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Background: In octogenarian patients there is a potential for more tangible clinical benefits from off-
pump coronary artery bypass (OPCAB) compared to conventional coronary artery bypass grafting (CABG) 
with cardiopulmonary bypass (CPB) (COCAB). We aimed to investigate whether, compared to COCAB, 
OPCAB is associated with better operative outcomes in octogenarians by analyzing the Nationwide Inpatient 
Sample (NIS) databases 2003–2011.
Methods: Of the 134,117 discharge records from 797 hospitals analyzed of patients aged ≥80 years 
undergoing first time isolated CABG from 2003 to 2011, 70.9% (n=95,057) had COCAB and the remaining 
29.1% (n=39,060) received OPCAB. Hospital and patient-level covariates were used to adjust the effect of 
OPCAB on operative outcomes. 
Results: COCAB and OPCAB were comparable in terms of operative mortality (5.5% vs. 5.2% 
respectively, P=0.30). However, rate of stroke was significantly lower in the OPCAB (2.4% vs. 1.8% 
respectively, P=0.004) and this result was confirmed after full adjustment (OR 0.72; 95% CI: 0.58–0.91; 
P=0.005). OPCAB was associated with lower risk of wound infection (OR 0.61; 95% CI: 0.47–0.78; 
P=0.0001) and atrial fibrillation (OR 0.88; 95% CI: 0.82–0.94; P=0.0004). No differences were observed in 
terms of bleeding, sepsis, need for tracheostomy and haemodialysis. OPCAB was associated with a marginal 
trend towards lower costs but did not reduce hospital-stay length. 
Conclusions: In the NIS 2003–2011, compared to COCAB, OPCAB was associated with lower risk of 
stroke and atrial fibrillation in octogenarians. OPCAB might represent a valid option to reduce procedure-
specific morbidity in this high-risk subgroup, in particular in subjects at higher risk of cerebrovascular events. 
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Introduction

Enhanced life expectancy has confronted cardiac surgery 
with a rapidly growing population of octogenarians needing 
coronary artery bypass grafting (CABG) (1). Octogenarians 
are deemed a high-risk patient population with increased 
postoperat ive morbidity and mortal i ty  fol lowing 
conventional CABG using cardiopulmonary bypass (CPB) 
(COCAB) (2). In such patients reducing invasiveness of 
the surgical procedure by avoiding CPB may be tried 
in an attempt to improve outcomes (3). The increasing 
performance of off-pump coronary artery bypass (OPCAB) 
grafting within certain centers reflects surgeon preference 
to avoid the inherent risks of CPB and cardioplegic 
arrest, including hemodilution, non-pulsatile arterial flow, 
global myocardial ischemia, atherosclerotic embolization 
from aortic manipulation, and systemic inflammatory  
response (4). Although OPCAB grafting is a well-
established surgical myocardial revascularization strategy, its 
actual benefits in terms of morbidity and mortality remain 
questionable in the general population (5,6). In the higher 
risk octogenarian patients, however, there is a potential for 
more tangible clinical benefits when CPB is avoided (7). 
We aimed to investigate whether OPCAB is associated with 
better operative outcomes in octogenarians when compared 
to COCAB by analyzing the Nationwide Inpatient Sample 
(NIS) databases 2003–2011.

Methods

Data sources

Weill Cornell Medical College determined that institutional 
review board approval and informed consent was not 
required because this study uses a de-identified administrative 
database. This protocol conforms the Helsinki Declaration as 
revised in 2013. The NIS represents a 20% stratified random 
sample of all hospital discharges in the US, and collection, 
validation, and maintenance of the datasets are performed 
by the Agency for Healthcare Research and Quality. The 
NIS data use national hospital survey strata to weight each 
of the participating hospitals. Weights are provided for each 
discharge record, allowing nationally representative study 
populations to be produced (8).

