cardiac death was

defined as death with known fatal cardiac conditions,

autopsy identified cardiac or vascular anomaly or any

death with no obvious extra-cardiac cause could be

established.27 PCCs were recorded if any of these complica-

tions occurred. The first occurred cardiac complications

would be recorded if two or more types of PCCs happened

in succession. The exact time when the PCCs were devel-

oping was also recorded.

Statistical Analysis
Categorical variables were presented as numbers (%), and

continuous variables were presented as the mean ± standard

deviation (SD) or median and interquartile range (IQR),

depending on the distribution. A chi-square analysis was

used between groups with and without PCCs to select possible

risk factors of PCCs, and each variable showing a significant

difference would enter the multivariate logistics regression

analysis (method: Enter) to identify the independent risk fac-

tors. Simultaneously, the multivariate Cox regression model

was used to estimate the independent predictors of PCCs. For

the independent risk factors identified by both of the methods,

the incidence of PCCs overtime was shown by the Kaplan-

Meier survival method and the difference between the two

groups was evaluated with a stratified Log-rank test. The

significance level was set at a two-sided P value less than

0.05 for all statistical tests. Statistical analyses were performed

using SPSS 23.0 (IBM Inc., New York, USA).

Results
Demographics
Over the 16-year study period, 547 patients with CAD over

80 years old undergoing noncardiac surgeries were included

in this retrospective analysis (Figure 1). The median age was

82 (IQR; 81, 84) years. The demographics and types of

surgery of the 547 patients are shown in Table 1.
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Perioperative Cardiac Complications
Overall 106 (19.4%) patients experienced at least one PCC in

the included 547 patients (5 patients intraoperatively, 99

patients postoperatively, and 2 patients experienced compli-

cations both intraoperatively and postoperatively), among

whom 15 (2.7%) patients died within 30 days after surgery.

23 (4.2%) patients experienced more than one type of PCCs

successively. Among the 60 ACS cases diagnosed, 6 (10.0%)

cases were STEMI, and 54 (90.0%) cases were NSTE-ACS.

25 patients suffered new-onset severe arrhythmia, including

17 (68.0%) cases of AF or atrial flutter, 5 (20.0%) cases of

paroxysmal supraventricular tachycardias and 3 (12.0%)

cases of other types. The details of PCCs incidence are

shown in Table 2.

Themajority of complications (81, 76.4%) occurredwithin

the first 3 days after surgery, while 41 (38.7%) developed

within the first 24h postoperatively. 25 patients experienced

delayed PCCs (ranged 4 to 13 days postoperatively, median 7

days), including 12 (48.0%) cases of HF, 10 (40.0%) cases of

ACS and 3 (12.0%) cases of new-onset severe arrhythmia.

Independent Risk Factors of PCCs
Table 3 shows the Chi-square analyses of possible risk

factors for PCCs. 22 variables (P<0.05) were included in

Figure 1 Flow chart showing patients enrolment and analysis.

Abbreviations: ASA, American Society of Anesthesiologists; CAD, coronary artery disease; ICD, international classification of diseases; PCCs, perioperative cardiac

complications.
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the multivariate logistic regression and multivariate Cox

regression analysis. Among them, 8 independent risk fac-

tors were identified and found to be the same in both

regression analysis: age ≧ 85 years; BMI ≧30 kg/m2;

history of angina within 6 months; metabolic equivalents

(METs) <4; HTN without regular treatment; preoperative

ECG ST-segment or T wave abnormality; anesthesia time

>3 h and drainage ≧200 mL within 24 h postoperatively

(Table 4). The Kaplan–Meier curves of the 8 independent

risk factors with a stratified Log-rank test are shown in

Figure 2.

Discussion
The purpose of the study was to evaluate the PCCs inci-

dence and risk factors of noncardiac surgery in patients

over 80 years with CAD. The incidence of PCCs in the

oldest-old patients with CAD undergoing noncardiac sur-

gery was 19.4%. Our study revealed eight independent risk

factors (age ≧85 years, BMI≧30 kg/m2, history of angina

within 6 months, METs <4, HTN without regular treat-

ment, preoperative ECG ST-T abnormality, anesthesia time

>3 h, and drainage ≧200 mL within 24 h postoperatively)

associated with an increased risk for PCCs.

