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Echocardiograms are the second most frequently utilized cardiac test after electrocardio-
grams and are most commonly ordered by noncardiology providers. Echocardiogram
reports are designed to communicate a comprehensive interpretation of cardiac function;
however, it is not known how well these reports are understood by ordering providers. In
order to identify gaps in understanding and target potential areas for improvement, we
developed a questionnaire testing various topics reported on a standard transthoracic
echocardiogram report. This questionnaire was administered to general medicine and car-
diology trainees and attending physicians at 2 large academic institutions. Questionnaire
response rate was 81%. There were several topics that were not well understood by gen-
eral providers; these included viability of an akinetic region, pulmonary artery systolic
pressure, left ventricular filling pressure, recognition of abnormal structures, and method
of identifying of intracardiac thrombus. In conclusion, strategies such as improved com-
munication techniques and adjustment of reporting format should be implemented to
increase the clinical value of the echocardiogram. © 2019 Elsevier Inc. All rights
reserved. (Am J Cardiol 2019;124:296−302)
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The use of transthoracic echocardiography has increased
markedly over the past 2 decades and is now the second most
commonly ordered cardiac test after electrocardiograms.1

The American Society of Echocardiography provides numer-
ous guidelines on methods for image acquisition, measure-
ment, and interpretation of echocardiograms yet, limited
instruction exists for reporting results.2−4 Currently, it is not
known if there are concepts and terminologies in a standard
report that are poorly understood by ordering providers and
whether this may impact clinical decision making and patient
care. Among Medicare beneficiaries receiving transthoracic
echocardiograms (TTEs) in 2004, only 29% were ordered by
cardiologists while 71% were requested by noncardiology
providers. Most (56%) were ordered by internists and general
practitioners.5 Thus, understanding how general providers
interpret a report is an important step to enhance techniques
for reporting. To identify potential areas for improvement,
we developed and administered a questionnaire to assess how
ordering providers interpret information presented on a stan-
dard TTE report.
Methods

The questionnaire was created by a group of 8 cardiolo-
gists. A list of misunderstood TTE report elements was gen-
erated by consensus of a subset of investigators based on
interactions with general providers and clinical experience.
Questions were developed to assess for knowledge gaps in
these topics. The survey also collected respondent demo-
graphic information including field of practice, level of
training/years in practice, average number of TTEs ordered,
and self-reported comfort level with understanding TTE
reports. We pilot tested preliminary draft questions for con-
tent with a focus group of 12 general medicine and cardiol-
ogy trainees, physicians, and advanced practice providers
(physician assistants and nurse practitioners) to ensure con-
sistency across provider specialties and training levels with
respect to understanding the intent of the question. The
questionnaire was subsequently modified through 3 rounds
of revisions based on this pretesting before development of
the final version (Figure 1).

We identified participants from 2 institutions and their
affiliated hospitals and clinics at the Baylor College of
Medicine (BCM) in Houston, Texas and the University of
Washington in Seattle, Washington. Accordingly, study
sites included providers from multiple healthcare settings
including a university hospital, a county hospital, a
Veteran’s Affairs hospital, and community clinics. We
administered the paper-based questionnaire to internal/fam-
ily medicine and cardiology trainees, attending physicians,
and advanced practice providers. Respondents were sur-
veyed during educational conferences, meetings, and clin-
ics. Members of the investigating team were present and
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Figure 1. Questionnaire (correct answer highlighted).
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Figure 1. Continued
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Figure 1. Continued
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Table 1

Characteristics of the study participants

Characteristic Participants, n = 297

Provider specialty/category n (%)

Internal medicine 176 (59%)

Trainee 117 (67%)

Physician 57 (32%)

Advanced practice provider 2 (1%)

Family medicine 27 (9%)

Trainee 12 (44%)

Physician 13 (48%)

Advanced practice provider 2 (8%)

Cardiology 94 (32%)

Trainee 43 (46%)
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collected the questionnaires 10 to 15 minutes after distribu-
tion. Participation was voluntary and respondents were not
compensated. The protocol was approved by the Institu-
tional Review Board at BCM.

Cross tabulation and distribution plots were used to dem-
onstrate differences in baseline data. The number of TTEs
ordered per week and level of training were expressed as
means with corresponding standard deviations. The self-
reported comfort level with understanding a report was
scaled from 0 to 10 (10 being “the most comfortable”) and
reported as the median and interquartile range. Differences
in the proportions of correct answers between general and
cardiology providers were estimated using a chi-squared
test.
Physician 41 (43%)

Noninvasive 24 (59%)

Electrophysiology 8 (19%)

Invasive 9 (22%)

Advanced practice provider 10 (11%)

Postgraduate training year for trainees Mean (SD)

Medicine 2.2 (0.9)

Cardiology 5.6 (1.4)

Years in practice for physicians n (%)

Medicine

0-5 26 (38%)

5-10 15 (22%)

10-15 9 (13%)

15-20 11 (16%)

>20 8 (11%)

Cardiology

0-5 11 (27%)

5-10 11 (27%)

10-15 7 (17%)