The present study included discharge records in NIS 
datasets from 2003 to 2011 that specifically reported 
unique hospital identifiers for the study time period with 
selected International Classification of Diseases, 9th 
Revision, Clinical Modification (ICD-9-CM) procedure 

and diagnostic codes. Discharge records for patients with 
CABG procedures were identified using the following ICD-
9-CM procedure codes: 30.10, 36.11, 36.12, 36.13, 36.14, 
36.15, or 36.16. The concomitant use of CPB support was 
identified by records that also included the following ICD-
9-CM procedure codes for bypass support: 39.61 or 39.66. 
Discharge records for patients with concomitant cardiac 
valve procedures (ICD-9-CM codes 35.20, 35.21, 35.22, 
35.23, 35.24, 35.25, 35.26, 35.27, 35.28, 35.11, 35.12, 
35.13, 35.14) or other cardiotomy (ICD-9-CM code 37.11) 
for purposes other than CPB were excluded. 

Patients aged 80 years or more undergoing isolated first 
time CABG were stratified by the use of CPB into OPCAB 
and COCAB. Patient-level and hospital-level variables were 
used as baseline characteristics. Hospital-level data elements 
were derived from the AHA Annual Survey Database 
and ownership/control included urban or rural location, 
teaching status, and hospital bed size. The Agency for 
Healthcare Research and Quality’s comorbidity measures 
based on the Elixhauser method (9) were used to identify 
comorbid conditions. 

Outcomes measured

The primary outcome was in-hospital all-cause mortality for 
the overall cohort of isolated CABG. Secondary outcome 
measures were stroke, sepsis, wound infection, tracheostomy, 
postoperative atrial fibrillation, haemodialysis, length of stay 
and total costs.

Outcome measures were identified by means of ICD-9 
codes (details provided in the Supplementary). 

Statistical analysis

Weighted values of patient-level observations were 
generated to produce a nationally representative estimate 
of the entire US population of hospitalized patients. 
Categorical variables were tested using the Pearson’s chi-
square test (Rao & Scott adjustment), continuous variables 
were tested using the Student t-test. P value <0.05 was 
considered significant. The treatment effect on outcomes 
of interest was estimated using a hierarchical logistic 
regression model with the unique hospital identification 
number used to account for clustering effect and adjusting 
for both clinical and hospital-level variables. Hierarchical 
linear regression models were used for continuous 
dependent variables. As sensitivity analysis, stratification 
on propensity score was used. First, the propensity score 
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to undergo OPCAB was estimated by logistic regression 
including patient and hospital-level variables. Patients were 
stratified into five equal-size groups using quintiles. Mantel-
Haenszel pooled parameter estimates are then calculated as 
weighted means of quantile-specific estimates (10). Finally, 
a fully adjusted weighted analysis was repeated separately 
for subjects who received a single graft and patients who 
received two or more grafts. All analyses were conducted 
using R [R Core Team (2016), https://www.R-project.org/].

Results

Of the 134,117 discharge records from 797 hospitals 
analyzed of patients aged ≥80 years undergoing first time 
isolated CABG from 2003 to 2011, 70.9% (n=95,057) 
had COCAB and the remaining 29.1% (n=39,060) 
received OPCAB (Figure 1). Baseline characteristics in 
the two groups are summarized in Table 1. Patients who 
underwent OPCAB were more likely to be older than 85 
and female. OPCAB patients presented a trend towards a 
higher prevalence of deficiency anemias, congestive heart 
failure, chronic pulmonary disease and peripheral vascular 
disorders. Patients who underwent COCAB presented 
a trend towards a higher prevalence of diabetes. No 
significant differences were observed in terms of hospital-
level variables. 

Operative outcomes are summarized in Table 2. COCAB 

and OPCAB were comparable in terms of operative 
mortality (5.5% vs. 5.2% respectively, P=0.30). However, 
the rate of stroke was significantly lower in the OPCAB 
group (2.4% vs. 1.8% respectively, P=0.004) and this result 
was confirmed after full adjustment (OR 0.72; 95% CI: 
0.58–0.91; P=0.005) and after propensity score stratification 
(OR 0.73; 95% CI: 0.60–0.89; P=0.005) (Table 3). OPCAB 
was also associated with a lower risk of wound infection  
(OR 0.62; 95% CI: 0.49–0.78; P=0.0001) and atrial 
fibrillation (OR 0.89; 95% CI: 0.84–0.94; P=0.0004). No 
differences were observed in terms of bleeding, sepsis and 
need for tracheostomy and haemodialysis. OPCAB was 
associated with a non-significant marginal trend towards 
lower costs but did not reduce hospital stay length. 

