
Left Ventricular Function as a Predictor
of Noncardiac Surgical Procedural Outcome
John S. Ikonomidis, MD, PhD

A new study1 published in the February 12, 2019, issue of JAMA
documents the negative association of depressed left ven-
tricular function and associated heart failure symptoms on out-
comes with noncardiac surgical procedures. Risk stratifica-

tion prior to the performance
of surgery has become an im-
portant aspect of preopera-

tive planning. Robust databases now exist to allow surgeons
to calculate surgical risk of mortality and other complica-
tions for a wide variety of procedures adjusted for a myriad of
comorbidities. In the cardiac surgical realm, an important pre-
dictor of adverse outcome is depressed left ventricular func-
tion, a factor that is so important it often dominates multivari-
able regression analyses predictive of mortality and other
postoperative complications.

Poor left ventricular function has also long been known to
be a predictor of adverse outcome in noncardiac surgery, but
this knowledge alone is an incomplete assessment. More in-
formation is needed regarding the effects of varying degrees
of ventricular dysfunction, the presence or absence of heart
failure symptoms, different heart failure types (reduced ejec-
tion fraction heart failure and normal ejection fraction heart
failure), and the influence of procedural complexity.

In this week’s issue of JAMA, Lerman and colleagues1 de-
termined the postoperative mortality risk of symptomatic and
asymptomatic patients with heart failure, with and without
preserved ejection fraction, compared with patients without
heart failure. The data set was assembled from 609 735 non–
cardiac surgical patient records in the Veterans Affairs Surgi-
cal Quality Improvement Project database from 2009 to 2017.
Left ventricular ejection fraction estimates were taken from
associated echocardiogram reports, heart failure was docu-
mented by frequency of hospital admissions with a heart fail-
ure diagnosis and the presence of heart failure symptoms, and
3 levels of surgical procedural complexity were defined using
the VA Surgical Complexity Matrix. Three multivariable mixed-
effects logistic regression models were generated, the first com-
paring the postoperative mortality risk of all patients with and
without heart failure, the second classifying patients with heart

failure by left ventricular ejection fraction stratified into 4 lev-
els, and the third model classifying patients with heart fail-
ure by the presence of heart failure symptoms.

The results of the analysis revealed that, compared with
patients without heart failure, patients with heart failure ex-
perienced higher risk of 90-day postoperative mortality (mor-
tality risk: 5.49% vs 1.22%). Compared with patients without
heart failure, symptomatic patients with heart failure experi-
enced greater risk (odds ratio, 2.37), and asymptomatic pa-
tients with heart failure (odds ratio, 1.53) including those pa-
tients with preserved left ventricular systolic function (odds
ratio, 1.46) also experienced elevated risk. The crude 90-day
postoperative mortality for patients with heart failure in-
creased from 4.6% for standard complexity operations to 10.3%
for complex procedures, and the postoperative mortality was
0.7% to 6.2% among patients with and without heart failure,
respectively. For patients without heart failure, crude 90-day
postoperative mortality increased from 0.7% to 6.2% (stan-
dard to complex). Overall, the adjusted absolute risk differ-
ence between patients with and without heart failure was 1.29%
(95% CI, 1.22%-1.37%) for standard procedures, 1.69% (95% CI,
1.48%-1.94%) for intermediate procedures, and 1.80% (95% CI,
0.08-3.60) for complex procedures.

This is a well-written and well-reported study. In contrast
to previous studies, this analysis provides a more detailed de-
scription of the associations of increasing levels of systolic dys-
function and the presence or absence of heart failure symp-
toms with surgical outcomes than previously documented. As
the authors point out, the data set reflects an inherent selec-
tion bias because all patients analyzed were deemed fit for sur-
gery, and hence no inferences can be drawn regarding pa-
tients who were considered for but did not receive surgery. In
addition, as this is a Veterans Affairs patient population, the
data set only comprised 8.6% female patients. However, the
absolute number of female patients (52 563, of which 1391 had
heart failure) is considerable. Overall, the data reported here
is highly valuable and comprehensive information that prac-
titioners can use for preoperative planning and also in discus-
sions with patients.
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Association of Left Ventricular Ejection Fraction and Symptoms
With Mortality After Elective Noncardiac Surgery
Among Patients With Heart Failure
Benjamin J. Lerman, BS; Rita A. Popat, PhD; Themistocles L. Assimes, MD, PhD; Paul A. Heidenreich, MD, MS; Sherry M. Wren, MD

IMPORTANCE Heart failure is an established risk factor for postoperative mortality, but how
left ventricular ejection fraction and heart failure symptoms affect surgical outcomes
is not fully described.

OBJECTIVES To determine the risk of postoperative mortality among patients with heart
failure at various levels of echocardiographic (left ventricular systolic dysfunction) and clinical
(symptoms) severity compared with those without heart failure and to evaluate how risk
varies across levels of surgical complexity.

