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IMPORTANCE Guidelines recommend that patients with acute myocardial infarction (AMI)
undergo echocardiography for assessment of cardiac structure and ejection fraction, but little
is known about the association between echocardiography as used in routine clinical
management of AMI and patient outcomes.

OBJECTIVE To examine the association between risk-standardized hospital rates of
transthoracic echocardiography and outcomes.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study of data from 397 US
hospitals that contributed to the Premier Healthcare Informatics inpatient database from
January 1, 2014, to December 31, 2014, used International Classification of Diseases, Ninth
Revision (ICD-9) codes to identify 98 999 hospital admissions for patients with AMI. Data
were analyzed between October 2017 and January 2019.

EXPOSURES Rates of transthoracic echocardiography.

MAIN OUTCOMES AND MEASURES Inpatient mortality, length of stay, total inpatient costs, and
3-month readmission rate.

RESULTS Among the 397 hospitals with more than 25 admissions for AMI in 2014, a total of
98 999 hospital admissions for AMI were identified for analysis (38.2% women; mean [SD]
age, 66.5 [13.6] years), of which 69 652 (70.4%) had at least 1 transthoracic echocardiogram
performed. The median (IQR) hospital risk-standardized rate of echocardiography was 72.5%
(62.6%-79.1%). In models that adjusted for hospital and patient characteristics, no difference
was found in inpatient mortality (odds ratio [OR], 1.02; 95% CI, 0.88-1.19) or 3-month
readmission (OR, 1.01; 95% CI, 0.93-1.10) between the highest and lowest quartiles of
echocardiography use (median risk-standardized echocardiography use rates of 83% vs 54%,
respectively). However, hospitals with the highest rates of echocardiography had modestly
longer mean lengths of stay (0.23 days; 95% CI, 0.04-0.41; P = .01) and higher mean costs
($3164; 95% CI, $1843-$4485; P < .001) per admission compared with hospitals in the lowest
quartile of use. Multiple sensitivity analyses yielded similar results.

CONCLUSIONS AND RELEVANCE In patients with AMI, hospitals in the quartile with the highest
rates of echocardiography showed greater hospital costs and length of stay but few
differences in clinical outcomes compared with hospitals in the quartile with the lowest rates
of echocardiography. These findings suggest that more selective use of echocardiography
might be used without adversely affecting clinical outcomes, particularly in hospitals with
high rates of echocardiography use.
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E chocardiography provides important prognostic
information and is the primary imaging modality
used to assess left ventricular ejection fraction (LVEF)

in acute myocardial infarction (AMI).1-3 Echocardiography
can also be helpful across a range of conditions including
cardiogenic shock, coexisting valve disease, pericardial effu-
sions, left ventricular thrombus, and mechanical complica-
tions of AMI.3,4 However, while echocardiography reports
can inform clinical decisions and guide use of medications
and procedures, only 32% of echocardiography examina-
tions are associated with an active change in management
and more than 20% of echocardiography reports are never
subsequently acknowledged in the medical record.5 The
yield of repeated echocardiography is even lower: new find-
ings become apparent in only 11% of cases.6 Despite this
modest diagnostic yield, clinical practice guidelines and per-
formance measures recommend essentially universal assess-
ment of LVEF for patients admitted with AMI.7-9 Yet these
guidelines were written based on little evidence as to which
patients are most likely to benefit from echocardiography
and minimal data regarding the association between the use
of echocardiography and clinical outcomes. To investigate
this issue, we used a large multihospital database to evaluate
the association between hospital rates of echocardiography
use and patient outcomes.

Methods
Design and Setting
We used data from a geographically and structurally diverse
group of hospitals (Premier Healthcare Informatics, Char-
lotte, NC) that represents approximately 15%-20% of all
inpatient US hospitalization10-12; data were from 397 US hos-
pitals that contributed to the Premier inpatient database
from January 1, 2014, to December 31, 2014. Data were ana-
lyzed between October 2017 and January 2019. Unlike tradi-
tional administrative databases limited to demographic data
and International Classification Diseases, Ninth Revision,
Clinical Modification (ICD-9 CM) procedure and diagnostic
codes, the Premier database also draws from a hospital’s
internal cost-accounting system to record date-stamped hos-
pital service codes for medications, procedures, diagnostic
tests, and therapeutic services, including echocardiography
procedures. Because the data are deidentified as required by
Section 164.514(b)(1) of the Health Insurance Portability and
Accountability Act of 1996 Privacy Rule, the institutional
review board at Baystate Health in Springfield, Massachu-
setts, determined this study was exempt (not human patient
research) and did not require patient consent.