Among subjects who received 1 graft only (n=19,550), 
11,452 had COCAB (58.6%) and the remaining 8,098 
(41.4%) subjects had OPCAB. Among those who received 
2 or more grafts (n=114,566), 83,605 (73.0%) had COCAB 
and the remaining 30,961 (27.0%) had OPCAB (Table 4). 
OPCAB was found to be protective in terms of stroke in 
those who received 1 graft (OR 0.58; 0.34–0.98; P=0.04) 
and 2 or more grafts (OR 0.76; 0.60–0.93; P=0.02). We also 
found a marginally non-significant reduction of costs with 
OPCAB in those who received 1 graft (−9,169$±5,271$; 
P=0.08) but not 2 or more grafts (−770$±4,508$; P=0.86). 

Discussion

The present analysis of the US Nationwide Inpatient 
Database is the largest analysis available comparing OPCAB 
and COCAB in octogenarians. We found that in this high-
risk population, OPCAB was associated with a significantly 
lower incidence of stroke. This benefit was present in 
both subjects who received 1 graft or 2 and more grafts. 
OPCAB was also associated with a significantly lower 
risk of atrial fibrillation and wound infections. However, 
hospital mortality did not differ between the two strategies 
as well as the incidence of bleeding, sepsis, haemodialysis 
and tracheostomy. Length of stay and total costs were not 
different between the two groups although in subjects 
who received 1 graft only, we observed a non-significant 
trend towards a reduction in length of stay and costs with 
OPCAB. 

Despite the potential advantages of avoiding CPB, the 
perceived benefits of OPCAB in terms of perioperative 
mortality and morbidity including stroke were not realized 
in the majority of studies comparing the two strategies 
(5,6). Short-term mortality and morbidity after off-pump 

Figure 1 Rate of off-pump coronary artery bypass (OPCAB) and 
hospital mortality across study period. 
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Table 1 Patient-level, hospital-level and co-existing comorbidities in patients in patients undergoing coronary artery bypass grafting with 
cardiopulmonary bypass (COCAB) and off-pump coronary artery bypass (OPCAB)

Variables COCAB (n=95,057) OPCAB (n=39,060) P

Age ≥85, n (%) 19,574 (20.6) 9,164 (23.5) <0.001

Female gender, n (%) 34,918 (36.7) 15,763 (40.4) <0.001

Elective, n (%) 37,537 (39.5) 15,821 (40.5) 0.419

Race, n (%) 0.447

White 82,950 (87.3) 33,476 (85.7)

Black 3,087 (3.2) 1,621 (4.2)

Hispanic 4,466 (4.7) 1,995 (5.1)

Asian or pacific islander 1,701 (1.8) 758 (1.9)

Native American 362 (0.4) 158 (0.4)

Other 2,491 (2.6) 1,052 (2.7)

Expected primary payer, n (%) 0.349

Medicare 88,666 (93.3) 36,086 (92.4)

Medicaid 845 (0.9) 393 (1.0)

Private insurance 4,577 (4.8) 2,089 (5.3)

Self-pay 345 (0.4) 138 (0.4)

No charge 35 (0.0) 13 (0.0)

Missing 589 (0.6) 341 (0.9)

Year (mean ± SD) 2,006±2.55 2,006±2.49 0.698

Bedsize of hospital, n (%) 0.078

Small 6,949 (7.3) 3,600 (9.2)

Medium 15,509 (16.3) 8,434 (21.6)

Large 72,599 (76.4) 27,026 (69.2)

Control/ownership of hospital, n (%) 0.109

Government or private (collapsed category) 60,572 (63.7) 25,565 (65.4)

Government, nonfederal (public) 3,992 (4.2) 762 (2.0)

Private, not-for-profit (voluntary) 17,636 (18.6) 7,265 (18.6)