DESIGN, SETTING, AND PARTICIPANTS US multisite retrospective cohort study of all adult
patients receiving elective, noncardiac surgery in the Veterans Affairs Surgical Quality
Improvement Project database from 2009 through 2016. A total of 609 735 patient records
were identified and analyzed with 1 year of follow-up after having surgery (final study
follow-up: September 1, 2017).

EXPOSURES Heart failure, left ventricular ejection fraction, and presence of signs or
symptoms of heart failure within 30 days of surgery.

MAIN OUTCOME AND MEASURE The primary outcome was postoperative mortality at 90 days.

RESULTS Outcome data from 47 997 patients with heart failure (7.9%; mean [SD] age,
68.6 [10.1] years; 1391 women [2.9%]) and 561 738 patients without heart failure (92.1%;
mean [SD] age, 59.4 [13.4] years; 50 862 women [9.1%]) were analyzed. Compared with
patients without heart failure, those with heart failure had a higher risk of 90-day
postoperative mortality (2635 vs 6881 90-day deaths; crude mortality risk, 5.49% vs 1.22%;
adjusted absolute risk difference [RD], 1.03% [95% CI, 0.91%-1.15%]; adjusted odds ratio
[OR], 1.67 [95% CI, 1.57-1.76]). Compared with patients without heart failure, symptomatic
patients with heart failure (n = 5906) had a higher risk (597 deaths [10.11%]; adjusted
absolute RD, 2.37% [95% CI, 2.06%-2.57%]; adjusted OR, 2.37 [95% CI, 2.14-2.63]).
Asymptomatic patients with heart failure (n = 42 091) (2038 deaths [crude risk, 4.84%];
adjusted absolute RD, 0.74% [95% CI, 0.63%-0.87%]; adjusted OR, 1.53 [95% CI, 1.44-1.63]),
including the subset with preserved left ventricular systolic function (1144 deaths [4.42%];
adjusted absolute RD, 0.66% [95% CI, 0.54%-0.79%]; adjusted OR, 1.46 [95% CI, 1.35-1.57]),
also experienced elevated risk.

CONCLUSIONS AND RELEVANCE Among patients undergoing elective noncardiac surgery,
heart failure with or without symptoms was significantly associated with 90-day
postoperative mortality. These data may be helpful in preoperative discussions with patients
with heart failure undergoing noncardiac surgery.

JAMA. 2019;321(6):572-579. doi:10.1001/jama.2019.0156
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H eart failure results from inadequate cardiac output
and can be associated with symptoms of dyspnea,
edema, and fatigue. These symptoms may or

may not be present and, more recently, attention has been
drawn to 2 major subtypes of symptomatic heart failure:
reduced ejection fraction heart failure and preserved ejection
fraction heart failure. Heart failure has been long recognized
as a risk factor for postoperative mortality.1,2 However, most
prior studies examining the relationship between heart fail-
ure and postoperative mortality have not accounted for the
various subtypes of this disease. Because of heart failure’s
importance as a risk factor for adverse surgical outcomes, it is
common to include heart failure in operative risk prediction
models, but most of these models were developed without
accounting for the different subtypes of heart failure.1,3-7

Both left ventricular ejection fraction (LVEF) and the
presence of heart failure symptoms are associated with long-
term mortality rates in patients with heart failure, but the
degree to which these factors influence postoperative risk is
not fully described.8-10 Previous studies evaluating the asso-
ciation between LVEF or symptoms and postoperative mor-
tality were too small to fully describe the effects of LVEF or
had focused on individual subpopulations of patients with
heart failure, which limited their generalizability to the over-
all heart failure population.11-13 Furthermore, much of the lit-
erature relied on a clinical definition of heart failure, which
only captured patients with signs or symptoms of heart fail-
ure. This excludes assessment of asymptomatic patients who
may also have an increased risk of postoperative mortality.
The purpose of this study was to determine the postoperative
mortality risk of symptomatic and asymptomatic patients
with heart failure, with and without preserved ejection frac-
tion, compared with patients without heart failure.

Methods
Study Approval, Data Sources, and Study Population
This study was approved by the Stanford University Insti-
tutional Review Board (No. 42246) and Department of Veter-
ans Affairs (RDIS No. WRE0013), and a waiver of informed
consent was obtained. Two national Veterans Affairs (VA)
databases were used to assemble the cohort. One was data
obtained by the VA Surgical Quality Improvement Program
(VASQIP), which has trained data extractors who sample a
fraction of cases at individual facilities and enter detailed
clinical information into a centralized database.14,15 For infor-
mation not available from VASQIP, the VA Corporate Data
Warehouse (CDW) was used, which extracts data directly
from the VA electronic medical records system. Medical
comorbidities for each participant were extracted from
VASQIP (hypertension, stroke, chronic obstructive pulmo-
nary disease, peripheral vascular disease, disseminated can-
cer) and from CDW diagnostic codes (atrial fibrillation, diabe-
tes mellitus, asthma, aortic stenosis, mitral regurgitation,
pulmonary hypertension). Left ventricular ejection fraction
was obtained from echocardiogram reports using a previ-
ously validated natural language processing algorithm.16,17

Follow-up data were available for each participant for a mini-
mum of 1 year.