15-20 4 (10%)

>20 8 (19%)

Self-reported number of echocardiograms

ordered per week

Mean (SD)

Medicine trainees 1.8 (1.6)

Medicine physicians 1.8 (1.6)

Medicine advanced practice provider 0.7 (0.3)

Cardiology trainees 6.9 (4.6)

Cardiology physicians 8.6 (10)

Cardiology advanced practice provider 4.9 (5.6)
ySelf-reported comfort level with echocardio-

gram report interpretation

Median (IQR)

Medicine trainees 6 (4,7)

Medicine physicians 7 (5,8)

Medicine advanced practice provider 3 (3,6)

Cardiology trainees 10 (8,10)

Cardiology physicians 10 (9,10)

Cardiology advanced practice provider 5.5 (5,8)

IQR = interquartile range; SD = standard deviation.
yOn scale of 0-10, 10 being most comfortable.
Results

We administered the survey to 367 providers between
March 2017 and May 2018. Of these, 297 providers (81%)
returned the survey (182 from BCM and 115 from Univer-
sity of Washington).

Among the 297 respondents (Table 1), 68% practice
internal or family medicine (“general”) and 32% practice
cardiology. General medicine trainees and physicians
ordered approximately the same number of TTEs and over-
all fewer than their cardiology colleagues. The median self-
reported comfort level with understanding a TTE report
was lower in general providers compared with cardiology
providers. There was no difference in comfort level
between noninvasive versus procedural (electrophysiology
or invasive) cardiologists, though noninvasive providers
ordered more TTEs. The small number of advanced prac-
tice providers in the study (n = 14) ordered fewer TTEs and
reported a lower comfort level with understanding reports
compared with trainees and physicians.

Table 2 outlines the percentage answered correctly by
each provider type for each question. Regarding the clinical
implication of regional wall motion abnormalities, more
than a third of general trainees and half of general physi-
cians were unable to recognize that an akinetic wall motion
abnormality does not necessarily equate to a nonviable seg-
ment. The majority of general providers recognized that
absence of regional wall motion abnormalities and presence
of global hypokinesis do not rule out significant coronary
artery disease.

For questions related to diastolic function, a large num-
ber of general providers did not know the definition of left
sided “increased filling pressures.” The answer choice most
commonly chosen was “elevated right atrial pressure” and
many chose “not sure.”

Approximately one quarter of general providers were
unfamiliar with the topic of tricuspid regurgitant jet and
estimation of pulmonary artery systolic pressure. However,
a much higher percentage were able to recognize that nor-
mal right ventricular size and function on TTE do not rule
out a pulmonary embolism.

A question that was commonly misunderstood asked
which echocardiographic structure would require cardiology
consultation in an asymptomatic patient. Only about half of
general providers chose the option of “pseudoaneurysm of
the left ventricular wall;” the most commonly chosen answer
was “aneurysmal interatrial septum.” For the question asking
which structure would require consultation in a patient with
recent stroke, less than 20% of general providers chose
“fibroelastoma” while the majority responded “not sure.”
The question most commonly misunderstood by both
general and cardiology providers tested the knowledge of
which imaging modality to pursue if TTE cannot rule out api-
cal thrombus. Of the possible options, which included
“cardiac MRI/CT,” the majority of respondents answered
“transesophageal echocardiogram.” The final question on the
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Table 2

Comparison of participant responses to questions by topic and provider type

Question topic General trainees

(n = 129)

General physicians

(n = 70)

Cardiology trainees

(n = 43)

Cardiology physicians

(n = 41)

Percent answered correctly

Recognition that akinesis does not equate to a nonviable segment*

(Q1)

62 43 81 85

Knowledge that normal RV size/function by echo does not rule out

PE* (Q2)

91 84 100 93

Knowledge that lack of regional wall motion abnormalities does

not rule out CAD (Q4)

93 86 95 98

Knowledge that global hypokinesis does not rule out CAD* (Q5) 83 80 100 100

Definition of LV filling pressures* (Q6) 62 41 91 78

Understanding of how an incomplete TR jet affects estimation of

PASP* (Q7)

74 67 88 93

Ability to recognize abnormal structures* (Q8) 51 43 98 100

Clinical meaning of impaired relaxation* (Q3) 78 67 98 88

Ability to identify structural abnormality as cause of stroke* (Q10) 14 19 91 90

Knowledge that negative bubble study by TTE does not rule out

PFO* (Q11a)

45 30 72 71

Knowledge that negative TTE does not rule out intracardiac throm-

bus* (Q11b)

85 76 95 95

Knowledge of correct imaging modality for diagnosis of LV throm-

bus* (Q12)

11 9 51 37

CAD = coronary artery disease; LV = left ventricle; PASP = pulmonary artery systolic pressure; PE = pulmonary embolism; PFO = patent foramen ovale;

RV = right ventricle; TR = tricuspid regurgitation; TTE = transthoracic echocardiogram.

* p< 0.05 for difference in proportions between general providers (trainees + physicians) and cardiologists (trainees + physicians).
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survey allowed respondents to mark which topics they were
unsure of how to interpret or address in the clinical setting;
the topic chosen most was “filling pressures.”

