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decision making.1,8,9 It is well known that right 
ventricular (RV) dysfunction (RVD) is a predic‑
tor of an increased risk of hemodynamic decom‑
pensation in normotensive patients with PE.10-12 
Various echocardiographic parameters includ‑
ing RV enlargement and hypokinesis, flattening 
of intraventricular septum, elevated velocity of 
tricuspid valve regurgitation, decreased contrac‑
tility of the RV assessed with tricuspid annular 

Introduction  Echocardiography proved to be 
very useful in the management of patients with 
acute dyspnea or chest pain.1,2 Visualization of 
typical echocardiographic abnormalities, includ‑
ing the 60/60 sign, or detection of right heart 
thrombi in a patient with suspected acute pul‑
monary embolism (PE) confirms the diagnosis, 
even at the bedside.3-7 Moreover, echocardiography 
helps to assess prognosis and guide therapeutic 
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Abstract

Introduction  Although the prognostic value of various echocardiographic parameters of right ven‑
tricular dysfunction (RVD) was reported in normotensive patients with acute pulmonary embolism (PE), 
there is no generally accepted definition of RVD.
Objectives  The aim of the study was to compare echocardiographic parameters for the prediction of 
an adverse 30‑day outcome and create an optimal definition of RVD.
Patients and methods  Echocardiographic parameters including the right ventricular to left ventricular 
diameter ratio (RV to LV ratio) and tricuspid annular plane systolic excursion (TAPSE) to predict PE‑related 
mortality, hemodynamic collapse, or rescue thrombolysis within the first 30 days were directly compared 
in 490 normotensive patients with PE.
Results  An adverse outcome (AO) was present in 31 patients (6.3%); 8 of them (1.6%) died due to 
PE. Systolic blood pressure, RV to LV ratio, and TAPSE were independent predictors of AO. The receiver 
operator characteristic yielded an area under the curve of 0.737 (0.654–0.819; P <0.001) for the RV 
to LV ratio and 0.75 (0.672–0.828; P <0.001) for TAPSE with regard to an AO. The hazard ratio   for 
AO was 2.5 for the RV to LV ratio of more than 1 (95% CI, 1.2–5.7; P <0.03) and 3.8 for TAPSE of less 
than 16 mm (95% CI, 1.74–8.11; P = 0.001). A combined RVD criterion (TAPSE <16 mm and RV to LV 
ratio >1) was present in 60 patients (12%), and showed a positive predictive value of 23.3% with a high 
negative predictive value of 95.6% regarding an AO (HR, 6.5; 95% CI, 3.2–13.3; P <0.001).
Conclusions  Defining RVD on echocardiography by the RV to LV ratio of more than 1 combined with 
TAPSE of less than 16 mm identified patients with an increased risk of 30‑day PE‑related mortality, hemody‑
namic collapse, or rescue thrombolysis, while patients without this sign had a very good 30‑day prognosis.
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was not influenced by the study protocol. We in‑
cluded only patients who were normotensive on 
admission and had not participated in previous 
studies on the prognostic value of echocardiogra‑
phy.11,16-18 All patients initially received standard 
anticoagulation therapy, mostly with a weight
‑adjusted dose of subcutaneous low‑molecular
‑weight heparin, or intravenous unfractionat‑
ed heparin, or a non–vitamin K antagonist oral 
anticoagulant (NOAC). Thrombolytic, interven‑
tional, or surgical treatment was administered 
when hemodynamic deterioration occurred. Dur‑
ing the hospital stay, a NOAC or oral vitamin 
K antagonist (target international normalized 
ratio, 2–3) was initiated, unless contraindicat‑
ed. The study was conducted in accordance with 
the amended Declaration of Helsinki; the study 
protocol was approved by the local independent 
ethics committees of each participating site and 
all patients gave informed consent.

