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Study objective: We determine the diagnostic accuracy of goal-directed echocardiography, cardiac biomarkers, and
computed tomography (CT) in early identification of severe right ventricular dysfunction in normotensive emergency
department patients with pulmonary embolism compared with comprehensive echocardiography.

Methods: This was a prospective observational study of consecutive normotensive patients with confirmed pulmonary
embolism. Investigators, blinded to clot burden and biomarkers, performed qualitative goal-directed echocardiography
for right ventricular dysfunction: right ventricular enlargement (diameter greater than or equal to that of the left
ventricle), severe right ventricular systolic dysfunction, and septal bowing. Brain natriuretic peptide and troponin cutoffs
of greater than or equal to 90 pg/mL and greater than or equal to 0.07 ng/mL and CT right ventricular:left ventricular
diameter ratio greater than or equal to 1.0 were also compared with comprehensive echocardiography.

Results: One hundred sixteen normotensive pulmonary embolism patients (111 confirmed by CT, 5 by ventilation-
perfusion scan) were enrolled. Twenty-six of 116 patients (22%) had right ventricular dysfunction on comprehensive
echocardiography. Goal-directed echocardiography had a sensitivity of 100% (95% confidence interval [CI] 87% to
100%), specificity of 99% (95% CI 94% to 100%), positive likelihood ratio (þLR) of 90.0 (95% CI 16.3 to 499.8), and
negative likelihood ratio (–LR) of 0 (95% CI 0 to 0.13). Brain natriuretic peptide had a sensitivity of 88% (95% CI 70% to
98%), specificity of 68% (95% CI 57% to 78%), þLR of 2.8 (95% CI 2.0 to 3.9), and –LR of 0.17 (95% CI 0.06 to 0.43).
Troponin had a sensitivity of 62% (95% CI 41% to 80%), specificity of 93% (95% CI 86% to 98%), þLR of 9.2 (95% CI 4.1
to 20.9), and –LR of 0.41 (95% CI 0.24 to 0.62). CT had a sensitivity of 91% (95% CI 72% to 99%), specificity of 79%
(95% CI 69% to 87%), þLR of 4.3 (95% CI 2.8 to 6.7), and –LR of 0.11 (95% CI 0.03 to 0.34).

Conclusion: Goal-directed echocardiography was highly accurate for early severe right ventricular dysfunction
identification and pulmonary embolism risk-stratification. Brain natriuretic peptide was sensitive but less specific,
whereas troponin had lower sensitivity but higher specificity. CT had good sensitivity and moderate specificity. [Ann
Emerg Med. 2016;-:1-15.]
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INTRODUCTION
Background

Pulmonary embolism is an important and challenging
clinical condition that may present insidiously or
significantly. It can increase pulmonary artery pressures and
obstruct outflow from the right ventricle, causing its
dilatation. Further deterioration may result in right
ventricular ischemic injury and compromised left
ventricular function. Only 5% of pulmonary embolisms
present with overt signs and symptoms of shock and are
considered massive. These patients are at high risk for
morbidity and mortality.1 The majority of pulmonary
, no. - : - 2016
embolism patients present without hypotension and shock
symptoms.2

Patients with normotensive pulmonary embolism have
many permutations of clinical characteristics and comorbid
conditions. Right ventricular dysfunction is an important
prognostic tool for these patients. In the subsequent
discussions, we will be referring to severe right ventricular
dysfunction detection by goal-directed echocardiography.

Right ventricular dysfunction is definitively identified with
transthoracic echocardiography but can also be assessed with
cardiac biomarkers. Elevated serum cardiac brain natriuretic
peptide and troponin levels can serve as surrogate markers of
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Editor’s Capsule Summary

What is already known on this topic
Assessments of right ventricular function in pulmonary
embolism can inform clinical decisions, including the
need for thrombolytics and the necessity for inpatient
hospitalization. The optimal means of assessing right
ventricular dysfunction is unknown.

What question this study addressed
This study examined the test characteristics of goal-
directed echocardiography (performed by 5
physicians with extra training), brain natriuretic
peptide, troponin, and computed tomography in
identifying right ventricular function in patients with
pulmonary embolism.

What this study adds to our knowledge
Goal-directed echocardiography by these physicians
exhibited high sensitivity and specificity, and was
superior to other tests in detecting or excluding early
severe right ventricular dysfunction.

How this is relevant to clinical practice
If these findings can be shown to be valid for the
typical emergency physician, goal-directed
echocardiography will enable emergency physicians
to improve management of patients with pulmonary
embolism.
right ventricular dilatation and myocardial ischemic injury,
respectively.2,3 Patients without overt signs and symptoms
of shock but with latent right ventricular dysfunction can
later develop hypotension, cardiorespiratory deterioration,
or death despite prompt initiation of anticoagulation at
diagnosis. Survivors to hospital discharge may have
persistent right heart strain and functional limitations if
treated only with standard anticoagulation therapy.4-7 Not
all patients with pulmonary embolism, however, require
admission to the hospital. Recent studies and protocols
have shown that patients with low-risk pulmonary
embolism can be safely sent home (as per Pulmonary
Embolism Severity Index and Hestia criteria). In addition,
patients without signs or markers for right ventricular
dysfunction can be considered for abbreviated observational
monitoring and treatment or outpatient treatment.8-11

Importance
Risk stratification of normotensive patients with

pulmonary embolism can be challenging. The presence of
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right ventricular dysfunction in pulmonary embolism is a
predictor of short-term hemodynamic collapse and
long-term morbidity. Ideally, the identification of right
ventricular dysfunction can guide clinical management and
disposition decisions. Patients with right ventricular
dysfunction signs may be considered for interventions
beyond anticoagulation, including systemic or catheter-
based thrombolysis. Additionally, they may require more
intensive clinical monitoring. Patients without right
ventricular dysfunction and other low-risk clinical signs
may be candidates for shorter hospital stays or may be even
discharged from the emergency department (ED), receiving
oral anticoagulants.

The right ventricle has a complex shape and function
and is best assessed by cardiac magnetic resonance imaging,
3-dimensional echocardiography, and transesophageal
echocardiography, but none of these is a feasible first-line
option in the critical care or ED setting. Comprehensive
echocardiography is the routinely used standard for right
ventricular dysfunction assessment. It is usually performed
by a certified sonographer and interpreted by a cardiologist
but is often not immediately available on evenings, nights,
or weekends. It involves multiple technologies, including
2-dimensional, M-mode, and other Doppler modalities
(color, pulsed-wave, continuous-wave, and tissue Doppler);
however, the primary, fundamental, and time-sensitive
clinical goal of echocardiography in the setting of
pulmonary embolism is the detection of right ventricular
enlargement and right ventricular systolic dysfunction.