The incidence of PCCs exceeded significantly in the

oldest-old population, compared to only 1.4–3.9% cardiac

complication occurrence rate in the general population.28

With the number of patients undergoing major noncardiac

surgery increasing, both the average age of patients and

cardiac comorbidities are also increasing.29 In a prospective

large-scale study, CAD history and age ≧75 were both

Table 1 Demographics and Types of Surgery of the Study

Population

Variables Total (N=547)

Demographic

Age (years) 82 [81,84]

Male 283 (51.7)

BMI (kg/m2) 23.34±3.73

Smoking status

Never smoked 396 (72.4)

Current smoked 68 (12.4)

Former smoked 83 (15.2)

Comorbidities

HTN 377 (68.9)

Diabetes 157 (28.7)

HF 33 (6.0)

Arrhythmia 199 (36.4)

Cerebral infarction 103 (18.8)

Cerebral/peripheral vascular disease 180 (32.9)

COPD/Asthma 82 (15.0)

METs <4 96 (17.6)

ASA classification

II 276 (50.5)

III 259 (47.3)

IV 12 (2.2)

NYHA classification

I–II 462 (84.5)

III–IV 85 (15.5)

Types of surgery

Main vascular procedures 35 (6.4)

Peripheral vascular procedures 22 (4.0)

Thoracic surgeries 23 (4.2)

Abdominal surgeries 220 (40.2)

Orthopedic surgeries 177 (32.4)

Head and neck surgeries 30 (5.5)

Other types of surgery 40 (7.3)

Duration of operation (min) [IQR] 115 [81,163.5]

Notes: Results presented as mean±SD, median [IQR], or n (%).

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass

index (weight/height2); COPD, chronic obstructive pulmonary disease; HF, heart

failure; HTN, hypertension; IQR, interquartile range; METs, metabolic equivalents;

NYHA, New York Heart Association; SD, standard deviation.

Table 2 Number of Patients with PCCs

PCCs N Percentage in

PCCs (%)

Percentage in

Total (%)

ACS 60 56.6 11.0

STEMI 6 5.7 1.1

NSTE-ACS 54 50.9 9.9

Heart failure 21 19.8 3.8

New-onset severe

arrhythmia

25 23.6 4.6

AF or atrial

flutter

17 16.0 3.1

PSVT 5 4.7 0.9

Other types of

arrhythmia

3 2.8 0.5

Nonfatal cardiac

arrest

0 0 0

Total PCCs 106 100.0 19.4

Cardiac death 15 14.2 2.7

Notes: 23 patients experienced more than one PCC successively and only the first

occurred PCCs were recorded as the type of PCCs.

Abbreviations: ACS, acute coronary syndrome; AF, atrial fibrillation; NSTE-ACS,

non-ST-elevation acute coronary syndromes; PCCs, perioperative cardiac complica-

tions; PSTV, paroxysmal supraventricular tachycardias; STEMI, ST-elevation myocar-

dial infarction.
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Table 3 Comparisons of Variables Between Patients with and without PCCs

Variables Patients without PCCs

(n=441)

Patients with PCCs

(n=106)

