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Abstract

Background: Acute pulmonary embolism (PE) imposes abrupt hemodynamic stress on the right
ventricle; however, the prognostic value of specific echocardiographic markers remains unclear. We
aimed to determine whether RV parameters assessed within 24 hours of diagnosis predict poor clinical
outcomes.

Methods: In this multicenter prospective cohort, 150 hemodynamically stable PE patients underwent
transthoracic echocardiography within 24 hours. Parameters including TAPSE, RVFAC, RVOT VTI,
RVOT AT, and RV tissue Doppler S’ velocity were recorded. Patients were stratified by PASP/LVSV
ratio and followed for a composite endpoint of in-hospital mortality, cardiac arrest, or thrombolysis,
plus 90-day mortality.

Results: High-risk patients (PASP/LVSV >1.0; n=78) exhibited significantly lower TAPSE (1.52+0.26
vs 1.7240.28 cm), RVOT VTI (9.7£1.3 vs 12.3£1.7 cm), RVOT AT (59%12 vs 7915 ms), RVFAC
(3111 vs 45+8.5%), and S’ velocity (9.0+1.5 vs 11.4+2.4 cm/s) (all P<0.001). Composite outcomes
occurred more frequently in this group (P<0.05). Multivariate analysis identified RVOT AT (OR 1.022
per ms; p=0.043) and S’ velocity (OR 1.054 per cm/s; p =0.038) as independent predictors.
Conclusion: Echocardiographic RVOT acceleration time and tissue Doppler systolic velocity
independently predict adverse short-term outcomes in acute PE. Incorporating these metrics into early
risk assessment may improve identification of high-risk patients and guide timely intervention.

Keywords: Pulmonary embolism; echocardiography; right ventricular dysfunction; RVOT acceleration
time; tissue Doppler imaging

Introduction

Traditionally considered in the periphery of the cardiopulmonary paradigm, the role of the
right ventricle (RV) in mediating the pathophysiology has regained academic attention,
especially in the setting of acute pulmonary embolism (PE) M. In contrast to left-sided
indices that have long been the focus of clinical interest, recent data suggest that RV strain as
a clinically apparent by dilation, regional hypokinesia or increased central pressures is an
antecedent of poor clinical outcomes . In this sense, echocardiography provides a
conveniently accessible, non-invasive method to question the dynamics of RV: indices such
as tricuspid annular plane systolic excursion (TAPSE), right ventricular fractional area
change (RVFAC) and tissue Doppler-derived systolic velocities (S x) have been proposed as
surrogate markers of hemodynamic compromise [l However, there have been
methodological disparities in measuring procedures and diagnostic cut-offs that have
hindered its extensive inclusion into standardized risk-stratification models [*-3I,

The clinical manifestation of acute PE has now come to be accepted as pathophysiological
mechanisms. The radiological hallmark of pulmonary embolism, vascular obstruction
followed by elevated pulmonary vascular resistance, leads to a sudden increase in right
ventricular afterload . Since the right ventricle is structurally designed to handle large
volumes, but not to produce high pressures over long periods, this sudden rise in afterload
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exceeds the structural capacity of the right ventricle, leading
to acute dilation and severe loss of contractility 1. The
subsequent decrease in stroke volume triggers tachycardia,
which is an adaptation aimed at sustaining systemic
perfusion, instantly. In case such regulatory compensations
fail later on, poor end-organ perfusion occurs €,

The aim of the current study was to clarify which RV
parameters, considered separately, are capable of predicting
poor outcomes in the case of acute PE. These results could
optimize bedside risk estimation and guide therapeutic
choices, because they could help identify high-risk patients
early, accelerate the initiation of interventions (e.g.,
thrombolysis or catheter-directed therapy), and increase
survival in the end © 7. As a result, the careful design of
methodology and thorough examination, the study was to
shed light in the prognostic subtlety of RV dysfunction and
to identify new avenues of improved care of PE victims.