The optimal pulmonary embolism risk-stratification tool
is both immediately available and accurate. Possible
strategies meeting both of these criteria include right
ventricular assessment with computed tomography
(CT), serum cardiac biomarkers, and goal-directed
echocardiography performed by the emergency physician.
The assessment of right ventricular dilatation with focused
cardiac ultrasonography is supported in the core curriculum
and the consensus statement of the American College
of Emergency Physicians and American Society of
Echocardiography.12-14 Although many studies support the
feasibility and diagnostic accuracy of qualitative assessment
of left ventricular function by cardiologists and emergency
physicians, the literature is limited on the diagnostic
accuracy of emergency physician echocardiography
assessment of the right ventricular. Although CT is
considered the reference standard for the diagnosis of
pulmonary embolism (filling defects in the contrast
enhanced pulmonary arteries), measurements of the
dimensions of the heart chambers can also provide
important information on right ventricular strain and,
indirectly, prognostic stratification.15
Volume -, no. - : - 2016
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Goals of This Investigation
The primary goal was to determine test characteristics of

goal-directed echocardiography for right ventricular
dysfunction assessment performed and interpreted by
emergency physicians. Our secondary goal was to
determine test characteristics of serum cardiac biomarkers
and CT for right ventricular dysfunction detection. We
used predefined right ventricular dysfunction criteria for
each index test. Our hypothesis was that early use of
point-of-care right ventricular dysfunction testing
would accurately identify right ventricular dysfunction in
patients with acute normotensive pulmonary embolism.
We evaluated our findings with comprehensive
echocardiography as the reference standard.
MATERIALS AND METHODS
Study Design and Setting

We performed a prospective study of diagnostic accuracy
on a consecutive sample of normotensive ED patients who
received a diagnosis of acute pulmonary embolism confirmed
by either computed tomography angiography or ventilation-
perfusion scan. The study was conducted in the ED at
Carolinas Medical Center in Charlotte, NC, from July 2014
to July 2015. The setting was an academic urban hospital
with 121,000 visits per year. The Carolina HealthCare
System Investigational Review Board approved this clinical
research study. Written informed consent was required.

Goal-directed echocardiography was considered a minimal
risk to the patient. It is a well-established and important
applicationused for patients inourED.Serumbrainnatriuretic
peptide and troponin level testing was part of the standard
risk stratification of patients with a high likelihood of, or
confirmation of, pulmonary embolism and was recommended
by the American College of Emergency Physicians (ACEP)
clinical policy guidelines on clinicalmanagement of pulmonary
embolism and by the American Heart Association (AHA).2,5

The study was conducted at an ED staffed by emergency
medicine resident physicians, advanced care providers,
and board-certified emergency physicians with a well-
established emergency ultrasonographic program and an
emergency ultrasonographic fellowship. One of 5 trained
emergency physician investigators performed goal-directed
echocardiography before comprehensive echocardiography.
The principal investigator of this study (AJW) was the
director of the emergency ultrasonographic fellowship
program and was certified as a registered diagnostic cardiac
sonographer. Of the other 4 physician investigators, 1 was an
emergency ultrasonographic fellow and 3 were emergency
medicine residents, and all had received training in goal-
directed echocardiography and undergone more intensive
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training before the start of the research study. Training
included a 2-hour lecture focusing on the principles of goal-
directed cardiac echocardiography and 6 hours of hands-on
experience supervised by the principal investigator. All
physician investigators had completed, at a minimum, a
1-month ultrasonographic rotation during residency
training and had performed more than 50 cardiac
ultrasonographic procedures.

Selection of Participants
Study investigators monitored the ED electronic

tracking board (FirstNet; Cerner Corporation, Kansas City,
MO) for patients. Additionally, all ED providers were
notified of the study and asked to call a central paging
operator on diagnosis of image-confirmed pulmonary
embolism. The operator notified the study investigators by
simultaneous group text messaging (without patient
identifiers) and through the secure hospital e-mail with
patient name and identifiers.

Patients were consecutively enrolled if they met the
following inclusion criteria: aged 18 years or older and with
confirmed acute pulmonary embolism according to the
results of computed tomography angiography or high-
probability ventilation-perfusion scan. Patients were
excluded if massive pulmonary embolism criteria were met,
if they were unable to tolerate the echocardiogram, or if the
ultrasonographic images were of inadequate quality. We
used the American Heart Association definition of massive
pulmonary embolism: acute pulmonary embolism with
sustained hypotension (systolic blood pressure <90 mm
Hg for at least 15 minutes or requiring inotropic support,
and not caused by anything other than pulmonary
embolism, such as arrhythmia, hypovolemia, sepsis, or left
ventricular dysfunction), pulselessness, or persistent
profound bradycardia (pulse rate <40 beats/min with signs
or symptoms of shock).5As part of the inclusion criteria,
comprehensive echocardiography had to be performed
within 24 hours of pulmonary embolism diagnosis, but
patients would be excluded if aggressive pulmonary
embolism intervention (systematic or catheter-directed
thrombolysis or surgical embolectomy) occurred between
goal-directed echocardiography and comprehensive
echocardiography.

Goal-directed echocardiography was performed and
interpreted by the emergency physician. These results were
compared with that for comprehensive echocardiogram
(comprehensive echocardiography) performed by a
registered diagnostic cardiac sonographer and interpreted
by a board-certified cardiologist. The physician-investigator
performing the goal-directed echocardiography was blinded
to results of CT and serum markers.
Annals of Emergency Medicine 3



Figure 1. Qualitative goal-directed echocardiography
assessment of right ventricular function.19,20
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Data Collection and Processing
If patients who received a diagnosis of acute pulmonary

embolism met inclusion criteria, they were enrolled in
the study. Patient demographics, initial vital signs, and
comorbidities were recorded.

Goal-directed echocardiography focused on the presence
or absence of the following characteristics: visual estimate of
severe right ventricular enlargement (diameter greater than or
equal to the left ventricular diameter), severe right ventricular
hypokinesis, and interventricular septum flattening or
bowing into the left ventricle. Additionally, the sonographer
noted the presence or absence of poor left ventricular systolic
function according to visual estimation. The range of times
between pulmonary embolism diagnosis and goal-directed
echocardiography completion was 1 hour before to 2 hours
after pulmonary embolism confirmation. A few outliers were
between 4 and 6 hours later, but none occurred after
comprehensive echocardiography.

Meta-analyses of the prognostic value of echocardiography
for right ventricular function in pulmonary embolism have
shown that there are many different parameters and
permutations used to assess and define right ventricular
dysfunction. The common right ventricular dysfunction
definition criteria used are right ventricular dilatation, right
ventricular systolic dysfunction, or both. The individual
studies selected in meta-analyses used a variety of cutoffs for
right ventricular dilatation, such as right ventricular:left
ventricular ratio (range 0.9 to�1.4) or right ventricular basal
diameter greater than 30 mm and different permutations of
the variables right ventricular systolic function, Doppler
measurements, and septal and inferior vena cava features. In
accordance with our review of the literature, we decided that
right ventricular:left ventricular ratio greater than or equal
to 1.0, longitudinal shortening of the right ventricle, and
septal deviation were the most established and feasible
criteria for emergency physician–performed goal-directed
echocardiography.16-18

The criteria we used for the qualitative assessment of the
right ventricle are shown in Figure 1. The presence of severe
right ventricular enlargement was determined by the presence
of blunting of the right ventricular apex and a comparison
of the diastolic diameter at the base of both ventricles. The
complex anatomy and function of the right ventricle can
create limitations to right ventricular assessments on each
echocardiographicwindow.All goal-directed echocardiographic
windows were factored in to refute or support the presence or
absence of right ventricular enlargement. We used the apical
and subcostal windows to determine the presence or absence
of right ventricular apex blunting.

