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Optimal risk stratification is essential in managing patients with an acute pulmonary embolism (PE). There are limited data evaluating the potential additive value of various methods
of evaluation of right ventricular (RV) strain in PE. We retrospectively evaluated RV strain
by computed tomography (CT), transthoracic echocardiography (TTE), electrocardiography (ECG), and troponin levels in consecutive hospitalized patients with acute PE (May
2007 to December 2014). Four-hundred and seventy-seven patients met inclusion criteria.
RV strain on ECG (odds ratio [OR] 1.9, confidence interval [CI] 1.1 to 3.3; p = 0.03), CT
(OR 2.7, CI 1.5 to 4.8, p <0.001), TTE (OR 2.8, CI 1.5 to 5.4, p <0.001), or a positive troponin (OR 2.7, CI 2.0 to 6.9, p <0.001) were associated with adverse events. In patients with
ECG, CT, and TTE data, increased risk was only elevated with RV strain on all 3 parameters (OR 4.6, CI 1.8 to 11.3, p <0.001). In all patients with troponin measurements, risk
was only elevated with RV strain on all 3 parameters plus a positive troponin (OR 8.8, CI
2.8 to 28.1, p <0.001) and was similar in intermediate-risk PE (OR 11.1, CI 1.2 to 103.8, p
= 0.04). In conclusion, in patients with an acute PE and evaluation of RV strain by ECG,
CT, and TTE, risk of adverse events is only elevated when RV strain is present on all 3
modalities. Troponin further aids in discriminating high-risk patients. Multimodality assessment of RV strain is identified as a superior approach to risk assessment. © 2018
Elsevier Inc. All rights reserved. (Am J Cardiol 2018;122:175–181)
Pulmonary embolism (PE) is one of the leading causes of
cardiovascular death with an increasing incidence.1–3 There
is a subset of high-risk patients that may benefit from advanced therapy to decrease the risk of hemodynamic
decompensation or death.4–6 Advanced therapies portend significant morbidity, particularly bleeding. 2,7,8 Thus, risk
stratification is essential in patients with PE to limit the exposure of these treatments to those most likely to benefit.
Previous analyses of electrocardiography (ECG),9 computed tomography (CT),10 and transthoracic echocardiography
(TTE)11 have shown that evidence of right ventricular (RV)
strain in each modality are individually associated with adverse
outcomes in acute PE; however, the positive predictive value
of such a finding is low.4 The measurement of troponin in addition to imaging evaluation of RV strain is recommended
in guidelines to further differentiate high-risk patients.4 Although previous studies have evaluated various combinations
of RV strain parameters in the same cohort,12–18 there are no
studies evaluating ECG, CT, and TTE findings, along with
troponin levels, in the same patient cohort. We therefore sought
to determine the potential additive value of multiple parama
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eters of RV strain and to evaluate the association of each
individual parameter with adverse events in acute PE.
Methods
We retrospectively identified all consecutively hospitalized patients between May 1, 2007 and December 31, 2014
with an International Classification of Diseases code for PE,
diagnosed with acute PE by CT, and had a TTE performed
24 hours before or 48 hours after the diagnostic CT scan. If
available, ECGs from the same time period were also reviewed. Patient demographics, clinical characteristics, and
patient outcomes were extracted from the patient’s electronic medical record. PE severity was defined as (1) high
risk if there was demonstration of hypotension (systolic blood
pressure <90 mm Hg for >15 minutes), cardiac arrest, and
respiratory failure necessitating mechanical ventilation, or vasopressors were instituted; (2) intermediate risk if the previously
mentioned criteria were absent but evidence of RV strain was
present on CT or TTE; and (3) low risk if none of the previously mentioned characteristics were present. Adverse events
included 30-day mortality related to PE, advanced therapy
(e.g., systemic fibrinolysis, catheter-directed therapy, or pulmonary embolectomy), or need for vasopressors.19 Mortality
was considered related to PE if classified as death secondary
or possibly secondary to PE by 2 or more of the 3 physicians
who independently adjudicated each case.
Assessment of RV strain on ECG, CT, and TTE was performed by 3 physicians (JDM, DCD, and BJC, respectively)
who were blinded to the clinical outcomes and to the analysis of the other modalities. ECG evidence of RV strain
was defined as (1) an S wave in lead I, a Q wave in lead III,
www.ajconline.org
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Figure 1. Electrocardiographic evidence of RV strain. Electrocardiogram with S wave in I (*), Q wave in III (<), T wave in III (>), and precordial T wave
inversions (x).

