
423

TURKISH
SOCIETY OF
CARDIOLOGY

THE ANATOLIAN
JOURNAL OF
CARDIOLOGY

Official journal of the

Hakgör et al.

Right Ventricle Changes in Acute Pulmonary Embolism

ORIGINAL INVESTIGATION

A Novel Composed Index to Evaluate the 
Right Ventricle Free-Wall Adaptation Against 
Ventricular Wall Stress in Acute Pulmonary 
Embolism

ABSTRACT

Background: Pulmonary embolism severity index and simplified pulmonary embolism 
severity index have been utilized in initial risk evaluation in patients with acute pulmo-
nary embolism. However, these models do not include any imaging measure of right ven-
tricle function. In this study, we proposed a novel index and aimed to evaluate the clinical 
impact.

Methods: Our study population comprised retrospectively evaluated 502 patients 
with acute pulmonary embolism managed with different treatment modalities. 
Echocardiographic and computed tomographic pulmonary angiography evaluations 
were performed at admission to the emergency room within maximally 30 minutes. The 
formula of our index was as follows: (right ventricle diameter × systolic pulmonary arte-
rial pressure-echo)/(right ventricle free-wall diameter × tricuspid annular plane systolic 
excursion).

Results: This index value showed significant correlations to clinical and hemodynamic 
severity measures. Only pulmonary embolism severity index, but not our index value, 
independently predicted in-hospital mortality. However, an index value higher than 17.8 
predicted the long-term mortality with a sensitivity of 70% and specificity of 40% (areas 
under the curve = 0.652, 95% CI, 0.557-0.747, P = .001). According to the adjusted variable 
plot, the risk of long-term mortality increased until an index level of 30 but remained 
unchanged thereafter. The cumulative hazard curve also showed a higher mortality with 
high-index value versus low-index value.

Conclusions: Our index composed from measures of computed tomographic pulmo-
nary angiography and transthoracic echocardiography may provide important insights 
regarding the adaptation status of right ventricle against pressure/wall stress in acute 
pulmonary embolism, and a higher value seems to be associated with severity of the clini-
cal and hemodynamic status and long-term mortality but not with in-hospital mortality. 
However, the pulmonary embolism severity index remained as the only independent pre-
dictor for in-hospital mortality.

Keywords: Acute pulmonary embolism, computed tomography, pulmonary embolism 
severity index, risk prediction, right ventricle, transthoracic echocardiography

INTRODUCTION

Acute pulmonary embolism (APE) has been reported to be the third most fre-
quent cause of cardiovascular mortality in the developing countries and has a 
wide clinical and prognostic spectrum from subclinical low-risk APE to acute car-
diogenic shock.1,2 Therefore, assessment of the severity of the disease and indi-
vidualized prognosis are essential, immediately after diagnosis, for determining 
the risk-based optimal treatment modality. Pulmonary embolism severity index 
(PESI) and its simplified version sPESI have been the most widely used scoring tools 
in risk prediction.3,4 However, these scoring models do not include any imaging 
parameter reflecting the right ventricle (RV) dysfunction derived from transtho-
racic echocardiography (TTE) or computed tomographic pulmonary angiography 
(CTPA), which have been confirmed to predict 30-day adverse clinical outcome 
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in patients with APE.5 In a large meta-analysis comprising 49 
studies, an increased right ventricle to left ventricle diam-
eter ratio (RV/LVr) derived from CTPA was found to be asso-
ciated with a 2.5-fold (95% CI: 1.8-3.5) increase in the risk for 
all-cause mortality and a 5-fold (95% CI: 2.7-9.2) increase in 
the risk for APE-related mortality.6 Moreover, TTE provides 
many information about RV impairment and enables mea-
suring pulmonary arterial (PA) pressure from tricuspid regur-
gitation.7-9 The end-diastolic RV/LVr more than 0.9 ratio as 
assessed by TTE is reported to be associated with poor prog-
nosis, and systolic PA pressure estimated (sPAP) higher than 
50 mm Hg at initial TTE predicts the progression to chronic 
thromboembolic pulmonary hypertension and increased 
mortality.8,9 Nevertheless, corresponding pooled negative 
and positive likelihood ratios were inadequate for risk pre-
diction in these patients.10 Even in low-risk APE patients, the 
presence of RV dysfunction on TTE or CTPA is associated 
with short-term mortality.11 European Society of Cardiology/
European Respiratory Society (ESC/ERS) 2014 and revised 
version in 2019 Pulmonary Embolism (PE) Guidelines have 
recommended an updated risk stratification regarding the 
patient’s initial hemodynamic status, PESI/sPESI score, RV 
dysfunction on TTE or CTPA, and blood troponin levels and 
classified APE patients into 4 risk groups as high risk (HR), 
intermediate to high risk (IHR), intermediate to low risk (ILR), 
and low risk (LR).12,13