Private, investor-owned (proprietary) 11,420 (12.0) 5,052 (12.9)

Private (collapsed category) 1,437 (1.5) 416 (1.1)

Location/teaching status of hospital, n (%) 0.464

Rural 3,883 (4.1) 1,499 (3.8)

Urban nonteaching 41,369 (43.5) 15,979 (40.9)

Urban teaching 49,805 (52.4) 21,582 (55.2)

Acquired immune deficiency syndrome, n (%) 0 (0.0) 0 (0.0) Not apply

Alcohol abuse, n (%) 637 (0.7) 249 (0.6) 0.800

Deficiency anemias, n (%) 17,181 (18.1) 7,969 (20.4) 0.027

Rheumatoid arthritis, n (%) 1,676 (1.8) 713 (1.8) 0.751

Chronic blood loss anemia, n (%) 1,648 (1.7) 631 (1.6) 0.549

Table 1 (continued)
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Table 1 (continued)

Variables COCAB (n=95,057) OPCAB (n=39,060) P

Congestive heart failure, n (%) 1,589 (1.7) 1,028 (2.6) <0.001

Chronic pulmonary disease, n (%) 18,479 (19.4) 8,544 (21.9) <0.001

Coagulopathy, n (%) 14,866 (15.6) 4,774 (12.2) <0.001

Depression, n (%) 3,384 (3.6) 1,572 (4.0) 0.150

Diabetes, n (%) 23,783 (25.0) 9,237 (23.6) 0.037

Diabetes with chronic complications, n (%) 3,451 (3.6) 1,358 (3.5) 0.617

Drug abuse, n (%) 36 (0.0) 25 (0.1) 0.366

Hypertension, n (%) 68,692 (72.3) 27,675 (70.9) 0.108

Hypothyroidism, n (%) 11,455 (12.1) 4,752 (12.2) 0.822

Liver disease, n (%) 249 (0.3) 107 (0.3) 0.855

Lymphoma, n (%) 373 (0.4) 137 (0.4) 0.597

Fluid and electrolyte disorders, n (%) 23,595 (24.8) 10,216 (26.2) 0.376

Metastatic cancer, n (%) 197 (0.2) 105 (0.3) 0.336

Other neurological disorders, n (%) 3,551 (3.7) 1,533 (3.9) 0.466

Obesity, n (%) 4,959 (5.2) 1,969 (5.0) 0.690

Paralysis, n (%) 1,421 (1.5) 450 (1.2) 0.044

Peripheral vascular disorders, n (%) 16,269 (17.1) 7,329 (18.8) 0.027

Psychoses, n (%) 1,192 (1.3) 550 (1.4) 0.356

Pulmonary circulation disorders, n (%) 173 (0.2) 59 (0.2) 0.537

Renal failure, n (%) 14,406 (15.2) 6,100 (15.6) 0.448

Solid tumor without metastasis, n (%) 1,775 (1.9) 708 (1.8) 0.763

Peptic ulcer disease excluding bleeding, n (%) 25 (0.0) 16 (0.0) 0.548

Valvular disease, n (%) 647 (0.7) 281 (0.7) 0.748

Weight loss, n (%) 3,353 (3.5) 1,560 (4.0) 0.182

Table 2 Operative outcomes in patients in patients undergoing coronary artery bypass grafting with cardiopulmonary bypass (COCAB) and off-
pump coronary artery bypass (OPCAB)

Variables COCAB (n=95,057) OPCAB (n=39,060) P

In-hospital mortality 4,901 (5.2) 2,161 (5.5) 0.300

Stroke 2,300 (2.4) 688 (1.8) 0.004

Bleeding 8,580 (9.0) 3,686 (9.4) 0.370

Sepsis 2,014 (2.1) 868 (2.2) 0.620

Wound infection 1,686 (1.8) 447 (1.1) <0.001

Postoperative atrial fibrillation, n (%) 43,759 (46.0) 16,893 (43.2) 0.001

Tracheostomy, n (%) 1,895 (2.0) 937 (2.4) 0.090

Haemodialysis, n (%) 2,323 (2.4) 994 (2.5) 0.650

Length of stay, days (mean ± SE) 11.82±8.87 12.09±9.63 0.220

Costs, $ (mean ± SE) 138,747.83±111,760.27 139,142.18±114,104.88 0.940
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Table 3 Off-pump effect on outcomes 