Visual estimations of severe right ventricular systolic
function factored in the movement of the tricuspid annulus
4 Annals of Emergency Medicine
along the long axis of the right ventricle (termed tricuspid
annular planar systolic excursion) and the inward movement
of the free wall of the right ventricle during systole. The
movement of the tricuspid annulus was visually estimated,
and no actual tricuspid annular planar systolic excursion
measurement was necessary for completion of goal-directed
echocardiography.

Study investigators recorded 3-second, digital,
2-dimensional video clips of parasternal long- and short-
axis views (mitral valve level) and subcostal and apical
4-chamber views with a Philips Sparq ultrasonographic
machine and its S 1-5 MHz phased-array transducer
(Philips Ultrasound, Andover, MA).

The study investigators used the presence of at least one
of the abovementioned features in two or more of the
abovementioned goal-directed echocardiographic views.
If one or more of the features was present in at least
two of the ultrasonographic views, the goal-directed
echocardiography result was considered positive for right
ventricular dysfunction.
Volume -, no. - : - 2016



Weekes et al Diagnostic Accuracy of Early Right Ventricular Dysfunction Markers
We considered the tricuspid annular planar systolic
excursion to be as important as, if not more important than,
inward right ventricular motion in the evaluation of right
ventricular systolic assessment. Tricuspid annulus movement
could be qualitatively compared with mitral annulus
movement as a reference.21 Typically, normal tricuspid
annular planar systolic excursion is 60%more than the normal
mitral annulus movement along the long axis of the heart.
Tricuspid annular planar systolic excursion has been identified
as an important echocardiographic and clinical hazard risk in
patients with initially normotensive pulmonary embolism.22

Cardiac biomarker testing was performed with the
i-STAT cTnI test cartridge (Abbott Point of Care, Abbott
Park, IL) and i-STAT brain natriuretic peptide test
cartridge (Abbott Point of Care). According to guidelines
published by the American Heart Association in 2011,
brain natriuretic peptide values greater than 90 pg/mL were
considered elevated. Troponin I values greater than or
equal to 0.07 ng/mL were considered elevated according to
our institution’s reference range.5

The 2 components for point-of-care screening for
right ventricular dysfunction were goal-directed
echocardiography and cardiac serum markers. The following
criteria were used to define point-of-care testing results as
positive for right ventricular dysfunction and to define a right
ventricular dysfunction severity scale based on the unique
pathophysiology of right ventricular dysfunction in acute
pulmonary embolism.23,24 For goal-directed echocardiography
and a right ventricular dysfunction severity scale of 0 to 3, the
following were used: 0¼absence of severe right ventricular
enlargement (see definition); 1¼presence of severe right
ventricular enlargement (necessary condition); 2¼presence of
severe right ventricular enlargement and severe right ventricular
hypokinesis (see definition), or septal flattening or bowing, or
right ventricular hypokinesis; and 3¼presence of severe right
ventricular enlargement and severe right ventricular
hypokinesis (see definition) and septal flattening or bowing.
For the cardiac biomarkers right ventricular dysfunction scale
of 0 to 2, 0¼absence of elevated serummarker (see definition),
1¼presence of brain natriuretic peptide level elevation or
troponin level elevation, and 2¼presence of brain natriuretic
peptide level elevation and troponin level elevation. A score of
zero was considered negative for right ventricular dysfunction
for both point-of-care testing components. A score of 1 to 3 by
goal-directed echocardiography was considered positive for
right ventricular dysfunction. A score of 1 or 2 by cardiac
biomarkers was considered positive.

The study investigator who performed goal-directed
echocardiography was blinded to cardiac biomarker level
results and CT report on right ventricular dysfunction.
In the event a study investigator became aware of
Volume -, no. - : - 2016
cardiac biomarker level results or CT interpretation, a
different study investigator performed goal-directed
echocardiography. The bedside assessment of right
ventricular dysfunction with 2-dimensional goal-directed
echocardiography was performed and interpreted by
study investigators or a delegate and then compared with
subsequent comprehensive echocardiography (acquired by a
cardiology division sonographer and interpreted by a
cardiologist). Each goal-directed echocardiographic test was
performed before the comprehensive echocardiography.
The goal-directed echocardiography operator was blinded to
all comprehensive echocardiography reports. The cardiology
division staff members involved in the comprehensive
echocardiography (sonographer and cardiologist) were
blinded to the earlier goal-directed echocardiography results.

Board-certified body radiologists interpreted the CT scans.
The report included information on the presence or absence of
central or lobar clot and right ventricular dilatation. Any right
ventricular:left ventricular diameter ratiomeasurement greater
than or equal to 1.0 was considered positive for right
ventricular dysfunction. Board-certified nuclear medicine
radiologists interpreted the ventilation-perfusion scans, and a
“high-probability” result in a symptomatic patient was
considered diagnostic of pulmonary embolism. The CT
measurement of right ventricular dysfunction was not
available for patients whose pulmonary embolisms were
diagnosed by ventilation-perfusion scan.

The panel of point-of-care tests results was compared
with comprehensive echocardiography specifically
requested for pulmonary embolism evaluation.
Comprehensive echocardiography report comments of
severe right ventricular enlargement, severe systolic
dysfunction, or septal deviation were considered positive
for each pertinent right ventricular dysfunction criterion.
Additional findings such as left ventricular systolic function
septal wall flattening or bowing, right ventricular systolic
pressure, and the presence of patent foramen ovale and
atrial septal defects were also recorded.

A few months into the research study, two emergency
medicine residents reviewed a subset of previously recorded
goal-directed echocardiography videos and interpreted the
presence or absence of right ventricular enlargement or
more right ventricular dysfunction features. The reviewers
were blinded to patient identifiers, sequence of images, and
the clinical course and management of the patient. They
were also blinded to the clinical context of the patients. The
reviewers received training in right ventricular dysfunction
assessment guidelines with goal-directed echocardiography
after completing the 30-minute right ventricular
dysfunction in goal-directed echocardiography training
tutorial provided by the principal investigator.
Annals of Emergency Medicine 5
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Outcome Measures
The primary outcome was the test characteristics of

goal-directed echocardiography for the determination of
right ventricular dysfunction with comprehensive
echocardiography as the criterion standard.

Secondary outcomes included (1) test characteristics of
serum brain natriuretic peptide for determination of right
ventricular dysfunction, (2) test characteristics of troponin I
for determination of right ventricular dysfunction; (3) test
characteristics of a right ventricular:left ventricular ratio
greater than or equal to 1.0 on CT imaging for
determination of right ventricular dysfunction; (4) test
characteristics of proximal clot location for determination
of right ventricular dysfunction; and (5) interobserver
agreement for the presence of right ventricular dysfunction
on goal-directed echocardiography video clips.