Although the prognostic value of CTPA and TTE has been 
independently investigated in many studies before, there 
is no composite research using these 2 diagnostic tools 
together and evaluating their value for APE severity. Acute 
thrombotic obstruction in PA bed causes a sudden increase 
in pulmonary vascular resistance and PA pressure which 

results in RV strain and dilation with decreased RV free-wall 
systolic function. In this study, we proposed a novel compos-
ite risk stratification index composed of RV diameter, sPAP-
echo, tricuspid annular plane systolic excursion (TAPSE), and 
RV free-wall diameter (RVFWD) as measures of RV pressure 
burden in this setting. This index was as follows: (RV diam-
eter × sPAP-echo)/(RVFWD × TAPSE). While diameters of 
RV and RVFWD were acquired from the initial CTPA study, 
sPAP-echo and TAPSE were calculated from TTE examina-
tion during hospital admission. Moreover, we investigated 
the relationship between former risk stratification models 
and in-hospital and long-term mortality outcomes.

METHODS

Study Population
Retrospectively evaluated 502 patients (mean age 61.9 ± 
16.9 years, and 58.2% female) with APE who were referred to 
our tertiary center and managed with different treatment 
modalities from 2014 to 2018 were enrolled in this study. The 
flowchart of the study was given in Supplementary Figure 1. 
The diagnosis of APE, definitions of the risk groups, and pro-
voked or unprovoked APE were based on the criteria as rec-
ommended by the 2014 ESC/ERS PE Guidelines12 and was 
revised after the publication of 2019 ESC/ERS PE Guidelines.13 
Initial physical examination and vital signs including blood 
pressure, heart rate, and pulse oximetric percentage satu-
ration were noted for all patients during admission. The 
PESI, sPESI, and shock index were calculated in all patients 
at initial assessment of clinical and hemodynamic status. 
Echocardiographic and CTPA evaluations were performed 
at admission to the emergency room within maximally 30 
minutes. Patients admitted to the emergency department 
because of the cardiopulmonary arrest before recording 
their initial data were excluded from the study.

Bedside Transthoracic Echocardiography
Transthoracic echocardiography (Philips HD11XE, SONOS 
4500, Andover, Mass, USA) was performed according to 
American Society of Echocardiography and the European 
Association of Cardiovascular Imaging Guidelines,14 and 
measures consisting of TAPSE, tricuspid lateral annulus sys-
tolic tissue velocity (St), and sPAP-echo from tricuspid regur-
gitation were acquired by experienced cardiologists.

Computed Tomography Assessment
Using a 64-slice helical CT scanner (Aquilion 64™; Toshiba 
Medical Systems Corp., Tokyo, Japan) with angiographic 
contrast material (Omnipaque 350; GE Healthcare, Chicago, 
IL, USA) were evaluated before and after treatment. Qanadli 
score (QS) was used for evaluation of PA obstruction,15 and 
main, right and left PA diameters, RV and LV diameters, and 
RVFWD were measured from transverse plane 4-chamber 
view. Right ventricle free-wall diameter and RV transverse 
diameter were measured at diastole from the basis of RV just 
above the tricuspid valve. All CT measurements were per-
formed by experienced radiologists.

Definition of Our Composite Index
The index is composed of RV diameter × sPAP-echo / RVFWD 
× TAPSE. The RV diameter and RVFWD were acquired from 

HIGHLIGHTS
• Initial findings on computed tomographic pulmonary 

angiography and transthoracic echocardiography in the 
setting of acute pulmonary embolism reflect severity of 
the disease.

• However, pulmonary embolism severity index and its 
simplified version scorings which are the most com-
monly utilized scoring systems for initial risk prediction 
in acute pulmonary embolism do not include any imag-
ing parameter.

• Our novel index derived from computed tomographic 
pulmonary angiography and transthoracic echocar-
diography or at the time of the diagnosis was described 
as: (right ventricle diameter × systolic pulmonary arte-
rial pressure-echo) / (right ventricle free-wall diameter 
× tricuspid annular plane systolic excursion). 

• This index value showed significant correlations to clini-
cal and hemodynamic severity measures.