All VASQIP-sampled procedures from fiscal years 2009
through 2016 were eligible for inclusion, with the final date
of follow-up September 1, 2017. Cardiac procedures, emer-
gent procedures, and nonsurgical procedures (ie, bronchos-
copy, endoscopy) were excluded. All patients undergoing mul-
tiple eligible procedures within the study period contributed
only their index procedure.

Classification of Heart Failure and Subpopulations
The classification of heart failure by diagnostic codes in the
VA health care system is highly specific (>95%) and has good
sensitivity (75%-90%).18-21 Patients were classified as having
heart failure if they had at least 1 inpatient admission or at
least 2 outpatient clinic visits with a diagnosis of heart failure
by an International Classification of Diseases (ICD) code
within 3 years of surgery.22 These criteria properly excluded
patients with a single outpatient visit for whom heart failure
was excluded following evaluation. Patients with heart fail-
ure were further subdivided by LVEF (if an echocardiogram
within 5 years of surgery was available) and presence of heart
failure signs and symptoms. The following established cut-
offs were used for LVEF: preserved, 50% or more; mildly
reduced, 40% through 49%; moderately reduced, 30%
through 39%; and severely reduced, less than 30%.23 Patients
were classified as having symptomatic heart failure by the
American College of Surgeons–NSQIP definition: newly diag-
nosed or chronic heart failure with signs or symptoms in the
30 days prior to surgery.24

Surgical Complexity
Procedures were classified by the VA Surgical Complexity Matrix,
which the VA health care system uses to determine which fa-
cilities can safely perform certain surgical procedures.25,26 This
system assigned a complexity level (standard, intermediate, or
complex) to every Current Procedural Terminology code based
on intraoperative and postoperative risk inherent to the proce-
dure (eTable 1 in the Supplement). Surgical complexity was in-
cluded as a covariate in the final multivariable models.

Outcomes
The primary outcome of this study was all-cause, 90-day,
postoperative mortality. Secondary outcomes were 30-day

Key Points
Question What is the association between severity of heart failure
and risk of postoperative mortality?

Results In this retrospective cohort study that included 609 735
patients undergoing noncardiac surgery, crude 90-day mortality
for patients with heart failure and symptoms was 10.1%; for
patients with heart failure and no symptoms, 4.9%; and for
patients without heart failure, 1.2%. The adjusted differences
between either group of patients with heart failure and those
without heart failure were statistically significant.

Meaning Heart failure with or without symptoms was associated
with increased risk of 90-day postoperative mortality.
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and 1-year postoperative mortality. Post hoc analyses of
30-day postoperative complications (any), 30-day postopera-
tive cardiac arrest, 30-day postoperative myocardial infarc-
tion, 30-day postoperative stroke, and a 72-hour postopera-
tive bleeding event (defined as transfusion for any reason of
>4 U of packed red blood cells or whole blood after the
patient has left the operating room) were also conducted.
Date of death was determined via Social Security Administra-
tion Death Master Files.

Statistical Methods
Demographic and clinical characteristics of patients with and
without heart failure were compared with χ2 tests for cat-
egorical variables and unpaired t tests for continuous vari-
ables. Odds ratios (ORs) were generated using simple or mul-
tivariable logistic regression, and 95% confidence intervals
computed with the Wald χ2. Potential confounders were
assessed based on a priori knowledge and the literature.6,27

The following factors were considered: sex, race/ethnicity,
age, body mass index, smoking, alcohol use, hypertension,
atrial fibrillation, diabetes mellitus, coronary artery disease,
history of stroke, asthma, chronic obstructive pulmonary dis-
ease, peripheral vascular disease, disseminated cancer, surgi-
cal complexity level, American Society of Anesthesiologists
(ASA) class,28 aortic stenosis, mitral regurgitation, pulmonary
hypertension, VA facility, and preoperative creatinine and
preoperative hematocrit levels. Covariates were screened by
individual addition to the univariable model, and those that
altered the exposure estimate by 10% or more were included
in the final model.

Race/ethnicity is associated with long-term survival in pa-
tients with heart failure and was thus included as a covariate.29

Race/ethnicity classification was determined by the partici-
pant and was based on a fixed-categories questionnaire.