Echocardiography  Transthoracic echocardio
graphy for the  assessment of RVD was per‑
formed by an experienced echocardiographer as 
soon possible after the admission. Examinations 
were digitally recorded and reviewed if necessary. 
In the apical 4‑chamber view, LV and RV end
‑diastolic diameters were measured at the lev‑
el of the mitral and tricuspid valve tips, and the 
presence of RV hypokinesis was assessed. Right 
ventricular hypokinesis was assessed qualitative‑
ly and quantitatively by the echocardiographer 
and was diagnosed when RV free wall contrac‑
tion was markedly decreased when compared with 
healthy individuals. Interventricular septum flat‑
tening was assessed qualitatively in the short‑axis 
parasternal view and was defined when the sep‑
tum caused a D‑shaped short‑axis LV cavity pro‑
file predominantly during systole.

TAPSE was measured in the M‑mode presen‑
tation. Tricuspid valve regurgitation was qual‑
itatively assessed with color Doppler imaging 
and TRPG was calculated by the simplified Ber‑
noulli formula using tricuspid regurgitant flow 
peak velocity. The examination was completed 
by measurement of the inferior vena cava at late 
expiration. The TRPG to TAPSE ratio was also 
calculated.

Adverse clinical outcome  After the discharge, pa‑
tients were followed in an outpatient clinic or 
were contacted by phone. None of the patients 
was lost to follow-up. An adverse 30‑day clinical 
outcome was defined as at least one of the follow‑
ing: PE‑related death, rescue thrombolysis, or he‑
modynamic collapse (which was defined as cardio‑
pulmonary resuscitation; or systolic blood pres‑
sure <90 mm Hg for at least 15 minutes with signs 
of end‑organ hypoperfusion; or a need for intra‑
venous catecholamine administration). Death 
was determined to be PE‑related if it was con‑
firmed at autopsy or if it followed a clinically se‑
vere PE episode, either immediately or shortly 
after an objectively confirmed recurrent event, 

plane systolic excursion (TAPSE) have been re‑
ported to be of prognostic value.13 However, it 
was underlined that a uniform echocardiograph‑
ic definition of RVD has not been established.14 
Of the wide range of echocardiographic param‑
eters, an increased RV to left ventricular (LV) 
end‑diastolic diameter ratio (RV to LV ratio) and 
a decreased TAPSE are most frequently used for 
prognostic assessment.10,11 However, their opti‑
mal cutoff values were not validated in previous 
studies, and the potential superiority of either 
parameter is still the subject of debate.14 More‑
over, a novel echocardiographic prognostic pa‑
rameter, the ratio of tricuspid regurgitation peak 
gradient (TRPG) to TAPSE (TRPG to TAPSE ra‑
tio), has recently been proposed as a promising 
index for risk stratification in normotensive pa‑
tients with PE.15 Therefore, we aimed to compare 
echocardiographic parameters for the prediction 
of adverse 30‑day outcome in normotensive pa‑
tients with acute pulmonary embolism, and to 
develop an optimal definition of RVD.

Patients and methods  This study is a post 
hoc analysis of pooled prospective multicenter 
observational cohorts of patients with acute PE. 
We prospectively included consecutive patients 
who were diagnosed with acute PE in 3 cooper‑
ating European centers in Poland and Germa‑
ny. Inclusion criteria were as follows: acute pul‑
monary embolism confirmed by contrast-en‑
hanced multidetector computed tomography (CT) 
with thromboemboli in at least segmental arter‑
ies or by high probability ventilation‑perfusion 
lung scan, hemodynamic stability on admission 
with systemic systolic blood pressure of at least 
90 mm Hg without any circulatory support, and 
informed consent. Exclusion criteria included 
known pulmonary hypertension and lack of in‑
formed consent. All patents underwent stan‑
dard transthoracic echocardiography on admis‑
sion, performed as soon as possible, preferably 
within 48 hours after the diagnosis. Patients 
were treated following the guidelines of the Eu‑
ropean Society of Cardiology,1 and the therapy 

What’s new?