• Only pulmonary embolism severity index, but not our 
index value, independently predicted in-hospital mor-
tality. However, an index value higher than 17.8 pre-
dicted the long-term mortality with a sensitivity of 70% 
and specificity of 40% (areas under the curve = 0.652, 
95% CI; 0.557-0.747, P = .001).
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initial CTPA, while sPAP-echo and TAPSE were calculated 
from TTE examination at admission.

Invasive Assessment
Systolic, diastolic, and mean PA pressures were noted in 
patients who underwent catheter-directed treatment 
(CDT), including ultrasound-assisted thrombolysis (USAT) 
and rheolytic thrombectomy (RT).

Treatments
In accordance with currently available ESC/ERS PE Guidelines, 
all patients in HR and patients at IHR showing findings con-
sistent with clinical and hemodynamic deterioration were 
treated using systemic thrombolysis (ST) or USAT with differ-
ent dose and period of recombinant tissue-type plasminogen 
activator (t-PA). Patients with HR or IHR and having absolute 
or relative contraindications for t-PA or patients with inade-
quate response to USAT or ST were treated with RT. The t-PA 
dose and infusion duration were individually determined for 
each patient based on the patient’s clinical and hemodynamic 
status and risk of bleeding. The most widely used CDT modal-
ity was USAT with EKOS (EkoSonic® Endovascular System, 
EKOS Corporation; Bothell, WA, USA) device in our study 
group, otherwise RT was performed via Angiojet (AngioJet™ 
Peripheral Thrombectomy System-Boston Scientific, USA) 
system. The LR and ILR PE groups were mainly treated with 
anticoagulation alone by intravenous or low-molecular-
weight heparin. Long-term follow-up was made in the out-
patient clinic within a 3-month period. Follow-up mortality 
was confirmed from the National Health System registry.

Primary Endpoint
The study has 2 co-primary endpoints. The first one is the in-
hospital mortality and the second is the long-term mortality.

Definition of Bleeding
Major bleeding was defined as overt bleeding associated 
with a fall in the hemoglobin level of at least 2 g/dL or with 
transfusion of 2 units of packed red blood cells or involve-
ment of a critical site. Clinically overt bleeding not fulfill-
ing the criteria of a major bleeding was classified as a minor 
bleeding complication.16

Statistical Analyses
The details of the statistical method used in our study are 
as follows: Whether the continuous variables were normally 
distributed or not was determined by the Kolmogorov–
Smirnov test. Normally distributed continuous variables 
were expressed as mean ± SD, non-normally distributed 
continuous variables were expressed as median and inter-
quartile range, and categorical variables were expressed 
as the number of patients and percentage. Student’s t-test 
was used for normally distributed continuous variables and 
Mann–Whitney U-test was used for non-normally distrib-
uted variables in comparisons of means between 2 groups. 
Chi-square or Fisher’s exact test was used for categorical 
variables. Power analysis was performed to determine the 
number of patients required for the study. Based on previ-
ous studies, the effective power for testing and evaluation 
was determined as 0.7. Type I error rate is accepted as 0.05 
and type II error rate is accepted as 0.2, and it was planned to 

evaluate 552 patients with PE, assuming 20% data loss might 
occur. However, it was planned to perform a final analysis 
with 502 patients after exclusion due to inappropriate data 
image quality, missing or incomplete data, and retrospective 
nature of the study. A value of P < .05 was considered to indi-
cate a statistically significant difference. The receiver oper-
ating characteristic (ROC) curves were drawn for in-hospital 
and long-term prognosis and mortality estimation of this 
proposed formula, and the areas under the curve (AUC) were 
calculated. Logistic regression analysis was performed for in-
hospital events and bleeding, and COX proportional regres-
sion analysis was used to determine long-term mortality 
predictors. Correlation analysis was performed with Pearson 
and Spearman tests. Statistical Package for Social Sciences 
for Windows, Version 20.0 (SPSS Inc., Chicago, Ill, USA) and R 
(Vienna, Austria) programs were used for statistical analysis.

The informed consent form was obtained from each patient 
enrolled in the study, and the study protocol was approved 
by the Local Ethics Committee (number: 2018.6/16-132, date: 
25/09/2018).