Primary Data Analysis
A sample size estimate using the method described by

Buderer25 was calculated. Assuming that goal-directed
echocardiography has a sensitivity of 90% and specificity of
85% for detecting right ventricular dysfunction in our
patient cohort, a confidence interval (CI) of 10%, and a
30% prevalence of right ventricular dysfunction in a patient
cohort with confirmed pulmonary embolism, we calculated
a sample size of 116 patients. A meta-analysis by Coutance
et al17 showed a right ventricular dysfunction prevalence
ranging between 50% and 72% in patients with pulmonary
embolism without hemodynamic compromise. We chose a
more conservative estimate of the right ventricular
dysfunction prevalence according to the investigators’
collective clinical experience. Study data were collected and
managed with Research Electronic Data Capture tools
hosted at Carolinas Medical Center (Charlotte, NC).
Research Electronic Data Capture is a secure, Web-based
application designed to support data capture for research
studies, providing an intuitive interface for validated data
entry, audit trails for tracking data manipulation and export
procedures, automated export procedures for seamless data
downloads to common statistical packages, and procedures
for importing data from external sources.26

Descriptive statistics, including means and SDs, or
counts and percentages, were calculated. Goal-directed
echocardiography was compared with comprehensive
echocardiography to assess for right ventricular dysfunction
(right ventricular enlargement, poor right ventricular systolic
function, and septal deviation). The sensitivity, specificity,
positive and negative likelihood ratios, and corresponding
95% CI for right ventricular dysfunction were calculated for
each diagnostic test, using comprehensive echocardiography
as the criterion standard. Given that the majority of the
6 Annals of Emergency Medicine
ultrasonographic scans were completed by a relatively small
group of physicians, the test characteristic CIs were adjusted
for the resulting cluster correlation.27

Receiver operating characteristic curves were plotted for
each diagnostic test, using comprehensive echocardiography
as the criterion standard. The areas under the curve were
calculated directly by the extended trapezoidal rule, and the
corresponding CIs were calculated with Delong’s variance
estimate.28 Interobserver agreement on goal-directed
echocardiography right ventricular dysfunction rating for a
subset of patientswas reported as the linear weightedCohen’s
k with 95% CIs. P<.05 was considered statistically
significant. StatsDirect (version 3.0.133; StatsDirect,
Cheshire, UK) was used for all analyses.

RESULTS
Characteristics of Study Subjects

Between July 2014 and July 2015, we approached 133
consecutive patients with reported image-confirmed
pulmonary embolism. We excluded 4 patients because of
current hypotension, 3 because of poor-quality
echocardiographic images (could not be interpreted), and 4
because of radiologist clarification that the pulmonary
embolism findings were long-term and unchanged. One
patient refused consent. We completed goal-directed
echocardiography on 122 patients with normotensive
pulmonary embolism. Six of these patients (all without right
ventricular dysfunction by goal-directed echocardiography)
did not receive comprehensive echocardiography. The
fellowship director (A.J.W.) performed goal-directed
echocardiography on 31 patients (26.7%), a third-year
emergency medicine resident (D.T.) performed it on 22
patients (18.9%), an emergency medicine ultrasonographic
fellow (J.C.-B.) performed it on 18 patients (15.5%), a
second-year emergency medicine resident (G.T.) performed
it on 13 patients (11.2%), a second-year emergencymedicine
resident (A.K.J.) performed it on 19 patients (16.3%), and a
group of 10 other emergency physicians (consisting of 8
residents and 2 attending physicians) performed it on 13
patients (11.2%). There was only one instance in which the
study investigator became aware of the right ventricular
report onCT at enrollment, and a different but blinded study
investigator performed and interpreted the goal-directed
echocardiography instead.

The reference test, comprehensive echocardiography,
was compared with goal-directed echocardiography
in 116 of these patients. All comprehensive
echocardiography was performed and interpreted after
goal-directed echocardiography. Cardiologists and
sonographers were unaware of the results of the goal-
directed echocardiography. The study enrollment flow
Volume -, no. - : - 2016
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diagram of goal directed echocardiography results
compared to comprehensive echocardiography results is
shown in Figure 2. The clinical characteristics of the 116
enrolled patients are shown in Table 1. Significant
differences were pulse oximetry (patients with right
ventricular dysfunction tended to have lower SpO2) and a
history of hypertension (more common in patients with
right ventricular dysfunction).

We used predefined cutoff definitions for right
ventricular dysfunction. The test characteristics results of
goal-directed echocardiography, brain natriuretic peptide
level, troponin level, and CT right ventricular:left
ventricular ratio for right ventricular dysfunction detection
compared with comprehensive echocardiography are shown
in Table 2. Proximal thrombus locations (central or lobar
arteries) in contrast to more distal thrombi within
segmental arteries were also compared with the presence or
absence of right ventricular dysfunction on comprehensive
echocardiography (Figure 3).

The goal-directed echocardiography sensitivity and
specificity for right ventricular dysfunction were 100%
El igible PE pa ents
n= 133

GDE (Index test)
n= 122

Ex
pa

+RVD
n= 27
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n

CE (Reference)
n= 27
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n= 0
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Figure 2. Study flow diagram for the goal-directed echocardiograp
comprehensive echocardiography. PE, Pulmonary embolism; CT, com
right ventricular dysfunction; CE, comprehensive echocardiography
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(95% CI 87% to 100%) and 99% (95% CI 94% to
100%), respectively, when the score was greater than or
equal to 1. The positive likelihood ratio of goal-directed
echocardiography was 90.0 (95% CI 16.3 to 499.8)
and the negative likelihood ratio was 0 (95% CI 0 to 0.13).
If we assume that all 3 patients with poor-quality
echocardiographic images would have had false-positive
goal-directed echocardiography scores, the corresponding
sensitivity and specificity for right ventricular dysfunction
would have been 100% (95% CI 87% to 100%) and
96% (95% CI 89% to 99%), respectively, with a positive
likelihood ratio of 23.3 (95% CI 9.3 to 58.3) and
negative likelihood ratio of 0 (95% CI 0 to 0.13). Likewise,
if we assume that all 3 patients with poor-quality
echocardiography images would have had false-negative
goal-directed echocardiography scores, the corresponding
sensitivity and specificity for right ventricular dysfunction
would have been 90% (95% CI 73% to 98%) and 99%
(95% CI 94% to 100%), respectively, with a positive
likelihood ratio of 81 (95% CI 14.8 to 457.7) and negative
likelihood ratio of 0.1 (95% CI 0.04 to 0.27).
cluded 
ents

Excluded by Hypotension
n= 4

Excluded by CT over-read
n= 4

Excluded by Poor GDE
n= 3

RVD 
= 95

erence)
89

No reference standard
n= 6

 present
n= 0

Inconclusive
n= 0

RVD absent
n= 89

hy evaluation of right ventricle dysfunction compared with
puted tomography; GDE, goal-directed echocardiography; RVD,

.

Annals of Emergency Medicine 7



Table 1. Clinical characteristics of enrolled pulmonary embolism patients.