Patient and Hospital Factors
We used ICD-9 codes to identify all patients discharged with
a principal diagnosis of AMI (410.x) in the year 2014, consis-
tent with methods used by the Center for Medicare & Medic-
aid Services to define AMI.13 We recorded patients’ age, sex,
race, insurance, and computed Elixhauser comorbidities and
the Gagne combined comorbidity score.14,15 To control for po-

tential confounding because of differences in disease sever-
ity, we used ICD-9 codes to identify instances of acute organ
dysfunction and assessed receipt of critical care therapies
(eg, inotropes, vasopressors, invasive and noninvasive venti-
lation, intra-aortic balloon pump, and/or arterial lines).16-18

Additionally, we characterized hospitals according to size,
teaching status, urban or rural population served, and census
region. We identified whether a hospital performed cardiac
catheterization, percutaneous coronary intervention, or coro-
nary artery bypass surgery and created indicator variables for
each of these characteristics. To ensure stability in our esti-
mates of hospital echocardiography use rates, we limited the
study to patients cared for at hospitals with at least 25 AMI
admissions during the study period.

Receipt of Echocardiography and Outcome Measures
We considered a Premier service code for transthoracic ech-
ocardiography as the primary variable of interest, although we
also recorded the use of transesophageal and stress echo.19

We measured all echocardiography examinations performed
during each admission and the hospital day of service on which
the test was performed. We also noted use of cardiac mag-
netic resonance imaging, contrast ventriculography (at the time
of cardiac catheterization), and nuclear cardiac imaging, in-
cluding multigated radionuclide angiography and single-
photon emission computed tomography to assess other tests
that may have measured LVEF. However, we ultimately fo-
cused our analysis on transthoracic echocardiography be-
cause all other tests were used infrequently.

We evaluated 4 main outcomes: inpatient mortality, hos-
pital length of stay, total inpatient costs, and 3-month read-
mission among survivors. Because length of stay and total cost
values were highly skewed, we winsorized them at the first and
99th percentiles. We also assessed only total costs because hos-
pitals account differently for room and board, tests, proce-
dures, laboratory results, and pharmacy costs.20 For hospital
readmission, we included admissions to the same hospital
within 3 months.21

Statistical Analysis
Descriptive statistics on patient and hospital characteristics
were summarized as frequency and percentage for categori-
cal variables, means and SDs, or as quartiles (median, 25th, and
75th percentiles) for continuous variables. We used general-
ized estimating equation models to examine associations be-

Key Points
Question Is use of echocardiography associated with outcomes
in acute myocardial infarction?

Findings In this cohort study of 98 999 admissions from 397
US hospitals, higher hospital rates of echocardiography use were
associated with longer length of stay and greater costs but not
with differences in rates of mortality or 3-month readmission.

Meaning Greater use of echocardiography did not appear to be
associated with better patient outcomes in patients with acute
myocardial infarction.
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tween echocardiography use and unadjusted outcomes and to
account for patient clustering within hospitals.

For our primary analysis, we focused on hospital rates
of echocardiography use because this approach minimizes
confounding by indication, more directly addresses policy
questions,22 and has been used in previous studies of echo-
cardiography and cardiac testing.10,12,23,24 We first calculated
hospital rates of echocardiography use and then developed a
multivariable hierarchical generalized linear model for echo-
cardiography use with a random effect for the hospital. This
model included patient demographics, comorbidities, and the
presence of acute organ failure. It did not include hospital char-
acteristics or critical care therapies, which allowed compari-
son between hospitals and avoided overadjustment for
hospital-specific processes and patterns of care. We com-
puted the median odds ratio (MOR) to quantify the strength
of hospital-level variations in echocardiography use relative
to patient-level covariates.25

We then computed a risk-standardized echocardiogra-
phy rate for each hospital as the ratio of the expected echo-
cardiography rate (based on patient characteristics at a
hospital and the average hospital effect) to the predicted ech-
ocardiography use rate (based on patient characteristics at a
hospital and the hospital-specific effect) multiplied by the over-
all unadjusted echocardiography rate. Hospitals were grouped
by quartiles of risk-standardized echocardiography rate. We
then assessed balance in patient characteristics, comparing
highest use (quartile 4) to lowest use (quartile 1) via
absolute standardized differences, in which a value >10%
suggests a clinically meaningful difference in baseline
characteristics.26,27 Hospital characteristics were compared
using χ2 statistics. A significance level of P < .05 was set, and
P values were 2-tailed.