For almost all questions, a higher proportion of noninva-
sive cardiology providers answered correctly when com-
pared with procedural cardiology providers, however our
study was not powered to examine these differences.
Advanced practice providers in both general and cardiology
fields had a lower number of correct responses compared
with their trainee and physician counterparts, but again our
study was not powered to test for these differences. Among
attending physicians, there did not appear to be any corre-
lation between proportion of correct answers and number
of years in practice.
Discussion

Our results suggest that several concepts on a standard
TTE report are misunderstood and further work is needed
improve communication of findings. Among general pro-
viders, the most misunderstood concepts included viability
of an akinetic region, pulmonary artery systolic pressure,
diastolic function, recognition of abnormal structures, and
method of identifying of intracardiac thrombus. General
trainees had a higher percentage of correct answers com-
pared with general physicians on almost all questions. One
possibility for this finding is that echocardiography is an
evolving field and proximity to training may allow for
familiarity with newer topics such as diastolic function.

Limited resources exist to help referring physicians extract
clinically useful information from echocardiogram reports,6 a
notion supported by general providers’ lower self-described
comfort level with interpreting reports. Proposed strategies to
improve provider understanding include didactic sessions,
educational materials, and adjustment of reporting format.

One method would be to modify reporting format to uti-
lize terminologies that are simpler to understand for those
not formally trained in cardiology and echocardiography.
Alternatively, a “key” to the report could be inserted; for
example, a finding of “global hypokinesis” could automati-
cally generate text stating that this does not exclude ische-
mia. Another example would be to note that “elevated left
ventricular filling pressures” suggests high left atrial pressure
and to clinically correlate for signs and symptoms of conges-
tive heart failure. Study readers could also provide more
assistance regarding the next diagnostic or treatment steps in
order to avoid unnecessary tests or guide further consulta-
tion. For example, when left ventricular apical thrombus can-
not be excluded by TTE, the reader may recommend a repeat
limited TTE with ultrasound contrast or a cardiac CT or
MRI. Although a personal discussion with the ordering pro-
vider to delineate next steps might be optimal, it may not
always be possible. From the perspective of the ordering pro-
vider, it could be useful to give more clinical information
when ordering the study so that the reading physician can
provide more targeted information in the report.

Although the feasibility of teaching general providers
how to interpret TTE reports may be limited, access to fur-
ther guidance can be provided. Resources can be developed
by national societies to help providers understand the ter-
minologies frequently used in a TTE report. Another option
is to embed a simple website link within the report to click
for further information. Additionally, providing a means to
contact the reading physician in the readers” signature line
(whether via email, message, or electronic consult) may be
helpful.



302 The American Journal of Cardiology (www.ajconline.org)
The American Society of Echocardiography guidelines
contain recommendations for a standardized TTE report
and include which core measurements and structures should
be described.7 The recommended report structure includes
the broad sections of demographic information, echocardio-
graphic findings, and a summary. However, no specific sug-
gestions on reporting format tailored to referring providers
are included. A wealth of literature exists in the radiology
field addressing imaging study reporting format.8 Radiolog-
ists have even published “style guidelines” to improve clar-
ity, brevity, and readability of reports.9 Some data have
found that referring clinicians are more satisfied with the
content and clarity of structured versus free-form radiology
reports.10 Perhaps, some of the principles employed in the
field of radiology can be applied to echocardiography.

Of note, we conducted our study at 2 different institutions
from distinct geographic regions of the United States and
found similar results at both sites, increasing the generaliz-
ability of our findings. Nevertheless, reporting and provider
understanding will certainly vary depending on practice set-
ting, location, and institution. A larger investigation con-
ducted at additional sites could provide additional insight and
applicability.

Our study does have some other limitations—to preserve
integrity, participants were only allowed 10 to 15 minutes
to complete the survey while the administrant was present.
It is possible their responses may have been different if par-
ticipants were given more time to contemplate the ques-
tions. In clinical practice, providers do have the opportunity
to consult with outside resources, though clinical demands
may limit time that would be needed to research routinely
reported findings. Furthermore, in that situation one may
have expected respondents to pick the “not sure” answer
option. Additionally, both general and cardiology providers
were given the same amount of time to complete the ques-
tionnaire. The multiple-choice answer format also carries
the possibility that respondents may correctly guess the
answer through process of elimination or random chance.
Lastly, we have no information on whether misunderstand-
ing of TTE reports has any adverse impact on patient care.

In summary, our study identifies many aspects of a TTE
report that are not optimally understood by general pro-
viders and in some cases, cardiology providers. Strategies
are needed to improve the clinical value of TTE reports;
potential approaches include improving communication
with ordering providers concerning abnormal findings, rec-
ommending further steps, and providing a means to directly
address queries. A specifically formed task force may be
useful to design TTE report templates. Given that required
elements in a report are standardized by accreditation socie-
ties, those entities could help influence the format of the
report to make them more understandable and clinically
useful to the ordering provider.
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