Characteristics Total (n[116)
CE With Severe
RVD (n[26)

CE Without Severe
RVD (n[90)

Difference
(95% CI)

Age (IQR), y 59 (26) 64 (25) 58 (27) 6 (–1 to 13)
Male sex (%) 59 (51) 15 (58) 44 (49) 9 (–13 to 29)
Systolic blood pressure (IQR), mm Hg 127 (28) 125 (31) 127 (26) –3 (–13 to 6)
Diastolic blood pressure (IQR), mm Hg 78 (23) 74 (25) 79 (21) –2 (–10 to 5)
Pulse rate (IQR), beats/min 92 (31) 101 (23) 89 (31) 6 (–3 to 15)
Pulse oximetry on room air (%) 96 (7) 93 (7) 97 (5) –4 (–6 to –2)
Race (%)
White 65 (56) 15 (58) 50 (56) 2 (–20 to 22)
Black 48 (41) 10 (38) 38 (42) –4 (–23 to 18)
Asian 2 (2) 0 2 (2) –2 (–8 to 11)
American Indian 1 (1) 1 (4) 0 4 (–0.4 to 19)

Comorbid conditions (%)
Cancer 37 (32) 8 (31) 29 (32) –1 (–19 to 20)
End-stage renal disease 3 (3) 0 3 (3) –3 (–9 to 10)
Congestive heart failure 7 (6) 2 (8) 5 (6) 2 (–7 to 19)
Hypertension 57 (49) 18 (69) 39 (43) 26 (4 to 44)
COPD or emphysema 18 (16) 6 (23) 12 (13) 10 (–5 to 30)
Previous PE or DVT 26 (22) 7 (27) 19 (21) 6 (–11 to 27)

COPD, Chronic obstructive pulmonary disease; DVT, deep venous thrombosis.

Diagnostic Accuracy of Early Right Ventricular Dysfunction Markers Weekes et al
We had 27 goal-directed echocardiography interpretations
of right ventricular dysfunction: 7 of 27 had a score of 1, 5
of 27 had a score of 2, and 15 of 27 had a score of 3.
Table 2. Test characteristics of goal-directed echocardiography scores
biomarker scores, right ventricular:left ventricular ratio, and proximal t
echocardiography for right ventricular dysfunction.*

Comp Echo
DRVD

Comp Echo
–RVD Tot

GDE score
1–3 26 1 2
0 0 89 8

26 90 11
BNP
�90 23 28 5
<90 3 60 6

26 88 11
Troponin
�0.07 16 6 2
<0.07 10 84 9

26 90 11
Cardiac biomarker score
1–2 25 30 5
0 1 58 5

26 88 11
Most proximal thrombus location on CT
Central/lobar 21 35 5
Segmental 3 52 5

24 87 11
CT RV:LV ratio
<1 21 18 3
�1 2 67 6

23 85 10

Comp Echo, Comprehensive echocardiography; LR, likelihood ratio; BNP, brain natriuretic
*Five patients had pulmonary embolism diagnosed by ventilation-perfusion scan. Two patie
RV: LV ratio.
†The 95% CIs for GDE did not account for clustering and the lower 95% confidence limit
‡The lower boundary of this 95% CI is inestimable as there were no false negatives, but t
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Comprehensive echocardiography determined there were
26 patients with right ventricular dysfunction. The one
false-positive result involved a goal-directed
, brain natriuretic peptide level, troponin level, combined cardiac
hrombus site location by CT compared with comprehensive

al
Sensitivity

(95% CI), %†
Specificity

(95% CI), %† DLR –LR‡

7 100 (87–100) 99 (94–100) 90 (16.3–499.8) 0 (0–0.13)
9
6

1 88 (70–98) 68 (57–78) 2.8 (2.0–3.9) 0.17 (0.06–0.43)
3
4

2 62 (41–80) 93 (86–98) 9.2 (4.1–20.9) 0.41 (0.24–0.62)
4
6

5 96 (80–100) 66 (55–76) 2.8 (2.1–3.9) 0.06 (0.01–0.29)
9
4

6 88 (68–97) 60 (49–70) 2.2 (1.6–2.9) 0.21 (0.07–0.53)
5
1

9 91 (72–99) 79 (69–87) 4.3 (2.8–6.7) 0.11 (0.03–0.34)
9
8

peptide; RV, right ventricle; LV, left ventricle.
nts did not have BNP testing performed. Three patients did not have comments on CT

is likely even lower than what is reported.
he value tends towards zero.
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Figure 3. A, Contrast-enhanced CT of the chest showing filling defects within the pulmonary arteries. The arrow points to thrombi
within the left main pulmonary artery. B, CT image of the heart and a dilated right ventricle (arrow) with a diameter greater than that
of the left ventricle. C, Apical 4-chamber-view cardiac ultrasonographic view showing normal right ventricle shape and dimension
(arrow). D, Cardiac ultrasonographic apical 4-chamber view of the severely dilated right ventricle (arrow).
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echocardiography score of 1 for right ventricular
enlargement, but comprehensive echocardiography was read
as “right ventricular upper limits of normal” with good
systolic function.

There was one case of isolated poor right ventricular
systolic function with poor left ventricular function but
no right ventricular enlargement. The comprehensive
echocardiography reading agreed; however, according to
our goal-directed echocardiography criteria for pulmonary
embolism–specific right ventricular dysfunction, right
ventricular enlargement was a necessary condition.

Another discrepancy between goal-directed
echocardiography and comprehensive echocardiography
involved one patient for whom our goal-directed
echocardiography score was 1, but comprehensive
echocardiography reported more extensive right ventricular
dysfunction with severe right ventricular enlargement, severe
right ventricular systolic dysfunction, and septal deviation.
In this instance, comprehensive echocardiography and goal-
directed echocardiography were completed within 3 hours of
each other. Both operators reported technically challenging
windows, and comprehensive echocardiography used
contrast to improve views.

Of patients with comprehensive echocardiography
positive for right ventricular dysfunction, 25 of 26 (96%)
had a cardiac biomarker score of 1 or greater and 14 of
26 (54%) had a score of 2. Among these patients, the
median brain natriuretic peptide and troponin values were
321 pg/mL (interquartile range [IQR] 465) and 0.13 m/L
(IQR 0.28). Among the patients with comprehensive
echocardiography that was negative for right ventricular
dysfunction, 89 of 90 (99%) had a biomarker score of 0, and
1 of 90 (1%) had a score of 2. Among these patients, the
median (IQR) brain natriuretic peptide and troponin values
were 44 pg/mL (IQR 113) and 0.01 m/L (IQR 0.02).

The test characteristics of point-of-care cardiac
biomarkers (using predefined threshold values) are detailed
in Table 2.
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Brain natriuretic peptide had a sensitivity of 88% (95%CI
70% to 98%) and specificity of 68% (95%CI 57% to 78%),
whereas positive andnegative likelihood ratioswere 2.8 (95%
CI 2.0 to 3.9) and 0.17 (95% CI 0.06 to 0.43), respectively.

