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Background: Preoperative resting echocardiography is often performed 
before noncardiac surgery, but indications for preoperative resting echo-
cardiography are limited. This study aimed to investigate appropriateness 
of preoperative resting echocardiography using the Appropriate Use Criteria 
for Echocardiography, which encompass indications from the guidelines on 
perioperative cardiovascular evaluation and management and nonperiopera-
tive indications independent of the perioperative period. The authors hypoth-
esized that patients are frequently tested without an appropriate indication.

Methods: Records of patients in the Truven Health MarketScan Commercial 
and Medicare Supplemental Databases who underwent a major abdomi-
nal surgery from 2005 to 2017 were included. These databases contain 
de-identified records of health services for more than 250 million patients 
with primary or Medicare supplemental health insurance coverage through 
employer-based fee-for-service, point-of-service, or capitated plans. Patients 
were classified based on the presence of an outpatient claim for resting trans-
thoracic echocardiography within 60 days of surgery. Appropriateness was 
determined via International Classification of Diseases, Ninth Revision–Clinical 
Modification, and International Classification of Diseases, Tenth Revision–
Clinical Modification principal and secondary diagnosis codes associated with 
the claims, and classified as “appropriate,” “rarely appropriate,” or “unclassifi-
able” using the Appropriate Use Criteria for Echocardiography.

results: Among 230,535 patients in the authors’ cohort, preoperative 
resting transthoracic echocardiography was performed in 6.0% (13,936) of 
patients. There were 12,638 (91%) studies classifiable by the Appropriate 
Use Criteria for Echocardiography, and 1,298 (9%) were unable to be classi-
fied. Among the classifiable studies, 8,959 (71%) were deemed “appropriate,” 
while 3,679 (29%) were deemed “rarely appropriate.” Surveillance of chronic 
ischemic heart disease and uncomplicated hypertension accounted for 43% 
(1,588 of 3,679) of “rarely appropriate” echocardiograms.

conclusions: More than one in four preoperative resting echocardiograms 
were considered “rarely appropriate” according to the Appropriate Use Criteria 
for Echocardiography. A narrow set of patient characteristics accounts for a 
large proportion of “rarely appropriate” preoperative resting echocardiograms.
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editor’S PerSPective

What We Already Know about This Topic

• Resting echocardiography is often performed before noncardiac 
surgery, and its utilization can be evaluated using the American 
College of Cardiology Foundation Appropriate Use Criteria for 
Echocardiography

• The Center for Medicare and Medicaid Services will begin requir-
ing providers to demonstrate adherence to appropriate use criteria 
when ordering advanced imaging studies beginning in 2022

What This Article Tells Us That Is New

• Among 230,535 patients in a national claims database between 
2005 and 2017, 13,936 (6.0%) underwent resting echocardiogra-
phy within 60 days before surgery, and 12,638 could be classified 
using the Appropriate Use Criteria for Echocardiography

• More than a quarter of all resting echocardiograms (3,679 of 
12,638; 29%) were deemed “rarely appropriate,” while 71% (8,959 
of 12,638) were deemed “appropriate”

• Surveillance of chronic ischemic heart disease and a diagnosis of 
uncomplicated hypertension accounted for 43% (1,588 of 3,679) 
of the “rarely appropriate” preoperative resting echocardiograms

Preoperative echocardiography is often performed 
before major noncardiac surgery in an effort to 

improve perioperative care, as major adverse cardiac events 

complicate 1 in 33 hospitalizations for noncardiac surgery.1 
The American College of Cardiology (Washington, D.C.) 
and the American Heart Association (Dallas, Texas) prac-
tice guidelines for perioperative cardiovascular evaluation 
for noncardiac surgery recommend preoperative resting 
transthoracic echocardiography for a narrow set of cardiac 
conditions that directly impact perioperative care, such as 
suspected valvular heart disease or left ventricular dysfunc-
tion.2 A key tenet of the perioperative guidelines is that 
preoperative cardiovascular testing should be reserved for 
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clinical scenarios that would warrant testing independent 
of upcoming surgery. Thus, to accurately assess the appro-
priateness of preoperative resting echocardiography, a broad 
understanding of all reasonable indications for resting echo-
cardiography outside the perioperative setting is required.