To assess a potential association of echocardiography
with medication use, we evaluated hospital prescription
rates of anticoagulants (warfarin, rivaroxaban, apixaban, or
dabigatran) and angiotensin-converting enzyme inhibitors
(ACEis) or angiotensin receptor blockers (ARBs). Spearman
correlation coefficients and scatterplots were used to assess
the association between risk-standardized echocardiography
rates and hospital rates of nuclear imaging and ACEi or ARB
prescriptions.

Using the quartile of risk-standardized echocardiogra-
phy rate as the primary predictor, we modeled patient-level
outcomes, adjusting for patient demographics, comorbidi-
ties, acute organ failures, hospital characteristics, and hospi-
tal interventional capabilities via hierarchical generalized
linear models with a random intercept for each hospital. We
used identity link models for winsorized length of stay and
inpatient cost and logit link models for inpatient mortality
and 3-month readmission. We compared high and low quar-
tiles and overall differences across all 4 quartiles in these
models. In our mortality model, for patients with more than
1 admission, we randomly chose 1 admission for analysis.
Finally, we performed several sensitivity analyses by
(1) excluding patients with a length of stay of 2 days or fewer,
(2) excluding patients transferred in or out of the hospital,
and (3) stratifying analyses based on receipt of cardiac cath-

eterization and/or revascularization. A complete description
of sensitivity analyses is available in the eMethods in the
Supplement. All analyses were performed using SAS, version
9.4 (SAS Institute Inc).

Results
Among the 397 hospitals with 25 or more admissions for AMI
in 2014, we included 98 999 admissions (38.2% women; mean
[SD] age, 66.5 [13.6] years), of which 69 652 (70.4%) had 1 or
more transthoracic echocardiograms performed. Repeated ech-
ocardiography tests were uncommon; only 4107 patients (4.1%)
had more than 1 echocardiogram, and most of these (3903,
95%) were transesophageal echocardiography examinations
completed after a transthoracic echocardiogram. Stress
echocardiography was rare with only 776 patients (0.8%)
undergoing this test. Most echocardiography was performed
on hospital day 1 or 2 (81.4% [56 715 of 69 652] of studies).
Nuclear cardiac imaging (4743 [4.8%]), ventriculography (1678
[1.7%]), and cardiac magnetic resonance imaging (295 [0.3%])
were also uncommon. Because these tests overlapped with
echocardiography, overall assessment of LVEF increased by
3.2% to 73.6%.

Patients who underwent an echocardiogram (n = 69 652)
compared with patients without an echocardiogram
(n = 29 347) were more likely to have heart failure (24 214
[34.8%] vs 7287 [24.8%]; absolute standardized difference,
21.85) and pulmonary disease (4829 [6.9%] vs 1197 [4.1%];
absolute standardized difference, 12.54); be cared for in an
intensive care unit (41 107 [59.0%] vs 12 859 [43.8%]; abso-
lute standardized difference, 30.77); and receive noninva-
sive ventilation (6618 [9.5%] vs 1487 [5.1%]; absolute stan-
dardized difference, 17.13), invasive ventilation (12 099
[17.4%] vs 3384 [11.5%]; absolute standardized difference,
16.67), inotropes (8395 [12.1%] vs 2050 [7.0%]; absolute
standardized difference, 17.33), vasopressors (15 223 [21.9%]
vs 4368 [14.9%]; absolute standardized difference, 18.08),
balloon pumps (3569 [5.1%] vs 830 [2.8%]; absolute stan-
dardized difference, 11.77), and nuclear imaging studies
(3869 [5.6%] vs 874 [3.0%]; absolute standardized differ-
ence, 12.80) (eTable 1 in the Supplement). In unadjusted
analyses, patients who underwent an echocardiogram com-
pared with patients who did not receive an echocardiogram
had longer length of stay (mean [SD] days, 5.1 [4.5] vs 3.3
[3.1]; P < .001) and higher costs (mean total cost [SD],
$19 646 [$17 602] vs $13 455 [$11 507]; P < .001), but a lower
proportion of inpatient mortality (mortality mean [SD], 3089
[4.5] vs 1524 [5.4]; P < .001) and lower proportion of
3-month readmission (readmission mean [SD], 12 130 [18.2]
vs 5266 [18.9]; P = .01).

