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ABSTRACT
Background: In patients with acute coronary syndromes (ACS),
guidelines recommend the assessment of left-ventricular ejection
fraction (LVEF). Many patients with ACS undergo multiple assessments
of LVEF, the clinical value of which is unknown.
Methods: Patients with ACS undergoing cardiac catheterization
between 2012 and 2016 were evaluated and assessments of LV
function identified. To evaluate changes in LVEF over time, available
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R�ESUM�E
Contexte : En cas de syndrome coronarien aigu (SCA), les lignes di-
rectrices recommandent d’�evaluer la fraction d’�ejection ventriculaire
gauche (FEVG). Beaucoup de patients pr�esentant un SCA subissent
plusieurs �evaluations de la FEVG, une pratique dont on ne connaît pas
la valeur clinique.
M�ethodologie : Nous avons examin�e les dossiers de patients atteints
d’un SCA ayant subi un cath�et�erisme cardiaque entre 2012 et 2016
Low-value care presents major health and economic burdens to
the Canadian health care system.1,2 One avenue for quality
improvement may involve the reduction of routine cardiac
testing. Following acute coronary syndromes (ACS), the
assessment of left-ventricular ejection fraction (LVEF) function
is indicated to determine prognosis and guide therapy.3

Frequently, patients with ACS undergo multiple assessments
of LV function in the patient journey. Guidelines do not specify
the optimal number of LV assessments in patients with ACS.
The American College of Cardiology/American Heart Associa-
tion ST-Elevated Myocardial Infarction (ACC/AHA STEMI)
guidelines4 support contrast left ventriculography at the time of
cardiac catheterization and transthoracic echocardiography
(TTE) on the second or third postadmission day for cases in
which mechanical complications are suspected. In patients with
moderate to severe LV dysfunction, a reassessment of LV
function at least 40 days later is strongly recommended to guide
the need for device-based therapy.5-7 The noneST-elevation
(NSTEMI) ACS guidelines8 similarly recommend assessment of
LV function, but TTE is the preferred imaging modality.

For patients with ACS and preserved or mildly reduced LV
function at the time of their events, the recommendations
regarding postdischarge surveillance remain less clear. This has
important implications as more than two-thirds of patients
with NSTEMI and nearly one-half of patients with STEMI
have relatively preserved LV function.9

In principle, a single assessment of LV function should be
sufficient to direct guideline-based therapy in the majority of
patients with ACS and preserved LV systolic function.10,11

The objective of our study was to assess the practice of LV
assessment in patients with ACS presenting to a high-volume
Canadian cardiac catheterization centre between 2012 and
2016. The results of the LV investigations performed at index
hospitalization were evaluated. Furthermore, changes in LV
function over time were examined in a subsample of patients
who underwent serial assessments with TTE.
Methods

Patient cohort and data sources

There were 8989 patients who met the study inclusion
criteria of presenting to the cardiac catheterization laboratory
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echocardiograms were reviewed in a subsample of patients with LVEF
data available (n ¼ 3221). Patients with ACS were classified into 3
groups: group 1 (LVEF > 50%), group 2 (LVEF 35% to 50%), and group
3 (LVEF < 35%).
Results: Our cohort consisted of 8327 patients with ACS (76% men),
presenting with a mean age of 62.4 � 12.4 years. At index presen-
tation, 66% of patients had an LVEF> 50%, 27% had an LVEF between
35% and 50%, and 7% had severely reduced LVEF of < 35%. More
than half of the cohort (n ¼ 4600) had follow-up assessment of LV
function, performed over an average of 2.71 � 1.31 years. In the
subsample of 3221 patients, only 1.1% of those in group 1, and 5.1%
of those in group 2, deteriorated to an LVEF < 35%.
Conclusions: Patients with ACS often undergo multiple assessments
of LV function. Those with initially preserved EF rarely demonstrate a
decline in EF to < 35%. A reduction in low-value cardiac tests may be
an important first step in improving the quality of care for patients with
ACS.