Methodology

This was a multi-center prospective observational cohort
study conducted during the period from October 2024 to
May 2025, following the approval of the institutional ethics
committee. The study included 150 patients diagnosed with
PE and admitted to the study locations. In this study we
categorized patients into two groups based on the
PASP/LVSV ratio to differentiate between high-risk and
low-risk groups: Group I (Low risk): PASP/LVSV <1.0.
Group II (High risk): PASP/LVSV >1.0

Prior to participation, informed written consent was
obtained from all subjects, then each participant received a
unique identification code to maintain confidentiality.

Eligibility Criteria

Our inclusion criteria included patients who had a confirmed
diagnosis of acute PE, based on computed tomographic
pulmonary angiography (CTPA), and were defined as
hemodynamically stable (BP>90 mmHg) upon admission.
We excluded patients with previous history of chronic
pulmonary hypertension, chronic pulmonary embolism,
right ventricular (RV) infarction, or inadequate
echocardiographic evaluation.

Study Procedure
All of the included patients in this study underwent the
following procedures and assessments:

Clinical and Laboratory Assessment

A detailed medical history was obtained, including
demographic data (age, sex), risk factors (smoking, diabetes,
hypertension), prior thromboembolic events, vital signs.
Patients also received a focused cardiopulmonary
examination, assessing chamber enlargement and abnormal
heart and lung sounds, while blood samples were collected
for various investigatory tests, such as high-sensitivity
troponin.

Risk stratification

Clinical and laboratory parameters were utilized in the
calculation of Pulmonary Embolism Severity Index (PESI)
and Bova risk scores. PESI is a combination of eleven
variables (age, cancer history, vital signs, oxygen saturation)
to classify patients into low, intermediate, and high-risk
groups. Bova score on the other hand categorizes
normotensive PE patients into three risk levels by
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integrating the heart rate, systolic blood pressure, right-
ventricular dysfunction, and troponin elevation.

Echocardiography

Within 24 hours of PE diagnosis, we utilized transthoracic
echocardiography (TTE) to evaluate the clinical condition of
the admitted patients. Multiple relevant echocardiographic
parameters were recorded for each patient: left ventricular
outflow tract velocity-time integral (LVOT VTI), left
ventricular ejection fraction (LVEF), tricuspid annular plane
systolic excursion (TAPSE), right ventricular outflow tract
velocity-time integral (RVOT VTI), right ventricular
outflow tract acceleration time (RVOT AT), right
ventricular fractional area change (RVFAC), and right
ventricular tissue Doppler imaging systolic velocity (RV
TDI S’). Other echocardiographic variables such as,
pulmonary artery systolic pressure (PASP), Left ventricular
stroke volume (LVSV) and PASP/LVSL were recorded and
will be evaluated in another report.

Outcomes and Follow-up

Patients were followed for up to 3 months, which included
the in-hospital and post-discharge periods. In this study, we
utilized a primary composite outcome, which was comprised
of (in hospital mortality, systemic thrombolysis, or cardiac
arrest). The secondary outcome was the Cumulative
mortality for the 3-month follow-up period.

Statistical analysis

Data analysis in the present study was performed using the
IBM SPSS Statistics version 28 (IBM Corp., Chicago, IL).
Continuous variables were presented as mean SD and the
normalcy of the distributions was established using Shapiro-
Wilk test. The unpaired Student t-test was used to determine
the differences between groups. The categorical variables
were described as frequencies and percentages and the
relationship between these variables was investigated using
the Chi-square test or Fisher exact test as per the need. The
p-value of two-tailed 0.05 and below was considered to be
significant. Multivariate logistic regression was used to
assess the correlation between dependent and multiple
independent variables.

Results

In Table 1, we demonstrated that the baseline characteristics
of our included 150 patients did not differ significantly
between the two groups (Group I= 72 patients, Group 1= 78
patients). The overall cohort had a mean age of
58.2+10.9 years, weight of 75.2%7.8kg, height of
1.67+0.05m and body mass index (BMI) of 27.3+3.2Kg/m2.
Males comprised 53.3% of the patients, while females were
46.7% of the cohort. Diabetes mellitus was the most
common present risk factor in this cohort (40%), followed
by hypertension (37.3%) and smoking (30%).

