
Incidence and trends of cardiac complications in major 
abdominal surgery☆

Yas Sanaiha, MDa, Yen-Yi Juo, MD, MPHa, Esteban Aguayo, BSb, Young-Ji Seo, BAb, Vishal 
Dobariaa, Boback Ziaeian, MD, PhDc, Peyman Benharash, MDa,*

aDivision of Cardiac Surgery, David Geffen School of Medicine at the University of California, Los 
Angeles

bDavid Geffen School of Medicine, University of California, Los Angeles

cDepartment of Cardiology, Veterans Affairs Greater Los Angeles Healthcare System, Los 
Angeles, CA

Abstract

Introduction: Cardiovascular complications are the leading cause of death after noncardiac 

surgery. Major abdominal operations represent the largest category of procedures considered to 

have an increased risk of cardiovascular complications. The current aim was to examine trends in 

the incidence of mortality, perioperative myocardial infarction, and cardiac arrest to determine the 

presence of potential volume-outcome relationships.

Methods: We performed a retrospective analysis of the Nationwide Inpatient Sample for patients 

undergoing elective, open abdominal esophagectomy, gastrectomy, pancreatectomy, nephrectomy, 

hepatectomy, splenectomy, and colectomy (major abdominal surgery) during 2008–2014. 

Univariate and multivariate analyses were performed to determine the impact of operative volume 

on rates of myocardial infarction, cardiac arrest, and mortality.

Results: Of the 962,754 elective admissions for major abdominal surgery, 1.4% experienced in-

hospital mortality, 0.7% myocardial infarction, and 0.35% cardiac arrest. Myocardial infarction 

and cardiac arrest were associated with a 24-fold increase in risk of perioperative mortality. 

Compared with institutions that have a very low volume of operations, those hospitals with larger 

volumes of operations had a decreased risk of cardiac arrest and incident mortality after 

cardiovascular complications, but the odds of myocardial infarction were greatest at higher 

operative-volume hospitals. The annual all-cause mortality and myocardial infarction rates 

decreased over time, but the incidence of cardiac arrest increased.

Conclusion: Myocardial infarction or cardiac arrest after major abdominal surgery increased the 

odds of mortality with superior rescue after cardiovascular complications at higher volume 

institutions. Across all US hospitals performing major abdominal surgery, the rate of cardiac arrest 
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increased without a concomitant increase in myocardial infarction or mortality. Novel targets for 

risk modification of myocardial infarction and cardiac arrest as well as investigation of processes 

that facilitate rescue after these complications at higher operative-volume hospitals are needed to 

delineate quality improvement opportunities.

Introduction

Substantial improvements in perioperative care throughout the past two decades have 

resulted in decreased mortality and enhanced safety after major operations. In particular, 

improved techniques of hemodynamic monitoring and the ability to successfully resuscitate 

patients with cardiovascular complications have yielded superior outcomes despite 

increasing operative complexity and patient comorbidities. Although 1.5% of patients 

undergoing noncardiac surgery do not survive beyond 30 days, major adverse cardiac events 

remain the leading cause of mortality.1 Accurate prediction of the risk of perioperative 

myocardial infarction (MI) and cardiac arrest (CAR) is critical to the selection of potential 

interventions and the informed consent process. The real world impact of stratification 

schemes, such as the myocardial infarction cardiac arrest score, validated using the 

American College of Surgeons National Surgical Quality Improvement Program (ACS 

NSQIP), remains a subject of debate.2,3

Surgery elicits sympathetic activation, inflammation, loss of vascular tone, and 

hemodynamic instability because of hemorrhage and fluid shifts.4 Beginning in 1999, a 

series of publications including the Dutch Echocardiographic Cardiac Risk Evaluation 

Applying Stress Echocardiography (DECREASE) trial provided evidence for the protective 

impact of beta blockers against perioperative major adverse cardiovascular events and led to 

the widespread use of these agents.5 More recently, however, their utility has been 

questioned, and the use of beta blockers was associated with increased mortality and stroke 

in the Perioperative Ischemic Evaluation Study (POISE) trial.6 Given that a postoperative 

adverse cardiac event is a significant predictor of perioperative mortality, a continued focus 

on understanding the predictors of a perioperative myocardial event is crucial.

Apart from preoperative interventions, advances in operative techniques, such as the rapid 

adoption of laparoscopic surgery and enhanced recovery protocols, have further resulted in 

overall improvements in operative mortality and other complications.7–10 Additionally, as 

suggested by Dimick et al.11 more than a decade ago, hospitals with high operative volumes 

may lead to decreased postoperative complications after adjusting for case mix. 