The final analysis consisted of 3 multivariable mixed-
effects logistic regression models with random intercepts to
account for clustering by VA facility. The models adjusted
for all other variables as fixed effects in an identical fashion
to a traditional multivariable logistic regression model.30

Each model used patients without heart failure as the refer-
ence group but organized patients with heart failure using a
different, preplanned classification scheme. The first model
compared the postoperative mortality risk of all patients
with and without heart failure. The second model classified
patients with heart failure (the primary exposure) by their
left ventricular ejection fraction (4 levels). The third model
classified patients with heart failure by the presence of
heart failure symptoms (2 levels). Propensity score-adjusted
models were also built as a sensitivity analysis. Propensity
scores for heart failure for each participant were built using
the predicted probabilities resulting from a multivariable
logistic regression model with heart failure as the outcome
and all identified potential confounders identified (as
described above) as variables in the model. As a sensitivity
analysis to assess the potential influence of unmeasured
confounders on the analysis, E-values were calculated.31

The E-value represents the minimum magnitude of associa-
tion required between an unmeasured confounder and both

the exposure and outcome, conditional on measured covari-
ates, to fully attenuate the observed exposure-outcome
relationship.31 An E-value was calculated for the observed
overall heart failure postoperative mortality association
using a publicly available online calculator.32

Stratified analyses were also conducted by surgical com-
plexity level, and interactions were tested between the pri-
mary exposure (heart failure, yes or no) and the level of com-
plexity of the surgery performed (standard, intermediate, or
complex). P for interaction was calculated using the likeli-
hood ratio test. All ORs and absolute risk differences (RDs)
presented are adjusted unless explicitly identified as crude.
Average adjusted predicted probabilities for each group were
calculated using the above regression models, and adjusted
absolute RDs between the exposed and unexposed groups
were then calculated. Adjusted attributable risk fraction was
calculated by the following formula: (adjusted OR –1)/
(adjusted OR). Relevant P values for trend were calculated
with the Wald χ2 after converting the categorical LVEF or
symptom variables into a continuous variable.

Post hoc analyses of the association between heart fail-
ure and postoperative complications were conducted using
multivariable logistic regression, and post hoc analysis of the
association between heart failure and postoperative length of
stay were conducted using multivariable linear regression ad-
justed for the confounders identified as above.

The proportion of missing nonlaboratory, nonimaging
covariates was less than 1%. Missing observations were
excluded from the analysis. Missing preoperative laboratory
values (missing at 6%-7%) were imputed with a single condi-
tional imputation approach using age- and sex-adjusted norms.
Left ventricular ejection fraction, as measured by echocardio-
gram, was missing in 2.9% of patients with heart failure, and
patients with missing LVEF were excluded from subset analy-
ses pertaining to left ventricular systolic function.

Based on the sample size of the cohort included in this
analysis (n = 609 735, 7.9% heart failure) this study had
99.9% power to detect ORs of more than 1.5 for the heart
failure and postoperative mortality association at α = .05.3,12

SAS version 9.4 (SAS Institute Inc) was used for all analyses.
All tests with 2-sided P values <.05 were considered statisti-
cally significant.

Results
Cohort Characteristics
Of the 609 735 patients in this cohort, 47 997 (7.9%) had a
clinical history of heart failure (Table 1). Patients with heart
failure were more likely to be men (97.1% vs 91.0%), white
(67.6% vs 64.5%), obese (44.4% vs 38.7%), and older (69 vs
59 years); had higher rates of medical comorbidities; and
had higher ASA scores (mean, 3.3 vs 2.7) than patients with-
out heart failure. At the time of surgery, patients with heart
failure had higher creatinine levels (median, 1.10 mg/dL
vs 0.97 mg/dL) and lower hematocrit levels (mean, 38.1% vs
41.6%). (To convert creatinine from mg/dL to μmol/L, multi-
ply by 88.4.)
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Left ventricular ejection fraction data were available for
97.1% of patients with heart failure (eTable 2 in the Supple-
ment). A total of 28 742 patients (59.9%) had documented
preserved systolic function (LVEF, ≥50%). Of these, 2851

(9.9%) had symptoms and 25 891 (90.1%) did not. A total of
7612 patients (15.9%) had mildly reduced systolic function
(LVEF, 40%-49%; 1033 [13.6%] with symptoms, 6579 [86.4%]
without symptoms), 6048 patients (12.6%) had moderately

Table 1. Demographics and Medical History of Patients With and Without Heart Failure

Heart Failurea Without Heart Failure
Total No. (%) 47 997 (7.9) 561 738 (92.1)

Demographics

Sex, No. (%)

Women 1391 (2.9) 50 862 (9.1)

Men 46 606 (97.1) 510 876 (91.0)

Race/ethnicity, No. (%)

White, non-Hispanic 32 421 (67.6) 362 562 (64.5)

Black, non-Hispanic 7821 (16.3) 86 229 (15.4)

Hispanic 1743 (3.6) 26 212 (4.7)

Other 390 (0.8) 6909 (1.2)

Not reported 5622 (11.7) 79 826 (14.2)

Age, mean (SD), y 68.6 (10.1) 59.4 (13.4)