afin de relever les �evaluations de la fonction ventriculaire gauche. Pour
�evaluer l’�evolution de la FEVG au fil du temps, nous avons examin�e les
�echocardiogrammes d’un sous-�echantillon de patients pour lesquels
des donn�ees sur la FEVG �etaient disponibles (n ¼ 3 221). Les patients
pr�esentant un SCA ont �et�e divis�es en trois groupes : groupe 1 (FEVG >

50 %), groupe 2 (FEVG de 35 à 50 %) et groupe 3 (FEVG < 35 %).
R�esultats : Notre cohorte comprenait 8 327 patients pr�esentant un
SCA (proportion d’hommes : 76 %), dont l’âge moyen �etait de 62,4 �
12,4 ans. Au moment de la manifestation de r�ef�erence, 66 % des
patients avaient une FEVG > 50 %, 27 %, une FEVG de 35 à 50 % et
7 %, une FEVG gravement r�eduite < 35 %. Plus de la moiti�e des pa-
tients de la cohorte (n ¼ 4 600) ont subi une �evaluation de suivi de la
fonction ventriculaire gauche, effectu�ee sur une p�eriode de 2,71 �
1,31 ans en moyenne. Dans le sous-�echantillon de 3 221 patients,
seulement 1,1 % des patients du groupe 1 et 5,1 % de ceux du groupe
2 ont vu leur FEVG se d�et�eriorer à une valeur < 35 %.
Conclusions : Les patients pr�esentant un SCA subissent souvent plu-
sieurs �evaluations de la fonction ventriculaire gauche. Ceux dont la
fraction d’�ejection �etait initialement pr�eserv�ee ont rarement pr�esent�e
une r�eduction de la fraction d’�ejection en deçà de 35 %. Une r�eduction
du nombre d’�evaluations cardiaques offrant peu de valeur pourrait
constituer un premier pas important vers l’am�elioration de la qualit�e
des soins prodigu�es aux patients pr�esentant un SCA.
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at Foothills Medical Centre (Calgary, Alberta, Canada) with a
diagnosis of ACS between January 1, 2012, and December
31, 2016. We did not include patients presenting beyond
2017, as we wished to have adequate follow-up to assess
testing post-ACS. Of those, 662 patients were excluded from
the study for not having LVEF information at index presen-
tation (Fig. 1). Thus, our study cohort consisted of 8327
patients. Patients were identified from the Alberta Provincial
Project for Outcome Assessment in Coronary Heart Disease
(APPROACH) registry, which records all cardiac catheteri-
zation and angioplasty procedures in the province of Alberta.
Provincial Health Numbers were used to link sources of data
across the following datasets: APPROACH registry, Xcelera
Cardiology Information Management Systems (Philips,
Amsterdam, The Netherlands) for hospital-based echocardi-
ography results, Alberta Health physician billing claims,
Discharge Abstract Database, and Vital Statistics. To evaluate
changes in LV function, the results of TTEs from major local
outpatient facilities were analyzed in a subsample of patients
with ACS. This subsample was chosen, as we had access to
evaluate the LVEF from individual reports. The patient
characteristics of this subsample (n ¼ 3221) were not signif-
icantly different from the entire cohort or those with any type
of postdischarge LVEF assessments (Supplemental Table S1).
For the other patients with follow-up assessments of LV
function, we did not have access to the results to be able to
determine LV function or indication for testing. Of the 3221
with follow-up echocardiography available for evaluation,
1099 had more than 1 echo assessment following the index
ACS event.

The following categorization was used for LV function at
index presentation as well as at clinical follow-up: group 1
(LVEF > 50%), group 2 (LVEF ¼ 35% to 50%), and group
3 (LVEF < 35%). See details in Supplemental Appendix S1
for how LVEF was determined.
Data analysis