Although it is generally accepted that right ventricular dysfunction (RVD) is 
of prognostic value in normotensive patients with acute pulmonary embolism 
(PE), there is no generally accepted RVD definition. We compared directly 
prognostic value of echocardiographic parameters of 490 normotensive pa‑
tients with PE. Our data indicated that defining RVD by echocardiography as 
a combination of the  right to left ventricular diameter ratio of more than 1 
with a tricuspid annulus plane systolic excursion (TAPSE) of less than 16 mm 
optimally identified patients with an increased risk of 30‑day PE‑related mor‑
tality, hemodynamic collapse, or rescue thrombolysis. In daily practice, right 
to left ventricular diameter ratio and TAPSE are easy to measure even at the 
bedside. Thus, we think that defining RVD on echocardiography as described 
above should be used for risk stratification in normotensive patients with PE. 
This may contribute to better tailored management in this group of patients.
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Patients who had an adverse outcome had sig‑
nificantly lower systolic blood pressure compared 
with those with favorable clinical course. There 
were no significant differences in heart rate, age, 
and comorbidities between groups. Patient clini‑
cal characteristics are presented in Table 1.

Echocardiography  Transthoracic echocardiogram 
was recommended within 48 hours of PE diagno‑
sis; however, it was performed within 24 hours 
in 364 patients, and within 72 hours in 52 pa‑
tients. Those who had an adverse 30‑day outcome 
presented with more pronounced signs of RVD 
(Table 2). Figure 1 shows the frequency of 30-day 
clinical outcome according to the different echo‑
cardiographic parameters of RVD. Patients with 
an adverse 30‑day outcome had a higher RV to 
LV ratio (1.2 [0.7–1.7] vs 0.9 [0.5–2.5]; P <0.001) 
and a lower TAPSE (16 [11–25] vs 21 [5–39] mm; 
P <0.001) compared to patients with a favorable 
outcome.

The Cox regression analysis including clinical 
data (admission systolic blood pressure and heart 
rate) and echocardiographic parameters (as pre‑
sented in Table 2) identified only systolic blood 
pressure, RV to LV ratio and TAPSE as indepen‑
dent predictors of an adverse outcome (Table 3). 
Other echocardiographic parameters including 
the TRPG to TAPSE ratio were not significant in 
multivariable analysis.

The AUC of the RV to LV ratio and TAPSE 
with regard to the combined clinical outcome 
were 0.737 (0.654–0.819; P <0.001) and 0.750 
(0.672–0.828; P <0.001), respectively (Figure 2). 
Comparison by the DeLong test revealed no dif‑
ferences in the AUC of TAPSE and RV to LV ra‑
tio (P = 0.89).

Based on the Youden index quantification, 
the optimal cutoff values were 17 mm for TAPSE 
(Youden index, 0.423) and 1.07 for the RV to LV 
ratio (Youden index, 0.397). Due to the fact that 
they were similar to the previously defined values, 
cutoffs of TAPSE of less than 16 mm and the RV 
to LV ratio higher than 1 were used for further 
analysis. The hazard ratio for reaching an adverse 
30‑day outcome was 2.53 for the RV to LV ratio of 

or when sudden death occurred in the absence 
of a definitive alternative diagnosis.

Statistical analysis  Data with normal distribution 
were expressed as mean (SD) and those without 
normal distribution were expressed as median 
with range. The t test or Mann–Whitney test were 
used for comparisons between 2 groups, while 
the χ2 test was used to compare discrete variables 
(with Yates correction when needed). The receiver 
operating characteristic (ROC) analysis was used 
to determine the area under the curve (AUC) of 
significant echocardiographic parameters in uni‑
variable analysis. AUCs of echocardiographic pa‑
rameters were assessed and curves were com‑
pared pairwise according to the DeLong test. Bi‑
nary cutoff values of echocardiographic parame‑
ters were determined with the Youden index and 
were used for subsequent calculations. Sensitiv‑
ity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) were calcu‑
lated. The impact of echocardiographic parame‑
ters on an adverse clinical outcome was evaluated 
using the multivariable Cox proportional‑hazards 
regression. All parameters found to be signifi‑
cant in univariable analysis were used in multi‑
variable analysis, with forward stepwise selec‑
tion with a 0.1 level for staying in the model. All 
tests were 2‑tailed. Data were considered signif‑
icant at P value of less than 0.05. The STATISTI‑
CA data analysis software system (StatSoft, Inc. 
2011, version 10, www.statsoft.com) and MedCalc 
software (version 11.0.0.0) were used for statis‑
tical calculations.