Observed hospital echocardiography rates ranged from
2% to 95.3%, with a median (interquartile range [IQR] of
73.9% (62.8% to 81.1%). The risk-standardized echocardiog-
raphy model (eTable 2 in the Supplement) had modest dis-
crimination (area under the curve, 0.72). The MOR for hospi-
tal effect was 2.26 (95% CI, 1.99-2.30), which was greater
than any individual patient-level factor (odds ratio [OR]
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range, 0.6-1.6). The mean (SD) and median (IQR) risk-
standardized hospital echocardiography rates were 68.8%
(15.6%) and 72.5% (62.6%-79.1%), with a median use rate of
54%, 67%, 76%, and 83% for quartiles 1, 2, 3, and 4, respec-
tively. Figure 1 highlights the significant between-hospital
variations in echocardiography use rates and the changes
seen after risk standardization.

Compared with hospitals in the lowest quartile of risk-
standardized echocardiography rates, hospitals in quartile 4
had patients who were more often insured by Medicaid
(quartile 4 proportion of patients, 2442 [9.5%] vs quartile 1
proportion of patients, 1321 [6.4%]; absolute standardized
difference, 13.91), cared for in intensive or intermediate care
services (intensive or intermediate care, quartile 4, 15 447
[59.8%] vs quartile 1, 10 593 [51.1%]; absolute standardized
difference, 17.58) or contained a proportion of patients who
underwent invasive ventriculography (quartile 4, 1414
[5.5%] vs quartile 1, 23 [0.1%]; absolute standardized differ-
ence, 32.99) (Table 1). Other patient characteristics, such as
age, sex, race, comorbidities, and organ failure, were not
associated with risk-standardized echocardiography rates.
Higher hospital risk-standardized echocardiography
rates were associated with higher rates of nuclear imaging
(Spearman ρ = 0.16, P = .001; Figure 2A) and ACEi or ARB
use (Spearman ρ = 0.11, P = .02; Figure 2B) but not antico-
agulants. Compared with lower risk-standardized echocardi-
ography rates (quartile 1), hospitals with higher risk-
standardized echocardiography rates (quartile 4) had a
higher proportion of hospitals capable of performing cardiac
catheterization (quartile 4 rate, 94 [94.9%] vs quartile 1 rate,
81 [81.8%]; P = .004) or percutaneous coronary intervention
(quartile 4 rate, 86 [86.9%] vs quartile 1, 67 [67.7%];
P = .001) (Table 2), but this proportion did not translate to
different rates of use of either procedure (Table 1). Other
hospital characteristics, including number of beds and hos-
pital capability to perform coronary artery bypass graft sur-
gery, were not different between quartiles.

In adjusted analyses, no difference was found in inpa-
tient mortality (OR, 1.02; 95% CI, 0.88-1.19) or 3-month read-

mission (OR, 1.01; 95% CI, 0.93-1.10) between the highest and
lowest quartiles of echocardiography use. However, patients
treated at hospitals in the highest quartile of echocardiogra-
phy use had a modestly longer mean length of stay (0.23 days;
95% CI, 0.04-0.41; P = .01) and higher mean costs per admis-
sion ($3164; 95% CI, $1843-$4485; P < .001) compared with
those at the lowest quartile of use (Table 3). Multiple sensitiv-
ity analyses yielded similar results (eResults; eTables 3-8 in
the Supplement).

Discussion
In this large sample of US hospitals, more than 70% of pa-
tients hospitalized for AMI underwent an echocardiogram and
74% had an evaluation of LVEF. Risk-standardized echocardi-
ography rates varied significantly across hospitals, with me-
dian echocardiography use rates of 54% in the lowest quar-
tile vs 83% in the highest quartile. Our analyses suggest that
the strongest predictor of receipt of echocardiogram was the
hospital to which the patient was admitted, which trumped
any individual patient characteristic. When comparing out-
comes at hospitals in the lowest vs highest quartiles, we ob-
served no differences in mortality or 3-month readmission;
however, hospitals with high echocardiography rates had a
modestly longer length of stay and significantly higher total
costs. Thus, our analyses suggest that, within the context of
current clinical practice in the United States, more selective
ordering of echocardiography has the potential to reduce costs
without adversely affecting clinical outcomes, particularly at
high-use hospitals.