χ2 OR P-value

Age ≧85 years 97 (22.0) 38 (35.8) 8.823 1.982 0.003

Sex = male 234 (53.1) 49 (46.2) 1.599 0.760 0.206

BMI ≧30 kg/m2 14 (3.2) 8 (7.5) 4.233 2.490 0.040

Smoking history 119 (27.0) 32 (30.2) 0.439 1.170 0.508

Current smoking 53 (12.0) 15 (14.2) 0.357 1.207 0.550

ASA classification III/IV 209 (47.4) 62 (58.5) 4.211 1.564 0.040

NYHA classification III/IV 65 (14.7) 20 (18.9) 1.110 1.346 0.292

History of CABG 22 (5.0) 3 (2.8) 0.913 0.555 0.339

History of angioplasty 82 (18.6) 20 (18.9) 0.004 1.018 0.948

History of MI 75 (17.0) 28 (26.4) 4.949 1.752 0.026

History of MI within 6 months 5 (1.1) 4 (3.8) 3.680 3.420 0.055

History of HF 20 (4.5) 13 (12.3) 9.005 2.942 0.003

History of HF within 6 months 15 (3.4) 10 (9.4) 7.131 2.958 0.008

History of angina within 6 months 80 (18.1) 35 (33.0) 11.393 2.224 0.001

History of UA within 6 months 22 (5.0) 15 (14.2) 11.375 3.139 0.001

METs <4 63 (14.3) 33 (31.1) 16.761 2.712 0.000

HTN without regular treatment 35 (7.9) 15 (14.2) 3.974 1.912 0.046

History of cerebral infarction 83 (18.8) 20 (18.9) 0.000 1.003 0.991

History of cerebral/peripheral vascular

disease

136 (30.8) 44 (41.5) 4.407 1.592 0.036

History of diabetes 122 (27.7) 35 (33.0) 1.197 1.289 0.274

Treatment with insulin 40 (9.1) 14 (13.2) 1.644 1.526 0.200

Preoperative bradycardia 1(0.2) 1 (0.9) 1.205 4.190 0.272

Preoperative tachycardia 7 (1.6) 6 (5.7) 6.111 3.720 0.013

Preoperative Hct <37% 221 (50.1) 68 (64.2) 6.758 1.781 0.009

Preoperative Hb <110 g/L 113(25.6) 35 (33.0) 2.368 1.431 0.124

Preoperative Ccr <50 mL/min 246 (55.8) 76 (71.7) 8.940 2.008 0.003

Preoperative ECG arrhythmia 138 (31.3) 34 (32.1) 0.024 1.037 0.876

Preoperative ECF AF 30 (6.8) 11 (10.4) 1.575 1.586 0.209

Preoperative ECG ST-T abnormality 203 (46.0) 75 (70.8) 20.900 2.836 0.000

Preoperative ECG Q wave 34 (7.7) 13 (12.3) 2.257 1.673 0.133

Preoperative EF <50% 13 (2.9) 5 (4.7) 0.840 1.630 0.359

Preoperative EF <55% 25 (5.7) 12 (11.3) 4.328 2.124 0.037

Preoperative RWMA 62 (14.1) 23 (21.7) 3.800 1.694 0.051

Preoperative PAH 30 (6.8) 3(2.8) 2.379 0.399 0.123

Vascular surgery 47 (10.7) 10 (9.4) 1.137 0.873 0.711

General anesthesia 329 (74.6) 76 (71.7) 0.375 0.862 0.540

Intraoperative inhalation anesthetics 303 (68.7) 71(67.0) 0.118 0.924 0.731

Intraoperative nitrous oxide 231 (52.4) 61 (57.5) 0.971 1.232 0.388

Blood loss ≧500 mL 69 (15.6) 11 (10.4) 1.900 0.624 0.168

Intraoperative blood transfusion 83 (18.8) 25 (23.6) 1.224 1.331 0.269

Intraoperative blood transfusions ≧500mL 36 (8.2) 11 (10.4) 0.533 1.303 0.465

Operation time >2.5 h 121 (27.4) 40 (37.7) 4.364 1.603 0.037

Anesthesia time >3 h 140 (31.7) 51 (48.1) 10.074 1.994 0.002

(Continued)
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independent predictors of MI in noncardiac surgery, with

10.3% and 23.5% population attribute risk, respectively.7

We observed that the majority of the PCCs (76.4%) occurred

within 72 h after surgery, in agreement with the finding in the

general population.30 So, the first 72 h after surgery should be

a critical period for these populations with high risk, which

demanded close monitoring to detect early PCCs.

ACS was the main type of PCCs, nearly all of which was

NSTE-ACS. The mismatch between oxygen supply and

demand, as well as coronary-artery thrombosis, are the classic

mechanism of ACS. The catecholamine stress caused by

trauma and pain increases the oxygen consumption of heart

dramatically, as a hard shock for oldest-old patients, epically

when hypovolemia, hypoxia, and electrolyte disturbances have

all been implicated.13 Because of the effects of postoperative

analgesia, patientsmay not experience chest pain.Moreover, in

older and diabetic patients, autonomic dysfunction may cause

ambiguity in presentation.30 Therefore, relying on classical

symptoms alone could lead to a missed diagnosis of silent or

non-specific ACS. Postoperative regular ECG monitoring and

troponin screening with satisficing sensitivity should be routi-

nely operated in the very-high-risk population.3

New-onset severe arrhythmia accounted for almost

a quarter of PCCs in our study, and AF was the most

common type (3.1% in the study population). While the

incidence of newly diagnosed postoperative AF is only

0.97% in a large retrospective study with 370,447 patients

over 18 years of age.31 Though most AF resolve sponta-

neously, pulmonary artery pressure increases and tachy-

cardia may cause myocardial ischemia through the loss of

diastolic filling time and increased myocardial work.3

In this study, 20% of patients suffered new-onset HF as

their first occurred PCCs, without patients who developed HF

as a consequence ofMI events.Moreover, HF tended to appear

later than other PCCs. As a result of perioperative inappropri-

ate fluid strategy, hypervolemia could increase left atrial pres-

sure and finally lead to pulmonary edema. On the other hand,

HF could also be secondary to other pathological changes, such

Table 3 (Continued).