Nevertheless, the impact of such improvements and hospital volume on adverse cardiac 

ischemic events after major abdominal operations remains ill-defined. The present study 

examined recent national trends in the development of MI and CAR after major abdominal 

operations. We hypothesized a concomitant decrease in mortality and rates of perioperative 

MI and CAR during the study period. We further hypothesized that hospitals with greater 

operative volumes would result in a lesser risk of such events.
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Methods

We used the National Inpatient Sample (NIS) from January 2008 to December 2014 to 

identify all adult patients (≥18 years of age) undergoing major open abdominal surgery 

(MAS), including abdominal esophagectomy, gastrectomy, pancreatectomy, splenectomy, 

nephrectomy, hepatectomy, and colectomy (Table 5). The NIS is maintained by the Agency 

for Healthcare Research and Quality.12 NIS data are generated from hospital discharge 

abstracts via extracting diagnosis and procedure codes, as well as data on hospital bed size, 

metropolitan versus rural location, teaching status, and region. Starting in 2012, NIS 

methodology changed from 100% of discharges to sampling 20% of discharges from 

participating institutions. Sampling probabilities for each stratum were used to obtain survey 

estimates representative of nearly 97% of the US population.

The operations included in the definition of MAS were categorized as high risk, based on the 

2014 guidelines of the American College of Cardiology/American Heart Association.13,14 

Patient identification and assessment of comorbidity was performed using all International 

Classification of Disease (ICD9) administrative diagnosis and procedure fields available 

(Table 6). Operations requiring resection of more than one organ were excluded from the 

primary analysis. Preliminary analyses included urgent admissions to assess the proportion 

of cases that occur on an urgent or emergent basis. In an attempt to decrease heterogeneity 

and minimize the impact of preoperative MI on the data, we only focused the analyses on 

patients with elective admission status. The Elixhauser index, a previously validated 

composite score of 30 common comorbidities, was utilized as an additional measure of 

patient comorbidity15,16.

The primary outcomes of interest were in-hospital mortality, perioperative MI, and CAR. 

Patient and hospital characteristics were compared between several cohorts, using univariate 

and multivariate models adjusting for patient characteristics. Hospital-level metrics available 

in the NIS, such as teaching status, bed size, and region, were incorporated.

Operative volume was calculated for each hospital by the overall caseload for MAS 

annually. We divided the hospitals into quintiles and designated them as very-low volume 

(1–39 cases/year), low-volume (40–90 cases/year), moderate-volume (91–193 cases/year), 

high-volume (194–467 cases/year), and very-high volume institutions (472–3,375 cases/

year). Chi-square analysis of survey-weighted data and adjusted Wald two-tailed t test were 

utilized to compare patient and hospital characteristics among the very low- and very high-

volume institutions.

Multivariate regression analyses were performed to identify factors that significantly impact 

mortality, MI, and CAR. The risk-adjusted model included patient demographics, 

comorbidities, history of MI, and several hospital characteristics gathered by the NIS. Model 

design was optimized for discriminatory power greater than 75% but reached up to 85% for 

adjusted analyses of failure to rescue. Having the greatest operative volume of all elective 

admissions during the study period, nephrectomy was selected as the reference operation for 

analyses. Additionally, separate multivariate regression models were performed with the 

composite variable, MI or CAR, as a covariate to assess the interaction between this adverse 

Sanaiha et al. Page 3

Surgery. Author manuscript; available in PMC 2020 November 09.

H
ealth R

esearch A
lliance A

uthor M
anuscript

H
ealth R

esearch A
lliance A

uthor M
anuscript



event and hospital operative volume on postoperative mortality, costs, and duration of stay. 

Rates of mortality, MI, and CAR were analyzed over time, using survey-weighted, age-

standardized estimates, and the Cochran-Armitage tests for trends.17,18

Results

Study population

From the years 2008 to 2014, a total of 1,404,990 adult patients underwent MAS at 6,440 

unique hospitals. Urgent admissions comprised 30% of the MAS operations and were 

associated with increased risk of all-cause postoperative mortality (OR 4.3, 95% CI 4.09–

4.61, P < .001), MI (OR 2.32, 95% CI 2.14–2.52, P < .0001), and CAR (2.9, 95% CI 2.6–

3.3, P < .0001) compared with elective admissions. After excluding urgent or emergent 

admissions, 962,754 MAS operations remained, with an overall mortality rate of 1.4%, 

ranging from 0.5% for nephrectomy to 3.8% for open splenectomy (Table 5). MI and CAR 

were low-frequency events, occurring in 0.7%–2.1% of subjects (Table 5). Patients 

experiencing mortality, MI, and CAR were more often male, older, with a higher Elixhauser 

Comorbidity Index, and a greater prevalence of heart failure, peripheral vascular disease, and 

renal failure (Table 1). History of hyper-tension, diabetes, and prior MI were not associated 

with increased rates of mortality or MI or CAR on unadjusted analyses. The presence of MI, 

CAR was also associated with increased duration of duration and costs on univariate 

comparison (Table 1).