To be clear, our findings should not be interpreted to
mean that echocardiography provides no value in AMI.
Because ACEis and ARBs are frequently indicated in patients
with reduced LVEF, echocardiography can direct the use of
these medications to improve patient outcomes.28,29 Echo-
cardiography is also essential in determining patient eligibil-
ity for defibrillator use30 and developing a clinical suspicion
for left ventricular thrombus.4 We found a small positive

Figure 1. Distribution of Hospital Echocardiography Rates in Patients Hospitalized With Acute Myocardial Infarction
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Table 1. Patient Characteristics by Quartiles of Hospital Risk-Standardized Echocardiography Ratesa

Variable

No.

Quartile 1 Quartile 2 Quartile 3 Quartile 4

Absolute
Standardized
Difference
(Quartile 4 vs
Quartile 1)

Risk-standardized echocardiography rate NA

Median (range) 54.0 (3.2-62.5) 66.8 (62.6-72.4) 75.7 (72.5-79.1) 83.2 (79.1-94.3)

Mean (SD) 48.3 (15.8) 67.3 (3.0) 75.7 (1.9) 83.9 (3.7)

Patients 20 728 (20.9) 30 342 (30.6) 22 102 (22.3) 25 827 (26.1)

Age

Mean (SD), y 66.5 (13.6) 66.7 (13.7) 67.1 (13.7) 65.7 (13.5)
5.77

Median (IQR), y 66 (57-77) 67 (57-78) 67 (57-78) 66 (56-76)

Female sex 8192 (39.5) 11 605 (38.2) 8600 (38.9) 9454 (36.6) 6.01

Race/ethnicity

White 14 868 (71.7) 22 202 (73.2) 13 081 (59.2) 19 415 (75.2)

9.96
Black 2770 (13.4) 2999 (9.9) 1807 (8.2) 2691 (10.4)

Hispanic 867 (4.2) 2182 (7.2) 2158 (9.8) 1171 (4.5)

Other 2223 (10.7) 2959 (9.8) 5056 (22.9) 2550 (9.9)

Insurance payer

Medicare 12 288 (59.3) 17 510 (57.7) 12 586 (56.9) 14 606 (56.6)

13.91

Medicaid 1321 (6.4) 2543 (8.4) 2288 (10.4) 2442 (9.5)

Managed care 3983 (19.2) 5990 (19.7) 4468 (20.2) 4622 (17.9)

Commercial indemnity 999 (4.8) 1748 (5.8) 1027 (4.6) 1529 (5.9)

Self-pay 1343 (6.5) 1489 (4.9) 908 (4.1) 1439 (5.6)

Other 794 (3.8) 1062 (3.5) 825 (3.7) 1189 (4.6)

Gagne Combined Comorbidity score

Mean (SD) 2.1 (2.7) 2.0 (2.7) 2.0 (2.7) 2.0 (2.7) 3.25

Median (IQR) 1 (0-4) 1 (0-4) 1 (0-4) 1 (0-4)

Comorbiditiesb

Hypertension 16 504 (79.6) 24 122 (79.5) 17 541 (79.4) 20 423 (79.1) 1.35

Hypothyroidism 8284 (40.0) 11 961 (39.4) 92 35 (41.8) 10 345 (40.1) 0.18

Congestive heart failure 6638 (32.0) 9517 (31.4) 7249 (32.8) 8097 (31.4) 1.45

Chronic obstructive pulmonary disease 4931 (23.8) 6789 (22.4) 4844 (21.9) 6069 (23.5) 0.68