The American College of Cardiology Foundation estab-
lished Appropriate Use Criteria for Echocardiography 
in response to marked increases in the utilization of car-
diac imaging.3 The 2011 Appropriate Use Criteria for 
Echocardiography outlined common clinical scenarios and 
designated them, using the recommended updated nomen-
clature, as “appropriate,” “may be appropriate,” or “rarely 
appropriate.”4,5 While the Appropriate Use Criteria for 
Echocardiography overlap with the preoperative cardio-
vascular guidelines, they provide a more comprehensive 
scope of indications for echocardiography independent of 
the perioperative period. Previous population-based studies 
have evaluated preoperative echocardiography utilization 
before noncardiac surgery and its impact on postopera-
tive outcomes. These studies did not identify an associa-
tion between preoperative resting echocardiography and 
improved 30-day mortality or major adverse cardiac events, 
even in high-risk patients.6,7 However, there has been no 
large-scale effort to assess the use of resting echocardiog-
raphy in the context of the appropriate use criteria. This 
information is particularly important as we approach the 
implementation of Centers for Medicare and Medicaid 
Services (Baltimore, Maryland) Appropriate Use Criteria 
Program in 2022, which will require providers to demon-
strate adherence to appropriate use criteria when ordering 
advanced imaging studies.8 We therefore determined the 
appropriateness of preoperative echocardiography by apply-
ing the Appropriate Use Criteria for Echocardiography in a 
population-based study.

The current study utilizes the Truven Health MarketScan 
Commercial and Medicare Supplemental Databases (Truven 
Health Analytics, USA) to investigate the frequency of pre-
operative resting echocardiography for major abdominal 
procedures from 2005 to 2017 and to assess the appro-
priateness of these tests according to the Appropriate Use 
Criteria for Echocardiography. We hypothesize that patients 
are frequently tested for indications deemed unnecessary by 
the Appropriate Use Criteria for Echocardiography.

Materials and Methods

Data Source

Data were obtained from the Truven Health MarketScan 
Commercial and Medicare Supplemental Databases from 
2004 through 2017. These databases contain de-identified 
records of health services for more than 250 million patients 
with primary or Medicare supplemental health insurance 
coverage through employer-based fee-for-service, point-
of-service, or capitated plans. The University of Chicago 
Institutional Review Board (Chicago, Illinois) considered 

this study exempt from review as there are no patient iden-
tifiers in the MarketScan databases (IRB19-1891).

Data Classification

Our analysis included records of patients with an 
International Classification of Diseases, Ninth Revision–
Clinical Modification or International Classification of 
Diseases, Tenth Revision–Clinical Modification principal 
procedure code for a major abdominal surgical procedure 
(fig. 1).  We focused on major abdominal procedures as they 
are a high-risk procedure for major adverse cardiac events as 
per the Revised Cardiac Risk Index.2 We did not include 
intrathoracic and suprainguinal vascular procedures as 
there may be procedure-specific indications that warranted 
a resting echocardiogram. Procedures included open or 
laparoscopic small bowel resections, large bowel resections, 
gastric resections, pancreatic resections, cystectomies, and 
nephrectomies from 2005 to 2017 (Supplemental Digital 
Content table 1, http://links.lww.com/ALN/C688). 
Subjects were excluded from the analysis if (1) they were 
under 18 yr old (n = 7,327), (2) the surgery was emergent 
(identified by correlation with an emergency room service 
claim from the same date as the surgery; n = 83,227), (3) 
the surgery was not the first procedure of interest that the 
patient underwent during the study period (n = 9,476), 
(4) the subject was not enrolled in an insurance plan for 1 
yr before the surgery (n = 132,939), and (5) there was no 
drug benefit data available in the MarketScan database for 
the patient (n = 85).

outcomes

The primary outcome measure was the presence of a 
“rarely appropriate” resting echocardiogram performed 
within 60 days before a major abdominal surgery. A 60-day 
period was chosen as echocardiograms performed within 
this time period are likely preoperative tests consistent 
with previous analyses.9–11 Outpatient resting transthoracic 
echocardiograms were identified using Current Procedural 
Terminology codes (Supplemental Digital Content table 2,  
http://links.lww.com/ALN/C688). The indications for the 
preoperative echocardiograms were determined based on 
the International Classification of Diseases, Ninth Revision–
Clinical Modification or International Classification of 
Diseases, Tenth Revision–Clinical Modification principal 
or secondary diagnosis code associated with the echocar-
diography claim. Indications were categorized as “appro-
priate” if they were clearly specified as “appropriate” in 
the Appropriate Use Criteria for Echocardiography, such 
as a resting echocardiogram ordered for dyspnea or acute 
heart failure (e.g., International Classification of Diseases, 
Ninth Revision–Clinical Modification code 786.05 or 
428.x, respectively; Supplemental Digital Content table 3, 
http://links.lww.com/ALN/C688). Indications were cat-
egorized as “rarely appropriate” if they were specified as 
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“rarely appropriate” in the Appropriate Use Criteria for 
Echocardiography, such as a resting echocardiogram ordered 
for chronic heart failure (e.g., International Classification 
of Diseases, Ninth Revision–Clinical Modification code 
428.22) without any additional new symptom identified in 
a patient with an echocardiogram performed in the previous 
year, or a resting echocardiogram ordered for coronary ath-
erosclerosis (International Classification of Diseases, Ninth 
Revision–Clinical Modification code 414.0x). No studies 
in our cohort were found to be “may be appropriate” as 
there are very few overall indications that are classified as 
“may be appropriate” in the Appropriate Use Criteria for 
Echocardiography, and they could not be correlated to 
International Classification of Diseases, Ninth Revision–
Clinical Modification/International Classification of 
Diseases, Tenth Revision–Clinical Modification codes. 
Echocardiograms were considered “unclassifiable” if 
the indication did not allow appropriateness classifi-
cation according to the Appropriate Use Criteria for 