Patient data sources were merged to generate individual
follow-up records with associated LV assessment results from
index presentation through clinical follow-up when appli-
cable. Patients grouped according to LVEF were compared
using 1-way analysis of variance (ANOVA) or a c2 test, and
data were presented in mean � standard deviation or count
(%), as appropriate. Changes in LVEF values were assessed by
Wilcoxon signed ranks test for paired difference in repeated
measure of LVEF percent between index presentation, first
clinical follow-up, and last clinical follow-up. A multiple lo-
gistic regression model (Supplemental Appendix S1) was
developed to identify predictors of repeated LV assessments.
The calculation of the incidence of clinical outcomes is
described separately (Supplemental Appendix S1). In brief, to
facilitate comparison, we age and sex standardized the incident
rates using the negative binomial models and estimation
method. We then calculated risk ratios (with 95% confidence
intervals [CIs]) for all of the outcomes for both groups of
patients: namely, those with and without follow-up LV
assessment. To determine if repeat testing had a favourable
impact on reducing recurrent events after the index event, we
excluded subjects with recurrent events within the first 6
months of the index ACS (n ¼ 1057). The rationale for this
was that it would be unlikely that repeat testing in the first 6
months postevent would change the outcome of these events.
When we included all subjects in a sensitivity analysis for the
impact of additional testing on adverse events, the results were
unchanged (data not shown). Finally, a temporal sequence
analysis was performed, as described in the Supplemental
Appendix S1. Significance was set at P < 0.05. Statistical
analysis was performed on SPSS V25 (IBM Corp, Armonk,
NY), SAS Enterprise 7.1 (SAS Institute, Cary, NC) and MS
Excel 2016 (Microsoft Corp, Redmond, WA).
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Figure 1. The flow of our ACS cohort from index presentation to follow-up. At index hospitalization, 8327 of 8989 patients had LVEF values. Of
those, 4600 patients had follow-up LV assessments with a subsample (n ¼ 3221) used for analysis of changes in LVEF values between index
presentation and first and last follow-up. ACS, acute coronary syndrome; APPROACH, Alberta Provincial Project for Outcome Assessment in Coronary
Heart Disease; Echo, echocardiography; FMC, Foothill Medical Center; LV, left ventricular; LVEF, left-ventricular ejection fraction; LVgram, left
ventriculogram.
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Results

Cohort characteristics

Our study cohort consisted of 8327 patients (76% male),
with mean age 62.4 � 12.4 years (Table 1). Of 8327, 66% of
patients had LVEF > 50% (group 1), 27% LVEF 35% to
50% (group 2), and only 7% presented with LVEF < 35%
(group 3). An LVEF < 35% was associated with increased
age, male gender, diabetes mellitus, and a diagnosis of
STEMI.

Pattern of LV assessments at index hospitalization

Contrast left ventriculography alone was the most
frequently used method of LV assessment in this cohort, with
a rate of 49.2% (Fig. 2). Nearly one-half of patients with ACS
(46.5%) underwent dual assessments of LV function (contrast
left ventriculography and TTE). Patients with reduced LVEF
were more frequently associated with dual assessments of LV
function (58.6% and 57.2% for low and intermediate LVEF,
respectively) compared with those with preserved LV systolic
function (40.8% rate of dual assessments of LV function; P <
0.001). Of those with dual testing, 48% had the echocar-
diogram following the index catheterization and LV
angiogram.

Pattern of LV assessments post-hospital discharge

At follow-up, 4600 patients (55%) underwent further
assessment of LV function with an average of 1.9 � 1.4 as-
sessments per patient (total assessments n ¼ 8888) and an
average follow-up time of 2.7 � 1.3 years. TTE was the most
frequently used modality and was performed in 78.2% of
patients. Nuclear imaging assessments were performed in
11.7% of patients, whereas contrast left ventriculography and
cardiac magnetic resonance were less commonly used diag-
nostic tools at 8.5% and 1.6%, respectively. An inverse rela-
tionship was observed between degree of LV function at index