Troponin had a sensitivity of 62% (95% CI 41% to
80%) and specificity of 93% (95% CI 86% to 98%).
Positive and negative likelihood ratios for troponin were
9.2 (95% CI 4.1 to 20.9) and 0.41 (95% CI 0.24 to 0.62),
respectively.

The combination of both cardiac biomarkers yielded a
sensitivity of 96%, specificity of 66%, and positive and
negative likelihood ratios of 2.8 and 0.06, respectively,
when at least 1 of the 2 biomarkers was elevated
(corresponding to a biomarker score of �1).

Figure 4 shows the receiver operating characteristics
curves for goal-directed echocardiography, brain natriuretic
peptide, and troponin compared with goal-directed
echocardiography. The areas under the receiver operating
characteristic curves were 0.99 (95% CI 0.99 to 1) for goal-
directed echocardiography, 0.83 (95% CI 0.73 to 0.94) for
brain natriuretic peptide, 0.80 (95% CI 0.69 to 0.92) for
troponin, and 0.88 (95% CI 0.82 to 0.94) for biomarker
score.

Using a right ventricular:left ventricular ratio of 1.0 or
higher for right ventricular dysfunction, the CT test
characteristics were sensitivity 91% (95% CI 72% to 99%),
specificity 79% (95% CI 69% to 87%); positive likelihood
ratio 4.3 (95% CI 2.8 to 6.7), and negative likelihood ratio
0.11 (95% CI 0.03 to 0.34).

Interobserver agreement assessment (n¼20) for the goal-
directed echocardiography score (0 to 3) revealed a
weighted (linear) Cohen’s k of 0.69 (95% CI 0.50 to 0.88).

In a post hoc analysis, 67% of pulmonary embolism
diagnoses occurred outside of the 9 AM to 5 PM interval on
weekdays (Monday through Friday). Twenty percent of our
pulmonary embolism cases were diagnosed on the weekend.
The average time from order placement to completion of
comprehensive echocardiography was 9.4 hours.
Annals of Emergency Medicine 9



Figure 4. Receiver operating curves for goal-directed
echocardiography score, biomarker score, and individual
biomarkers.

Diagnostic Accuracy of Early Right Ventricular Dysfunction Markers Weekes et al
LIMITATIONS
We performed this study at an academic center with an

established emergency ultrasonographic program. Five study
physicians trained in goal-directed echocardiography
performed and interpreted themajority of the studies in these
consecutive patients with pulmonary embolism. In the event
that a study investigator was not available, goal-directed
echocardiography performance was delegated to an
emergency physician. This occurred 13 times during the
course of the study enrollment. The availability of the
equipment and expertise necessary for routine bedside goal-
directed echocardiography may not be generalizable to other
EDs or programs. We included a consecutive sample of
patients because of around-the-clock surveillance of the ED
tracking system of patients; however, it is conceivable that we
missed some pulmonary embolism cases if the central paging
operator was not notified by treating physicians.

Our goal-directed echocardiography criteria required
severe right ventricular dilatation for right ventricular
dysfunction, as widely used in previous research studies.
Early right ventricular dysfunction may begin as mild to
moderate dilatation and progress in severity with acute
pulmonary embolism. We did not, however, assess for these
intraclass distinctions. Other studies have used mild to
moderate dilatation as right ventricular dysfunction in
comprehensive echocardiography. It is possible that mild
to moderate right ventricular dilatation would be
unrecognized andbe clinically significant despite initiation of
anticoagulation for pulmonary embolism. If we defined right
ventricular enlargement as right ventricular:left ventricular
diameter ratio greater than 0.6 (includingmild andmoderate
right ventricular dilatation) and right ventricular systolic
dysfunction as tricuspid annular planar systolic excursion less
than 16 mm (including mild to moderate dysfunction) for
both the index test (goal-directed echocardiography) and
reference test (comprehensive echocardiography), we doubt
that the accuracy of goal-directed echocardiography would
10 Annals of Emergency Medicine
be as high. We believe the qualitative right ventricular
dysfunction assessment criteria we chose for goal-directed
echocardiography make our diagnostic accuracy report
potentially more generalizable to acute care physicians.
However, 42.2% of studies were performed by the
emergency fellowship director and the fellow, which may
make the performance characteristics not generalizable to
most emergency physicians. Additionally, 5 investigators
performed 88.8% of the goal-directed echocardiography
scans. Our 95% CIs for goal-directed echocardiography
did not account for clustering. As such, the lower 95%
confidence limit is likely lower than what is reported.

Echocardiographic findings of right ventricular
dysfunction in patients with pulmonary embolism may be
preexisting or not directly caused by the acute pulmonary
embolism. We did not include a distinction between
acute and chronic right ventricular dysfunction in our
goal-directed echocardiography criteria. Chronic right
ventricular dysfunction typically includes right ventricular
free wall hypertrophy (thickness greater than 5 mm). We
also acknowledge that a common cause of right ventricular
dysfunction is severe left ventricular dysfunction, so the
finding of right ventricular dysfunction must be interpreted
in the context of the presence or absence of left ventricular
dysfunction.

Our report does not suggest that goal-directed
echocardiography negates the importance of comprehensive
echocardiography, which may provide valuable information
that may assist the clinician in prognostic stratification and
disposition of the patient with submassive or normotensive
pulmonary embolism. This includes mild to moderate right
ventricular dysfunction, presence of a patent foramen ovale
or mural thrombus, evidence of chronic right ventricular
pressure overload, and valve dysfunction, which was not
the primary focus of the goal-directed echocardiography.

There were 13 cases positive for right ventricular
dysfunction or history of pulmonary embolism, or
congestive heart failure or chronic obstructive pulmonary
disease. None had dilatated left ventricular or chronic right
ventricular enlargement on reference study comprehensive
echocardiography or preexisting right ventricular
dysfunction by earlier comprehensive echo reports (dated
before the new pulmonary embolism diagnosis).

The finding of right ventricular dysfunction does not
implicate pulmonary embolism as the cause. The treating
physician should consider a non–pulmonary embolism
cause for right ventricular dysfunction or chronic right
ventricular dysfunction in the presence of left ventricular
chamber size and systolic abnormalities and right
ventricular hypertrophy (suggests chronic increase of right
ventricular afterload), respectively.
Volume -, no. - : - 2016
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Use of these criteria for goal-directed echocardiography
right ventricular dysfunction is meant for early right
ventricular dysfunction identification and risk stratification
in confirmed pulmonary embolism. Given the lower
sensitivity of echocardiography for diagnosis of pulmonary
embolism,2,29-32 use of goal-directed echocardiography in
patients with suspected but not confirmed pulmonary
embolism is limited to right ventricular dysfunction detection
only. The presence of right ventricular dysfunction does
not rule in pulmonary embolism (but can increase the
likelihood of a potentially significant pulmonary embolism,
if confirmed later or if the patient is unstable). Similarly, the
absence of right ventricular dysfunction does not rule out
pulmonary embolism.