Variables Patients without PCCs

(n=441)

Patients with PCCs

(n=106)

χ2 OR P-value

Intraoperative hypotension 60 (13.6) 27 (25.5) 8.997 2.170 0.003

Intraoperative hypoxia 2 (0.5) 3 (2.8) 5.330 6.393 0.021

Admitted into ICU postoperatively 247 (56.0) 79 (74.5) 12.127 2.298 0.000

Drainage ≧200 mL within 24 h 63 (14.3) 27 (25.5) 7.779 2.051 0.005

Notes: BMI classifications was consistent with theWorld Health Organization BMI cut-off points of Obese; bradycardia was defined as the baseline heartbeat <50 beats/min when

the patient was awake and calm; tachycardia was defined as the baseline heartbeat >100 beats/min when the patient was awake and calm. Results were presented as n (%).

Abbreviations: AF, atrial fibrillation; ASA, American Society of Anesthesiologists; BMI, body mass index (weight/height2); CABG, coronary artery bypass grafting; Ccr, creatinine

clearance rate; ECG, electrocardiograph; EF, ejection fraction; Hb, hemoglobin; Hct, hematocrit; HF, heart failure; HTN, hypertension; ICU, intensive care unit; METs, metabolic

equivalents; MI,myocardial infarction; NYHA,NewYorkHeart Association;OR, odds ratio; PAH, pulmonary arterial hypertension; PCCs, perioperative cardiac complications; RWMA,

regional wall motion abnormality; UA, unstable angina.

Table 4 Results Output of the Multivariate Logistics Regression and the Multivariate Cox Regression Analysis for Independent Risk

Factors of PCCs

Variables Multivariate Logistics Regression Multivariate Cox Regression

P-value OR 95% CI P-value HR 95% CI

Age ≧85 years 0.014 2.002 1.149–3.490 0.033 1.611 1.04–2.496

BMI ≧30 kg/m2 0.015 4.065 1.311–12.602 0.022 2.489 1.139–5.441

History of angina within 6 months 0.022 2.156 1.119–4.154 0.029 1.792 1.061–3.027

METs<4 0.027 1.987 1.081–3.655 0.047 1.611 1.007–2.579

HTN without regular treatment 0.018 2.602 1.181–5.732 0.041 1.869 1.027–3.400

Preoperative ECG ST-T abnormality 0.000 2.546 1.511–4.290 0.002 1.981 1.275–3.076

Anesthesia time >3h 0.004 3.620 1.521–8.614 0.004 2.767 1.397–5.481

Drainage≧200mL within 24h 0.005 2.356 1.291–4.298 0.013 1.819 1.135–2.914

Abbreviations: BMI, body mass index (weight/height2); CI, confidence interval; ECG, electrocardiograph; HTN, hypertension; HR, hazard ratio; METs, metabolic

equivalents; OR, odds ratio; PCCs, perioperative cardiac complications.
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Figure 2 The Kaplan–Meier curves of probability of patients without PCCs for the eight independent risk factors (A) age≧85 years; (B) BMI ≧30 kg/m2; (C) the history of

angina within 6 months; (D) METs <4; (E) HTN without regular treatment; (F) preoperative ECG ST-Tabnormality; (G) anesthesia time >3 h; (H) drainage ≧200 mL within

24 h postoperatively.

Abbreviations: BMI, body mass index (weight/height2); ECG, electrocardiograph; HTN, hypertension; METs, metabolic equivalents; PCCs, perioperative cardiac

complications.
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as perioperative lung injury, renal impairment, and sepsis.3

Regardless of etiology, postoperative HF has 30-day mortality

of 8%.32 It has been suggested to use goal-directed fluid

therapy and cardiac output monitoring optimizing stroke

volume for elderly patients.33

Some of the study revealed eight independent risk factors

have been reported as risk factors in multiple studies and

described in clinical guidelines.2,16,34,35 Although all subjects

of this study were elderly over 80 years, age was still an

independent predictor of PCCs. The incidence of PCCs

increased significantly for patients over 85 years compared

to those between 80 and 85 years. The tolerance to the over-

activation of the sympathetic nervous system and hemody-

namic stress is impaired with age. In a prospective study of

elderly patients (≧60 years) undergoing elective major non-

cardiac surgery, advanced age was also recognized as an

important risk factor for postoperative adverse cardiovascular

events.36 Furthermore, advanced age might continue influen-

cing the prognosis for patients who experienced PCCs. Aged

75 or older, was an independent predictor of 30-day mortality

among patients who suffered MI after noncardiac surgery.8

Preoperative ECG ST-T abnormality was an independent

risk factor of PCCs in this study. The prognostic significance

of ST-segment abnormalities in addition to clinical character-

istics had been identified.37 A prognostic study with 172 CAD

patients undergoing major noncardiac surgery demonstrated

that ST depressions were independent predictors of all-cause

mortality in two years after surgery.38 In addition, more atten-

tion should also be paid to other ECG variables, such as QT

interval duration which is a predictor of fatal ventricular

arrhythmia and sudden cardiac death in smokers, hyperten-

sive, overweight and obese patients,39 as well as in patients

with renal failure.40 The implications of abnormalities on the

preoperative 12-lead ECG increase with patient age and with

risk factors for CAD.16 Therefore, ECG monitoring may be

extremely important in oldest-old patients undergoing noncar-

diac surgery, enabling assessment of PCCs risk.

