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Abstract

Background: Acute pulmonary embolism (APE) is directly responsi-
ble for 100,000 deaths annually. Right ventricular dysfunction (RVD) 
on admission is considered a poor prognostic factor in these patients, 
though existing evidence of its significance in predicting mortality 
in hemodynamically stable patients is still unclear. We attempted to 
clarify this association by doing a retrospective review.

Methods: We retrospectively reviewed electronic medical records 
of hemodynamically stable patients older than 18 years of age with 
APE who were admitted to a tertiary care hospital in rural Upstate 
New York from July 2014 to July 2016. One hundred thirty-four 
patients were reviewed in two groups: patients who presented with 
computed tomography (CT) or echocardiographic evidence of 
RVD, and those without RVD. To identify differences in mortal-
ity between the two groups, the Chi-square/Fisher’s exact test and 
t-tests were used. All variables with P < 0.2 in the initial analysis 
were included in a stepwise multivariable logistic regression model 
to predict RVD.

Results: No statistically significant difference was found in 30-day 
mortality between the groups (7.8% in RVD and 5.3% in no RVD, 
P = 0.563). The overall prevalence of RVD was found to be 57% 
(77/134). Troponin elevation (53.2% in RVD group vs. 19.3 in the no 
RVD group with P < 0.01) and central location of thrombus (53.1% 
vs. 32.1% with P = 0.016) were more prevalent in RVD group. A 
marginally significant difference was found in length of hospital stay 
among those with RVD versus no RVD (7.13 days vs. 5.46 days; P = 
0.061). The multivariable analysis shows that the odds of RVD were 
greater for patients with elevated troponin levels (odds ratio = 7.8).

Conclusion: There was no difference in 30-day mortality in hemody-
namically stable patients with APE having RVD compared to patients 
with no RVD. On the basis of this study, we do not suggest the routine 

use of systemic fibrinolysis in hemodynamically stable patients with 
radiographic evidence of RVD alone.
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Introduction

Acute pulmonary embolism (APE) is directly responsible for 
100,000 deaths annually in United States [1]. It is associated 
with high inpatient mortality. APE can be classified as mas-
sive or submassive. Patients with massive PE present with 
hemodynamic instability and are usually treated with systemic 
thrombolysis or embolectomy [2-4]. Patients with submassive 
PE are hemodynamically stable on presentation but have either 
elevated cardiac biomarkers (brain natriuretic peptide (BNP) 
or troponin) or echocardiographic evidence of right ventricular 
dysfunction (RVD). Many studies show RVD to be associated 
with higher short-term mortality [5-9]. Though these patients 
are usually treated with anticoagulation alone, guidelines sug-
gest considering treatment of some high-risk patients with sub-
massive PE with evidence of RVD with systemic fibrinolysis 
[10, 11]. Some studies also show no difference in mortality and 
recommend against using any systemic thrombolysis in these 
hemodynamically stable patients [12].

Therefore, existing evidence of RVD significance in pre-
dicting mortality in hemodynamically stable patients is still 
unclear. We conducted a retrospective study to clarify if RVD 
on computed tomography (CT) or echocardiogram in hemo-
dynamically stable patients with APE is associated with in-
creased mortality.

Patients and Methods

We retrospectively reviewed electronic medical records of 
hemodynamically stable patients older than 18 years of age 
with APE who were admitted to a tertiary care hospital in rural 
Upstate New York from July 2014 to July 2016. All patients 
over 18 years of age admitted with diagnosis of APE (ICD 10 
codes: I26.0, I26.9) were included in the study. Patients who 
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developed APE during hospitalization were excluded from the 
study. APE was diagnosed on the basis of CT scan, high prob-
ability V/Q scan or venous Doppler ultrasound with associated 
symptoms. One hundred thirty-four patients met the inclusion 
criteria and were reviewed in two groups: patients who pre-
sented with CT or echocardiographic evidence of RVD, and 
those without RVD.