The criteria we used for right ventricular dysfunction by
CT were meant to be similar to the right ventricular:left
ventricular ratio used by echocardiography. A similar right
ventricular:left ventricular threshold by CT has been used
and increases in right ventricular/left ventricular ratio were
associated with increases in mortality risk33,34; however,
there are other reports that used higher ratios such as the
study by Zondag et al,10,11 which classified right ventricular
dysfunction as severe if the ratio was greater than 1.5 and
moderate if it was 1.0 to 1.5. In our study, there were
multiple attending radiologist observers commenting on the
right ventricular:left ventricular ratio. Inter- and
intraobserver agreement was not assessed. In addition, CT
cardiac slices were not ECG gated and measurements may
not have been taken at end diastole.

Our study evaluated serum biomarkers at a single point.
We did not evaluate serial biomarker results. On a few
occasions, we observed that pulmonary embolism patients
with normal brain natriuretic peptide and troponin levels at
enrollment had subsequently increased troponin levels
despite early use of anticoagulation. In cases in which
troponin levels increased, the patients were already
identified as having right ventricular dysfunction by goal-
directed echocardiography. Goal-directed echocardiography
abnormalities occurred before biomarker elevations. One
patient, who was not enrolled in the study, had normal
troponin and brain natriuretic peptide levels at presentation
to the ED but suddenly progressed to tachycardia and
hypoxia and had significant right ventricular dysfunction
on goal-directed echocardiography. The subsequent
ventilation-perfusion scan (CT not conducted because of
renal impairment) was interpreted as high probability for
pulmonary embolism, and both cardiac biomarker levels
were markedly elevated 3 hours later.

In this study design, we investigated the accuracy
of right ventricular dysfunction by goal-directed
echocardiography and surrogate markers of right ventricular
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dysfunction and its potential as an early pulmonary
embolism risk-stratification tool but did not actually
investigate the clinical outcomes of the enrolled patients. In
a parallel report, we will report on the prognostic
performance of several variables in relation to the clinical
course of the pulmonary embolism patients.

Our observers were second-year emergency medicine
residents and represent an intermediate level of emergency
medicine training experience in emergency echocardiography
at an academic ED with a well-established emergency
medicine ultrasonographic division and fellowship program.
The results may not be generalizable to emergency physicians
or groups without training and experience in goal-directed
echocardiography. However, goal-directed echocardiography
has been a part of the emergency medicine residency
curriculum for several years.14 The core and advanced
applications for echocardiography include detection of right
ventricular enlargement and chamber size evaluation and
comparison. They do not include evaluation of right
ventricular systolic function. There are several practical
challenges with comprehensive echocardiography. We
calculated a weighted Cohen’s k of 0.69 for the goal-directed
echocardiography score, representing substantial
interobserver agreement.35 As testimony to the complexity of
right ventricular assessment, the observer agreement reports
on right ventricular interpretation have been varied. Reports
included k of 0.6 between cardiologists using qualitative and
quantitative comprehensive echocardiography, k of 0.9 for
cardiologists making qualitative right ventricular assessments,
and k of 0.44 in a retrospective study of emergency
physician–performed right ventricular dilatation assessments
and comprehensive echocardiography.4,36,37

Our interobserver test focused only on image
interpretation. Image acquisition is the other important
component of goal-directed echocardiography and requires
practice and a better understanding of the limitations of
each cardiac window for features of right ventricular
dysfunction to avoid overestimations and underestimations
of right ventricular size.

DISCUSSION
The importance of evaluating for right ventricular

dysfunction in acute pulmonary embolism has been well
described in the literature; however, there is no consensus on
the optimal combination of right ventricular dysfunction
assessment tools. The American Heart Association states that
findings of right ventricular dysfunction by echocardiography
identify patients at increased risk for adverse outcomes.5

The European Society of Echocardiography guidelines have
emphasized use of cardiac biomarkers and echocardiography
in differentiating patients with normotensive pulmonary
Annals of Emergency Medicine 11
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embolism into intermediate- and low-risk categories for
short-term (inhospital) adverse outcomes.32 In addition, the
American Society of Echocardiography and ACEP issued a
consensus statement supporting the use of goal-directed
echocardiography as a tool to facilitate rapid diagnosis and to
prompt emergency treatments and decisionmaking by the
emergency physician. One of the main clinical indications for
goal-directed echocardiography is the detection of right
ventricular enlargement.

This prospective study reports the diagnostic accuracy of
emergency physician–performed goal-directed
echocardiography to detect right ventricular dysfunction
among stable ED patients receiving a diagnosis of
pulmonary embolism. We also compared goal-directed
echocardiography with a panel of predefined tests and
surrogate markers for right ventricular dysfunction, using
comprehensive echocardiography as the criterion standard.
Abnormalities on comprehensive echocardiography,
increased serum cardiac biomarker levels, and an increased
right ventricular:left ventricular ratio on CT have all been
shown to correlate with adverse outcomes in acute
pulmonary embolism. Rapidly obtaining this information
with point-of-care testing in the ED may allow a more
expedient evaluation of short- and long-term risk and
therefore lead to a more rapid risk stratification and
treatment plan. Use of different right ventricular
dysfunction assessment tools is neither multiplicative nor
duplicative because each marker evaluates right heart strain
differently. As a combined panel, they complement one
another and may reinforce diagnostic certainty.

Unlike previous reports that included patients with
hypotensive pulmonary embolism, our study focused on
normotensive patients with acute pulmonary embolism.
The clinical characteristics of our patients are shown in
Table 1. Patients with and without right ventricular
dysfunction were similar with respect to blood pressure and
oxygen saturation. The right ventricular dysfunction group,
however, was older. Although the right ventricular
dysfunction group had slightly higher pulse rates than the
non–right ventricular dysfunction group, on average,
neither group demonstrated tachycardia. We believe that
this further emphasizes the importance of additional risk-
stratification tools in the assessment of normotensive acute
pulmonary embolism patients because identification by
abnormal vital signs appears suboptimal.

Comprehensive echocardiography requires the cardiac
sonographer to perform multiple elaborate measurements
and requires a cardiologist for interpretation. However, it
is not always immediately available. In contrast, goal-
directed echocardiography can be immediately available for
both performance and interpretation by the treating
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physician. We used qualitative 2-dimensional assessments
of right ventricular size, its systolic function, and septal
contour (Figure 1). Goal-directed echocardiography was
not used to assess for septal defects, quantitative
measurements, or include Doppler or M-mode technology
and did not include inferior vena cava assessments.

One third of the normotensive pulmonary embolism
cases were diagnosed outside of traditional office hours.
The high diagnostic accuracy of goal-directed
echocardiography for right ventricular dysfunction provides
evidence that it can help expedite risk stratification of
pulmonary embolism.

On a few occasions, goal-directed echocardiography
discovered additional findings of pulmonary embolism.
There were 2 cases in which thrombi were observed swirling
within the dilatated and dysfunctional right ventricle. In
these cases, there was increased urgency and consideration by
the critical care consulting team for thrombolysis. There was
another pulmonary embolism patient excluded who had
severe right ventricular dysfunction by goal-directed
echocardiography because comprehensive echocardiography
was not performed before advanced pulmonary embolism
therapy. Systemic thrombolysis was administered according
to goal-directed echocardiography, elevated cardiac
biomarker levels, and a computed tomography angiography
right ventricular:left ventricular ratio of 1.5. Seven hours
after thrombolysis, comprehensive echocardiography
showed normal right ventricular size and systolic function.
McConnell’s sign was appreciated in 3 cases of right
ventricular dysfunction.