Risk stratification scores were reported in Table 2. Group |
was associated with lower PESI and Bova scores, that were
both clinically and statistically significant (109.6+21.2 vs
122.5+18.7; P<0.001; 4.1+0.78 vs 5.1+0.85, P<0.001)

A quantitative overview of the echocardiographic results
achieved in the series of 150 participants is provided in
Table 3 that is stratified into Group | (n = 72) and Group Il
(n = 78). There was no significant difference in the left
ventricular ejection fraction (LVEF) between the two
groups: 59.3 + 4.3% in Group | and 59.7 + 4.7% in Group Il
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(p = 0.501). On the other hand, measures of left ventricular
(LV) outflow tract function and right ventricular (RV)
measures were all significantly reduced in Group Il. Group |
averaged 17.5 +/- 2.8 cm and Group Il averaged 14.5 +/- 2.1
cm (p<0.001) LVOT VTL In a similar manner, tricuspid
annular plane systolic excursion (TAPSE) was 1.72 +/- 0.28
cm in Group | and 1.52 +/- 0.26 cm in Group Il (p<0.001).
Velocity-time integral of right ventricular outflow tract
(RVOT VTI) and acceleration time (RVOT AT) were also
similarly impaired: 9.7 +/- 1.3 cm versus 12.3 +/- 1.7 cm
(p<0.001) and 59.0 +/- 12.0 ms versus 79.0 +/- 15.0 ms
(p<0.001), respectively. There were parallel reductions in
RV fractional area change (RVFAC) and tissue Doppler S’
velocity representing reduced RV systolic performance:
31.0 11.0% versus 45.0 8.5% (p<0.001) and 9.0 1.5 cm/s
versus 11.4 2.4 cm/s (p<0.001). All of this collectively
shows significant worsening of RV function in Group Il
even with maintained LV systolic performance.

Regarding the clinical outcomes of our study, we observed
that in Group Il patients experienced significantly worse
composite outcomes compared to Group |. Further analysis
of the individual outcomes of the composite outcomes
revealed that in-hospital mortality was higher in Group Il
(17.9% vs. 6.9%, p=0.023), as well as the need for
thrombolytic therapy (20.5% vs. 9.7%, p=0.032) and
cardiac arrest (14% vs. 5%, p=0.023). Additionally, 90-
days cumulative all-cause mortality was elevated in Group
II compared to Group I (17.9% vs. 6.9%, p=0.031). Table 4
Patients who experienced the composite outcome (n=50)
demonstrated significantly worse right ventricular function
than those without events (n=100), with lower TAPSE
(1.484£0.32 cm  vs. 1.65+£0.29 cm; p=0.039), RVOT VTI
(10.2£19cm vs. 11.3+22cm; p=0.001), LVOT VTI
(15.1£2.6 cm vs. 16.7+2.8 cm; p=0.019), RV tissue Doppler
velocity (9.6+2.0cm/s vs. 10.4%2.2 cm/s; p=0.037), and
RVFAC (31.0+12.0 % vs. 42.0£10.5 %; p=0.021), whereas
differences in RVOT AT (65.0+14.8 ms vs. 71.5+17.5 ms;
p=0.069) and LVEF (58.1%4.7 % vs. 60.2+4.3 %; p=0.254)
were not statistically significant. Table 5

In multivariate logistic regression—including PESI and
Bova scores, LVOT VTI, RVOT VTI, RVOT AT, RV tissue
Doppler velocity, RVFAC, and LVEF—only RVOT AT
(OR 1.022 per ms increase; 95% CI: 1.001-1.044; p=0.043)
and RV tissue Doppler velocity (OR 1.054 per cm/s
increase; 95%CI:  1.003-1.108; p=0.038) remained
independent predictors of the primary composite outcome.
Table 6