RESULTS

Study group comprised 44 LR (9%), 104 ILR (21%), 296 IHR 
(59%) and 58 HR (11%) APE patients. Baseline demographic 

Table 1. Baseline Characteristics of Study Group

Variable

Mean ± SD or 
Absolute 

Percentage (%)

Age (years) 61.9 ± 16.9

Female sex [n (%)] 292 (58.2)

Syncope [n (%)] 150 (29.8)

Previous VTE episode [n (%)] 55 (10.9)

Hypertension [n (%)] 216 (43.2)

Diabetes mellitus [n (%)] 80 (16)

Coronary artery disease [n (%)] 37 (7.5)

Atrial fibrillation [n (%)] 30 (5.9)

Chronic lung disease [n (%)] 55 (11)

Acute DVT [n (%)] 282 (56)

Malignancy [n (%)] 66 (13.1)

Postoperative status or permanent 
immobility [n (%)]

189 (37.6)

Extremity fracture [n (%)] 28 (5.6)

Previous stroke [n (%)] 36 (7.2)

Oral contraceptive drug utilization [n (%)] 21 (4.3)

History of traveling [n (%)] 17 (3.3)

Known thrombophilia [n (%)] 5 (1)

Provoked APE [n (%)] 387 (72.1)

Unprovoked APE [n (%)] 115 (22.9)

Symptom duration before referral to our 
center (days)

5.0 (3-9)

Continuous variables given as mean and SD or median and 
interquartile range, and categorical variables are given as number and 
percentage.
APE, acute pulmonary embolism; DVT, deep vein thrombosis; VTE, 
venous thromboembolism.
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and clinical characteristics of patients were given in Table 1. 
Systolic blood pressure (mm Hg) (SBP) and pulse oximetry oxy-
gen saturation at room air (%) of combined HR/IHR group 
were lower than ILR/LR group (115.5 ± 24.8 vs. 129 ± 21.8, P < 
.001 and 87.5 ± 7 vs. 91.3 ± 4.2 P < .001, respectively) whereas 
heart rate (bpm) of HR/IHR group was higher than ILR/LR 
group (108.9 ± 19.8 vs. 96.3 ± 18.4, P < .001). Comparisons of 
other baseline vital signs, risk stratification parameters, ini-
tial TTE, CTPA, and invasive hemodynamic features in terms 
of APE risk groups are given in Table 2. Beyond the increased 
RV/LVr as a component of risk definition, patients at HR/
IHR compared with those at ILR/LR had significantly higher 
d-dimer and hs-troponin levels, QS, and sPAP, PA, and RV 
diameters, but significantly decreased RV free-wall thick-
ness (Table 2).

The ST was documented to be utilized in 83 (20 of them were 
HR, 63 of them IHR) out of 502 patients with different doses 
and infusion duration. While 23 patients received 100 mg 
full dose t-PA, the mean t-PA administration dose was 58.7 
± 29.6 mg and infusion duration was 6.4 ± 4.9 hours in the 
remainder. In-hospital mortality, major, and minor bleeding 
rates in the ST group were 10 (12%), 9 (10.8%), and 4 (4.8%), 

respectively. The USAT was the most frequently preferred 
CDT modality and was noted in 195 patients [26 (13.3%) HR 
and 169 (86.7%) IHR], and it was used bilaterally and unilat-
erally in 161 (82.5%) and 22 (17.5%) of the cases, respectively. 
Mean 26 ± 6.9 mg dose of t-PA was given in mean 24.1 ± 7.2 
hours infusion period. In-hospital mortality, major, and minor 
bleeding rates in the USAT group were 12 (6.1%), 13 (6.6%), 
and 23 (11.7%), respectively. In 36 (18.4%) out of 195 patients 
treated with USAT, neoadjuvant ST with mean t-PA dose of 
48.2 ± 27.9 mg and 7.9 hours infusion duration was also uti-
lized. Moreover, 3 patients were additionally treated with RT 
after USAT because of the inadequate response. The RT as 
other CDT modality was also performed in 40 patients with 
HR (2, 5%) or IHR (38, 95%). The bilateral and unilateral RT 
was performed in 52.5% and 47.5% of patients, and mean RT 
activation duration was 290.2 ± 85.7 seconds. Mean 15.7 ± 4.9 
mg dose of adjuvant t-PA was given via system catheter in 11 
(27.5%) cases during the RT procedure. In-hospital mortality, 
major, and minor bleeding rates in RT group were 4 (10%), 4 
(10%), and 3 (7.5%), respectively. Contrast-induced nephrop-
athy was observed in 3 (7.5%) patients treated with RT and 
all of them resolved without the need of hemodialysis. Other 
187 patients were treated with anticoagulation alone with 

Table 2. Comparison of Baseline Vital Signs, Risk Parameters, Initial TTE, CTPA, and Invasive Hemodynamic Measures in Terms of 
APE Risk Groups as HR/IHR Versus LR/ILR

Variable Overall Population HR and IHR Groups LR and ILR Groups P

Systolic blood pressure (mm Hg) 119.5 (105-133) 115.5 (100-131) 129 (112.2-139.7) <.001