MI or CAR by sex, comorbidities, operation type, operative volume

After adjusting for patient and hospital characteristics, personal history of heart failure and 

peripheral vascular disease increased the odds of MI or CAR while female sex decreased the 

risk of MI or CAR after elective major abdominal operations (Table 2). Diabetes was 

associated with decreased odds of cardiac arrest without a significant correlation with risk of 

MI. History of prior MI was also associated with decreased odds of MI, CAR, and all-cause 

mortality (Table 2). Nephrectomy served as the reference operation and carried the least risk 

of MI and CAR. Esophagectomy, pancreatectomy, and splenectomy consistently had the 

greatest odds of MI and CAR, as presented in Table 2. Patients treated at very high-volume 

hospitals experienced a greater likelihood of MI but not CAR (Fig. 1). In contrast, the odds 

of all-cause mortality were inversely related to institutional operative volume with the 

greatest risk reduction for very high-volume hospitals compared with very low-volume 

hospitals (Fig. 1).

Impact of MI or CAR and operative volume on mortality, duration of stay, and costs

Overall, MI or CAR (OR 23.9, 95% CI 18.2–31.3) contributed to significant mortality 

among patients undergoing MAS. The significantly greater odds of mortality associated with 

MI or CAR was because of the CAR component of this score (OR 56.8, 95% CI 37.3–86.5) 

rather than MI (OR 10.2, 95% CI 7.1–14.4). Compared with very low-volume institutions, 

mortality after MI (23.2% versus 13.3%, P = .007), and composite MI or CAR (34.1% 

versus 22.1%, P = .0007) were less at very high-volume hospitals without a significant 

difference for CAR (55.5% versus 44%, P = .059). Using a multivariate risk-adjusted model 

(Table 3), odds of mortality after MI or CA were highest at very low-volume hospitals (Fig. 
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2). As hospital operative volume increased, the odds of mortality after MI and CAR 

significantly decreased (Fig. 2). Similarly, composite analysis of MI or CAR correlated 

inversely with hospital operative volume (Fig 2).

MI or CAR events contributed significantly to resource utilization. Occurrence of MI 

increased adjusted hospital costs by $20,193 (95% CI $12,428–$27,958). Compared with 

very low-volume institutions, very high-volume institutions had an additional $14,441 in 

inpatient expenditures after MI. Similarly, CAR was associated with a significantly greater 

incremental increase in hospitalization costs ($46,354, 95% CI $27,903–$64,805), with even 

greater incremental costs associated with this event at very high operative-volume hospitals 

($41,325, 95% CI $5,976–$76,674). Although both MI (4.6 days, 95% CI 3.2–6.0 days) and 

CAR (13.8 days, 95% 6.2–21.4 days) resulted in greater durations of hospitalization, only 

MI demonstrated a weak correlation with operative volume and incremental increase in 

duration of stay (Table 4).

Trends in MI or CAR for elective admissions

Annual rates of mortality, MI, and CAR were analyzed in all elective admissions for MAS 

patients during the study period. A decrease in mortality and MI was accompanied by an 

overall increase in the occurrence of CAR, as shown in Fig. 3. Rescue after MI worsened 

during the study period, while mortality after CAR remained stable (Fig. 4). Subgroup 

analysis of trends by operative volume quintiles demonstrated a decrease in mortality in 

moderate (0.8%–0.6%, P = .001) and high volume (0.8%–0.4%, P < .0001) tiers, but an 

increase in mortality at very low-volume institutions (0.6%–0.9%, P < .0001). Throughout 

the study period, the incidence of MI decreased minimally in low-volume (0.3%–0.2%, P 
= .0003) and high-volume institutions (0.4%–0.2%, P = .03) but remained unchanged at 

others. The incidence of CAR increased at very low-volume hospitals (0.1%–0.3%, P 
< .0001) and moderate-volume hospitals (0.09%–0.2%, P < .0001), while this event 

decreased modestly in frequency at high operative-volume institutions (0.3%–0.2%, P 
< .0001).

