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Abstract

Background Regarding risk stratification of intermediate-risk pulmonary embolism, data are still not sufficient.
Transthoracic echocardiography parameters may be useful in risk evaluation in those patients. Some novel echo-
cardiographic indices mainly tricuspid regurgitation peak gradient (TRPG), pulmonary artery acceleration time, and
tricuspid annulus plane systolic excursion (TAPSE) were evaluated showing that they may be used for risk stratification
of normotensive cases with acute pulmonary embolism (APE).

Results The studied cases were subdivided into two classes:

Class | with intermediate-low-risk pulmonary embolism included 32 patients (53.3%) and class Il with intermedi-

ate high-risk pulmonary embolism involved 28 cases (46.7%). Dyspnea, tachypnea, troponin level, RvD, RVD/LVD, TR
velocity, and TRPG/TAPSE were statistically higher in cases of class Il than that of class | (p < 0.001). On the other hand,
TAPSE and PA acceleration time were markedly lower in the case of class Il than that of class | (p < 0.001). Ten cases
(35.7%) of group Il required thrombolytic agents with a significant difference (p<0.001).

Conclusions RVD/LVD ratio, TAPSE, TRPG/TAPSE ratio, and PA acceleration time are echocardiographic parameters
that might be helpful for risk stratification of cases with moderate-risk pulmonary embolism. The addition of elevated
levels of cardiac troponins to imaging and clinical findings can improve PE-related risk identification.

Trial registration NCT04020250. Registered on 16 July 2019.
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Background

A major health issue with a high death rate is pulmonary
embolism (PE) [1]. PE has a significant rate of misdiagno-
sis because of its non-specific clinical symptoms and lack
of a particular physical finding [2, 3]. Recently, clinicians
utilized a variety of diagnostic procedures, including
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blood gas analysis, computed tomographic pulmonary
angiography(CTPA), lower limb proximal deep vein com-
pression ultrasound, and plasma D-dimer assays [4, 5].

Clinical classification of acute pulmonary embolism
severity is depending on the evaluated 30-day death risk.
Cases with shock resulting from acute pulmonary embo-
lism consider a high-risk class for early mortality that is
account more than 15% [6], while the intermediate-risk
group constitutes a very heterogeneous class in which the
early death rates are between 2 and 15%.

Most patients remain hemodynamically stable during
taking anticoagulants, clinical deterioration is possible,
and patients may require emergency thrombolysis or a
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surgical or percutaneous embolectomy if this happens
[6].

RV dysfunction can be determined by using the bed-
side diagnostic method of echocardiography. The risk
stratification of cases with normotensive APE can be
done by using the tricuspid annulus plane systolic excur-
sion (TAPSE) [7]. APE risk stratification may be aided
by the tricuspid regurgitation peak gradient (TRPG), an
echocardiographic marker of RV overload [8].

Aim of the study
The study aims:

1. To assess the accuracy and prognostic significance
of TRPG, TAPSE, and pulmonary artery acceleration
time in risk stratification of cases with moderate risk
pulmonary embolism

2. To provide cut-oftf measurements for these param-
eters

3. To determine the requirement for rescue thromboly-
sis in primary normotensive APE cases with rabid
clinical deterioration

Patients and methods
This prospective cross-sectional study was performed
at Chest Department, Assiut University Hospital, from
August 2019 to May 2021, after approval by the Scientific
Ethics Commission of the Faculty of Medicine of Assiut
University (IRB no 17100850, dated 1/12/2019). Clinical
trial number: NCT04020250

Sixty patients with acute pulmonary embolism (24
males and 36 females) were recorded in this work; com-
puted tomographic pulmonary angiography (CTPA) was
used to diagnose PE.

Inclusion criteria
Cases with moderate-risk pulmonary embolism that
were:

a) Age > 18years old.

b) Systolic blood pressure > 90mmHg and no symp-
toms of peripheral hypoperfusion at admission.

c) The sPESI (simplified pulmonary embolism severity
index) is more than 1.

Exclusion criteria
Patients <18 years old.

Cases having valvular heart diseases.

Cases having acute massive pulmonary embolism who
presented with hemodynamic instability.
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Written informed approval was taken from whole
involved cases in this study.