Table 1. Baseline characteristics of the cohort

Baseline
All

N ¼ 8327
Group 1 LVEF > 50%

n ¼ 5473 (66)
Group 2 LVEF ¼ 35% to 50%

n ¼ 2269 (27)
Group 3 LVEF < 35%

n ¼ 585 (7) P value

Age 62.4 � 12.4 62.1 � 12.1 62.6 � 12.7 64.7 � 12.9 < 0.001
Sex (male) 6353 (76) 4091 (75) 1800 (79) 462 (79) < 0.001
Hypertension 4892 (59) 3294 (60) 1282 (57) 316 (54) 0.001
Diabetes mellitus 1850 (22) 1140 (21) 524 (23) 186 (32) < 0.001
Dyslipidemia 4035 (49) 2869 (52) 944 (42) 222 (38) < 0.001
Current smoking 2041 (25) 1331 (24) 586 (26) 124 (21) 0.058
FhxCAD 2033 (24) 1492 (27) 450 (20) 91 (16) < 0.001
PCI 135 (2) 80 (2) 42 (2) 13 (3) 0.256
CABG 111(1) 61 (1) 37 (2) 13 (3) 0.035
STEMI 3627 (44) 1950 (36) 1322 (58) 355 (61) < 0.001
NSTEMI 4224 (51) 3160 (58) 869 (38) 195 (33) < 0.001
Unstable angina 372 (5) 301 (6) 50 (2) 21 (4) < 0.001
Index LVEF% 52 � 12 61 � 7 44 � 5 27 � 6 < 0.001
Index LV gram 7974 (96) 5315 (97) 2161 (95) 498 (85) < 0.001
Index echo 4227 (51) 2391 (44) 1406 (62) 430 (74) < 0.001

Data presented in mean � SD or count (%).
P value assessed by 1-way analysis of variance (ANOVA) or c2 test as appropriate.
CABG, previous coronary artery bypass grafting; FhxCAD, family history of coronary artery disease; LVEF, left-ventricular ejection fraction; LVgram, left

ventriculogram; NSTEMI, noneST-elevation myocardial infarction; PCI, previous percutaneous coronary intervention; STEMI, ST-elevation myocardial
infarction.
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and having a follow-up assessment, P < 0.001 (Fig. 3). In
addition, multiple follow-up echocardiograms were more
common in group 3 patients (51%) compared with group 1
(31%) or group 2 (36%) subjects (P < 0.001).

Changes in LV function after follow-up testing

To evaluate the changes in LVEF in patients with ACS
who underwent additional testing after discharge from hos-
pital, the results of TTEs from a subsample of patients were
analyzed. The average follow-up time for these patients (n ¼
3221) was 2.7 � 1.3 years. Of the 3221 patients, 80% had an
assessment within 12 months of cardiac catheterization, with
67% having an assessment less than 6 months after cardiac
catheterization (Supplemental Table S2). The majority of
these patients (2230 of 3221, 69.2%) had echo at index
presentation. The primary clinical indication for the follow-up
TTE was assessment of LV function and/or cardiac structure
in 90% of patients.

LV function did not change significantly in group 1 pa-
tients when LVEF at index presentation (59% [55 to 64]) was
compared with the first clinical follow-up (60% [56 to 64],
P ¼ 0.78) A similar trend was observed between first and last
clinical follow-ups in group 1 patients (P ¼ 0.21) (Table 2).

Patients in group 2 demonstrated a significant improve-
ment in LVEF at first clinical follow-up (50% [43 to 58])
compared with index presentation (44% [39 to 47], P <
0.001). No significant changes in LVEF were noted in group
2 patients when the first (47% [40 to 56] and last (48% [40 to
56] clinical follow-ups were compared (P ¼ 0.168).

Group 3 patients also demonstrated a significant
improvement in LVEF when index presentation (29% [24 to
32]) was compared with the first clinical follow-up (37% [30
to 48], P < 0.001). A similar trend of improvement was
observed in group 3 patients undergoing multiple assessments
of LVEF (P < 0.001).

Of the 1848 patients with preserved LVEF at index pre-
sentation (group 1), 1641 (88.8%) remained in the same
group at the first clinical follow-up, whereas 186 (10.1%)
declined to group 2, and only 21 (1.1%) declined to group 3.
The trends for the other groups at index presentation are
summarized in Table 3. Similar trends are also seen between
first and last follow-up LV function assessment (Supplemental
Table S3). In subjects with a quantitative LVEF value in
follow-up (n ¼ 1848), 7.2% dropped from an index EF of >
40% to an EF of < 40%. This further confirms the general
finding that LVEF does not decrease significantly in the vast
majority of individuals with relatively preserved EF at
baseline.

Predictors of repeated LV assessment in ACS patients

Reduced index LVEF, history of dyslipidemia, STEMI and
NSTEMIpresentation, female sex, andhistoryof revascularization
were significantly associated with additional LV assessments after
hospital discharge (Table 4). Patients with severely reduced LV
function were twice as likely to undergo further assessment of LV
function compared with patients with normal LV function (P <
0.001; odds ratio [OR], 2.04; 95% CI, 1.70-2.45).