We found out that higher rates of PCCs are associated

with angina within 6 months, which was consistent with the

previous report.4 The stability and timing of a recent myo-

cardial event impact the incidence of perioperative morbidity

and mortality. ACC/AHA guidelines recommend at least

a 60-day interval between an ACS and elective noncardiac

surgery.16 As we know coronary revascularization before

noncardiac surgery is generally indicated in unstable CAD.4

However, there were no recommendations for patients over

80 years old. And it would be very meaningful to investigate

the benefit of coronary revascularization for oldest-old

patients with unstable angina or preoperative ECG ST-T

abnormality in future prospective cohort trials.

We found out that hypertension without regular treatment

was an independent predictor for PCCs. Hypertension is con-

sidered as a classical cardiovascular risk factor in non-cardiac

surgery.4 Increased stiffness of the great vessels and decreased

cardiovascular reserve capacity are hallmarks of aging, espe-

cially for hypertension patients without regular control.41 One

orthopedic retrospective study enrolled 46,322 patients

demonstrated that age >80 years, a history of cardiac disease

and hypertension requiring medication were significant risk

factors for developing PCCs following primary unilateral total

knee arthroplasty and total hip arthroplasty.42 But there are also

valid concerns that strict control of BPmay increase the risk of

hypotension in the geriatric population older than 80 years.

Recently, an analysis performed that the lowest mortality was

found in individuals with SBP of 135–154 mmHg in aged 80

years and older, suggesting it as an optimal range of BP.43

In our study, drainage ≧200 mL within 24h postopera-

tively was found to be an independent risk factor of PCCs.

Hypovolemia induced by postoperative bleeding and insuffi-

cientfluid volume could increasemyocardial work, and further

aggravate the mismatch between oxygen supply and demand,

which is the prominent pathogenesis on perioperative ACS.

Several related chronic conditions like cerebrovascular

disease, diabetes mellitus, and renal dysfunction and other

risk factors in the general population were not independent

predictors of PCCs in this study.2,16 Partially because these

factors are the surrogates for an unknown cardiac condi-

tion. This could also be attributed to the optimization of

patients before elective surgery and improvements in the

surgical procedure in the recent 10 years.

The main limitation of our study is the relatively small

number of patients. As a retrospective study, some preopera-

tive information was unavailable, including cTnI levels,44

electrolyte imbalances potential related to arrhythmia, and

serum biomarkers of atherosclerosis, such as inflammatory

biomarkers (fibrinogen, high sensitivity C reactive protein)

and biomarkers of oxidative stress (especially advanced glyca-

tion end-products).45 Several other ECG variables such as

P-wave duration and dispersion as predictors of AF were not

analyzed.46 And we could not comment on the role of preo-

perative medical management in modifying the risk of PCCs.

Postoperative troponin was tested only if clinical or ECG

evidence of PCCs, which might lead to a missed diagnosis of

silentMI.Moreover, asymptomatic silent troponin level eleva-

tion alone is strongly associated with mortality.47 More pro-

spective studies should be designed to evaluate risk factors and
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prophylactic cardiac interventions, and make comprehensive

predictive stratification models that allow for better preopera-

tive optimization as to minimize PCCs.

Conclusion
The incidence of PCCs was high for the oldest-old patients

with CAD undergoing noncardiac surgery, among which

ACS was the main type. The independent predictive risk

factors of PCCs for this population included age ≧85

years; BMI ≧30 kg/m2; the history of angina within 6

months;METs <4; HTNwithout regular treatment; preopera-

tive ECG ST-T abnormality; anesthesia time >3 h and drai-

nage ≧200 mL within 24 h postoperatively. Our study

indicated that comprehensive preoperative evaluation and

optimization (eg, angina, hypertension, cardiopulmonary

function), shortened anesthesia time, skilled surgical techni-

ques and exact hemostasis, and regular postoperative mon-

itoring may help to reduce PCCs. More prospective

multicenter investigations are required to further clarify the

risk stratification and prognostic value of PCCs in this

population.
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