Diastolic blood pressure (mm Hg) 72.2 (60-82) 70.7 (60-80) 75.8 (63.2-85) .02

Heart rate (bpm) 105.2 (91-118) 108.9 (96-120) 96.3 (82-109.7) <.001

Oxygen saturation at room air (%) 88.7 (85.7-93) 87.5 (82-92) 91.3 (88-95) <.001

Shock index (HR/SBP) 0.94 (0.71-1.06) 1.02 (0.75-1.13) 0.77 (0.62-0.9) <.001

PESI score 104.8 (78-127) 113.1 (88.7-131.2) 85 (60-108) <.001

PESI class 3.2 (2-5) 3.5 (3-5) 2.5 (1-4) <.001

sPESI score 1.4 (1-2) 1.6 (1-2) 0.9 (0-1) <.001

sPAP-echo (mm Hg) 52.7 (40-60) 56.2 (45-65) 44.3 (35-50) <.001

TAPSE (mm) 18.6 (15-22) 17.6 (15-20) 21.3 (19-24) <.001

St (cm/s) 11.3 (9-13) 10.7 (9-12) 13.4 (10.4-15) .17

sPAP (catheter) (mm Hg) NA 56.2 ± 15 NA

dPAP (catheter) (mm Hg) NA 16.9 ± 6.7 NA

mPAP (catheter) (mm Hg) NA 30.9 ± 8.6 NA

RV/LV diameter ratio 1.18 (1-1.3) 1.25 (1.1-1.3) 0.96 (0.85-1) <.001

RV diameter (mm) 42.7 (38.6-46.8) 44.4 (40.2-47.9) 38 (34-42) <.001

RVFWD (mm) 5.77 (4.4-6.6) 5.47 (4.2-6.2) 6.66 (5.3-7.5) <.001

RA/LA diameter ratio 1.34 (1.13-1.49) 1.39 (1.2-1.53) 1.1 (0.97-1.22) <.001

Qanadli score 21.8 (17-28) 24.1 (20-29) 14.3 (9-20) <.001

Main PA diameter (mm) 30.1 (27.1-32.6) 30.7 (27.9-33) 28.1 (25-30.3) <.001

Main PA/aortic diameter ratio 0.89 (0.79-0.98) 0.9 (0.8-0.98) 0.88 (0.76-0.97) <.001

d-Dimer 10 (3.6-16) 11.1 (4.2-18) 7 (2.6-8.4) <.001

High-sensitivity troponin 0.42 (0.04-0.4) 0.52 (0.06-0.5) 0.18 (0.009-0.1) .02
Continuous variables given as median and interquartile range.
APE, acute pulmonary embolism; CTPA, computed tomographic pulmonary angiography; dPAP, diastolic pulmonary arterial pressure; HR, heart 
rate; IHR, intermediate to high risk; ILR, intermediate to low risk; LA, left atrium; LR, low risk; LV, left ventricle; mPAP, mean pulmonary arterial 
pressure; PA, pulmonary artery; PESI, pulmonary embolism severity index; RA, right atrium; RV, right ventricle; RVFWD, right ventricle free-wall 
diameter; SBP, systolic blood pressure; sPAP, systolic pulmonary arterial pressure; sPAP-echo, systolic pulmonary arterial pressure measured from 
echocardiography; sPESI, simplified PESI; St, systolic tissue velocity; TAPSE, tricuspid annular plane systolic excursion; TTE, transthoracic 
echocardiography.
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unfractionated heparin or low-molecular-weight heparin, 
and in-hospital mortality, major, and minor bleeding rates 
in this group were 11 (5.8%), 4 (2.1%), and 2 (1%), respectively. 
Pre- and post-treatment clinical, hemodynamic, TTE, and 
CTPA changes are summarized in Supplementary Table 1. 
Overall number of in-hospital and long-term mortality was 
37 (7.3%) and 54 (10.7%), respectively. In-hospital and long-
term mortality and major and minor bleeding rates among 4 
different treatment arms are summarized in Supplementary 
Table 2.