BMI, mean (SD) 29.9 (6.9) 29.0 (5.8)

Current smoker, No. (%) 13 806 (27.3) 182 714 (32.5)

Current alcohol use, No. (%) 2513 (5.2) 41 593 (7.4)

Medical history, No. (%)b

Hypertension 42 077 (87.7) 324 918 (57.9)

Coronary artery disease 32 159 (67.0) 110 251 (19.6)

Diabetes mellitus 28 332 (59.0) 175 640 (31.3)

Atrial fibrillation 18 998 (39.6) 49 145 (8.8)

Chronic obstructive pulmonary disease 13 580 (28.3) 60 710 (10.8)

History of stroke 6214 (13.0) 25 262 (4.5)

Peripheral vascular disease 5611 (11.7) 16 591 (3.0)

Asthma 4371 (9.1) 43 710 (7.8)

Aortic stenosis 3549 (7.4) 10 578 (1.9)

Mitral regurgitation 2340 (4.9) 5687 (1.0)

Pulmonary hypertension 1934 (4.0) 2991 (0.5)

Disseminated cancer 689 (1.4) 5430 (1.0)

American Society of Anesthesiologists class, No. (%)c

I (Healthiest) 27 (0.1) 17 074 (3.0)

II 1449 (3.0) 176 783 (31.5)

III 31 255 (65.1) 337 757 (60.1)

IV 15 153 (31.6) 29 965 (5.3)

V (Sickest) 113 (0.2) 159 (<0.1)

Preoperative laboratory valuesd

Creatinine, median (IQR), mg/dL 1.10 (0.90-1.48) 0.97 (0.82-1.10)

Hematocrit, mean (SD), % 38.1 (6.1) 41.6 (4.8)

Surgical complexity, No. (%)e

Standard 25 327 (52.8) 341 749 (60.8)

Intermediate 21 509 (44.8) 209 022 (37.2)

Complex 1161 (2.4) 10 967 (2.0)

Surgical dispositionf

Ambulatory 19 551 (40.7) 337 150 (60.0)

Inpatient 28 445 (59.3) 224 575 (40.0)

Anesthesia technique, No. (%)g

General 38 606 (80.5) 488 837 (87.0)

Epidural/spinal 3730 (7.8) 30 078 (5.4)

Monitored anesthesia care 3919 (8.2) 28 348 (5.1)

Local 3764 (0.7) 477 (1.0)

Other 1258 (2.6) 10 622 (1.9)

Abbreviations: BMI, body mass index,
calculated as weight in kilograms
divided by height in meters squared;
IQR, interquartile range.
SI conversion factor: to convert
creatinine from mg/dL to μmol/L,
multiply by 88.4.
a P < .001 for all comparisons.

Nonnormal distributions presented
as median (IQR); normally
distributed continuous variables,
mean (SD).

b Medical comorbidities were derived
from chart extraction by trained
Veterans Affairs Surgical Quality
Improvement Program nurses
(hypertension, stroke, chronic
obstructive pulmonary disease,
peripheral vascular disease,
disseminated cancer) and by the
International Statistical
Classifications of Diseases
diagnostic codes in the electronic
medical record (atrial fibrillation,
diabetes mellitus, asthma, aortic
stenosis, mitral regurgitation,
pulmonary hypertension).

c The American Society of
Anesthesiologists Physical Status
Classification is a subjective
assessment of a patient’s overall
health by a physician. The
classification ranges from
I (a normal healthy patient)
to V (a moribund patient who
is not expected to survive without
the operation).

d Creatinine measures are missing for
6.9%; hematocrit, 7.3%.

e Surgical complexity reflects
assignment in the VA Surgical
Complexity matrix, which assigns
every surgical procedure (by Current
Procedural Code code) a value of
standard, intermediate, or complex
by its intraoperative and
perioperative risk to the patient.

f Inpatient is defined as a surgery
after which the patient stays at least
1 night as an inpatient in the
hospital. Ambulatory is defined as
a surgery after which the patient is
discharged home without staying
overnight in the hospital.
Does not include 14 patients
with missing disposition.

g Does not include 96 patients with
missing anesthesia technique.
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reduced systolic function (LVEF, 30%-39%; 1034 [17.1%] with
symptoms, 5014 [82.9%] without symptoms), and 4185
patients (8.7%) had severely reduced systolic function (LVEF,
<30%; 872 [20.8%] with symptoms, 3313 [79.2%] without
symptoms). Echocardiograms were not available for 1410
patients (2.9%).

Review of pharmacy records suggested optimal medical
management for the majority of patients with heart failure,
with 91.7% receiving a β-blocker and 92.3% receiving an an-
giotensin-converting enzyme (ACE) inhibitor (eTable 2 in the
Supplement). Of patients with heart failure, 34.6% received
a potassium-sparing diuretic.