Echocardiography (e.g., heart disease, unspecified). While all 
the indications for the echocardiograms were based on the 
2011 Appropriate Use Criteria for Echocardiography doc-
ument, the recommended updated classification terminol-
ogy from the 2013 methodology update was applied. This 
update did not change the classification of tests from the 
2011 document, but rather adjusted the terminology used 
to describe these classifications in order to more closely 
reflect their application in practice.5 In particular, “inappro-
priate” and “uncertain” indications from the 2011 docu-
ment are now referred to as “rarely appropriate” and “may 
be appropriate,” respectively, in the 2013 document.

If records of patients included multiple resting echo-
cardiograms, only the claim for the test performed on 
the date closest to the surgery was analyzed. If records 
included multiple claims for the same resting echocardio-
gram with disparate principal diagnosis codes, the claim 
used for analysis was determined using the following 
criteria: (1) if there were claims for both physician and 

Fig. 1. Consolidated Standards of reporting Trials flow diagram illustrates the organization of the study, including patient record inclusion, 
exclusion, and classification (Truven Health marketScan [Truven Health Analytics, USA]).
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facility fees, the claim for the physician fee was analyzed; 
(2) if claims were paid on different dates, the claim with 
the earlier paid date was analyzed; and (3) if claims differed 
only in principal diagnosis, then the claim with the most 
specific diagnosis code or the code most closely aligned 
with Appropriate Use Criteria for Echocardiography was 
analyzed.

Secondary outcomes were major adverse cardiac events 
that included a diagnosis of myocardial infarction, cardiac 
arrest, or new heart failure during the inpatient claim 
associated with the major abdominal surgery. Outcomes 
were identified using International Classification of 
Diseases, Ninth Revision–Clinical Modification and 
International Classification of Diseases, Tenth Revision–
Clinical Modification codes and can be found in the 
Supplemental Digital Content table 4 (http://links.
lww.com/ALN/C688). Outcomes were stratified based 
on the appropriateness classification of the echocardio-
gram as outlined in the Appropriate Use Criteria for 
Echocardiography.

Patient Characteristics

Patient characteristics analyzed were age, sex, geographi-
cal region, comorbid conditions, and Elixhauser score. 
Elixhauser comorbidities can be assessed as a single numeric 
score that summarizes disease burden and is adequately 
discriminative for in-hospital mortality.12 Consistent with 
previous analyses of MarketScan, comorbidity diagno-
ses were included for cohort subjects if the International 
Classification of Diseases, Ninth Revision–Clinical 
Modification and International Classification of Diseases, 
Tenth Revision–Clinical Modification codes were present 
at least once in inpatient or outpatient claims from the year 
before the procedure.11 Diagnosis codes used to classify 
comorbidities can be found in the Supplemental Digital 
Content table 5 (http://links.lww.com/ALN/C688).

Records of patients who underwent nonpreoperative 
resting echocardiography within 1 yr (i.e., between 61 days 
and 365 days) of the procedure were also identified, as the 
Appropriate Use Criteria for Echocardiography specify 
that a repeat resting echocardiogram is unnecessary within 
1 yr of a previous study in the absence of new symptoms 
or a change in clinical status.4 This guidance for repeating 
a resting echocardiogram applies for patients undergoing 
preoperative evaluation who have had an echocardiogram 
in the last year.

Other cardiac tests, including exercise or pharmacologic 
stress tests, myocardial nuclear imaging, stress magnetic 
resonance imaging, and transesophageal echocardiograms, 
performed between 61 and 365 days before the procedure 
were also identified via Current Procedural Terminology 
codes in outpatient claims (Supplemental Digital Content 
table 2, http://links.lww.com/ALN/C688). These tests can 
influence the decision to pursue a preoperative echocardio-
gram and were included in the analysis.