Clinical outcomes

Patients with ACS who did not undergo follow-up
assessment of LV function had no difference in the risk of
mortality compared with those patients with ACS who un-
derwent additional assessments of LV function (risk ratio
[RR], 1.03 [95% CI, 0.78-1.37]; Table 5). Patients with MI
(RR, 1.69; 95% CI, 1.36-2.10) unstable angina (RR, 2.82;
95% CI, 2.06 to 3.86), and heart failure presentations (RR,
1.72; 95% CI, 1.31-2.27) were more likely to have had an
additional assessment of LV function. The timing of the event
could not be determined. For these events, it is most likely
that the repeat event led to further testing and not the
converse.
Discussion
In a cohort of contemporarily-managed patients with ACS

presenting to the catheterization laboratory, the current study
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Figure 2. The modality of LV assessment performed at index presentation broken down by index LVEF groups. Overall, 49.2% underwent contrast
left ventriculography as the only modality of LV assessment at index presentation, whereas 46.5% underwent both contrast left ventriculography and
TTE. LV, left ventricular; LVEF, left-ventricular ejection fraction; TTE, transthoracic echocardiogram.
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demonstrates the following: (1) The majority of patients have
preserved LV function at index presentation; (2) almost one-
half undergo dual assessments of LV function at index pre-
sentation; (3) more than 50% have additional assessments of
LV function postdischarge; (5) nearly 90% of patients with
ACS and initially preserved LV function at index presentation
remain in a category of normal function on first clinical
follow-up, with only 1.1% declining to an LVEF of < 35%;
and, importantly, (5) reassessments of LV function do not
appear to be associated with improved outcomes.

Prognostic value of LV assessment

LV function is a powerful and independent prognosticator
of clinical outcomes.9,12-14 For example, in 1 study evaluating
LV function in patients with STEMI,13 1-year major adverse
55% 51%

45% 49%

All N=8327 Group 1 n=5473

Pe
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en
t %

*Follow-up LV assessments betwe
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Figure 3. The proportion of patients with ACS who had repeat LV assessme
our patients had follow-up LVEF assessments, with group 3 (LVEF < 35%) ha
ACS, acute coronary syndrome; LV, left ventricular; LVEF, left-ventricular eje
cardiovascular events were significantly increased in patients
with LVEF < 40% compared with those without LV systolic
dysfunction. Of note, only 14% of patients in that cohort had
evidence of LV dysfunction at clinical follow-up.

We hypothesized that a single assessment of LV function at
index hospitalization would be sufficient in most patients. The
findings from the current analysis are consistent with this. The
majority of patients with ACS and preserved baseline LV
function who underwent further reassessment did not
demonstrate significant deterioration. Strikingly, in patients
with both mild to moderately reduced, as well as severely
reduced LV systolic function, significant improvements were
observed at first clinical follow up, underscoring the impor-
tance of contemporary management in ACS patients with
regard to recovery of LV function.
62% 68%

38% 32%
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en 3 index LVEF groups P<0.001
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nts performed, broken down by index LVEF groups. Fifty-five percent of
ving the highest rate of repeat assessments post-hospital discharge.
ction fraction.



Table 2. Change in LVEF% by index LVEF groups

Repeated measure

Index LVEF group 1 Index LVEF group 2 Index LVEF group 3

Median (IQR) P Median (IQR) P Median (IQR) P

Index LVEF% vs First FU LVEF% 59 (55-64)
60 (56-64)
N ¼ 745

0.782 44 (39-47)
50 (43-58)
N ¼ 619

< 0.001 29 (24-32)
37 (30-48)
N ¼ 211

< 0.001

First FU LVEF% vs last LVEF% 59 (54-65)
58 (52-63)
N ¼ 218

0.207 47 (40-56)
48 (40-56)
N ¼ 211

0.168 37 (30-46)
41 (34-53)
N ¼ 93

< 0.001

P value assessed by Wilcoxon signed ranks test for paired difference.
FU, follow-up; IQR, interquartile range; LVEF, left-ventricular ejection fraction.
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Our findings revealed only a very small proportion of pa-
tients with ACS and deteriorations in LV function to < 35%
post-hospital discharge. Although limited compliance to
aggressive secondary prevention or recurrent ischemia may
represent only 2 of many important contributing factors,
additional data are required to better understand which pa-
tients with ACS are likely to undergo these adverse changes.