and a T-wave inversion in lead III; (2) right bundle branch
block (RBBB); (3) T-wave inversions in the early precordial leads (if present in leads V1 to V2, V1 to V3, or V1 to V4)
(Figure 1).9,19,20
Contrast-enhanced CT scans were performed with 64detector MDCT scanners (VCT or HD 750, General Electric
Medical Systems, Milwaukee, Wisconsin), a 64-detector row
unit (Discovery CT750 with Gemstone Spectral Imaging,
General Electric Medical Systems), or Toshiba 64-row MDCT
scanners (Toshiba America Medical Systems, Tustin, CA).
Images were acquired after the administration of 70–100 ml
of iodinated contrast media timed for optimal opacification
of the pulmonary arteries and reconstructed at a thickness of
0.5 to 2.4 mm. One fellowship-trained cardiothoracic radiologist assessed the transverse CT images for RV strain by
measuring the maximum distance from the interventricular
septum to the endocardial border, perpendicular to the long
axis of the respective ventricle. The RV/left ventricular (LV)
diameter ratio was then calculated, with an abnormal ratio
defined by current literature: (1) ≥0.9 and (2) ≥1.0 (Figure 2).21
TTEs were performed with an echocardiograph
(Vivid q, Vivid 7, or Vivid 9, General Electric Medical
Systems). Each TTE was over-read by an American Board
of Echocardiography Special Competency in Adult
Echocardiography–certified attending blinded to the other
imaging modalities and to outcomes. The RV/LV ratio was
calculated by measurement of the basal RV end-diastolic dimension on the apical 4-chamber view22 and the basal LV enddiastolic dimension on the parasternal long-axis view
(Figure 3). Again, the RV/LV ratio was considered to be abnormal by using the thresholds (1) ≥0.9 and (2) ≥1.0.23
Tricuspid annular plane systolic excursion (TAPSE) was assessed in the M-mode presentation by placing the cursor at
the level of the lateral aspect of the tricuspid annulus and measuring the maximum displacement with systole. A TAPSE of
<16 mm was considered abnormal (Figure 3).11,22 Visual assessment of RV free wall systolic function was categorized
as normal or mild, moderate, or severe hypokinesia.24 The pres-

Figure 2. Increased RV-to-LV diameter ratio. CT measurement of RV diameter (red)-to-LV diameter (blue) ratio on transverse CT image of 2.3. (Color
version available online.)

ence and severity of RV hypokinesia were evaluated
qualitatively, as was the presence of McConnell’s sign.25 Troponin T was considered positive if peak value was >0.10 ng/
ml. The study was approved by our institutional review board,
which waived informed consent.
All analyses were performed with STATA (v14.2, StataCorp
LP, College Station, Texas). Continuous variables are expressed as mean ± SD or as median (interquartile range) as
appropriate. Categorical variables are expressed as number
(percentage). Association of RV strain and troponin with
adverse events was performed by calculating the odds ratio
(OR) and testing for statistical significance using logistic regression analyses. A 2-sided p value of <0.05 was used to
indicate statistical significance.
Results
Between May 2007 and December 2014, 2,168 hospitalized patients had an International Classification of Diseases
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Figure 3. RV strain on TTE. (A) Transthoracic echocardiographic measurement of basal RV diameter at end diastole in the apical 4-chamber view. (B) Transthoracic echocardiographic measurement of the TAPSE.