Discussion

Despite improvements in perioperative management of major abdominal operations, MI or 

CAR remains a dreaded complication. The risk of MI or CAR with increasing complexity of 

operations performed and patient age has been mitigated by increased utilization of 

minimally invasive techniques and improved medical management.19 As one of the largest 

contemporary analyses of MI or CAR in high-risk abdominal operations, this study 

demonstrated that high operative volume was associated with an increased risk of MI and a 

decreased risk of CAR. Examining MI or CAR trends over time, the rate of MI decreased 

and the incidence of all cause CAR significantly increased at very low- and moderate-

volume institutions. After the occurrence of MI or CAR, treatment at the greatest operative-

volume institutions was associated with significantly decreased mortality.

Factors that determine rescue performance within different hospital systems may be 

attributable to inconsistent resources for recognition and intervention after a complication 

occurs. Nearly 20 years ago, groups examining outcomes after admission for MI found a 
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dose-response effect of greater volume of admissions and survival.20 Ghaferi et al21 in 2011 

concluded that at least for high-risk cancer operations, differences in mortality between 

high- and low-volume hospitals were not related to the incidence of complications but rather 

to the ability “to rescue” once these events occurred, which is concordant with the findings 

of the current study.22 Examining the volume-outcome relationship for procedures necessary 

for management of MI or CAR, Fanaroff et al23 demonstrated that an inverse relationship 

exists between the volume of percutaneous coronary interventions and in-hospital mortality. 

Although optimization of preoperative cardiac risk factors may have decreased rates of MI at 

low- and moderate-volume hospitals, capabilities to decrease rates of CAR, such as 

decreased use of opioids and respiratory monitoring at these centers warrants further 

investigation.

Possibly related to the ability to rescue after a complication, hospitals with greater operative 

volume had greater incremental costs after an MI or a CAR. As efforts for centralization of 

abdominal operations to high operative-volume institutions continues, policymakers must 

remain cognizant of the potential for increased disparities in the delivery of care.24 The 

current study provides further confirmation that for major abdominal operations, institutions 

with a greater operative volume have superior performance in rescuing patients who develop 

complications. This is associated with increased resource utilization and warrants the 

development of innovative systemwide interventions that address these patient outcome 

discrepancies and provide cost-effective solutions in resource-limited settings.

Beyond the volume-outcome debate, further understanding of the etiology of increasingly 

frequent CAR will allow targeted interventions to address this trend. As a limitation of this 

analysis, we are unable to provide a more granular explanation of the various etiologies that 

potentially contribute to CAR in this patient population. Although we expect that patient and 

hospital-system factors that potentially impact outcomes after an MI and CAR are 

interrelated, we acknowledge that the increasing trend in CAR may be unrelated to a 

primary cardiac ischemic etiology. Causes of CAR with greatest clinical visibility include 

fatal arrhythmia with or without ischemia, unrecognized hemorrhage, and acute respiratory 

failure.25 Although our analysis cannot further delineate the etiology of greater incidence of 

CAR throughout the study period, a contemporaneous evaluation of the role of opioid-

related toxicity in perioperative CAR may also be warranted. [26]

Of note, patients in the present study with diabetes and prior MI were not at a greater 

adjusted risk for developing MI. Furthermore, administrative history of prior MI, conferred 

decreased risk of MI or CAR. This is in contrast with many reports that have suggested a 

previous MI to be a major risk factor for developing a perioperative ischemic cardiac event.2 

Both the Revised Cardiac Risk and the Vascular Study Group of New England indices assign 

predictive weight to a history MI.2, 27–29 Given that hospital encounters are not linked over 

time and accuracy of billing data is occasionally biased by reimbursement-driven coding, the 

presence of these conditions in administrative databases may represent an artifact. Indeed, 

the NSQIP Gupta calculator does not utilize previous MI as one of its variables in agreement 

with our study. Among components of the Revised Cardiac Risk Index, only congestive 

heart failure was independently predictive of MI or CAR in our study.28
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Additionally, little consensus exists regarding the elements of successful perioperative 

resuscitation and management. In a recent randomized trial of high-risk patients undergoing 

major gastrointestinal surgery, monitoring of cardiac output did not decrease the occurrence 

of complications or 30-day mortality30. Addition of the trial patients to a large group meta-

analysis, however, revealed that cardiac-output–guided hemodynamic therapy for 

intravenous fluids and inotropes resulted in decreased complications.30 In regard to 

intraoperative fluid management, the debate regarding crystalloid and colloid resuscitation 

has been renewed with a recent, double-blinded, randomized controlled trial with evidence 

that postoperative morbidity and complications are less frequent with a closed-loop, goal-

directed approach to use of colloids31. Although several additional targets for the prevention 

of MI, such as modulation of the sympathetic surge with beta blockers have been proposed, 

robust evidence for consistent and effective interventions are lacking at the present time.4,32 