Whole cases were submitted to full medical history
and clinical examination. Arterial blood gases, com-
plete blood count, serum troponin levels, D-dimer, and
renal and liver function tests were done for all enrolled
patients. Each subject underwent detailed transtho-
racic echocardiography (TTE) within the first 24h of
admission.

Transthoracic echocardiography

During the first 24 h following approval, a transthoracic
echocardiographic assessment was carried out using
a Philips HD5 device (Philips Medical System, USA)
with 2.5-3.5 MHz transducers, and the findings were
recorded. Cases were evaluated while positioned to the
left lateral position. In the parasternal short-axis imag-
ing, the dimensions of the left and right ventricles were
estimated. The simplified Bernoulli equation was used
to determine the tricuspid regurgitation peak gradient
(TRPG) on the tricuspid valve in the apical 4-chamber
view by continuous wave Doppler. Pulsed wave Doppler
was used to quantify the pulmonary ejection acceleration
time (AT), with the sample volume put in the RV outflow
tract immediately under the pulmonary valve in short
parasternal view (aortic valve level). A value of pulmo-
nary artery acceleration time less than 130 msec is con-
sidered abnormal. measurement were averaged over 3
consecutive heart cycles. RV performance was evaluated
by measuring tricuspid annulus plane systolic excursion
(TAPSE) using M mode. We have measured the distance
(mm) of the systolic excursion of the lateral tricuspid
valve annulus towards the apex in the apical 4-chamber
view. A value of TAPSE less than 16 mm is considered
abnormal. The parameter of TRPG/TAPSE was com-
puted. Simpson’s formula was used to determine the left
ventricular ejection fraction (LVEF) utilizing a 2D picture
of the LV chamber in the 2- and 4-chamber apical views
during systole and diastole.

Statistical analysis
Data of this study was gathered and examined utilizing
SPSS (Statistical Package for the Social Science, version
20, IBM, and Armonk, New York). Continuous informa-
tion was explained in shape of mean + standard devia-
tion or median while nominal information was explained
in shape of frequent rate.

Groups were in comparison utilizing an ANOVA or
Mann-Whitney U-test where data were ordinal, and x>
test of independence or Fisher’s exact test for normal
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information. A p-value of <0.05 was considered statisti-
cally significant

Results

This study enrolled 60 cases (24 men and 36 women)
with moderate-risk PE that are normotensive with sim-
plified pulmonary embolism severity index (sPESI > 1).
They were categorized into 2 classes, class I (32, 53.3%)
(intermediate-low-risk PE) characterized by sPESI > 1
with either right ventricular (RV) dysfunction or positive
troponin test or both are negative, and class II (28, 46.7%)
(intermediate-high-risk PE) characterized by sPESI > 1
with concomitant RV dysfunction and positive troponin
test.

Demographic data, risk factors, and comorbidities of
the recorded cases are displayed in Table 1. The most fre-
quent symptom was dyspnea which was reported in all
patients with PE; chest pain was the second complaint
with no statistical difference between both groups. Tach-
ycardia was reported in all patients and tachypnea with
respiratory rate > 30 was reported in all patients in group
1L

Table 1 Demographic data, risk factors, and comorbidities of the
studied patients

Groupl(n=32) Groupll(n=28) Pvalue

Demographic data

Age (years)? 4565 £ 16.50 51.14+£1533 0.19
Sex, % 018
Male 15 (46.9%) 9(32.1%)
Female 17 (53.1%) 19 (67.9%)
Smoking 4 (12.5%) 4 (14.3%) 0.65
Risk factors, %
Contraceptive pills 5(15.6%) 3(10.7%) 043
Lower limb Fracture 4 (12.5%) 6 (21.4%) 0.28
DVT 5(15.6%) 6 (21.4%) 0.40
Previous PE 2 (6.3%) 2 (6.3%) 0.64
Previous CS 0 2(7.1%) 0.21
Post-COVID19 2(6.3%) 2 (7.1%) 0.64
Comorbidities, %
Diabetes mellitus 5(15.6%) 4 (14.3%) 0.58
Hypertension 2 (6.3%) 2(7.1%) 0.64
Cardiac diseases 1(3.1%) 0 0.53
Malignancy 0 2(7.1%) 0.21
COPD 1(3.1%) 0 053
OHS 1(3.1%) 0 053
Bronchiectasis 1(3.1%) 1(3.6%) 0.72
SLE 0 1(3.6%) 0.46
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Group II patients all had positive troponin, while only
11 (34.4%) patients of group I had positive troponin with
a statistically significant difference (p< 0.001) between
both classes (Table 2).