Table 2
Timing of testing and pulmonary embolism characteristics and outcomes

Table 1
Patient demographics and clinical characteristics
Variable

(N = 477)

Variable

Age (years)
Male
Smoker
Current
Former
Never
Hypertension
Hyperlipidemia
Diabetes mellitus
Coronary artery disease
Atrial fibrillation
Prior stroke
Congestive heart failure
Chronic obstructive pulmonary disease
Chronic kidney disease
Prior pulmonary embolism
Prior deep vein thrombosis
Active malignancy
Surgery within 90 days
Hospitalization within 90 days
Medications prior to pulmonary embolism
Anti-platelet
Anticoagulation

63.0 ± 16.2
226 (47%)

Computed tomography to echocardiography timing (hours)
Mean
-24 to <0
0 to ≤24
>24 to 48
Computed tomography to electrocardiography timing
(hours) (N = 415)
Mean
-24 to <0
0 to ≤24
>24 to 48
Most proximal clot location on computed tomography
Central (saddle or main pulmonary artery)
Lobar
Segmental
Subsegmental
Right Atrial/Right Ventricular Thrombus
Concomitant deep vein thrombosis
Pulmonary embolism clinical severity
Low
Intermediate
High
Elevated troponin† (N = 367)
Anticoagulation
Inferior vena cava filter
Intubated
Adverse events
Vasopressor support
Systemic thrombolysis
Catheter-directed thrombolysis
Catheter-directed thrombectomy
Surgical embolectomy
Overall 30-day mortality
Pulmonary embolism-related mortality
Advanced therapy, vasopressor support, and/or
pulmonary embolism-related mortality

49 (11%)
170 (37%)
243 (53%)
291 (61%)
181 (38%)
83 (17%)
62 (13%)
44 (9%)
16 (3%)
34 (7%)
37 (8%)
22 (5%)
37 (8%)
42 (9%)
163 (34%)
81 (17%)
129 (27%)
152 (32%)
44 (9%)

code diagnosis for PE, of which 477 (63.0 ± 16.2 years, 47%
male) had an acute PE, CT images available for review, and
a TTE within the designated time frame (Table 1). The mean
time intervals between CT diagnosis of PE and performance of the ECG and TTE are summarized in Table 2. Sixtyone patients (13%) had 1 or more adverse events (Table 2).
Mortality attributable to a PE was low in those with lowrisk PE (1 of 59, 2%) and intermediate-risk PE (7 of 372, 2%)
but was elevated in those with high-risk PE (11 of 46, 24%).
A total of 415 patients (87%) had an ECG available for
review in the designated time frame. The presence of S1Q3T3
was the only ECG marker associated with adverse events (OR
2.5, confidence interval [CI] 1.3 to 4.7, p = 0.004) (Table 3).
However, when the 3 ECG parameters were analyzed as a

Values are mean ± SD or n (%).
* N = 477 unless otherwise specified.
†
Troponin T > 0.10 ng/ml.

(N = 477*)
16.3 ± 14.9
68 (14%)
289 (61%)
120 (25%)

-1.1 ± 8.2
294 (71%)
117 (28%)
4 (1%)
166 (35%)
115 (24%)
141 (27%)
54 (11%)
4 (1%)
184 (40%)
59 (12%)
372 (78%)
46 (10%)
76 (21%)
457 (96%)
80 (17%)
47 (10%)
32 (7%)
22 (5%)
3 (1%)
3 (1%)
1 (0.2%)
41 (9%)
19 (4%)
61 (13%)
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Table 3
Electrocardiographic, computed tomographic, and echocardiographic parameters of right ventricular strain and adverse outcomes
Parameter
Electrocardiogram
S1Q3T3
Precordial T wave inversions
Right bundle branch block
Any positive electrocardiographic parameter
Computed Tomogram
Right ventricular-left ventricular ratio ≥ 0.9
Right ventricular-left ventricular ratio ≥ 1.0
Echocardiogram
Right ventricular-left ventricular ratio ≥ 0.9
Right ventricular-left ventricular ratio ≥ 1.0
Tricuspid annular plane systolic excursion < 16 mm
At least mild right ventricular hypokinesis
At least moderate right ventricular hypokinesis
McConnell’s sign
Tricuspid annular plane systolic excursion < 16 mm and/or RV/LV ratio ≥ 1.0
Elevated Troponin*

N

Present

Present + Adverse Event

OR (CI)

p-value

415
415
415
415

72 (17%)
120 (29%)
35 (8%)
166 (40%)

18
21
5
31

2.5 (1.3–4.7)
1.4 (0.8–2.7)
1.0 (0.4–2.8)
1.9 (1.1–3.3)

0.004
0.18
0.96
0.03

473
473

326 (69%)
244 (52%)