We defined RVD as RV/LV ratio > 0.9 or RV hypokinesis 
on echocardiogram as defined by the American Heart Associa-
tion or RV dilation on CT scan. Location of thrombus was clas-
sified as central if it was located in one of the main pulmonary 
arteries or peripheral if involving segmental, sub-segmental or 
lobar arteries. Hemodynamic instability was defined as systol-
ic blood pressure (BP) of < 90 mm Hg on initial presentation. 
Patients with BP of < 90 mm Hg were excluded from the study.

Statistical analysis

To identify univariate associations between RVD and subject 
characteristics, the Chi-square/Fisher’s exact test and t-tests 

were used (Table 1). P value of < 0.05 was considered statisti-
cally significant. All variables with P < 0.2 in the initial analy-
sis were included in a stepwise multivariable logistic regres-
sion model to identify independent predictors of RVD (Table 
2). All analyses were carried out using SPSS 23.0 version.

Results

The prevalence of RVD was found to be 57% (77/134). Central 
localization of the clot was present in 42% of patients (57/134). 
Shortness of breath was the most common presenting symp-
tom followed by chest pain. On physical exam, calf tenderness 
and leg swelling were common. Troponin elevation, defined as 
troponin > 0.05, was present in 39% (52/134) of patients.

The overall 30-day mortality associated with APE was 
6.7% (9/134). No statistically significant difference was found 
in 30-day mortality between patients with RVD vs. no RVD 
(7.8% vs. 5.3%; confidence interval (CI) = 0.68 - 2.34; P = 
0.563). Marginally significant difference was found in length 
of stay in patients who had evidence of RVD (mean 7.13 days 

Table 1.  Association of RVD With Other Characteristics

Characteristics
RVD

P-value
No (n = 57) Yes (n = 77)

Age (mean, SD) 62.9 (16.9) 64.5 (15.0) 0.54
Male 30 (52.6) 40 (51.9) 0.938
Female 27 (47.4) 37 (48.1)
Obesity 24 (42.1) 46 (59.7) 0.043*
History of COPD 10 (17.5) 9 (11.7) 0.337
History of CAD 11 (19.3) 11 (14.3) 0.439
History of CHF 9 (15.8) 11 (14.3) 0.809
Diabetes 13 (22.8) 19 (24.7) 0.802
Chronic kidney disease 1 (1.8) 9 (11.7) 0.031*
Smoker 30 (52.6) 38 (49.4) 0.707
Malignancy 18 (31.6) 24 (31.2) 0.960
Recent surgery 8 (14) 12 (15.6) 0.803
Immobility 13 (22.8) 20 (26) 0.674
Calf tenderness 7 (12.3) 11 (14.3) 0.736
Leg swelling 11 (19.3) 11 (14.3) 0.439
Hemoptysis 4 (7) 1 (1.3) 0.084
Shortness of breath 41 (71.9) 64 (83.1) 0.120
Syncope 4 (7) 5 (6.5) 0.905
Chest pain 29 (50.9) 27 (35.1) 0.067
Troponin 11 (19.3) 41 (53.2) < 0.01*
D-dimer 27 (64.3) 36 (60) 0.661
History of DVT/PE 18 (31.6) 17 (22.1) 0.216
Death in 30 days 3 (5.3) 6 (7.8) 0.563
Central location of thrombus 18 (32.1) 39 (53.1) 0.016*

*P < 0.05 was considered significant using Pearson Chi-square test.
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in patients with RVD vs. 5.46 without RVD, P = 0.061). Cen-
tral localization (53.1% with RVD vs. 32.1% without RVD, P 
= 0.016) and troponin elevation (53.2% in patients with RVD 
vs. 19.3% without RVD, P ≤ 0.001) were found to be more 
prevalent in RVD patients.

Chronic kidney disease as defined by glomerular filtration 
rate (GFR) < 60% and obesity defined by body mass index 
(BMI) of > 35 were found to be more prevalent in the RVD 
group. No difference was found in other comorbidities in the 
two groups including coronary artery disease (CAD), diabetes, 
chronic obstructive pulmonary disease (COPD) and conges-
tive heart failure (CHF).