Distribution of Procedures Performed
Patients with heart failure underwent more complex proce-
dures than patients without heart failure (Table 1). Proce-
dures performed on patients with heart failure were divided
between standard (52.8%) and intermediate or complex
(47.2%) levels, whereas patients without heart failure more
commonly received standard level of complex procedures
(60.8% standard, 39.2% intermediate or complex; P < .001).
Patients with heart failure also underwent more inpatient
procedures than those without heart failure (59.3% vs
40.0%; P < .001).

Postoperative Mortality
The crude 90-day postoperative mortality risk among
patients with a history of heart failure was 5.49% (2635
90-day deaths) compared with 1.22% (6881 90-day deaths)
among patients without heart failure. Heart failure was sig-
nificantly associated with postoperative mortality after mul-
tivariable adjustment for clinical, demographic, and surgical
factors (adjusted absolute RD, 1.03%; 95% CI, 0.91-1.15;
adjusted OR, 1.67; 95% CI, 1.57-1.76; Table 2). The risk of post-
operative mortality progressively increased with decreasing
systolic function (P for trend <.001), with all ejection fraction
groups having a higher risk of postoperative mortality than
patients without heart failure. Compared with patients with-
out heart failure, patients who had either asymptomatic
(2038 deaths [4.84%]; adjusted absolute RD, 0.74%; 95% CI,
0.63%-0.87%; adjusted OR, 1.53; 95% CI, 1.44-1.63) or symp-
tomatic (597 deaths [10.11%]; adjusted absolute RD, 2.37%,
95% CI, 2.06%-2.57%; adjusted OR, 2.37; 95% CI, 2.14-2.63)
heart failure had a higher risk of postoperative mortality. The
E-value sensitivity analysis for unmeasured confounding was
calculated for the adjusted OR for patients with symptomatic
heart failure (eTable 10 in the Supplement). The adjusted OR
point estimate of 2.37 for the risk of postoperative mortality
associated with symptomatic heart failure corresponds to an

Table 2. Adjusted Odds Ratios and Risk Differences of 90-Day Postoperative Mortality Between Patients With and Without Heart Failure

No. of
Patients

Crude
Mortality
(%)

Crude OR
(95% CI)

Adjusted OR
(95% CI)a

Crude Absolute
Risk Difference
(95% CI), %

Adjusted Absolute
Risk Difference
(95% CI), %b

Model 1: heart failure (overall)

Without heart failure 561 738 1.22 1 [Reference] 1 [Reference] Reference Reference

Heart failure 47 997 5.49 4.68 (4.47-4.90) 1.67 (1.57-1.76) 4.26 (4.15-4.38) 1.03 (0.91-1.15)

Model 2: heart failure defined
by systolic functionc

Without heart failure 561 738 1.22 1 [Reference] 1 [Reference] Reference Reference

Heart failure

Preserved LVEF (≥50%) 28 742 4.88 4.14 (3.90-4.39) 1.51 (1.40-1.62) 3.66 (3.52-3.80) 0.72 (0.61-0.84)

Mildly reduced LVEF
(40%-49%)

7612 5.11 4.34 (3.91-4.82) 1.53 (1.38-1.71) 3.89 (3.63-4.14) 0.76 (0.60-0.95)

Moderately reduced LVEF
(30%-39%)

6048 6.58 5.68 (5.12-6.31) 1.85 (1.68-2.05) 5.36 (5.07-5.64) 1.31 (1.13-1.50)

Severely reduced LVEF
(<30%)

4185 8.34 7.34 (6.56-8.21) 2.35 (2.09-2.63) 7.12 (6.77-7.46) 2.24 (2.02-2.49)

Model 3: heart failure defined
by presence of recent symptomsd

Without heart failure 561 738 1.22 1 [Reference] 1 [Reference] Reference Reference

Heart failure

Asymptomatic 42 091 4.84 4.10 (3.90-4.31) 1.53 (1.44-1.63) 3.62 (3.50-3.74) 0.74 (0.63-0.87)

Symptomatic 5906 10.11 9.07 (8.31-9.90) 2.37 (2.14-2.63) 8.89 (8.59-9.17) 2.37 (2.06-2.57)

Abbreviations: LVEF, left ventricular ejection fraction; OR, odds ratio.
a Multivariable mixed-effects logistic regression model adjusted for sex,

age, body mass index, alcohol consumption, comorbidities
(hypertension, atrial fibrillation, diabetes, coronary artery disease,
stroke, chronic obstructive pulmonary disease, peripheral vascular
disease), preoperative creatinine level, preoperative hematocrit level,
American Society of Anesthesiologists class and surgical complexity,
and Veterans Affairs facility.

b Calculated using the following formula, with average adjusted predicted
probabilities for each group calculated via the corresponding regression model

(see Table 2, footnote a): (average adjusted predicted probability in exposed)
−(average predicted probability in unexposed).

c The OR compares patients with heart failure with the given left ventricular
ejection fraction with patients without heart failure. Does not include 1410
patients with missing LVEF. P value for trend <.001.

d Classified per the American College of Surgeons National Surgical Quality
Improvement Program and Veterans Affairs Surgical Quality Improvement
Program definitions of symptomatic congestive heart failure: the presence of
dyspnea, orthopnea, paroxysmal nocturnal dyspnea, increased jugular venous
distension, or pulmonary rales within 30 days of surgery.
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E-value of 4.17, and for the confidence interval value closest
to the null, 2.14, the E-value was 3.70.