48
43

1.9 (1.0–3.8)
2.7 (1.5–4.8)

0.05
<0.001

431
431
429
455
455
450
427
367

246 (57%)
187 (43%)
115 (27%)
186 (41%)
94 (21%)
63 (14%)
236 (55%)
76 (21%)

35
32
28
42
29
17
40
24

1.5 (0.8–2.8)
2.2 (1.2–3.9)
4.1 (2.2–7.4)
4.9 (2.6–9.2)
5.3 (3.0–9.5)
3.4 (1.8–6.5)
2.8 (1.5–5.4)
3.7 (2.0–6.9)

0.162
0.009
<0.001
<0.001
<0.001
<0.001
0.002
<0.001

Values as n (%).
* Considered elevated if >0.10 ng/ml.

group, any ECG evidence of RV strain was associated with
adverse events (OR 1.9, CI 1.1 to 3.3, p = 0.03). The presence of sinus tachycardia was not significantly associated with
adverse events (OR 1.5, CI 0.89 to 2.6, p = 0.12). Neither ST
elevation in aVR (3 patients, OR 3.1, CI 0.3 to 34.9, p = 0.38)
nor ST elevation in V1 (5 patients, OR 1.5, CI 0.2 to 14.1,
p = 0.70) were associated with adverse events. On CT, an RV/
LV diameter ratio was measured in 473 patients (99%)
(Table 3). The OR of an adverse event was 1.9 for an RV/
LV diameter ratio ≥0.9 (CI 1.0 to 3.8, p = 0.05) and 2.7 for
an RV/LV diameter ratio ≥1.0 (CI 1.5 to 4.8, p = 0.001).
On TTE, an RV/LV diameter ratio could be measured in
431 patients (90%). Image quality was not sufficient in the
remainder. The OR was only significant when utilizing the
≥1.0 threshold (2.2, CI 1.2 to 3.9, p = 0.009). The remainder of TTE parameters were also individually associated with
adverse events (Table 3). More severe abnormal values of each
parameter had similar associations with adverse events (TAPSE
<12 mm: OR 3.2, CI 1.5 to 7.1, p = 0.004; RV/LV diameter
ratio ≥1.5: OR 3.0, CI 1.6 to 5.5, p = < 0.001; severe RV hypokinesia: OR 3.3, 1.2 to 8.8, p = 0.02). When including all
parameters of RV strain assessed on TTE to a multivariable
logistic regression model, only a depressed TAPSE was associated with adverse events (OR 2.7, CI 1.2 to 5.7, p = 0.01).
In the 368 patients who had RV strain assessment by all
3 modalities (ECG, CT, TTE), 50 (13.6%) experienced an
adverse event. Increased risk was only seen in those patients who had evidence of RV strain on all three modalities
(OR 4.6, CI 1.8 to 11.3, p <0.001) (Tables 4 and 5). In the
295 patients with an intermediate-risk PE, there was a trend
toward the association of RV strain present on all three modalities and adverse events (OR 3.6, CI 0.9 to 21.3, p = 0.06)
(Table 5).
Troponin was measured in a subset of patients (367; 77%)
and was elevated in 76 patients (21%). An elevated troponin was associated with an increased risk of adverse events
(OR 3.7, CI 2.0 to 6.9, p <0.001). Of those patients with a

Table 4
Risk of adverse event based on combination of evidence of right ventricular
strain
Parameter*

-ECG/-TTE/-CT
+ECG/-TTE/-CT
-ECG/ + TTE/-CT
-ECG/-TTE/ + CT
+ECG/ + TTE/-CT
+ECG/-TTE/ + CT
-ECG/ + TTE/ + CT
+ECG/ + TTE/ + CT

Number†
(N = 368)

Positive +
Adverse Event
(%) (N = 50)

87
26
43
36
22
17
53
84

7 (14%)
0 (0%)
5 (10%)
4 (8%)
2 (4%)
2 (4%)
6 (12%)
24 (48%)

OR (CI)

p-value

Reference
NA
NA‡
1.5 (0.5–5.0)
0.51
1.4 (0.4–5.2)
0.59
1.1 (0.2–5.9)
0.87
1.5 (0.3–8.1)
0.62
1.5 (0.5–4.6)
0.64
4.6 (1.8–11.3) <0.001