Data were complete except for region of service  
(n = 1,576). Apart from this, there were no missing data for 
any of the variables that were used for the analysis.

Statistical Analysis

The data analysis was completed using SAS software, 
Version 9.4 (SAS Institute Inc., USA). A data analysis and 
statistical plan was written after the data were accessed. As 
this is a retrospective cohort study, the sample size was based 
on the available data, and no statistical power calculation 
was conducted. The Cochrane–Armitage test was used to 
identify any trends in the frequency of “rarely appropriate” 
echocardiograms throughout the study period. Chi-square 
and unpaired t tests were used to compare patient char-
acteristics between subjects who underwent preoperative 
resting echocardiography and those who did not, and chi-
square and one-way ANOVA tests were used to compare 
patient characteristics between subjects who had “appropri-
ate,” “rarely appropriate,” or “unclassifiable” indications for 
resting echocardiography and outcomes.

We conducted three sensitivity analyses. The first com-
pared the incidence of “appropriate” resting echocardio-
grams between the preoperative period and outside of the 
preoperative period to determine if there was a higher 
frequency of “rarely appropriate” resting echocardio-
grams performed in the preoperative period. We applied 
the Appropriate Use Criteria for Echocardiography in 
the same manner as resting echocardiograms performed 
more than 60 days before the operative procedure and 
compared the appropriateness using a chi-square test. 
Second, we evaluated the incidence of resting echocar-
diograms over the 12-month period before surgery in the 
entire cohort to confirm that resting echocardiograms 
performed 60 days before the procedure were in response 
to the upcoming surgical procedure. The third sensitivity 
analysis evaluated comorbidity burden and cardiac out-
comes of patients who underwent a repeat echocardio-
gram in the 60 days before surgery to evaluate if patients 
who underwent a repeat echocardiogram had a higher 
comorbidity burden and higher frequency of major 
adverse cardiac events. Significance for these analyses was 
set at P ≤ 0.01 with Bonferroni correction for multi-
ple comparisons and two-tailed hypothesis testing where 
appropriate.

results

Patient Characteristics

The study cohort consisted of 230,535 reports of patients, 
and characteristics of these patients are presented in table 1. 
Overall, 13,936 reports of patients (6%) included a preoper-
ative resting echocardiogram in the 60 days before a major 
abdominal surgical procedure. Patients who underwent 
preoperative resting echocardiography were older, with a 
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mean age of 63 yr (SD = 14 yr) as compared to 57 yr 
(SD = 14 yr) in the untested cohort (P < 0.001). Patients 
who received a preoperative resting echocardiogram had 
higher frequencies of multiple comorbidities, including 
insulin-dependent diabetes mellitus, stroke, chronic kid-
ney disease, coronary artery disease, heart failure, and any 
cardiac valve pathology (P < 0.001). We did not identify a 
difference between the cohorts in frequency of nonpreop-
erative resting echocardiography (1,502 of 13,936, 11% vs. 
24,284 of 216,599, 11%; P = 0.115) in the year before the 
procedure. The untested cohort did have a higher frequency 
of other nonpreoperative cardiac tests performed in the year 
before surgery (1,119 of 13,936, 8% vs. 18,983 of 216,599, 
9%; P = 0.002); however, this difference is unlikely to be 
clinically significant.

Classification According to the Appropriate Use Criteria 
for echocardiography
Characteristics of patients who underwent preoperative 
resting echocardiography for “appropriate,” “rarely appro-
priate,” and “unclassifiable” indications are presented in 
table 2. Of all preoperative resting echocardiograms, 12,638 
(91%) were classifiable by the Appropriate Use Criteria 
for Echocardiography, and 1,298 (9%) were unable to be 
classified. Of classifiable studies, 8,959 (71%) were classi-
fied as “appropriate,” and 3,679 (29%) were classified as 
“rarely appropriate.” There was no change in the fre-
quency of “appropriate” versus “rarely appropriate” echo-
cardiograms that were classifiable by the Appropriate Use 
Criteria or Echocardiography throughout the study period 
(Supplemental Digital Content table 6, http://links.lww.

table 1. Characteristics of Patients Who Underwent Preoperative resting echocardiography (within 60 Days of Procedure) versus 
Patients Who Did Not Undergo Testing in Subjects Undergoing elective Intra-abdominal Surgeries from marketScan Commercial and 
medicare Supplemental Databases 2005 to 2017

characteristics
Preoperative echocardiography  
cohort (no. [%] or Mean ± Sd)