Discussion

This study evaluated 150 patients diagnosed with PE, which
was confirmed by CTPA, who were classified into two
groups based on the risk of clinical deterioration, evident by
the PASP/LVSV ratio. Group Il was associated with higher
risk the composite primary endpoint (in-hospital mortality,
need for thrombolytic therapy and cardiac arrest) as well as
90-day mortality risk compared to Group I|. Moreover,
patients who had the primary outcomes were consistently
associated with worse RV functions evident by the worse
parameters of TAPSE, RVOT VTI, LVOT VTI, and RV
tissue doppler velocity. Finally, our multivariate analysis
revealed that of all parameters, only RVOT AT and RV
tissue doppler velocity were independent predictors of the
primary composite endpoint.
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The current study confirms the previous reporting of the
statistically significant impairment of various parameters of
RV functions in patients with high PASP/LVSV ratios & I,
In particular, Group Il subjects showed lower TAPSE,
RVOT VTI, RVOT AT, RVFAC, and RV tissue Doppler
velocity, which are in agreement with other studies that have
classified these values as predictors of RV dysfunction.
TAPSE, specifically, has undergone a lot of validation as a
prognostic factor in acute PE; a value below 16-18 mm is
linked to higher mortality risk. The present results, 1.48 +/-
0.32 cm in the adverse-outcome group and 1.65 +/- 0.29 cm
in the favorable-outcome group, support this cut-off point
and the clinical usefulness of TAPSE 1],

It is important that multivariate analysis revealed right
ventricular outflow tract acceleration time (RVOT AT) and
right ventricular tissue Doppler velocity as independent
predictors of the primary composite outcome. RVOT AT is
a close approximation of mean pulmonary artery pressure
and less than 60 ms suggests severe pulmonary hypertension
(11 The association of RVOT AT less than 60 ms and
pulmonary artery systolic pressure less than 60 mmHg (the
60/60 sign) has been specifically linked with acute cor
pulmonale caused by pulmonary embolism, with high
specificity (94%) 121, Similarly, RV tissue Doppler velocity
transmits data on myocardial contractility; reduced
velocities indicate poor performance. The fact that these
parameters have independent prognostic value means that
they measure different aspects of right ventricular
dysfunction and, together, can be used to give
complementary variables to risk stratification [,

The study's mortality rates align with published literature,
with the high-risk group (Group II) experiencing 17.9% in-
hospital mortality and 17.9% 90-day mortality. These
figures are consistent with intermediate-risk PE mortality
rates reported in large registries, which typically range from
5-25% 41, The need for thrombolytic therapy in 20.5% of
high-risk patients also reflects appropriate identification of
patients requiring advanced interventions (%1,

This study explains the mechanistic basis that regulates the
association between RV functional dynamics and clinical
outcomes in acute pulmonary embolism. Although left
ventricular ejection fraction was similar in the study cohorts,
there was a significant difference in the right ventricular
parameters, especially dilation, decreased systolic
performance, and increased strain, which highlights the
selective effect of acute PE on the right-sided cardiac
homeostasis. These results support the paradigm of acute
cor pulmonale in which RV dysfunction is noted in the
presence of intact LV systolic competence [61,

LVOT VTI analysis was used to show a statistically
significant decrease in the high-risk group, although LVEF
was preserved. This finding favors the clinical entity of
ventricular interdependence, whereby the dilation of the
right ventricle (RV) causes impairment of left ventricular
(LV) filling by pushing the interventricular septum to the
LV cavity. This hemodynamic limitation is deeply reflected
by the ratio of pulmonary systolic pressure to LV stroke
volume, which measures the equilibrium between afterload
and forward flow 7],

The time-course association RV dysfunction and clinical
outcomes indicate the significance of early evaluation. The
protocol of the current study requiring echocardiography
within 24 hours of the diagnosis of PE is in agreement with
the existing recommendations on the early risk stratification.
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The brief duration is essential, as RV dysfunction may
develop fast in acute PE with the risk of hemodynamic
collapse within hours of arrival 28],