* + Electrocardiogram = any of the three ECG signs of right ventricular
strain; +Echocardiogram = tricuspid annular systolic plane excursion <16 mm
and/or right ventricular-to-left ventricular ratio ≥1.0; +Computed tomogram = right ventricular-to-left ventricular ratio ≥1.0.
CT = computed tomogram; ECG = electrocardiogram; TTE = transthoracic echocardiogram.
†
Only patients with values available for all parameters above were included in the analysis.
‡
OR could not be calculated as no adverse events occurred.

troponin and the 3 modes of RV assessment evaluated, the
odds of an adverse event was only elevated in those with positive RV strain on all three modalities and a positive troponin
(OR 8.8, CI 2.8 to 28.1, p <0.001) (Table 6). This was also
true of the subset of patients presenting with an intermediaterisk PE (OR 11.1, CI 1.2 to 103.8, p = 0.04) (Table 6).
Discussion
In this retrospective study of nearly 500 consecutive patients presenting with an acute PE, we identify the presence
of RV strain on all three (ECG, CT, TTE) noninvasive methods

Miscellaneous/Right Ventricular Strain in Acute PE
Table 5
(a)Additive value of positive right ventricular strain. (b)Additive value of positive right ventricular strain in intermediate-risk pulmonary embolism
a
Number of Modalities Number†
(N = 368)
Positive*
0
1
2
3

87
105
92
84

Positive +
Adverse Event
(%) (N = 50)
7 (14%)
9 (18%)
10 (22%)
24 (48%)

OR (CI)

p-value

Reference
1.1 (0.5–3.8)
0.90
1.4 (0.5–3.8)
0.64
4.6 (1.8–11.3) <0.001

b
Positive +
Number of Modalities Number†
(N = 295) Adverse Event
Positive*
(%) (N = 28)
0
1
2
3

51
89
90
65

2 (7%)
7 (25%)
9 (32%)
10 (36%)

OR (CI)

p-value

Reference
2.1 (0.4–10.5)
2.7 (0.6–13.1)
3.6 (0.93–21.3)

0.37
0.21
0.06

* + ECG = any of the three signs of right ventricular strain; +TTE = tricuspid annular systolic plane excursion <16 mm and/or right ventricularto-left ventricular ratio ≥1.0; +CT = right ventricular-to-left ventricular ratio
≥1.0.
†
Only patients with values available for all parameters above were included in the analysis.

Table 6
(a)Troponin plus right ventricular strain (b) Troponin plus right ventricular strain
in intermediate-risk pulmonary embolism
a
Positive +
Number of Modalities Number*
(N = 293) Adverse Event
Positive for Right
(%) (N = 47)
Ventricular Strain
0 (-) troponin
0 (+) troponin
1 (-) troponin
1 (+) troponin
2 (-) troponin
2 (+) troponin
3 (-) troponin
3 (+) troponin

52
10
73
11
57
14
45
31

5 (11%)
1 (2%)
6 (13%)
2 (4%)
6 (13%)
4 (9%)
8 (17%)
15 (32%)

OR (CI)

p-value

Reference
1.0 (0.1–10.0)) 0.97
0.8 (0.2–2.9)
0.79
2.1 (0.3–12.5)
0.42
1.1 (0.3–3.9)
0.86
3.8 (0.9–16.5)
0.08
2.0 (0.6–6.7)
0.25
8.8 (2.8–28.1) <0.001

b
Positive +
Number of Modalities Number*
(N = 240) Adverse Event
Positive for Right
(%) (N = 27)
Ventricular Strain
0 (-) troponin
0 (+) troponin
1 (-) troponin
1 (+) troponin
2 (-) troponin
2 (+) troponin
3 (-) troponin
3 (+) troponin

32
9
61
10
57
13
39
19

1 (4%)
1 (4%)
4 (15%)
2 (7%)
6 (22%)
3 (11%)
5 (19%)
5 (19%)

OR (CI)

p-value

Reference
3.9 (0.2–68.9)
2.2 (0.2–20.3)
7.7 (0.6–96.7
3.6 (0.4–31.7)
9.3 (0.9–99.8)
4.6 (0.5–41.2)
11.1 (1.2–103.8)