Echocardiographic parameters of studied patients are
presented in Table 3. In group II patients, RVD, RVD/
LVD ratio, TR velocity, and TRPG/TAPSE were signifi-
cantly higher than those of group I, while TAPSE and
acceleration time were markedly lower in group II. The
most frequent anticoagulants used in those patients
were parenteral anticoagulants in form of LMWH and
warfarin or UFH for 2448 h followed by warfarin. Ten
cases have intermediate-high-risk PE that required

Table 2 Clinical manifestations and investigation among
enrolled patients
Group | (n =32) Group Il (n =28) Pvalue
Clinical manifestations and investigation
Grade of dyspnea 0.01
Il 19 (59.1%) 8 (28.6%)
[\ 13 (40.6%) 20 (71.4%)
Cough 7 (21.9%) 3(10.7%) 021
Hemoptysis 7 (21.9%) 3(10.7%) 0.21
Chest pain 15 (46.9%) 11 (39.2%) 0.83
Syncope 0 2 (7.1%) 0.21
Wheezes 4(12.5%) 1(3.6%) 0.22
Respiratory rate 3084 £ 1.5 3743 £297 0.001
Tachycardia 1175+672 119.29 £ 8.133 0.356
SO, 9459 £2.78 94.04 £3.70 0.50
Positive troponin 11 (34.4%) 28 (100%) <0.001

D-dimer, ng/ml 3786.88 172185 4403.21 £2181.09 0.227

Data expressed as mean (SD), frequency (percentage). P value was significant if
<0.05.

Table 3 Echocardiographic findings in studied patients

Group | (h=32) Groupll(n=28) Pvalue

RVD (cm) 1.71 £ 049 2624035 <0.001
LVEDD (cm) 465+ 061 445+£0.75 0.26
RVD/LVD ratio 036+0.12 0.6040.12 <0.001
Ejection fraction (%) 66.31 +£877 66.04 +7.22 0.89

TR velocity (msec) 0.60 +0.15 0.744+0.19 < 0.001
TRPG (mmHg) 1.58+0.72 1.88+0.78 0.13
TAPSE (cm) 289+ 061 146 +£0.11 <0.001
TRPG/TAPSE 0.55+0.27 1.294+0.56 <0.001
PA acceleration time 17746 £8.18 124.25 £ 6.86 <0.001
(msec)

Data expressed as frequency (%). mean (SD)?. P value was significant if < 0.05.
COPD, chronic obstructive pulmonary disease; CS, cesarean section; DVT, deep
venous thrombosis; OHS, obesity hypoventilation syndrome; PE, pulmonary
embolism; SLE, systemic lupus erythematosus

Data expressed as mean (SD). P value was significant if < 0.05. LVEDD Left
ventricular end-diastolic diameter, RVD Right ventricular diameter, TAPSE
Tricuspid annular plane systolic excursion, TR Tricuspid regurgitation, TRPG
Tricuspid regurgitation peak gradient
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Table 4 Lines of management and duration of hospital stay in
studied patients
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Table 6 Accuracy of parameters in
intermediate-risk PE

prediction of high-

Group | (n=32) Groupll(n=28) Pvalue

Anticoagulants 0.23

UFH then warfarin 10 (31.3%) 14 (50%)

UFH then NOAC 0 1 (3.6%)

LMWH and Warfarin =~ 19 (59.4%) 10 (35.7%)

NOAC 3(9.4%) 3(10.7%)
Thrombolytic therapy 0 10 (35.7%) < 0.001
Embolectomy 0 1 (3.6%) 0.46
Hospital stay (indays) 641+ 1.84 13.96 + 1.55 0.001

Data expressed as frequency (percentage), mean (SD). P value was significant if
< 0.05. UFH Unfractionated heparin, NOAC New oral anticoagulant, LMWH Low
molecular weight heparin

thrombolytic therapy (p<0.001), while embolectomy was
done in only one patient of group II (Table 4).