Clinical Implications

The current clinical practice guidelines suggest that
thrombolytic therapy should be used in patients with acute
PE and hemodynamic instability; its application in PE with
intermediate risk is less evident. The current research
suggests that patients with RV dysfunction could benefit
more with more invasive treatment methods, including
thrombolytic therapy or catheter-based procedures. This
hypothesis is supported by the increased rate of
thrombolytic therapy applied to Group Il patients (20.5%)
than to Group | patients (9.7%) 19,

The prognostic value of single echocardiographic variables
deserves special attention in the current cardiology practice.
The acceleration time of right ventricular outflow tract
(RVOT AT) and the velocity of right ventricular tissue
Doppler have been demonstrated repeatedly to serve as
independent predictors of adverse outcomes and thus extend
the clinical applicability of conventional measures of RV
performance. Furthermore, the parameters can be easily
added to modern echocardiographic protocols, providing
clinicians with extra prognostic data without being too
expensive additions to the standard evaluation 2%,

The current research confirms the usefulness of early
echocardiographic study in patients with acute PE. The early

https://www.cardiologyjournals.net

detection of high-risk individuals within 24 h of diagnosis
allows the timely initiation of specific monitoring and
treatment. This is in line with the modern focus on
multidisciplinary Pulmonary Embolism Response Teams
(PERT), the decision-making of which is based on the quick
risk stratification %],

Strengths, Limitations and Recommendations

The current study was conducted in a prospective,
multicentric manner and included the standardized
echocardiographic assessment within 24 h of the PE
diagnosis, which enhanced the internal validity of the
research and its clinical applicability. However, several
limitations reduce generalizability and level of inference: a
relatively small sample size, possible inter-observer
variability, the lack of usage of advanced imaging
technologies, the lack of invasive hemodynamic
confirmation, and the limited follow-up period limit the
scope of conclusions. Future studies must therefore attempt
to confirm the prognostic utility of the PASP/LVSV ratio in
multicentre populations, incorporate novel
echocardiographic technologies, explore comparisons with
gold-standard measures and perform randomized trials to
determine whether echocardiographic-based risk
stratification alters therapeutic outcomes and therefore
optimize clinical management of patients with acute
pulmonary embolism.

Table 1: Baseline characteristics of the included patients

Variables Total (n=150) G 1(n=72) G Il (n=78) P value
Meant SD 58.2+10.9 57.1+11.5 59.1+10.2
Age (years) Range 36-74 36- 74 38-74 0.245
Sex Male 80 (53.3%) 36 (50.0%) 44 (56.4%) 0.366
Female 70 (46.7%) 36 (50.0%) 34 (43.6%) '
. Mean=SD 75.247.8 74.917.5 75.5£8.0
Weight (K N
eight (Kg) Range 62-88 62-88 63-88 0.765
. Mean+SD 1.67+0.05 1.67+0.04 1.67+0.05
Height (m) Range 158-1.75 158-1.73 159-1.75 0.724
Mean+SD 27.3+3.2 27.0+3.1 27.5+3.2
2
BMI (Kg/m?) Range 21.0-35.0 21.0-35.0 21.5-345 0.521
. Positive 90 (60.0%) 32 (44.4%) 58 (74.4%)
< *
Troponin (ng/mL.) Negative 60 (40.0%) 40 (55.6%) 20 (25.6%) 0.001
. Frequency , . o
Smoking (Percentage) 45 (30.0%) 22 (30.6%) 23 (29.5%) 0.701
Frequency ) . )
DM (Percentage) 60 (40.0%) 28 (38.9%) 32 (41.0%) 0.766
Frequency o o o
HTN (Percentage) 56 (37.3%) 28 (38.9%) 28 (35.9%) 0.427
BMI; body mass index, DM; diabetes mellitus, HTN; hypertension, *; statistical significancy p value < 0.05
Table 2: Risk scores of the included patients
Variables Total (n=150) G 1(n=72) G 11 (n=78) P value
Mean+SD 116.8+20.4 109.6+21.2 122.5+£18.7
<0. *
PESI score Range 74-150 74-145 88 - 150 0.001
Mean+SD 4.7+0.88 4.1+0.78 5.1+0.85
<0. *
Bova score Range 1.6 15 1.6 0.001