0.36
0.50
0.11
0.24
0.07
0.18
0.04

* Only patients with values available for electrocardiogram, tricuspid annular
plane systolic excursion, right ventricular-to-left ventricular diameter ratio
on echocardiography and computed tomography, along with troponin value
were included in the analysis.
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as the best marker for an elevated risk of an adverse outcome.
The addition of troponin to the assessment of RV strain further
risk-stratified PE patients, including those presenting with an
intermediate-risk PE.
Previous literature suggests there is a correlation between
ECG and TTE or CT evidence of RV strain,15,26,27 and that
CT and TTE similarly predict adverse outcomes.14 There is
minimal evidence regarding the potential additive value of
ECG, CT, and TTE. Dudzinski et al reviewed 104 patients
with both a CT and a TTE performed and found higher rates
of clinical deterioration in patients with RV strain on both
compared with either method alone.16 Our data support this
smaller series.
In an attempt to improve risk stratification, there have been
analyses showing the utility of an elevated troponin to predict
adverse events,28 as was also seen in our study. Elevated troponin, in addition to imaging evidence of RV strain, has been
shown to further delineate risk13 and has been incorporated
into the guidelines for risk stratification.4 Kukla et al demonstrated a trend toward an association between PE mortality
and patients with TTE evidence of RV strain, an elevated troponin, and ischemic ECG changes.18
There are no previous studies describing the risk of adverse
events with RV strain in ECG, CT, and TTE, along with troponin in the same patient cohort. We demonstrate that in
patients with all 3 methods performed, risk was only elevated in patients with RV strain present in all 3 methods.
Patients with RV strain on all 3 methods represent a higher
risk group as these patients may have more significant RV
dysfunction, thus displaying strain regardless of method.
Another potential explanation of this finding is that these patients have RV strain over a greater period of time as,
expectedly, most patients had an ECG before CT, whereas a
TTE was often performed after PE diagnosis.
Our subanalysis of patients with intermediate-risk PE also
found a trend toward increased risk only when RV strain was
present in all 3 methods. This analysis was limited by a lower
event rate compared with the cohort as a whole. However, when
including troponin, only those patients with a positive troponin
and RV strain present in all 3 methods had an elevated risk of
adverse events in both the total cohort of patients presenting with
PE and in the subgroup with an intermediate-risk PE.
The selection of appropriate patients in whom to pursue
therapy beyond anticoagulation in the setting of acute PE
remains a difficult clinical decision given the significant risks
that these treatments possess, particularly in those that initially present with hemodynamic stability.7,8 The guidelines
offer some assistance in these challenging decisions but also
note the limitations of any one factor in determining which
patients may benefit from such treatment.4,29 In addition to
clinical assessment, our findings suggest the incorporation of
multiple modes of evaluation of RV strain along with troponin is preferred to utilizing 1 or 2 of these methods in isolation
and may improve risk stratification and aid in the complex
decision making required for patients with acute PE.
Although large and consecutive, our study is retrospective. Thus, analyses were limited to data available in the
medical record, and not all patients had an available ECG,
troponin, or adequate CT and TTE images. CT examinations were acquired on different CT scanners; however, similar
widely accepted clinical protocols were applied. The timing
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of the ECG and TTE relative to CT varied among patients,
but the distribution is representative of real-world acquisition of these studies. Selection bias of particular patients with
acute PE is likely present in our cohort, as it represented only
a subset of patients hospitalized with PE. Very low-risk patients may have been less likely to have a TTE performed,
and very high-risk patients (e.g., patients in active cardiac
arrest) may not have survived long enough for a TTE to be
acquired. Although clinical patient features and vital signs
are important in the assessment of patients with PE, we did
not have sufficiently accurate data available to incorporate clinical risk scores or vital signs outside of the differentiation of
high-risk, intermediate-risk, and low-risk clinical severity.
In patients with acute PE, the presence of RV strain on
ECG, CT, and TTE identifies a patient cohort with increased risk of an adverse event than if present on only 1 or
2 of the methods. The addition of troponin further aids in discriminating high-risk patients in the presence of RV strain,
including in the subset of patients with intermediate-risk PE.
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