Results  Prospective cohorts of patients with 
PE who were normotensive at admission were 
merged in a collaborative database. The study 
population included 490 patients (287 patients 
from Warsaw, Poland; 138 patients from Mainz, 
Germany; 65 patients from Białystok, Poland). 
An adverse 30‑day clinical outcome occurred in 
31 patients (6.3%), including 8 PE‑related deaths, 
20 cases of rescue thrombolysis / embolectomy, 
and 3 patients who experienced hemodynamic 
deterioration requiring intravenous inotropes. 

TABLE 1  Clinical characteristics of patients with pulmonary embolism

Parameter All patients 
(n = 490)

Patients with an adverse 
outcome (n = 31)

Patients with a favorable 
course (n = 459)

P value

Sex, n (%) Female 229 (46.7) 12 (38.7) 217 (47.3) 0.23

Male 261 (53.3) 19 (61.3) 242 (52.7)

Age, y 64 (18) 67 (19) 64 (18) 0.29

HR, bpm 89 (19) 95 (20) 88 (19) 0.07

Systemic blood 
pressure, mm Hg

134 (21) 123 (18) 135 (21) 0.003

Comorbidities (COPD, CHF, 
malignancy), n (%)

170 (35) 10 (32) 160 (35) 0.46

Data are presented as mean (SD) unless otherwise indicated.

Abbreviations: CHF, chronic heart failure; COPD, chronic obstructive pulmonary disease; HR, heart rate; PE, pulmonary 
embolism
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predicted an adverse 30‑day outcome, we assessed 
the predictive value of coexistence of both crite‑
ria. The combined echocardiographic criterion 
(TAPSE <16 mm and the RV to LV ratio >1) was 

more than 1 (95% CI, 1.2–5.7; P <0.03) and 3.76 
for TAPSE of less than 16 mm (95% CI, 1.74–8.11; 
P = 0.001). Since both parameters were included 
in the multivariable model and independently 
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Figure 1�   
The prevalence of 
an adverse 30‑day clinical 
endpoint according to 
different echo
cardiographic criteria for 
right ventricular 
dysfunction 
Abbreviations: see 
Table 2

TABLE 2  Echocardiographic characteristics of 490 initially normotensive patients with pulmonary embolism 
regarding the clinical endpoint

Parameter All patients 
(n = 490)

Patients with an 
adverse outcome 
(n = 31)

Patients with 
a favorable course 
(n = 459)

P value

RV, mm 41 (8) 46 (8) 41 (8) <0.001

LV, mm 43 (7) 41 (6) 43 (7) 0.12

RV to LV ratio 0.9 (0.5–2.5) 1.2 (0.7–1.7) 0.9 (0.5–2.5) <0.001

TRPG, mm Hg 33 (8–126) 38 (16–90) 33 (8–126) <0.01

TAPSE, mm 20 (5–39) 16 (11–25) 21 (5–39) <0.001

TRPG / TAPSE, mm Hg/mm 1.6 (0.3–8.3) 2.4 (0.8–5.2) 1.6 (0.3–8.3) <0.001

IVS flattening, n (%) 119 (24) 15 (48) 104 (23) 0.002

RV hypokinesis, n (%) 106 (22) 11 (35) 95 (21) <0.05

IVC, mm 17 (7–32) 20 (7–27) 17 (8–32) 0.1

Data are presented as mean (SD) or median (range) unless otherwise indicated.