PESI; pulmonary embolism severity index, *; statistical significancy p value < 0.05.
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Table 3: Echocardiographic parameters of the included patients

Variables Total (n=150) G I (n=72) G Il (n=78) P value
LVOT VT ) S 0 S < S 5 Bl
LVEF () “Range T soer [ sreen [ sioar | O
epeso | Tsred | Lmm | 180K | o

+ + + +
T = o = Y
roTAT(my | VensO | weles | Tsous) | S0 | g

+ + + +
oo | weian | soss | RGO | o
RV tissue Doppler velocity (cm/s) MEZ:ESD 120?23 117411264 9'70_111 1'5 <0.001*

LVOT; left ventricular outflow tract, VTI; velocity time integral, LVEF; left ventricular ejection fraction, RVOT; right ventricular outflow

tract, AT; acceleration time, RVFAC; right ventricular fractional area change, *; statistical significancy p value < 0.05.

Table 4: Clinical Outcomes of the study

Variables Total (n=150) G 1 (n=72) G Il (n=78) P value

In-hospital mortality 17 (11.3%) 5(6.9%) 13 (16.7%) 0.019*

Cardiac arrest 20 (13.3%) 5(6.9%) 14 (17.9%) 0.023*
Thrombolytic therapy 23 (15.3%) 7(9.7%) 16 (20.5%) 0.032*
Cumulative 90-day all-cause mortality 19 (12.7%) 5(6.9%) 14 (17.9%) 0.031*

*; statistical significancy p value < 0.05, data is presented as frequency (percentage).

Table 5: Comparison between patients with and without primary outcomes as regard to echocardiographic parameters

Variables No Composite outcome (n=100) Composite outcome (n= 50) P-Value
TAPSE (cm) 1.65(0.29) 1.48 (0.32) 0.039*
RVOT VTI (cm) 11.3(22) 10.2(1.9) 0.001*
LVOT VTI (cm) 16.7(2.8) 15.1 (2.6 0.019*
RVOT AT (ms) 71.5(17.5) 65.0 (14.8) 0.069
RV tissue Doppler velocity (cm/s) 10.4(2.2) 9.6 (2.0) 0.037*
RVFAC (%) 42.0(10.5) 31.0 (12.0) 0.021*
LVEF (%) 60.2 (4.3) 58.1(4.7) 0.254

Data is presented as mean (SD), *; statistical significancy p value < 0.05.

Table 6: Multivariate logistic regression analysis of predictive scoring systems for the primary outcomes

Variables OR 95% CI P value
PESI score 1.007 0.991-1.023 0.531
Bova score 1.082 0.722-1.632 0.700
LVOT VTI 1.082 0.945-1.239 0.310
RVOT VTI 1.152 0.921 - 1.441 0.205
RVOT AT 1.022 1.001 - 1.044 0.043*
RV tissue Doppler velocity 1.054 1.003 - 1.108 0.038*
RVFAC 0.979 0.944-1.014 0.218
LVEF 0.992 0.964 - 1.021 0.608

PESI; pulmonary embolism severity index, LVOT; left ventricular outflow tract, VTI; velocity time integral, RVOT,; right ventricular
outflow tract, PASP; pulmonary arterial systolic pressure, *; statistical significancy p value < 0.05.

Conclusion
Uncontrolled HIV viremia and low CD4" counts 1.
significantly increase cerebrovascular risk. Early ART
initiation and management of traditional risk factors are
essential to reduce stroke burden in HIV patients.
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commercial, or not-for-profit sectors.
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