With continually changing guidelines on management of chronic conditions, such as atrial 

fibrillation and anti-platelet therapy for stable ischemic heart disease, the incidence of 

perioperative MI or CAR is likely to remain in flux.33 Finally, the definition of MI continues 

to evolve, and many investigators have advocated lower thresholds of troponin and early 

intervention upon detection of postoperative MIs.25

To our knowledge, this study is the first to report the influence of hospital volume on cost 

and duration of stay after MI or CAR for major abdominal operations. Of interest, cardiac 

complications were more costly, with a greater incremental increase in duration of stay at 

hospitals with a greater operative volume. Factors, such as monitoring capabilities and 

availability of interventions at high-volume hospitals, may be partially responsible for the 

increased costs of this complication. Moreover, such institutions are also more likely to be 

training facilities and possess the infrastructure for better detection of MIs. Given the overt 

clinical manifestations of CAR, this complication was not affected by hospital volume. 

Whether, the observed differences of rates of MI within different volume institutions 

represents a true increase in risk requires further investigation.

We acknowledge several noteworthy limitations of this study. Use of an administrative 

database limits clinical granularity of comparison among the patient cohort. Furthermore, 

the definition of MI is adapted from previous studies, using available ICD9 coding and does 

not reflect the changes in sensitivity and threshold of troponin I enzyme for clinical 

detection of MI.34 The temporal relationship between the occurrence of MI or CAR and the 

index operation is unknown. To decrease the impact of preoperative events, we only 

included patients with elective admissions for analysis. Absence of data on preoperative 

revascularization and control of heart rate and blood pressure diminished our ability to 

assess and adjust for preoperative fitness for major abdominal surgery. The deficiency of 

data on the extent of preoperative optimization is further confounded by the exclusion of 

patients who were admitted under emergent conditions and would not have been able to 

undergo thorough cardiac evaluation. Presumably, patients admitted for elective admissions 

may have already been stratified, skewing adverse event estimates.

As expected, MI or CAR increased the odds of in-hospital mortality significantly. The 

inverse relationship between operative volume and odds of mortality after MI or CAR 

supports the theory that failure to rescue patients after a complication may be the pernicious 
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culprit that leads to discrepant outcomes. With the dawn of value-based health care delivery, 

a shift from aggressive preoperative revascularization to improved perioperative 

hemodynamic treatment strategies and appropriate management of complications is 

warranted.
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Fig. 1. 
Impact of hospital operative volume on odds of all-cause mortality, MI, CAR, and MI or 

CAR. Reference condition is very low-volume hospitals, *P<.02.
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Fig. 2. 
Impact of hospital operative volume on failure to rescue after MI, CAR, and or CAR. 

Reference condition is very low-volume hospitals, all comparisons P<.0001.
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Fig. 3. 
Rates of MI or CAR for Elective Major Abdominal Operations over 2008–2014 MI, 
myocardial infarction; CAR, cardiac arrest; MI or CAR, MI or cardiac arrest.
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Fig. 4. 
Failure to rescue after MI or CAR for elective major abdominal operations throughout 2008–

2014. MI, myocardial infarction; CAR, cardiac arrest; MI or CAR, = MI or cardiac arrest.
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Table 4

Incremental duration of stay after MI and CAR adjusted for patient comorbidities and hospital operative 

volume characteristics*.

Adjusted incremental increase in duration of stay after MI or CR

MI (days) 95% CI CA (days) 95% CI

Very low 4.62 3.2–6.0 13.80 −6.0–12.9

Low 4.13 1.1–7.2 3.44 −6.1–12.1

Moderate 2.23 0.1–4.3 2.95 −7.6–10.3

High 3.06 0.8–5.3 1.36 −3.6–15.5

Very high 4.28 1.4–7.1 5.97 −6.0–12.9

*
Model included age, sex, and patient comorbidities, including heart failure, coronary artery disease, prior MI, chronic pulmonary disease, 

peripheral vascular disease, diabetes, renal failure, hospital bed size, hospital teaching status, hospital region, and operation type only for patients 
who survived to discharge.
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