All variables with P < 0.2 were included in a stepwise 
multivariable logistic regression model to predict RVD (Table 
2). Troponin elevation (odds ratio (OR) = 7.8, CI = 3.2 - 19.04) 
and chronic kidney disease (CKD) (OR = 10.06, CI = 1.12 - 
90.38) were significantly higher among those with RVD. Tro-
ponin was retained as an independent predictor of RVD after 
stepwise selection.

Discussion

Systemic hypotension and shock in the presence of evidence of 
acute right heart dysfunction are major predictors of poor out-
comes in APE and are the indications for the use of systemic 
fibrinolytic or embolectomy [2-4]. The controversial scenario 
is the presence of right heart dysfunction in the presence of no 
hemodynamic instability. Current guidelines support the use 
of systemic thrombolysis in these hemodynamically stable pa-
tients with RVD [10, 11]. Although the evidence for increased 
mortality in APE with RVD is well documented in the litera-
ture, its significance in normotensive patients in predicting 
mortality is still unclear.

The prevalence of RVD varies from 30% to 80% depend-
ing on the definition used [12]. The lack of standard criteria is 
the reason for the wide variability. In our study, we used the 
American Heart Association definition of RVD. A meta-anal-
ysis done on 3,395 patients admitted with PE revealed a two-
fold increase in mortality, but sub-analysis on normotensive 
patients correlated poorly with mortality [13]. Similar results 
were seen in a study done in 400 patients older than 65 years 
of age, which showed that RVD in APE was not associated 

with poor outcomes [12]. Our study supports these findings 
that normotensive patients with APE are not at increased risk 
for 30-day mortality, although hemodynamic instability with 
RVD is associated with increased mortality. Our study also 
does not support the American Heart Association recommen-
dation of using fibrinolysis in hemodynamically stable patients 
with APE with radiographic evidence of RVD given no mortal-
ity difference.

There are several potential explanations for our results. 
First RVD may be a sign of other cardiopulmonary disease in 
normotensive patients and not related to APE [14, 15]. Second, 
in elderly populations, who comprised a large percentage of 
our study, mortality is more driven by multiple comorbidities 
rather than the acute episode.

In 2014, a randomized controlled trial (PEITHO) of nor-
motensive patients with APE and radiographic evidence of 
RVD evaluated the difference in mortality between fibrinolysis 
with tenecteplase and placebo. Hemodynamic decompensation 
was reduced in the fibrinolysis group, but with an increased 
risk of bleeding complications. Most importantly there was no 
difference in all-cause mortality at 7 and 30 days between both 
the groups [16].

Conclusion

There was no difference in 30-day mortality in hemodynami-
cally stable patients with APE having RVD compared to pa-
tients with no RVD. Troponin elevation was associated with 
significantly increased odds of RVD. The findings from this 
retrospective review do not provide evidence for aggressive 
management of hemodynamically stable patients with evi-
dence of RVD with fibrinolytics or embolectomy as recom-
mended in some prior studies. Physicians may want to con-
sider restricting those treatment options to hemodynamically 
unstable patients with APE.
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Table 2.  Odds Ratio and 95% Confidence Interval for RVD

Parameters
Univariate analysis Multivariate analysis

Odds ratio 95% confidence interval Odds ratio 95% confidence interval
Obesity 2.05* 1.02 - 4.1
CKD 7.42 0.92 - 60.29 10.06* 1.12 - 90.38
Hemoptysis 0.18 0.02 - 1.61
Hypotension 7.42 0.92 - 60.29
Chest pain 0.53 0.26 - 1.05 0.390* 0.17 - 0.88
Troponin 4.77* 2.15 - 10.56 7.80* 3.2 - 19.04
Location (central) 2.42* 1.17 - 5.0

*P < 0.05 was considered significant.
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