Selective ordering of follow-up LV assessments

Routine serial assessments of LV function in patients ACS
may represent low-value care, and this has been observed in
other investigations. A recent study by Hua et al.15 found that
repeat LV assessment in acutely admitted subjects leads to
new findings in only 11% of patients. Another investigation,
which evaluated hospitals that performed the highest rates of
echocardiography in patients with acute MI, found an asso-
ciation with increased costs and slightly longer lengths of stay
but no difference in clinical outcomes compared with hospi-
tals that perform lower rates of echocardiography.16 In a large
Canadian study evaluating noninvasive cardiac testing in pa-
tients with ACS,17 it was found that the rates of testing 1 year
post-ACS are increasing with time and that the associated
costs appear to be escalating out of proportion to the growth
of ACS.

LV reassessment and outcome

Dual assessment of LV function using both contrast left
ventriculography and TTE during index hospitalization
occurred in 46.5%, including 40.8% of patients with pre-
served LV systolic function. Although there may be in-
dications for additional testing at index presentation, such as
valvular heart disease, reduction of testing at index presenta-
tion may result in both cost savings and reduction in contrast
media delivered. The tests were performed approximately
Table 3. Changes in LVEF groups

Index LVEF group 1. LVEF > 50%

1. LVEF > 50% n ¼ 1848 1641 (88.8)
2. LVEF ¼ 35-50% n ¼ 1052 573 (54.5)
3. LVEF < 35% n ¼ 321 78 (24.3)
Patients with follow-up LVEF values

N ¼ 3221
2292 (71.2)

Data presented in count (%).
LVEF, left-ventricular ejection fraction.
one-half of the time with echocardiography occurring after the
catheterization and LV angiogram.

There was no difference in the incidence of mortality in
patients with ACS who did not undergo a follow-up LV
assessment in comparison with those who did. In addition,
undergoing a left ventriculography or an echocardiography at
baseline did not alter the perceived need for a follow-up
echocardiogram, as the clinical outcomes between both
groups were similar. There was higher morbidity in those with
additional testing. However, we were unable to determine the
sequence but believe that it was most likely the adverse event
that was responsible for increased testing. These important
findings strengthen the feasibility of a selective strategy of LV
reassessment in patients with ACS and may ultimately have
important implications in terms of enhancing the quality and
value of cardiac care.

Study strengths and limitations

The strengths of this study include a large and represen-
tative cohort from the PCI era. Granular details regarding
change in LVEF from index presentation to clinical follow-up
were available in more than 3200 patients with ACS.

Nonetheless, as a single-centre retrospective cohort anal-
ysis, this investigation is subject to selection bias. Second, we
did not have complete data on indications for repeat imaging
in patients who underwent clinical follow-up (ie, present in
only 1278 of 3221). However, for those in whom the indi-
cation was available, 90% of the follow-up assessments
appeared to be performed to evaluate LV function. Third, we
did not have data on completeness of revascularization;
medication prescribing and adherence; and device therapies,
which may affect both LVEF and outcomes. Fourth, we did
not assess the impact of patient location of residence (rural vs
urban) and follow-up with a specialist, which may influence
First follow-up LVEF group
N (%)

2. LVEF ¼ 35%-50% 3. LVEF < 35%

186 (10.1) 21 (1.1)
425 (40.4) 54 (5.1)
116 (36.1) 127 (39.6)
727 (22.6) 202 (6.3)



Table 4. Predictors of follow-up LVEF assessments

Parameter Odds ratio

95% CI for odds ratio

P valueLower Upper

Index LVEF (group 2 vs group 1) 1.502 1.356 1.664 < 0.001
Index LVEF (group 3 vs group 1) 2.041 1.697 2.455 < 0.001
Sex (male vs female) 0.882 0.794 0.980 0.019
Age 0.997 0.993 1.001 0.102
Dyslipidemia 1.148 1.047 1.259 0.003
Current smoking 0.933 0.839 1.036 0.195
STEMI 1.783 1.463 2.173 < 0.001
NSTEMI 1.517 1.248 1.843 < 0.001
Revascularization 1.322 1.002 1.744 0.048