Renal failure 4393 (21.2) 6386 (21.0) 4948 (22.4) 5311 (20.6) 1.55

Obesity 3872 (18.7) 5768 (19.0) 3885 (17.6) 4941 (19.1) 1.15

Deficiency anemia 3657 (17.6) 5423 (17.9) 4168 (18.9) 4461 (17.3) 0.98

Valvular disease 3053 (14.7) 4971 (16.4) 3325 (15.0) 3894 (15.1) 0.98

Diabetes 2574 (12.4) 3541 (11.7) 2670 (12.1) 3254 (12.6) 0.55

Peripheral vascular disease 2814 (13.6) 4043 (13.3) 2623 (11.9) 3379 (13.1) 1.45

Depression 1970 (9.5) 2882 (9.5) 1754 (7.9) 2478 (9.6) 0.31

Other neurological disorders 1452 (7.0) 2060 (6.8) 1353 (6.1) 1622 (6.3) 2.91

Pulmonary circulation disease 1212 (5.8) 1950 (6.4) 1329 (6.0) 1535 (5.9) 0.41

Critical care therapies

Intensive/Intermediate care unit, d 10 593 (51.1) 15 542 (51.2) 12 384 (56.0) 15 447 (59.8) 17.58

Median (IQR) 2 (1-4) 2 (1-4) 2 (1-4) 2 (1-4)

Mean (SD) 3.2 (3.7) 3.2 (4.1) 3.4 (4.3) 3.5 (4.5) 8.80

Vasodilators 7622 (36.8) 12 031 (39.7) 7466 (33.8) 10 620 (41.1) 8.93

Noninvasive ventilation 1528 (7.4) 2548 (8.4) 1787 (8.1) 2242 (8.7) 4.82

Invasive mechanical ventilation 2957 (14.3) 5141 (16.9) 3133 (14.2) 4252 (16.5) 6.10

Vasopressors 3799 (18.3) 5997 (19.8) 4066 (18.4) 5729 (22.2) 9.60

Arterial line 858 (4.1) 1712 (5.6) 800 (3.6) 739 (2.9) 6.96

Intra-aortic balloon pump 861 (4.2) 1330 (4.4) 1088 (4.9) 1120 (4.3) 0.91

Inotropes 2199 (10.6) 3135 (10.3) 2130 (9.6) 2981 (11.5) 2.97

(continued)
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correlation between higher echocardiogram use and higher
ACEi/ARB use; in a sensitivity analysis, we found that higher
echocardiogram use was associated with somewhat lower
readmission rates among patients who did not undergo car-
diac catheterization. However, our overall results suggest
that, at the margins, there may be clinical circumstances in
which an echocardiogram can be safely deferred. Along

these lines, it is known that echocardiography is associated
with management changes in only 32% of cases, and
repeated echocardiography yields new findings in only 11%
of studies.5,6 Although our study was not designed to
address this issue, our clinical experience suggests that an
echocardiogram is unlikely to change management in sev-
eral clinical situations, such as for patients in whom LVEF is

Figure 2. Association Between Hospital Risk-Standardized Echocardiography Rates and Nuclear Imaging
and Angiotensin-Converting Enzyme Inhibitor (ACEi) or Angiotensin Receptor Blocker (ARB) Use

100

80

60

40

20

0

Ri
sk

-S
ta

nd
ar

di
ze

d 
Ec

ho
ca

rd
io

gr
ap

hy
 R

at
e,

 %

Hospital Rate of Nuclear Imaging, %

Spearman p = 0.16
P =.001

Echocardiographic use and nuclear imagingA

15 20 25 301050

100

80

60

40

20

0

Ri
sk

-S
ta

nd
ar

di
ze

d 
Ec

ho
ca

rd
io

gr
ap

hy
 R

at
e,

 %

Hospital Rate of ACEi or ARB Use, %

Spearman p = 0.11
P =.02

Echocardiographic use and ACEi and ARBB

60 80 10040200

A, Hospital rates of echocardiography use and hospital rates of nuclear imaging. B, Hospital use rate of angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers.

Table 1. Patient Characteristics by Quartiles of Hospital Risk-Standardized Echocardiography Ratesa (continued)

Variable

No.

Quartile 1 Quartile 2 Quartile 3 Quartile 4

Absolute
Standardized
Difference
(Quartile 4 vs
Quartile 1)

Other cardiac tests/therapies

Nuclear imaging 755 (3.6) 1420 (4.7) 1223 (5.5) 1345 (5.2) 7.62

Ventriculography 23 (0.1) 73 (0.2) 177 (0.8) 1414 (5.5) 32.99

Cardiac magnetic resonance imaging 65 (0.3) 110 (0.4) 54 (0.2) 66 (0.3) 1.09

ACEis or ARBs 12 398 (59.8) 18 270 (60.2) 13 249 (59.9) 16 094 (62.3) 5.10

Anticoagulants 1632 (7.9) 2902 (9.6) 2069 (9.4) 2487 (9.6) 6.20

Procedures

Coronary artery bypass 1798 (8.7) 3200 (10.5) 1753 (7.9) 2651 (10.3) 5.43

Percutaneous coronary intervention 9385 (45.3) 14 414 (47.5) 10 481 (47.4) 12 544 (48.6) 6.60