It was found that patients with positive troponin had
significantly lower TAPSE and acceleration time and sig-
nificantly higher TRPG/TAPSE (p< 0.001) in comparison
to those with negative troponin (Table 5).

Table 6 shows the diagnostic accuracy of echocardio-
graphic indices measured in predicting intermediate-
high-risk PE. It was found that TAPSE at cutoff point
< 1.70 cm had 100% sensitivity and 100% specificity for
prediction of intermediate-high-risk APE with 100%
accuracy and the area under the curve was 1.

TRPG/TAPSE ratio at cutoff point > 0.96 had 79% sen-
sitivity and 94% specificity for prediction of intermedi-
ate-high-risk APE with 86.9% accuracy and area under
the curve was 0.89. Acceleration time at cutoff point <
130 (msec) had 100% sensitivity and 87% specificity for
the prediction of intermediate-high-risk APE with 93.1%
accuracy and the area under the curve was 0.95 (Fig. 1).

Discussion

This prospective cross-sectional study included 60
patients with intermediate-risk PE. The studied cases
were classified into two classes:

Table 5 New parameters measurements based on troponin

level
Troponin level P value
Negative (n =21) Positive (n = 39)
TRPG (mmHQ) 161 076 1.77 £0.75 045
TAPSE (cm) 2.88 + 046 187 +0.78 <0.001
TRPG/TAPSE 0.56 £0.28 1.08 £0.60 <0.001
Acceleration time 180.81 +51.09 13746 + 31.50 <0.001
(msec)

Data expressed as mean (SD). P value was significant if < 0.05

TAPSE (cm) TRPG/TAPSE ratio Acceleration
(msec)
Sensitivity 100% 79% 100%
Specificity 100% 94% 87%
PPV 100% 92% 87%
NPV 100% 83.3% 100%
Accuracy 100% 86.9% 93.1%
Cutoff point <1.70 >0.96 <130
Area under the 1 0.89 0.95
curve
Pvalue <0.001 <0.001 <0.001

TRPG Tricuspid regurgitation peak gradient, TAPSE Tricuspid annular plane
systolic excursion, PE Pulmonary embolism, PPV Positive predictive value, NPV
Negative predictive value

Class I (intermediatelow-risk PE) and class II (interme-
diatehigh-risk PE). Most of our patients were females. De
Miguel-Diez et al. observed variations in the occurrence
and death from pulmonary embolism considering age
and sex [9, 10]. Also, women had a significantly higher
occurrence of PE and death than men, despite men hav-
ing an elevated certain risk factor prevalence, like cancer
and cigarette smoking. On the other side, Yang et al. in
their study documented that the occurrence of PE was
elevated in male cases [10]. Heit et al. documented a sim-
ilar occurrence in both males and females [11], while Sil-
verstein et al. reported a higher age-adjusted occurrence
among men than women [12].

Dyspnea was the main complaint in all patients fol-
lowed by chest pain. Similarly, in previous studies, dysp-
nea and chest pain were the most prevalent symptoms,
also, tachycardia and tachypnea were the most common
signs [13-15].

Both groups of patients had non-significant differences
as regards baseline arterial blood gases and laboratory
data (p> 0.05) with exception of significantly higher posi-
tive troponin among patients of class II in comparison
to class I ( p <(0.001). Cardiac troponin level can recog-
nize cases with an increased risk of mortality and seque-
lae through the acute stage of PE. In this regard, it was
noted that circulating troponin T levels can enhance the
risk stratification of normotensive cases with acute PE,
and especially, identify cases who are at low risk of an
early adverse outcome [16]. In contrast to those of the
simplified PESI, a high sensitivity and negative predictive
value were associated with a troponin level. They were
recognized as independent predictors of 30-day compli-
cated outcomes [17, 18]. By contrast, none of the cases
with low-risk stratifications and low levels of troponin
experienced reverse results, but the cases with low-risk
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Fig. 1 Accuracy of new parameters in prediction of intermediate-high-risk PE

simplified PESI and increased troponin had a higher rate
of reverse results [18].

As regards the management of PE, echocardiogra-
phy saves rapid and accurate risk assessment and helps
the physician to choose the type of therapy [19]. In nor-
motensive PE patients, right ventricular impairment on
echocardiography provide prognostic data which is dis-
tinct from clinical results concise by the PE severity index
(PESI) [20].