All patients with a history of heart failure, regardless of
systolic function or presence of heart failure symptoms, had
a higher risk of postoperative mortality compared with patients
without heart failure (eTable 3 in the Supplement). Patients
with a history of heart failure, without symptoms and with pre-
served LVEF (n = 25 891) had a crude 90-day post-operative
mortality risk of 4.42% (adjusted absolute RD, 0.66%; 95% CI,
0.54%-0.79%; adjusted OR, 1.46, 95% CI, 1.35-1.57) and pa-
tients with heart failure, symptoms of heart failure, and se-
verely reduced LVEF (n = 872) experienced a crude risk of
14.91% (adjusted absolute RD, 5.87%; 95% CI, 5.30%-6.44%;
OR, 3.67; 95% CI, 2.98-4.52).

The association between heart failure and postoperative
mortality was similar at 30-day, 90-day, and 1-year time points
(eTables 4 and 5 in the Supplement).

Both crude mortality risks and the heart failure-mortality
association differed significantly between levels of surgical
complexity (P < .001 for the surgical complexity × heart fail-
ure interaction, Table 3). The crude 90-day postoperative
mortality for patients with heart failure increased from
4.62% for standard complexity operations to 10.34% for com-
plex procedures. For patients without heart failure, crude
90-day postoperative mortality increased from 0.66% to
6.19% (from standard to complex procedures). The adjusted
absolute RD between patients with and without heart failure
was 1.29% (95% CI, 1.22%-1.37%) for standard procedures,
1.69% (95% CI, 1.48%-1.94%) for intermediate procedures,
and 1.80% (95% CI, 0.08%-3.60%) for complex procedures.

The attributable risk fraction of heart failure on 90-day
postoperative mortality was highest among patients under-
going standard procedures (48%) and lowest among patients
undergoing complex procedures (15%).

In a post hoc secondary analysis, patients with heart
failure had a higher risk of postoperative complications
(including cardiac arrest and major bleed) and longer length
of stay than patients without heart failure (eTables 6 and 7
in the Supplement).

A sensitivity analysis replacing imputation of missing
laboratory values with a complete case analysis did not sig-
nificantly change the results (eTable 8 in the Supplement),

nor did a propensity score-adjusted sensitivity analysis
(eTable 9 in the Supplement).

Discussion
In this retrospective cohort study of more than 600 000 vet-
erans, patients with heart failure, including both those with
symptoms and those with no symptoms and preserved sys-
tolic function, had a higher risk of 90-day postoperative mor-
tality than did patients without heart failure.

Heart failure is an important marker for having a high risk
of postoperative mortality. In general, symptomatic patients
had a higher risk than did asymptomatic patients. Low ejec-
tion fraction was associated with greater postoperative mor-
tality with the mortality risk increasing as the ejection frac-
tion decreased. Multivariable regression greatly attenuated
the apparent risk of heart failure on postoperative mortality
suggesting that heart failure is a marker for a constellation of
comorbidities that patients with heart failure tend to have, all
of which contribute to the elevated risk. Heart failure itself
has a relatively small effect as an independent risk factor of
postoperative mortality.

One interpretation of these findings is that patients with
heart failure, especially those with symptoms or very low
ejection fractions, should be counseled regarding their higher
risk of postoperative surgical mortality. Although optimizing
their cardiac function should be pursued, all other associated
modifiable risk factors that might contribute to postoperative
mortality should also be optimized since heart failure by
itself has a relatively small association with mortality.

A previous study of 174 patients11 showed that left ven-
tricular systolic dysfunction was associated with greater
postoperative mortality beyond the baseline risk associated
with heart failure alone. However, this association was only
observed for severely reduced LVEF (<30%). The current
study, which was much larger, was able to demonstrate that
the risk of postoperative mortality progressively increased
with decreasing systolic function. Preoperative evaluation
of a patient’s ejection fraction may be useful in decision-
making for all patients with heart failure, not only those
with severely reduced LVEF or heart failure symptoms.