Outcomes
Fully adjusted weighted model PS stratification

OR (95% CI) P OR (95% CI)

In-hospital mortality 1.01 (0.87–1.17) 0.8600 1.01 (0.90–1.14)

Stroke 0.72 (0.58–0.91) 0.0050 0.73 (0.60–0.89)

Bleeding 1.06 (0.95–1.19) 0.2500 1.06 (0.97–1.16)

Sepsis 0.99 (0.85–1.20) 0.9200 0.98 (0.82–1.17)

Wound infection 0.61 (0.47–0.78) 0.0001 0.62 (0.49–0.78)

Postoperative atrial fibrillation 0.88 (0.82–0.94) 0.0004 0.89 (0.84–0.94)

Tracheostomy 1.23 (0.96–1.77) 0.0900 1.23 (0.97–1.46)

Haemodialysis 1.0 (0.82–1.22) 0.9700 0.98 (0.83–1.16)

Length of stay, days (mean ± SE) −0.02±0.18 0.8900 0.07±0.12

Costs, $ (mean ± SE) −1,783±4,337 0.6800 −386±1,512

PS, propensity score.

Table 4 OPCAB effect on outcomes (fully adjusted weighted model) according to the number of grafts received (1 or ≥2)

Outcomes

N grafts =1  
(COCAB =11,452; OPCAB =8,098)

N grafts ≥2  
(COCAB =83,605; OPCAB =30,961)

OR [95% CI) P OR (95% CI) P

In-hospital mortality 0.87 (0.65–1.16) 0.34 1.04 (0.88–1.21) 0.6500

Stroke 0.58 (0.34–0.98) 0.04 0.76 (0.60–0.93) 0.0200

Bleeding 1.16 (0.92–1.46) 0.19 1.05 (0.93–1.18) 0.4000

Sepsis 1.21 (0.72–2.04) 0.46 0.97 (0.77–1.22) 0.7900

Wound infection 0.71 (0.39–1.28) 0.25 0.59 (0.45–0.78) 0.0002

Postoperative atrial fibrillation 0.97 (0.85–1.12) 0.74 0.87 (0.80–0.93] 0.0002

Tracheostomy 1.14 (0.58–2.24) 0.69 1.31 (0.98–1.87) 0.0800

Haemodialysis 1.01 (0.66–1.55) 0.95 1.0 (0.80–1.26) 0.9700

Length of stay, days (mean ± SE) −0.32±0.27 0.23 0.020±0.19 0.9100

Costs, $ (mean ± SE) −9,169±5,271 0.08 −770±4,508 0.8600

COCAB, coronary artery bypass grafting with cardiopulmonary bypass; OPCAB, off-pump coronary artery bypass.

and on-pump CABG were similar in a recent trial (5) 
involving 4,752 patients with a mixed operative-risk profile 
[the CABG Off or On Pump Revascularization Study 
(CORONARY)].

The octogenarians are now the fastest growing 
population in western countries, and the number of 
octogenarians with coronary artery disease (CAD) 
potentially eligible for surgery is expected to increase (2). 
Octogenarians are a special subset of patients with more 