Untested cohort  
(no. [%] or Mean ± Sd) P value

Patients 13,936 (6%) 216,599 (94%)  
Age, yr 63 ± 14 57 ± 14 < 0.001
Sex   < 0.001
 male 7,012 (50%) 99,915 (46%) —
 Female 6,924 (50%) 116,684 (50%) —
Procedure type     < 0.001
 Small bowel resection 485 (3%) 12,216 (6%) —
 Large bowel resection 6,162 (44%) 114,918 (53%) —
 Pancreatic resection 477 (3%) 4,695 (2%) —
 Gastrectomy 3,186 (23%) 42,746 (20%) —
 Cystectomy 713 (5%) 6,444 (3%) —
 Nephrectomy 2,913 (21%) 35,580 (16%) —
Comorbidities     —
 Insulin-dependent diabetes mellitus 1,022 (7%) 9,634 (4%) < 0.001
 Stroke 1,209 (9%) 7,491 (3%) < 0.001
 Chronic kidney disease 796 (6%) 6,886 (3%) < 0.001
 Coronary artery disease 3,570 (26%) 20,953 (10%) < 0.001
 Heart failure 1,595 (11%) 7,341 (3%) < 0.001
 mitral valve pathology 2,530 (18%) 8,075 (4%) < 0.001
 Aortic valve pathology 1,390 (10%) 3,997 (2%) < 0.001
 other valve pathology 1,110 (8%) 3,262 (2%) < 0.001
elixhauser score 6 ± 9 4 ± 7 < 0.001
echocardiogram within 1 yr 1,502 (11%) 24,284 (11%) 0.115
other cardiac test within 1 yr 1,119 (8%) 18,983 (9%) 0.003
region     < 0.001
 North Central 3,747 (27%) 59,385 (27%) —
 Northeast 2,984 (21%) 30,913 (14%) —
 South 5,375 (39%) 87,369 (40%) —
 West 1,775 (13%) 37,411 (17%) —
 Unknown/missing 55 (< 1%) 1,521 (< 1%) —
metropolitan Statistical Area quintile     < 0.001
 1 427 (3%) 16,476 (8%) —
 2 1,094 (8%) 29,806 (14%) —
 3 3,891 (28%) 70,686 (33%) —
 4 3,268 (23%) 49,652 (23%) —
 5 5,088 (37%) 46,890 (22%) —
 Unknown/missing 168 (1%) 3,089 (1%) —

Proportions and SD are reported for categorical and continuous variables, respectively. Significant differences between cohorts were determined via chi-square tests or unpaired t 
tests for categorical and continuous variables, respectively, and significance was set at P ≤ 0.001 (Truven Health marketScan [Truven Health Analytics, USA]). 
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com/ALN/C688). Repeat echocardiograms (i.e., a pre-
operative resting echocardiogram when another resting 
echocardiogram was done within the year before the pro-
cedure) accounted for 11% (1,502 of 13,936) of all periop-
erative resting echocardiograms, and 52% (785 of 1,502) 
were classified as “rarely appropriate,” 36% (537 of 1,502) 
as “appropriate,” and 12% (180 of 1,502) as “unclassifiable.” 
Men had a higher proportion of “rarely appropriate” echo-
cardiograms (2,031 of 6,308, 32% vs. 1,648 of 6,330, 26%; 
P < 0.001) as compared to women. Patients with coro-
nary artery disease had the highest frequency (44%, 1,458 
of 3,281) of “rarely appropriate” echocardiograms among 
all the cardiac comorbidities. The most common “rarely 
appropriate” echocardiogram indications in our study were 
surveillance of chronic ischemic heart disease (954 of 3,679, 
26%), general preoperative examination (767 of 3,679, 
21%), and hypertension (634 of 3,679, 17%).

major Adverse Cardiac events

The overall frequency of major adverse cardiac events that 
included myocardial infarction, cardiac arrest, and heart 

failure was 0.6% (1,317 of 230,535). The frequency among 
patients that did not have a preoperative echocardiogram 
was 0.5% (1,116 of 216,599) as compared to 1.4% (201 of 
13,936) in patients who did receive a preoperative echo-
cardiogram (P < 0.001). There was no difference in the 
frequency of major adverse cardiac events in patients with 
a “rarely appropriate” (1.8%, 66 of 3,679), “appropriate” 
(1.3%, 116 of 8,959), or “unclassifiable” resting echocardio-
gram (1.5%, 19 of 1,298; P = 0.086).