Cardiac catheterization 14 982 (72.3) 22 970 (75.7) 16 404 (74.2) 19 756 (76.5) 9.67

Organ failure

Respiratory 2205 (10.6) 3228 (10.6) 2195 (9.9) 2750 (10.6) 0.03

Cardiac 2812 (13.6) 4223 (13.9) 2793 (12.6) 3416 (13.2) 1.00

Acute renal 3540 (17.1) 5308 (17.5) 3840 (17.4) 4457 (17.3) 0.47

Neurological 1085 (5.2) 1576 (5.2) 1062 (4.8) 1325 (5.1) 0.47

Hematological 1143 (5.5) 1914 (6.3) 1267 (5.7) 1446 (5.6) 0.37

Hepatic 302 (1.5) 470 (1.5) 312 (1.4) 417 (1.6) 1.28

Acidosis 991 (4.8) 1555 (5.1) 1057 (4.8) 1232 (4.8) 0.05

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blocker; IQR, interquartile range; NA, not applicable.
a Data are given as number (%) of patients unless otherwise specified.

b Elixhauser comorbidities with greater than 5% prevalence.
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already known to be markedly reduced; for patients with
prior echocardiography in which image quality was so low as
to make any future study nondiagnostic; for patients with a
completely normal electrocardiogram31; or patients in whom
AMI is diagnosed because of a mildly elevated troponin but
who have few (if any) clinical symptoms or clinical suspi-
cions for reduced LVEF. Future research should focus on
identifying the clinical situations in which echocardiography
can be safely deferred.

We carried out a series of hospital-level analyses because
we found patterns in echocardiography use and patient
characteristics which suggested that a patient-level analysis
would be limited by confounding in which patients who are
sicker would preferentially be chosen to receive echocardi-
ography. This decision was supported by higher use of criti-
cal care therapies and greater comorbidities among patients
with an echocardiogram. Further, in a sensitivity analysis
when excluding patients with a short hospital length of
stay (many of whom died prior to the performance of
an echocardiogram or, conversely, were low acuity and
thus discharged quickly), we observed higher unadjusted
mortality rates among patients with an echocardiogram. We
found more variation between hospitals in use of echocardi-
ography than we did based on any individual patient charac-
teristic, and adjustment only narrowed the distribution
of risk-standardized echocardiography rates by a small
amount.

Our results contrast with those of a study that reported
echocardiography being associated with a 26% lower risk of
mortality in AMI.32 However, that analysis relied on an ICD-9
procedure code that recorded echocardiography results in
only 7% of patients, which is markedly different than our
finding of greater than 70% use of echocardiography when

applying billing codes.19 Moreover, that study used a
patient-level analysis, did not adjust for hospital effects, and
did not perform sensitivity analyses excluding early deaths
prior to the performance of echocardiography. The Worces-
ter Heart Attack Study29 noted an increase in echocardiogra-
phy use from 4% in 1975 to 73% in 2003. A secondary find-
ing of this study was that echocardiography use was
associated with lower mortality, but they did not undertake
a full analysis that accounted for a substantial difference
in baseline characteristics. A study by Hernandez and
colleagues33 showed that assessment of LVEF in AMI was
associated with lower mortality, but this study involved
patients enrolled in a clinical trial that began in 2001 when
clinical practice patterns were significantly different and
contrast ventriculography was frequently performed. As a
result, the relevance of these studies is unclear regarding our
current understanding of the association between contem-
porary echocardiography use and outcomes.