The index value was found to be significantly correlated 
with the clinical, hemodynamic, and CTPA measures of APE 
severity (Table 3). In univariable logistic regression analysis, 
the value of our composite index was not associated with 
increased in-hospital mortality [adjusted OR: 1.52 (0.71-3.24), 
P = .17] (Table 4). Although PESI, RV/LVr, and QS were signifi-
cantly associated with in-hospital mortality in univariable 
analysis, only PESI remained as significant in multivariable 
analysis (adjusted OR: 5.08; 1.44-17.89, P < .001). However, 
the higher index value related to a higher long-term mor-
tality both in univariable Cox regression (HR: 1.62; 1.07-2.46, 
P = .03) and multivariable Cox regression (HR: 1.53; 1.01-2.35, 
P = .04) analyses. The relation between all variables and 
long-term mortality is given in Table 5. The ROC curve anal-
ysis showed that 17.8 was the optimum value of the index in 
predicting the long-term mortality with a sensitivity of 70% 
and specificity of 40% (AUC = 0.652, 95% CI; 0.557-0.747, 
P = .001) (Figure 1). Adjusted variable plot demonstrated that 
the risk increased until an index level of 30, and after this 
threshold, there was no change in long-term mortality risk 
(Figure 2). The maximally selected rank statistics cut-points, 

which provide us, the classification of index into 2 groups 
for prediction mortality (Figure 3A). The cumulative hazard 
curve showed a higher mortality in high-index value group 
compared with low-index value group (log-rank test P-value 
.03) (Figure 3B).

DISCUSSION

Our novel composite index which is acquired from initial TTE 
and CTPA parameters was significantly correlated with the 
severity measures of clinical and hemodynamic status and 
associated with long-term mortality but not with in-hospital 
mortality in patients with APE. Only PESI was found to be an 
independent predictor for in-hospital mortality, as expected. 
A value of our index higher than 17.8 predicted the long-term 
mortality in these patients with a sensitivity of 70% and 
specificity of 40%. The risk of long-term mortality increased 

Table 3. Correlation Between Current Formula and Patient’s 
Baseline Characteristics

Variable r (Correlation Factor) P

Age 0.131 .033

Systolic BP −0.396 <.001

Diastolic BP −0.254 <.001

Heart rate 0.380 <.001

Oxygen saturation −0.408 <.001

PESI 0.488 <.001

PESI class 0.456 <.001

sPESI 0.421 <.001

Shock index 0.450 <.001

St −0.456 <.001

Qanadli score 0.602 <.001

RV/LV diameter ratio 0.572 <.001

RA/LA diameter ratio 0.321 <.001

Main PA diameter 0.335 <.001

RVFWD −0.574 <.001

d-Dimer 0.243 .001

Troponin 0.238 <.001
BP, blood pressure; LA, left atrium; LV, left ventricle; PA, pulmonary 
artery; PESI, pulmonary embolism severity index; RA, right atrium; RV, 
right ventricle; RVFWD, right ventricle free-wall diameter; sPESI, 
simplified PESI; St, systolic tissue velocity.

Table 4. Univariable and Multivariable Logistic Regression 
Analyses for In-Hospital Mortality

Variable
Crude OR  

(95% CI) P
Adjusted OR 

(95% CI) P

PESI (from 
78 to 127)

6.27 (1.90-20.64) <.001 5.08 (1.44-17.89) <.001

Admission 
RV/LV ratio 
(1.05-1.31)

1.50 (1.03-2.21) .03 0.80 (0.46-1.40) .44

Qanadli 
score (from 
17 to 28)

2.34 (1.29-4.24) .004 1.84 (0.88-3.84) .10

Formula 
(from 14.4 
to 36.6)

1.47 (0.76-2.86) .26 1.52 (0.71-3.24) .17

sPAP-echo 
(from 40 to 
62)

1.53 (0.85-2.75) .15 1.50 (0.76-2.94) .23

LV, left ventricle; OR, odds ratio; PESI, pulmonary embolism severity 
index; RV, right ventricle; sPAP-echo, systolic pulmonary arterial 
pressure measured from echocardiography.

Table 5. Univariable and Multivariable Cox Proportional 
Regression Analyses for Long-term Mortality

Univariable Cox Multivariable Cox

Variable
Crude HR  

(95% CI) P
Adjusted HR 

(95% CI) P

PESI (from 78 
to 127)

3.73 (2.20-6.31) <.001 3.58 (2.08-6.16) <.001

Admission 
RV/LV ratio 
(1.05 to 1.31)

1.17 (0.92-1.47) .18 0.90 (0.66-1.20) .45

Qanadli score 
(from 17 to 28)

1.30 (0.93-1.82) .11 1.08 (0.72-1.61) .70

Formula (from 
14.4 to 36.6)

1.62 (1.07-2.46) .03 1.53 (1.01-2.35) .04

sPAP-echo 
(from 40 to 
62)