Sensitivity Analysis

In our cohort, 11.2% (25,786 of 230,535) of patient records 
contained a claim for a resting echocardiograms performed 
before the preoperative period. Of those echocardiograms, 
23,160 (90%) were classifiable by the Appropriate Use 
Criteria for Echocardiography, 17,213 (74%) were “appro-
priate,” and 5,947 (26%) were “rarely appropriate.” The pro-
portion of resting echocardiograms that were classified as 
“rarely appropriate” in the preoperative setting was higher 
than those outside of the preoperative period in our cohort. 
Additionally, the frequency for all resting echocardiograms 

table 2. Characteristics of Patients Who received Preoperative echocardiography (within 60 Days of Procedure) for Appropriate, rarely 
Appropriate, or Unclassifiable Indications in Subjects Undergoing elective Intra-abdominal Surgeries from marketScan Commercial and 
medicare Supplemental Databases 2005 to 2017

characteristics
appropriate (no. [%]  

or Mean ± Sd)
rarely appropriate  

(no. [%] or Mean ± Sd)
Unclassifiable  

(no. [%] or Mean ± Sd) P value

Patients, No. 8,959 3,679 1,298  
Age, yr 63 ± 14 64 ± 14 62 ± 14 < 0.001
Sex      < 0.001
 male 4,277 (48%) 2,031 (55%) 704 (54%) —
 Female 4,682 (52%) 1,648 (45%) 594 (46%) —
Procedure type     < 0.001
 Small bowel resection 319 (4%) 108 (3%) 58 (4%) —
 Large bowel resection 4,075 (45%) 1,534 (42%) 553 (43%) —
 Pancreatic resection 272 (3%) 141 (4%) 64 (5%) —
 Gastrectomy 2,078 (23%) 850 (23%) 258 (20%) —
 Cystectomy 430 (5%) 212 (6%) 71 (5%) —
 Nephrectomy 1,785 (20%) 834 (23%) 294 (23%) —
Comorbidities     
 Insulin-dependent diabetes mellitus 591 (7%) 335 (9%) 96 (7%) < 0.001
 Stroke 766 (9%) 347 (9%) 96 (7%) 0.063
 Chronic kidney disease 460 (5%) 268 (7%) 68 (5%) < 0.001
 Coronary artery disease 1,823 (20%) 1,458 (40%) 289 (22%) < 0.001
 Heart failure 1,066 (12%) 382 (10%) 147 (9%) 0.052
 mitral valve pathology 1,894 (21%) 475 (13%) 161 (12%) < 0.001
 Aortic valve pathology 967 (11%) 350 (10%) 73 (6%) < 0.001
 other valve pathology 830 (9%) 206 (6%) 74 (6%) < 0.001
elixhauser score 6 ± 9 6 ± 9 8 ± 10 < 0.001
repeat echocardiogram within 1 yr 537 (6%) 785 (21%) 180 (14%) < 0.001
region    < 0.001
 North Central 2,319 (26%) 1,027 (28%) 401 (31%) —
 Northeast 2,051 (23%) 731 (20%) 202 (16%) —
 South 3,533 (39%) 1,346 (37%) 496 (38%) —
 West 1,025 (11%) 557 (15%) 193 (14%) —
 Unknown/missing 31 (< 1%) 18 (< 1%) 6 (< 1%) —

Proportions and SD are reported for categorical and continuous variables, respectively. Significant differences between cohorts were determined via chi-square tests or one-way 
ANovA tests for categorical and continuous variables, respectively, and significance was set at P ≤ 0.01 (Truven Health marketScan [Truven Health Analytics, USA]).
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done in the year before surgery can be seen in Supplemental 
Digital Content figure 1 (http://links.lww.com/ALN/
C688) and Supplemental Digital Content table 7 (http://
links.lww.com/ALN/C688). Resting echocardiograms in 
the 2 months before surgery accounted for 47% (28,122 
of 59,788) of the total volume of resting echocardiograms. 
We observed a sharp increase in the frequency of resting 
echocardiograms in the 2 months before major abdomi-
nal surgery, as illustrated by Supplemental Digital Content  
figure 1 (http://links.lww.com/ALN/C688).

Among records of patients that included a resting echo-
cardiogram in the preoperative period and also an echocar-
diogram in the previous year, mean Elixhauser comorbidity 
scores were greater for patients who had an “unclassifiable” 
13 (SD = 11) and “appropriate” 12 (SD = 10) resting echocar-
diogram as compared to a “rarely appropriate” 10 (SD = 10)  
resting echocardiogram (P < 0.001). The frequency of 
myocardial infarction, cardiac arrest, and heart failure asso-
ciated with repeat echocardiograms overall was 2.7% (39 of 
1,502). There was no difference in the frequency of com-
plications in patients with a “rarely appropriate” (3.3%, 26 
of 785), “appropriate” (1.9%, 10 of 537), or “unclassifiable” 
resting echocardiogram (1.5%, 3 of 180; P = 0.187).