Table 3. Adjusted Odds Ratios (ORs) and Risk Differences of 90-Day Postoperative Mortality Between Patients With and Without Heart Failure
Stratified by Surgical Complexity

Complexity

No. of Patients Mortality, %
Crude Absolute
Risk Difference
(95% CI), %

Adjusted Absolute
Risk Difference (95%
CI), %a Crude OR (95% CI)

Adjusted OR (95%
CI)b

Heart
Failure

Without
Heart
Failure

Heart
Failure

Without
Heart
Failure

Standardc 25 327 341 749 4.62 0.66 3.96 (3.84-4.08) 1.29 (1.22-1.37) 7.31 (6.80-7.85) 2.35 (2.15-2.58)

Intermediate 21 509 209 022 6.26 1.89 4.37 (4.16-4.58) 1.69 (1.48-1.94) 3.46 (3.25-3.69) 1.79 (1.65-1.92)

Complex 1161 10 967 10.34 6.19 4.15 (2.65-5.64) 1.80 (0.08-3.60) 1.74 (1.42-2.14) 1.29 (1.02-1.63)
a Calculated using the following formula, with average adjusted predicted

probabilities for each group calculated via the corresponding regression model
(See Table 3, footnote b): (average adjusted predicted probability in exposed)
−(average predicted probability in unexposed).

b Multivariable mixed-effects logistic regression model adjusted for sex, age,
body mass index, alcohol consumption, comorbidities (hypertension, atrial

fibrillation, diabetes, coronary artery disease, stroke, chronic obstructive
pulmonary disease, peripheral vascular disease), preoperative creatinine,
preoperative hematocrit, American Society of Anesthesiologists class and
surgical complexity, and Veterans Affairs facility.

c P value for heart failure × surgical complexity interaction term <.001.
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Left ventricular systolic dysfunction may also be useful if
included in surgical risk prediction models, especially when
evaluating asymptomatic patients.

Patients with heart failure in this study underwent more
intermediate- and complex-level procedures and fewer stan-
dard-level procedures than those without heart failure. This
pattern might be explained by 2 factors. First, the patients with
heart failure were generally older and had more medical co-
morbidities than the patients without heart failure. These pa-
tients may have required more complex procedures (such as
pancreaticoduodenectomy or kidney transplant) to address
their comorbid conditions (such as cancer or renal failure).
Fewer standard-level procedures were performed on pa-
tients with heart failure, and this may result from reluctance
among clinicians to pursue surgery because of the risks asso-
ciated with heart failure. Given the known risks of noncar-
diac surgery for patients with heart failure, clinicians may have
recommended against simple, standard-level procedures that
were more likely to be truly elective, such as a hernia, or treat-
able with nonsurgical options, such as an uncomplicated ap-
pendectomy, than an intermediate- or complex-level proce-
dure, such as a colectomy or an esophagectomy.

Various perioperative factors may have contributed to
the higher postoperative mortality observed for patients with
heart failure even in low-complexity procedures. There may
be risk associated with general anesthesia among patients
with heart failure attributable to intraoperative or postopera-
tive hypotension independent of surgical complexity level.
With heart failure, even minor postoperative complications
may be poorly tolerated reducing long-term survival.33

Limitations
This study had several limitations. First, by the nature of the
inclusion criteria, all patients in this study were deemed “fit
for surgery” by a physician. Data about patients who were con-
sidered for but did not receive surgery were not available, po-
tentially resulting in selection bias and limiting the general-
izability of this study’s findings. Second, this analysis was not
able to compare baseline mortality rates not attributable to sur-

gery because all patients in this study received surgery. It is
especially important in this patient population to acknowl-
edge that immediate postoperative issues and complications
affect long-term survival beyond the perioperative period.33

Third, as with any observational study, there is a risk of un-
measured confounding factors that may, if accounted for, ne-
gate the apparent contribution of heart failure as an indepen-
dent risk factor for postoperative mortality. E-values were
calculated as a sensitivity analysis to determine the likeli-
hood that an unmeasured confounder could exist that would
negate the observed relationship between heart failure and
postoperative mortality. This seems unlikely because the range
of point estimates for the ORs for all the known risk factors
available in the data extended from 0.96 to 1.53 (eTable 11 in
the Supplement). The E-values for the confidence intervals
closest to the null for the adjusted ORs for the association be-
tween heart failure (overall), the presence of heart failure symp-
toms, and ejection fraction ranged from 2.04 to 3.70 (eTable 10
in the Supplement). An unmeasured confounder would nec-
essarily have an OR exceeding these values, a possibility seem-
ingly remote because the ORs for all measured, known risk fac-
tors for postoperative mortality fell short of the E-values found
in eTable 10 in the Supplement.

Fourth, the generalizability of this study is limited be-
cause it was a VA population that was examined. There were
relatively few women in the study cohort. However, al-
though the percentage of women in this study was relatively
small, the absolute number of female patients with heart
failure included in this study was much larger than prior, simi-
lar studies.34

Conclusions
Among patients undergoing elective noncardiac surgery, heart
failure with or without symptoms was significantly associ-
ated with 90-day postoperative mortality. These data may be
helpful in preoperative discussions with patients with heart
failure undergoing noncardiac surgery.
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