P value assessed by multiple logistic regression model. N ¼ 8327; Nagelkerke R2 ¼ 0.028; Hosmer and Lemeshow test, P ¼ 0.357.
CI, confidence interval; LVEF, left-ventricular ejection fraction; NSTEMI, noneST-elevation myocardial infarction; Revascularization, history of percutaneous

coronary intervention or coronary artery bypass grafting; STEMI, ST-elevation myocardial infarction.
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both the ease-of-access and ordering patterns of LV assess-
ment. Finally, a local quality-improvement initiative led by
Chew and colleagues,18 which recommended repeat LV
assessment in patients with ACS and EFs of < 45%, partially
overlapped with the current analysis and may have resulted in
a slightly increased number of TTEs ordered in this patient
population.

Clinical implications

We estimate, conservatively, that at least one-third of the
assessments of LV function were of low value in this cohort.
In subjects with initially preserved LVEF, a single assessment
of LV function at presentation, without the need for routine
outpatient follow-up imaging, would be sufficient in the
majority of cases. Very few such patients had significant
decrease in LVEF during the index admission or in follow-up.
This group represented two-thirds of our cohort. Almost one-
half had repeat in-hospital assessments of LV function, and
more than 50% had repeated outpatient assessments of LV
function. Strategies to identify best-care pathways to avoid
redundant testing would be particularly useful in this group. A
selective approach to repeat testing based on clinical evolution
could be considered for those with mild-to-moderate reduc-
tion in LVEF at presentation. Individual facilities should
implement a knowledge translation approach that best works
in their domain to determine if similar patterns exist locally
and how change might occur. Finally, we need to implement
strategies to ensure that the smaller group of those with severe
reduction in LV function at presentation do have repeat LV
function assessment at appropriate intervals to guide thera-
peutic decision making. Up to one-third of patients with EFs
Table 5. Risk of clinical outcomes for patients with ACS and follow-up LV ass

Incident type Group (n)
Number of patients for the

incidence (%) Person-years
Crude
per 10

Death FU (3543*) 232 (6.6) 15,597.4
No FU (3727) 226 (6.1) 15,229.5

MI FU (3543*) 219 (6.2) 18,963.3
No FU (3727) 133 (3.6) 19,171.4

Unstable angina FU (3543*) 147 (4.2) 19,094.9
No FU (3727) 53 (1.4) 19,437.7

Heart failure FU (3543*) 129 (3.6) 19,236.1
No FU (3727) 83 (2.2) 19,342.7

ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; CI, con
* Remove the patients (n ¼ 1057) having any events of the clinical outcomes w
< 35% at index event did not have follow-up assessment.
This is also a missed opportunity in this small group of pa-
tients and is the ongoing work of quality improvement
projects.
Conclusions
The results from the current evaluation indicate that the

majority of patients with ACS not only have preserved LV
systolic function at index presentation but also frequently
undergo multiple assessments of LV function during index
presentation, as well as at clinical follow-up. Patients with
preserved LV function rarely have declines in LV function to
< 35%. This might provide an opportunity to reduce routine
testing postevent.
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essments compared with patients having no follow-up LV assessments

incidence rate
0 person-years

Age- and sex-standardized incidence
rate per 100 person- years Risk ratio (95% CI)

1.49 1.31 (0.96-1.78) 1.03 (0.78-1.37)
1.48 1.27 (0.92-1.73)
1.15 1.22 (1.00-1.48) 1.69 (1.36-2.10)
0.69 0.72 (0.58-0.90)
0.77 0.74 (0.56-0.96) 2.82 (2.06-3.86)
0.27 0.26 (0.19-0.37)
0.67 0.66 (0.48-0.91) 1.72 (1.31-2.27)
0.43 0.38 (0.27-0.55)

fidence interval; FU, follow-up; MI, myocardial infarction.
ithin 6 months from the date of catheterization.
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