discussion
In our retrospective cohort study, we found that while pre-
operative resting echocardiography was uncommon over-
all (6%), more than one in four echocardiograms (29%) 
that were classifiable by the Appropriate Use Criteria for 
Echocardiography were considered “rarely appropriate.” 
The American College of Cardiology and American Heart 
Association perioperative practice guidelines recommend a 
narrow set of conditions for preoperative resting echocar-
diography known to be associated with increased periop-
erative complications.2 An important and consistent theme 
throughout the practice guidelines is that cardiac testing 
should be rarely pursued in the absence of a clear indication 
independent of the impending surgery. The Appropriate 
Use Criteria for Echocardiography provide guidance to cli-
nicians in the optimal use of resting echocardiography for 
all clinical settings and provide guidance to perioperative 
clinicians in appropriate use of resting echocardiography 
for conditions that may not directly apply to the periop-
erative period. The most frequent reason for “rarely appro-
priate” preoperative resting echocardiograms in our study 
was routine surveillance of known cardiovascular disease, 
such as chronic ischemic heart disease. Further, there was 
no difference in frequency of major adverse cardiac events 
among patients undergoing “rarely appropriate” as com-
pared to “appropriate” or “unclassifiable” echocardiograms. 
These findings suggest that while overall preoperative rest-
ing echocardiography utilization is low, there still exists an 
opportunity to reduce testing that has not been shown to 
impact perioperative cardiac morbidity.

The high proportion of “rarely appropriate” echocar-
diograms may be secondary to the outpatient nature of the 
echocardiograms assessed in this study as well as ordering 
clinician characteristics. Outpatient studies are less likely 
to be associated with a change in clinical status and are 
known to have a higher frequency of “rarely appropriate” 
echocardiograms compared to inpatient exams. The fre-
quency of “rarely appropriate” echocardiograms in other 
practice settings has been reported as high as 30%, which 
is similar to our findings.13–15 In our sensitivity analysis of 
nonperioperative echocardiograms, we identified a high 
percentage of “rarely appropriate” echocardiograms in the 
outpatient setting, which suggests that potential overuse 
of cardiac imaging in the outpatient setting is not limited 
to the preoperative period. Ordering clinician character-
istics may lead to a higher frequency of “rarely appro-
priate” echocardiograms in the preoperative setting. In 
a single academic center retrospective cohort of patients 
referred for outpatient transthoracic echocardiography, we 
demonstrated that anesthesia and surgical clinicians had 
the highest frequency of “rarely appropriate” echocardio-
grams (21% and 19%, respectively) as compared to cardi-
ologists (3%) or internal medicine clinicians (10%).16 This 
may be due to a lack of familiarity with the Appropriate 
Use Criteria for Echocardiography among anesthesia 
and surgical clinicians.16 Anesthesiologists are required to 
address medical concerns during perioperative visits that 
extend beyond the upcoming procedure. As such, our spe-
cialty should consider incorporating the Appropriate Use 
Criteria for Echocardiography to guide preoperative car-
diovascular imaging and develop interventions to reduce 
potential overuse. Our finding that a small number of diag-
noses (e.g., surveillance of chronic ischemic heart disease) 
are associated with a large proportion of “rarely appropri-
ate” echocardiograms may help to guide interventions that 
may be effective to decrease potential overuse of preoper-
ative resting echocardiography.13,17,18

Chronic ischemic heart disease without change in clini-
cal status accounted for just over a quarter of all the “rarely 
appropriate” echocardiograms in our study and may be an 
easy target to reduce overuse. In the only prospective trial 
across eight hospital systems to reduce “rarely appropriate” 
echocardiograms, the second most common reason for a 
“rarely appropriate” echocardiogram was routine surveil-
lance of ventricular function with known coronary artery 
disease and no change in clinical status or cardiac examina-
tion.17 The intervention for the trial comprised an initial 
video lecture, a mobile application-based decision support 
tool, and monthly clinician feedback reports for cardiolo-
gists and primary care providers that summarized individ-
ual ordering behavior. The proportion of rarely appropriate 
echocardiograms decreased in the intervention group as 
compared to the control (8.8% vs. 10.1%; odds ratio, 0.75; 
95% CI, 0.57 to 0.99; P = 0.039), and the decrease was sus-
tained throughout the study period.
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Sex bias may have played a role in the higher frequency 
of men receiving a “rarely appropriate” echocardiogram as 
men may be more likely to receive cardiovascular testing. 
Previous population-based studies that evaluated utilization 
of perioperative resting echocardiograms similarly identi-
fied a higher frequency of testing in men as compared to 
women.6 In a study of sex bias among cardiologists evaluat-
ing a simulated patient with suspected coronary artery dis-
ease, male patients were more consistently rated as likely to 
benefit from angiography as compared to female patients.19 
Given the known bias toward men and cardiovascular dis-
ease, it appears highly plausible that sex bias played a role 
with the increased frequency of “rarely appropriate” preop-
erative resting echocardiograms in our analysis.