1.23 (0.87-1.76) .23 1.09 (0.73-1.61) .67

HR, hazard ratio; LV, left ventricle; PESI, pulmonary embolism severity 
index; RV, right ventricle; sPAP-echo, systolic pulmonary arterial 
pressure measured from echocardiography.
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until an index level of 30. Moreover, beyond the increased RV/
LVr as a component of risk evaluations, HR/IHR compared 
with ILR/LR were associated with significantly higher QS, 
right atrial/left atrial ratio, sPAP, PA, and RV diameters, and 

d-dimer and hs-troponin levels but significantly decreased 
RV free-wall thickness.
 Selecting the optimal treatment strategy between dif-
ferent options regarding patients’ clinical characteristics 
bleeding risk, and hemodynamic and imaging features has 
remained a pivotal issue in APE. Despite the presence of vari-
ous risk prediction models and combination of some clinical 
and imaging parameters, the optimal model for predicting 
in-hospital and long-term outcomes with adequate sen-
sitivity and specificity in patients with APE remains to be 
determined.17,18 Although CTPA is the gold standard diag-
nostic tool for APE, TTE is also a useful method for initial 
risk stratification and follow-up after selected treatments. 
In some previous meta-analyses, even in hemodynamically 
stable patients at the time of admission, the presence of 
RV dysfunction on TTE was found to be associated with an 
increased short-term mortality.10,19 In parallel, it was reported 
that both RV/LVr ≥1 and TAPSE <16 mm predicted poor prog-
nosis.20 In our study, RV/LVr, QS, and main PA diameter were 
higher in IHR/HR group as compared to those in patients at 
ILR/LR. The most commonly utilized scoring system for pre-
dicting the mortality of APE patients is PESI and its simpli-
fied version sPESI. The 30-day mortality for patients with 
PESI class ≥3 and sPESI ≥1 versus PESI class I-II and sPESI class 
were 10.9% and 1%, respectively. The well-known main limi-
tation of this validated system is being compounded with 
only patients’ initial clinical characteristics such as heart 
rate, blood pressure, oxygen saturation, respiratory rate, 
and consciousness status. However, it is known that TTE and 
CTPA features also widely influence the prognosis in APE.21 
Moreover a low sPESI score solely may not always ensure a 

Figure  1. ROC curve analysis of the formula for predicting 
long-term mortality.

Figure 2. Adjusted variable plot analysis of the formula.
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good prognosis for a patient with APE.22 A previous multi-
center randomized clinical trial in which safety of early dis-
charge was investigated, including 132 LR APE patients was 
prematurely terminated because of the high mortality.23 In a 
large retrospective analysis, thrombus volume as measured 
on CTPA was found to be strongly associated with Qanadli 
(r = 0.841, P < .001) and Mastora (r = 0.863, P < .001) scores 
and moderately associated with RV/LVr (r = 0.378, P < .001). 
Moreover, in multivariate analysis, RV/LVr >1.0 was found as 
an independent predictor for in-hospital mortality.24 A sub-
group analysis of RIETE registry revealed the importance of 
early TTE examination, and right atrial dilatation (OR: 3.74, 
95% CI: 2.10-6.66) and RV hypokinesia (OR: 3.11, 95% CI: 1.85-
5.21) were reported to be associated with increased 30-day 
mortality.25 In addition to the absence of imaging features in 
PESI, syncope which reflects the severity of APE is not a part 
of this scoring system.26,27

Individualized risk stratification has also been pivotal in 
determining the evidence-based treatment modalities in 
patients with APE. In the setting of HR APE with hemody-
namic instability, ST is recommended in order to achieve 
rapid PA reperfusion, unless any relative or absolute contra-
indication for t-PA.28,29 On the other hand, making a decision 
for patients with IR APE and HR APE with high bleeding risk 
is more confusing regarding many different clinical settings. 
Although in a large randomized PEITHO trial, ST showed no 
benefit for IR APE,30 a group of patients in IR PE especially 
concomitant clinical severity criteria and RV dysfunction 
may need further treatment beyond anticoagulation alone. 

Therefore, improved risk assessment strategies are required 
among the patients with IR PE for discriminating accurate 
candidates having benefit from ST or CDTs.31 Catheter-
directed treatments are basically recommended for patients 
with HR and IHR APE.13,32 The most commonly utilized CDT 
modality both worldwide and in our current study is USAT 
via EKOS system, and its safety and efficacy issues have 
been documented in a randomized controlled trial, con-
secutive prospective single- or multi-center studies, and 
meta-analyses.33-38 Catheter-directed embolectomy such 
as Flowtriever®39 and AngioJet® RT system40 is also another 
favorable option for selected patients with IHR and HR PE 
with absolute contraindication for ST or surgical embolec-
tomy and as an adjuvant therapy after failure of ST.