comorbidities than their younger counterparts and are 
particularly vulnerable to organ dysfunction due to the 
deleterious effects of CPB (1). The German Off-Pump 
Coronary Artery Bypass Grafting in Elderly Patients 
(GOPCABE) (6) study focused exclusively on patients  
75 years of age or older. COCAB and OPCAB were used in 
1,207 and 1,187 subjects, respectively. The two groups were 
comparable in terms of mortality (2.8% vs. 2.6%; P=0.75) 
and stroke (2.7% vs. 2.2%; P=0.47). However, the majority 
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of patients enrolled were not octogenarians (mean age  
78 years) and the study was largely underpowered to detect 
significant difference for mortality or stroke. In fact, we 
estimated that, assuming a 2.5% stroke rate after COCAB in 
octogenarians and 1% reduction with OPCAB, a sample size 
of 8,494 will be required to achieve 90% power. A recently 
published large meta-analysis (11) of 16 retrospective 
studies including octogenarians only (9,744 COCAB and 
8,566 OPCAB patients) showed that early mortality was 
comparable at 4.6% and 5.2% in the OPCAB and COCAB 
cohorts, respectively (P=0.60). However, the stroke rate was 
significantly lower with OPCAB (1.3%) when compared 
to COCAB (2.4%; P<0.001). Of note, these results are 
consistent with those observed in the US Nationwide 
Inpatient Database thus supporting the generalizability of 
the present findings. Despite multifactorial pathogenesis 
of cerebral injury and cognitive dysfunction after cardiac 
surgery, there is increasing evidence that diffuse ischemic 
cerebral injury is caused by multiple micro-emboli arising 
from the ascending aorta, the heart chambers, or the 
bypass circuit (12). Elimination of CPB and adoption of the 
aortic “no touch” technique, which avoids intraoperative 
atheromatous embolization from the atherosclerotic aorta 
into the cerebral circulation, are associated with improved 
neurologic outcomes (13). Therefore, an argument for 
preferentially offering OPCAB to octogenarians could 
be based on the assumption that reduction of stroke may 
translate into substantial improvement in quality of life 
and savings in this group of patients with a higher-level of 
resource utilization (11). 

The incidence of post-operative atrial fibrillation was 
significantly lower in the OPCAB group. Atrial fibrillation is 
not a life-threatening occurrence, though its presence could 
predispose to haemodynamic compromise, thromboembolic 
events, anxiety and increased costs (14). One of the primary 
reasons why OPCAB may elicit less atrial fibrillation is that 
it avoids atrial cannulation. Moreover postoperative atrial 
fibrillation is an independent predictor of postoperative 
stroke (15) which can account for the lower rate of stroke 
after OPCAB. We could not find any effect from OPCAB 
over COCAB in terms of need for dialysis, in accordance 
with a recent meta-analysis including 33 RCTs with  
17,322 patients which showed no significant difference in 
the need for dialysis in the two groups (16). 

Several limitations of the current analysis should be 
acknowledged. First, the NIS database is assembled from 
data intended for billing purposes and is thus subject 
to the appropriate coding of diagnoses and procedures. 

We do not have granularity to account for pre-hospital 
CAD management or the varying severity of patient 
characteristics, such as frailty, precise ejection fraction, 
pre-operative serum creatinine levels, interval from acute 
myocardial infarction (in acute myocardial infarction cases), 
medications, urgency of CABG, hemodynamic data, and 
severity of CAD. This precludes the ability to calculate 
Syntax, surgical risk scores, as well as the possibility to 
compare completeness of revascularization between the two 
groups, and may have impacted unmeasured confounders 
that could not be accounted for in our adjustment models. 
Yet, the large sample size and the 10-year data provide 
a comprehensive dataset to delineate baseline patient 
characteristics and trends in risk profile over time.

Despite improvement in patient care management, 
CABG-related mortality and morbidity in octogenarians 
remains remarkable. Although the current analysis has failed 
to prove overwhelming superiority of one technique over 
the other, OPCAB might represent a valid option to reduce 
procedure-specific morbidity in this high-risk subgroup 
in particular in subjects at higher risk of cerebrovascular 
events. 
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Supplementary

Outcome measures were identified by the following 
International Classification of Diseases, 9th Revision, 
Clinical Modification (ICD-9-CM) codes: stroke (997.02, 
362.31, 368.12, 781.4, 433.11, 435, 434), major bleeding 
(430 to 432, 578.X, 719.1X, 423.0, 599.7, 626.2, 626.6, 

626.8, 627.0, 627.1, 786.3, 784.7, and 459.0), wound 
infection (998.51 and 998.59), sepsis (038, 995.91, 995.92 
and 999.3), haemodialysis (V45.1, V45.12, V45.11), 
tracheostomy (519.00, 519.01, 519.02, 519.09), atrial 
fibrillation (427.31, 427.3, 427.32). 