In this study, there were significant differences in
echocardiographic parameters between the two groups.
Patients in group II had higher RVD, RVD/LVD ratio,
TR velocity, and TRPG/TAPSE ratio than those with
group I patients. On the other hand, significantly lower
TAPSE and acceleration time were found in group II in
comparison to those with group I. Three studies reported
an elevated risk of mortality in cases with high RVD [21,
22]. These studies were carried out on cases with differ-
ent grades of clinical severity and did not involve only
cases with intermediate PE. Moreover, they added that
RVD could be demonstrated not only by acute PE but
by cardiopulmonary comorbidities as well [23]. There

was significantly lower TPASE and acceleration time
in the high-risk group in comparison to those with low
risk. Similarly, it was reported that echocardiographic
parameters were utilized to apply the early risk of cases
with PE. RVD/LVD diameter rate >1.0 and a TAPSE <16
mm are the results associated with unfavorable progno-
sis [24]. Totally, evidence for RV impairment on echocar-
diography is present in >25% of unselected cases with
acute PE [6]. Meta-analyses and systematic reviews show
that RV impairment on echocardiography is related to
an increased short-term death risk in cases who appear
hemodynamically stable at presentation [25]; however,
a meta-analysis found that its overall positive predictive
value for PE-related death was low (<10%) [22, 25].
Ciurzynski et al. stated that TAPSE and RV/LV ratio
are useful to predict outcomes in non-elevated risk APE
cases. Ciurzynski et al. set the cut-off point of TAPSE as
>20 mm and this gives 100% NPV for the CE. Therefore,
cases with TAPSE >20 mm represent a least-risk class
with a good prognosis [26]. They also consider TRPG/
TAPSE parameter as a second echocardiographic move
for risk stratification. ROC analysis showed markedly
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higher AUC for TRPG/TAPSE than for RV/LV and TRPG
alone in cases with TAPSE <20 mm.

It was noticed that TAPSE <17 mm is highly predictive
of RV systolic dysfunction [27]. Ciurzynski et al. notified
that TAPSE is a valuable parameter for risk stratification
in normotensive APE cases, and TAPSE >20 mm can be
utilized for the identification of low-risk cases [28]. It
was tried to risk-stratify normotensive APE cases utiliz-
ing a stepwise echocardiographic program. As the initial
step, TAPSE measurement was proposed. In most cases
of intermediate-risk PE, the CE was noticed in cases with
TAPSE <20 mm. Subsequently, TRPG/TAPSE was a
recent echo parameter to differentiate these patients.

The preferred technique for noninvasively measuring
pulmonary artery pressure at the systolic level is depend-
ent on persistent wave Doppler assessment of TRPG. In
APE cases without RV overload, a normal TRPG and an
increased TAPSE and significantly lower TRPG/TAPSE
were observed. The present study showed that TAPSE at
a cutoff point < 17.0 mm had 100% sensitivity and 100%
specificity for the prediction of high-intermediate-risk
APE with 100% accuracy and the area under the curve
was 1.

There were some limitations to this current study. The
sample size in this study was relatively small so a large,
prospective study is required to validate the observations
reported. This current study was conducted in one center
in Assiut University Hospital, Faculty of Medicine; fur-
ther multi-centered study should be done.

Conclusions

Echocardiography is a convenient and noninvasive imag-
ing technique that may provide important information
about the right ventricular function.

RVD/LVD ratio, TAPSE, TRPG/TAPSE ratio, and PA
acceleration time are echocardiographic parameters that
may be useful in risk stratification of normotensive cases
with APE, and they identify cases with a bad prognosis.

Increased levels of cardiac troponins have a relatively
good impact in normotensive cases with acute PE; when
interpreted in combination with imaging and clinical
results, they can improve the identification of PE-linked
risk and the further prognostic stratification of such
cases.

Abbreviations

APE Acute pulmonary embolism
LVEF Left ventricular ejection fraction
LvD Left ventricular diameter

PE Pulmonary embolism

PA Pulmonary artery

RVD Right ventricle diameter

PESI Pulmonary embolism severity index
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TAPSE Tricuspid annulus plane systolic excursion
SPESI Simplified pulmonary embolism severity index
TTE Transthoracic echocardiography

TRPG Tricuspid regurgitation peak gradient
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