Previous studies involving emergency physician
assessment of right ventricular dysfunction with
echocardiography were retrospective, and right ventricular
dysfunction criteria differed from that on comprehensive
echocardiography. Of the prospective studies involving
comprehensive echocardiography, some have used right
ventricular hypokinesis alone, whereas others used different
measurements, criteria, and permutations for right
ventricular dilatation, systolic dysfunction, and Doppler-
derived right ventricular systolic pressure.18,38-40

Our goal-directed echocardiography scoring system
for right ventricular dysfunction was based on the
determination of the presence or absence of severe right
ventricular enlargement. This was specifically tailored to
the unique pathophysiology of acute pulmonary embolism
in which right ventricular enlargement precedes right
ventricular systolic dysfunction and septal deviation. For
this reason, right ventricular enlargement was a required
condition to report on right ventricular systolic dysfunction
or septal deviation. To our knowledge, this is one of the
first prospective studies of emergency physician diagnostic
Volume -, no. - : - 2016
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accuracy with qualitative tricuspid annular planar systolic
excursion estimations of right ventricular systolic function.
Like that in previous reports, the contemporaneous
diagnostic accuracy of left ventricular systolic function by
emergency physicians in this study was excellent.41-43

Troponin elevations are indicative of myocardial
ischemia, with decreased right ventricular contractility in
the setting of acute pulmonary embolism. In our report,
troponin-level elevations were fairly specific but lacked
sensitivity for right ventricular enlargement. However, an
increase in troponin level was more specifically predictive of
right ventricular systolic dysfunction. This is consistent
with previous reports of elevated troponin level being
predictive of right ventricular systolic dysfunction.18,44 As
recommended by the American Heart Association, we used
a brain natriuretic peptide level threshold of 90 pg/mL or
higher for the presence of right ventricular dysfunction.
Previous studies have used different brain natriuretic
peptide tests and different cutoff values and have reported
on the prognostic accuracy of adverse events and mortality,
not the diagnostic accuracy compared with that of
comprehensive echocardiography.18 Elevated troponin and
brain natriuretic peptide levels are associated with 5- to 7-
fold increases in mortality of pulmonary embolism patients
compared with those with normal biomarker levels. In a
2009 meta-analysis by Lega et al,45 the combination of
brain natriuretic peptide and troponin level elevations
increased the risk of death in initially normotensive patients
with pulmonary embolism, whereas normal values for both
biomarkers were associated with significantly lower rates of
deaths and adverse events.

Overall, goal-directed echocardiography performed
better than level of both brain natriuretic peptide and
troponin for early right ventricular dysfunction detection,
as shown by the receiver operating curve analysis (Figure 4).

CT findings of filling defects within the pulmonary
arteries are diagnostic of pulmonary embolism. Thrombus
location and clot burden are easily assessable. Markers of
right ventricular dysfunction include septal displacement,
reflux of contrast into the inferior vena cava, and increased
right ventricular:left ventricular diameter ratio. The right
ventricular:left ventricular ratio is considered to have the
strongest predictive value for adverse events in pulmonary
embolism patients.46 Our study used a threshold of right
ventricular:left ventricular ratio greater than or equal to 1.0
to assess right ventricular dysfunction.

The 91% sensitivity of CT for right ventricular
dysfunction shows the importance of radiologists’ inclusion
of the right ventricular:left ventricular ratio measurement
on CT reports that confirm the diagnosis of pulmonary
embolism.
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There has been conflicting evidence about the association
of clot location or size and right ventricular dysfunction
on comprehensive echocardiography. Berghaus et al47

found that a central location of thromboembolism was an
independent predictor of right ventricular dysfunction on
comprehensive echocardiography. However, Kline et al4

found no association between percentage of pulmonary
arterial occlusion and blood pressure, pulse rate, oxygenation
status, and cardiac biomarkers (troponin I and brain
natriuretic peptide). Pruszczyk et al48 showed similar
echocardiographic parameters between patients with and
without saddle pulmonary emboli. We found that central or
lobar clot location was not predictive of right ventricular
dysfunction, with 21 of 56 patients (38%)who had central or
lobar clots also having right ventricular dysfunction on
comprehensive echocardiography. Central or lobar clot
location had a sensitivity of 88%, specificity of 60%, and
a positive likelihood ratio of 2.2 for right ventricular
dysfunction on comprehensive echocardiography. This
suggests that clot size and its most proximal location are
not as important parameters in determining potential for
deterioration in an initially stable pulmonary embolism
patient.

Cardiac brain natriuretic peptide level elevations are not
specific for cardiac chamber enlargement and may be
elevated because of atrial, right ventricular, or left
ventricular enlargement. Our cohort of patients with right
ventricular dysfunction by goal-directed echocardiography
had higher mean cardiac biomarker levels than those
without right ventricular dysfunction. Some authors have
suggested that echocardiography can assist in risk
stratification of stable pulmonary embolism patients with
elevated cardiac biomarker levels.3 The addition of goal-
directed echocardiography offers direct observation of each
cardiac chamber and allows cardiac chamber evaluation,
quantification, and comparison. As an example, one of our
subjects had a brain natriuretic peptide level greater than
1,000 pg/mL and normal troponin level; however, goal-
directed echocardiography showed significant left
ventricular hypertrophy, decreased left ventricular chamber
size and mildly increased right ventricular dilatation, and
significant biatrial enlargement. CT suggested that the right
ventricular:left ventricular ratio was not increased. In this
case, goal-directed echocardiography was able to clarify that
the elevated brain natriuretic peptide level was due to atrial
enlargement, not pulmonary embolism–related right
ventricular dysfunction.

The meta-analysis by Lega et al45 showed that
pulmonary embolism patients with elevated levels of both
brain natriuretic peptide and troponin had an increased risk
of adverse outcomes. It is likely that dual elevations of brain
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natriuretic peptide and troponin level may represent an
advanced stage of right ventricular dysfunction caused by
pulmonary embolism. In other studies, the combination of
right ventricular dysfunction by echocardiography and
elevated troponin level was associated with worse clinical
outcome. In addition, the severity of right ventricular
dysfunction was accentuated in patients with troponin level
elevations.18,22,44,49

In summary, in our patient and provider population,
emergency physician–performed goal-directed
echocardiography had excellent sensitivity and specificity for
identification of severe right ventricular dysfunction in ED
patients who received a diagnosis of acute pulmonary
embolism. Cardiac brain natriuretic peptide level was
reasonably sensitive but less specific, and troponin level was
quite specific but insensitive. Area under the
receiver operating characteristic curve analysis likewise
favored goal-directed echocardiography. Future research
objectives may include determining the relationship between
goal-directed echocardiography and patient-centered clinical
outcomes and assessing the reproducibility of severe right
ventricular dysfunction interpretation of goal-directed
echocardiography among point-of-care physicians.
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