Our study is timely in light of the Centers for Medicare 
and Medicaid Services mandate starting in 2022 that will 
require appropriateness determinations according to the 
Appropriate Use Criteria for Echocardiography to be sub-
mitted at the time of study order for all “advanced imaging 
procedures” for Medicare beneficiaries.20 Clinicians will be 
tracked through the program, and those considered out-
liers with a high frequency of “rarely appropriate” studies 
will be subject to more rigorous authorizing procedures 
and potential reimbursement denials. Initially, perioperative 
physicians will experience this program in relation to pre-
operative nuclear stress testing as resting echocardiography 
is not included in the first phase of the mandate. However, 
as the highest volume cardiac imaging test performed, rest-
ing echocardiography is expected to be included as the pro-
gram expands.21 Further, perioperative testing is likely to be 
a particular focus and may be disproportionally affected by 
these programs. Our study addresses the knowledge gap of 
appropriate use criteria for resting echocardiography on a 
national level, and our finding of a high frequency of rarely 
appropriate studies suggests significant potential overuse. 
However, a full understanding of appropriate utilization 
of perioperative resting echocardiography also requires 
consideration of potential underuse when “appropriate” 
indications are present. In a study that used the National 
Inpatient Sample to identify “appropriate” use of inpatient 
resting echocardiography for certain conditions (e.g., acute 
myocardial infarction), only 8% of inpatient admissions 
received a resting echocardiogram.22 Patients who received 
a resting echocardiogram had a lower inpatient mortality 
as compared to patients who did not when adjusting for 
patient and hospital characteristics. Given that there are a 
variety of appropriate indications unrelated to surgery that 
may first come to clinical attention in the perioperative 
setting (e.g., heart murmur), the potential for underuse of 
resting echocardiography is real. While our study did not 
address underuse, further study of this issue in the periop-
erative setting, and its association with patient outcomes, 
deserves study.

Our study has several limitations. First, the MarketScan 
databases only include patients with employer-sponsored 

health insurance or Medicare supplemental plans and may 
not be a representative sample of the U.S. population. This 
may explain why our frequency of preoperative echocar-
diograms was lower than other population-based stud-
ies that had higher mean ages for their cohorts. Thus, it 
remains unclear if our results are generalizable to a tradi-
tional Medicare population. MarketScan provides diagnosis 
and procedure codes for billing purposes, and these codes 
do not fully represent the scope of disease and may not 
capture clinical changes over time for each patient. Other 
unmeasured variables may have impacted the decision for 
preoperative echocardiography that we were unable to 
account for, and it is possible that the billing codes uti-
lized did not appropriately reflect the clinical status of 
the patient. However, we used a robust approach to clas-
sify echocardiograms based on principal and secondary 
diagnoses that were directly matched to criteria found 
within the Appropriate Use Criteria for Echocardiography. 
Further, we did not identify any change in the frequency 
of “appropriate” echocardiograms across the transition from 
International Classification of Diseases, Ninth Revision–
Clinical Modification to International Classification of 
Diseases, Tenth Revision–Clinical Modification coding that 
took place in 2015. In addition, our data collection focused 
on comorbidities that were documented in the year before 
surgery, which may not capture the full burden of comorbid 
disease for each patient. The Appropriate Use Criteria for 
Echocardiography rely much more heavily on consensus 
and expert opinion as compared to practice guidelines that 
rely heavily on a more evidence-based format.23 However, 
the Appropriate Use Criteria for Echocardiography incor-
porate the preoperative cardiac evaluation practice guide-
lines with regards to their recommendations. Finally, the 
later years of the study cohort contained fewer patients as 
compared to earlier in the cohort, and this may have led 
to decreased precision in some of the later estimates of the 
frequency of “rarely appropriate” studies.

In conclusion, more than one in four classifiable rest-
ing preoperative echocardiograms before major abdom-
inal surgical procedures may be considered “rarely 
appropriate” according to the Appropriate Use Criteria for 
Echocardiography. It is important to focus continued efforts 
on mitigating potential overuse of preoperative echocar-
diography, as unnecessary testing contributes to increased 
costs to patients and to the healthcare system.
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