In our study, comparisons of the HR/IHR versus ILR/LR APE 
groups provided highly consistent data regarding the sever-
ity of the acute thrombo-obstructive burden, pressure 
mismatch, and strain over RV. Not only RV/LVr is already a 
component of the initial risk evaluation but also signifi-
cantly higher QS, right atrial/left atrial ratio, sPAP, PA and 
RV diameters, and d-dimer and hs-troponin levels and a 
lower RV free-wall thickness were found to discriminate the 
patients at HR/IHR from those at ILR/LR status. Our novel 
index is composed of RV diameter and RVFWD acquired 
from initial CTPA and sPAP-echo and TAPSE calculated by 
TTE at initial evaluation. In our hypothesis inspired from the 
original Laplace formula, numerator (RV diameter × sPAP-
echo) and denominator (RVFWD × TAPSE) were assumed 
to represent 2 sides of pressure/wall stress relationship, 

Figure  3. The maximally selected rank statistics cut-points, which provide us the classification of the index into 2 groups for 
prediction mortality (A). Cumulative hazard curve showed a higher mortality in high-index value group compared with low-index 
value group (log-rank test P-value .03) (B).
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respectively. It has been considered that multiplying the 
RVFWD and TAPSE might provide additional informa-
tion regarding the radial and longitudinal endurance of RV 
free-wall against acute-onset pressure overload. Recently, 
TAPSE/sPAP ratio (mm/mm Hg) was introduced into the 
diagnostic and prognostic evaluation algorithms in ESC/
ERS 2022 Pulmonary Hypertension Guidelines.41 This index 
showed significant and clinically relevant correlations to 
the severity measures of clinical and hemodynamic sta-
tus, and a higher value was found to be associated with 
long-term mortality but not with in-hospital mortality. 
Only PESI independently predicted in-hospital mortality. 
This discrepancy between in-hospital and long-term out-
come predictions may be caused by a low number of early 
outcomes because CI is wide [adjusted OR: 1.52 (0.71-3.24, 
P = .17)]. According to the adjusted variable plot, the risk of 
long-term mortality increased until an index level of 30 but 
remained unchanged thereafter. The cumulative hazard 
curve showed a higher mortality with high-index value ver-
sus low-index value.

Study Limitations
Absence of the prospective follow-up should be considered 
as the first important limitation of this study. However, nearly 
complete follow-up in the registered APE patients may be 
considered as an important factor in a retrospective analy-
sis. Despite some possible explanations, the aforementioned 
discrepancy regarding the in-hospital outcome predic-
tion remains as another limitation of this study. The RV and 
RWFWD assessed by CTPA may not coincide with the pha-
sic changes in RV volume and wall thickening. Simultaneous 
invasive and echocardiographic assessments might provide 
more robust data regarding the relation RV function against 
acute pressure strain in APE. Additionally, 70% of the patients 
were at HR or IHR status as a result of the referral pattern to 
our tertiary APE center, and this may lead to some difficul-
ties in the comparison of 4 risk groups.

CONCLUSION

In addition to RV/LVr, the higher QS, sPAP, PA, and RV diame-
ters and d-dimer and hs-troponin levels and a lower RV free-
wall thickness seem to discriminate the HR/IHR versus ILR/
LR status in patients with APE. Our index derived from initial 
TTE and CTPA assessments showed significant correlations 
to severity measures and was associated with long-term 
mortality but not with in-hospital mortality. An index value 
higher than 17.8 predicted long-term mortality, and this 
risk seemed to increase until an index level of 30. Only PESI 
remained as the independent predictor for in-hospital mor-
tality. The issue of whether this index may provide additional 
benefit in the risk prediction of patients with APE needs to be 
determined with further studies.
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Supplementary Table 2. In-hospital and long-term mortality, major and minor bleeding rates in terms of four different treatment 
methods

ST (n=83) USAT (n=195) RT (n=40) Anticoagulation alone (n=187)

Major bleeding 9 (10.8%) 13 (6.6%) 4 (10%) 4 (2.1%)

Minor bleeding 4 (4.8%) 23 (11.7%) 3 (7.5%) 2 (1%)

In-hospital mortality 10 (12%) 12 (6.1%) 4 (10%) 11 (5.8%)

Long-term mortality 11 (13.2%) 15 (7.6%) 5 (12.5%) 23 (12.2%)
ST, systemic thrombolysis, USAT, ultrasound-assisted thrombolysis, RT, rheolytic thrombectomy

Supplementary Figure 1. Flowchart of the study.