Abbreviations: IVC, inferior vena cava; IVS, interventricular septum; LV, left ventricle; RV, right ventricle; 
TAPSE, tricuspid annular plane systolic excursion; TRPG, tricuspid regurgitation peak gradient; others, see Table 1

TABLE 3  Significant clinical and echocardiographic predictors of a 30‑day adverse outcome in 490 consecutive 
initially normotensive patients with acute pulmonary embolism

Parameter HR 95% CI P value

SBP per 1 mm Hg increase 0.98 0.96–0.99 0.03

RV to LV ratio per 0.1 increase 1.21 1.11–1.33 <0.001

TAPSE per 1mm increase 0.86 0.8–0.92 <0.001

 Adjusted for: age, heart rate, right ventricle, tricuspid regurgitation peak gradient, ratio of tricuspid regurgitation peak 
gradient to tricuspid annular plane systolic excursion, interventricular septum flattening, and right ventricular 
hypokinesis.

Abbreviations: HR, hazard ratio; SBP, systolic blood pressure; others, see Table 2
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echocardiography or CT identifies patients at risk 
of hemodynamic deterioration despite anticoagu‑
lation.21,22 Importantly, RVD also affects the prog‑
nosis in patients classified as low risk by the Pul‑
monary Embolism Severity Index.12 In contrast, 
hemodynamically stable patients with preserved 
RV function have a favorable prognosis and are 
potential candidates for short‑term hospitaliza‑
tion or ambulatory treatment.1 Mortality rates 
observed in various cohorts of normotensive pa‑
tients with PE and RVD diagnosed by different 
echocardiographic criteria varied from 4.3% to 
16.4%.13,23 Although systematic reviews and meta
‑analyses have suggested that RVD on echocar‑
diography is associated with an elevated risk of 
short‑term mortality, its overall positive predic‑
tive value for PE‑related death was reported to be 
less than 10%.13 However, this is partly related to 
the fact that various echocardiographic RVD cri‑
teria were proposed.11,13 Moreover, echocardio‑
graphic criteria for defining acute RVD are poorly 
standardized and may vary widely between hos‑
pitals, ultrasound laboratories, and even exam‑
iners. It should be noted that the RV has a com‑
plex morphology and mechanism of contraction. 

present in 60 patients (12%) and was associated 
with a satisfactory PPV and high NPV of 23.3% 
and 95.6%, respectively, and a hazard ratio of 6.5 
(95% CI, 3.2–13.3; P <0.001) (Table 4).

Discussion  We performed a post‑hoc analy‑
sis of a large pooled European multicenter co‑
hort to identify the best combination of echocar‑
diographic parameters for risk stratification of 
normotensive patients with acute PE. The main 
study findings can be summarized as follows: 1) 
the RV to LV ratio and TAPSE were found as in‑
dependent predictors for an adverse 30‑day clin‑
ical outcome, and 2) the coexistence of TAPSE 
of less than 16 mm with the RV to LV ratio of 
more than 1 identifies patients at higher risk for 
an adverse outcome.

According to the current guidelines, echo
cardiographic examination is not mandatory as 
part of the routine diagnostic workup in hemody‑
namically stable patients with suspected PE.1,19,20 
However, although short‑term prognosis in acute 
PE predominantly depends on the hemodynam‑
ic characteristics and extent of RVD and RV fail‑
ure, it is generally accepted that RVD detected on 

TABLE 4  Prognostic performance of tricuspid annular plane systolic excursion and right ventricular to left ventricular 
end-diastolic diameter ratio in normotensive patients with pulmonary embolism regarding an adverse 30‑day outcome

Parameter HR (95% CI) P value Sensitivity, % Specificity, % Positive 
predictive 
value, %

Negative 
predictive 
value, %

TAPSE <16 mm 3.8 (1.74–8.11) 0.001 52 85 18 96

RV to LV ratio >1 2.5 (1.2–5.7) <0.03 74 63 12 95

TAPSE <16 mm and 
RV to LV ratio >1

6.5 (3.2–13.3) <0.001 45 90 23 96

Abbreviations: see Tables 2 and 3
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course despite anticoagulation. Although it is 
not possible to propose any therapeutic impli‑
cations from our study, we suggest that patients 
with RVD according to our new definition should 
be at least closely monitored.