In contrast to these studies, our findings are consistent
with several studies showing that higher rates of echocardi-
ography testing are not associated with improved patient
outcomes. Clough et al34 demonstrated that higher rates of
outpatient echocardiography, catheterization, and myocar-
dial perfusion imaging were not associated with differences
in mortality or hospitalization in an outpatient Medicare
cohort, which was similar to the findings of Kini and
colleagues23 in a population with heart failure. Similarly,
Safavi et al10 found that higher noninvasive imaging for sus-
pected acute coronary syndrome was associated with higher
rates of hospitalization and invasive procedures but no
changes in patient-centered outcomes. Cohen et al12 found
that routine echocardiography inhemodynamically stable
acute pulmonary embolism was associated with higher use

Table 2. Hospital Characteristics by Quartiles of Risk-Standardized Echocardiography Rates

Hospital Characteristic Quartile 1 Quartile 2 Quartile 3 Quartile 4 P Valuea

Risk-standardized
echocardiography rate,
% median (range)

54
(3.2-62.5)

67
(62.6-72.4)

76
(72.5-79.1)

83
(79.1-94.3)

NA

No. of hospitals 99 99 100 99

Hospital size, beds

≤200 34 (34.3) 32 (32.3) 36 (36.0) 25 (25.2)

.10201-400 48 (48.5) 30 (30.3) 37 (37.0) 45 (45.4)

≥401 17 (17.2) 37 (37.4) 27 (27.0) 29 (29.3)

Urban location 77 (77.8) 75 (75.8) 83 (83.0) 80 (80.8) .60

Teaching hospital 28 (28.3) 34 (34.3) 31 (31.0) 28 (28.3) .99

Hospital region

Northeast 9 (9.1) 18 (18.2) 16 (16.0) 13 (13.1)

.19
Midwest 21 (21.2) 26 (26.3) 23 (23.0) 26 (26.3)

West 11 (11.1) 7 (7.1) 20 (20.0) 17 (17.2)

South 58 (58.6) 48 (48.5) 41 (41.0) 43 (43.4)

Services available at hospital

Cardiac surgery 50 (50.5) 57 (57.6) 54 (54.0) 59 (59.6) .20

Percutaneous coronary
intervention

67 (67.7) 78 (78.8) 86 (86.0) 86 (86.9) .001

Cardiac catheterization 81 (81.8) 89 (89.9) 94 (94.0) 94 (94.9) .004

Abbreviation: NA, not applicable.
a P Value was determined with χ2 test

comparing quartile 4 vs quartile 1.
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of thrombolysis, bleeding, and cost, but was not associated
with changes in mortality.

Because an individual echocardiogram costs consider-
ably less than $3100, the difference in costs between high- and
low-rate hospitals is not explained solely by variation in the
use of echocardiography. Instead, the higher costs noted at hos-
pitals with high echocardiography usage may reflect a hospi-
tal culture that encourages more testing, procedures, and
resource use overall.35 Hospitals with higher rates of echocar-
diography use also showed higher rates of nuclear testing and
invasive ventriculography and greater use of intensive care unit
services. This same general finding has also been encoun-
tered in several other studies showing that increased re-
source availability was associated with higher resource use
without changes in outcomes.36-39

Limitations
Our study has several limitations. First, our data set did not
include information about outpatient procedures (either
before or after the AMI), and this protocol confines our con-
clusions primarily to the value of an inpatient echocardio-
gram performed during an admission for AMI. Second, the
data set lacks long-term outcomes. It is possible that patients
with an inpatient echocardiogram after AMI receive better
in-hospital care,28,33 which in turn may be associated with
better long-term outcomes. However, we believe this situa-
tion is less likely because we saw little association between
an inpatient echocardiogram and 3-month readmission.
Moreover, prior studies have shown no association between
echocardiography testing intensity and long-term outcomes,
including readmission.23,34 Third, although our data set cap-
tures echocardiography and cardiac imaging testing, the
results of these tests (such as LVEF) are unknown. This lack
of imaging results limits our ability to adjust for LVEF levels
but not our ability to evaluate associations between test per-
formance and outcomes. Fourth, hospital participation in
the Premier database is voluntary, and the hospitals are not
fully representative of US acute care hospitals, with overrep-
resentation of hospitals located in the southern United
States. Given that we found lower rates of echocardiography
among hospitals in the south, this finding may partially
explain why our overall LVEF assessment percentage is
somewhat lower than reported in the Get With the Guide-
lines database.28 However, this situation should not limit the
validity of the comparisons between hospitals in which we
had complete data capture.

Conclusions
Rates of echocardiography in the setting of AMI vary
between hospitals; however, higher rates were not associated
with better clinical outcomes but were associated with higher
costs and longer length of stay. Although echocardiography
plays an important role in the treatment of many patients
with AMI, these findings suggest that a more selective
approach may be safe and may reduce costs, particularly at
high-use hospitals.Ta
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