Study limitations  This is a post‑hoc analysis of 
a prospective observational study. Our results 
should ideally be validated in an external popula‑
tion with acute PE. We tried to perform echocar‑
diography as soon as possible after admission, but 
echocardiography was delayed in some patients. 
A transthoracic echocardiogram is recommend‑
ed within 48 hours of PE diagnosis; however, it 
was performed within 24 hours in 364 patients, 
and within 72 hours in 52 patients. We found no 
differences in frequency of adverse outcome be‑
tween patients in whom TTE was performed with‑
in 24 hours and patients who underwent echo‑
cardiography later.

Conclusions  Our data indicate that TAPSE and 
the RV to LV ratio are useful echocardiographic 
parameters for risk stratification of normoten‑
sive patients with PE. The combination of a RV 
to LV ratio higher than 1 and TAPSE of less than 
16 mm identifies patients with an increased risk 
of adverse 30‑day outcome, while patients with‑
out this echocardiographic sign have a very good 
30‑day prognosis.
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Moreover, the RV is difficult to visualize in its 
entirety in any single 2‑dimensional echocardio‑
graphic view.24,25 Thus, despite a wide set of data 
supporting the use of echocardiography for risk 
stratification of normotensive patients with PE, 
its practical application can be challenging. An in‑
creased RV to LV ratio and a decreased TAPSE 
are related to PE severity26 and are the most fre‑
quently used parameters for prognostic assess‑
ment.10,11,20 Importantly, a RV to LV ratio of more 
than 0.9 was the predominant RVD criterion in 
the largest randomized study on fibrinolysis for 
patients with intermediate risk PE. In this study, 
death or hemodynamic decompensation within 7 
days occurred in 5.6% of anticoagulated patients.8 
Our previous study suggested that TAPSE of less 
than 16 mm is useful for risk stratification in nor‑
motensive patients with PE, and similar TAPSE 
cutoff values were reported by others.10,11 This 
large European multicenter prospective cohort 
study including 490 patients with PE managed 
according to the current ESC guidelines confirms 
the significant prognostic value of both echocar‑
diographic parameters. TAPSE and the RV to LV 
ratio have almost identical AUC in the ROC anal‑
ysis for the prediction of an adverse 30‑day out‑
come, indicating their similar prognostic value. 
Moreover, a multivariable Cox regression analy‑
sis including both TAPSE and the RV to LV ratio 
indicates their additive and independent prog‑
nostic value. Of note, the TRPG to TAPSE ratio 
was also a significant prognostic variable; howev‑
er, due to strong collinearity with TAPSE, it was 
found nonsignificant in the multivariable analy‑
sis as a factor of lower predictive value. A total of 
60 patients (12%) presented with TAPSE of less 
than 16 mm and the RV to LV ratio of more than 1. 
An adverse 30‑day outcome occurred in 23% of 
these patients (Figure 2). The positive predictive 
value was lower for TAPSE of less than 16 mm 
(18.3%) and the RV to LV ratio of more than 1 
(12.1%) alone. This definition of RVD, combin‑
ing TAPSE and the RV to LV ratio, was associat‑
ed with a HR of 6.5 (95% CI, 3.2–13.3; P <0.001) 
for an adverse 30‑day outcome and a high NPV 
of 95.6%. Importantly, both TAPSE and the RV 
to LV ratio are easy to measure, even at the bed‑
side, and are widely available without the need 
for an advanced echocardiographic technology. 
Moreover, Doppler tissue imaging‑derived tri‑
cuspid annular systolic velocity, a novel param‑
eter of RV function, was recently reported to be 
inferior to TAPSE for risk assessment in normo‑
tensive patients with PE.27

Clinical implications  The RV to LV ratio and 
TAPSE may help in the management of normo‑
tensive patients with PE by identifying patients 
at risk of hemodynamic deterioration. The com‑
bination of a TAPSE of less than 16 mm with a RV 
to LV ratio of more than 1 was present in 16% of 
study patients, was associated with a satisfacto‑
ry PPV of 23%, and allowed to detect almost half 
of patients who experienced an adverse clinical 
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