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To explore the clinical application value of right ventricular (RV) myocardial global longitudinal strain
(RVGLS) in assessing changes in RV function in patients with pulmonary embolism.

Patients with pulmonary embolism who were treated successfully in our hospital from January 2022 to
December 2023 were enrolled in this study. Included were 34 pulmonary embolism patients without
pulmonary hypertension (Group B), 31 with pulmonary hypertension (Group C), and 35 healthy
volunteers, matched by gender and age (Group A). Clinical data and RV function-related variables of
these groups were compared.

Compared with pre-treatment values of Group A, the following variables of Groups B and C had
higher pre-treatment values (p<0.05): RV end-diastolic diameter (RVEDD), RV to left ventricular
diameter ratio (RV/LV), RV work index (RIMP), main pulmonary artery diameter (MPA),
pulmonary artery systolic pressure (PASP), RVGLS, RV free wall longitudinal strain (RVFWLS),
The following variables had lower values (p<0.05): RV area change fraction (RVFAC), RV ejection
fraction (RVEF), RV short-axis shortening rate (RVES), tricuspid annular peak systolic velocity (S’),
tricuspid annular systolic excursion (TAPSE). After therapy, significant differences were observed
in the aforementioned indicators between Group C (with pulmonary hypertension) and Group A
(healthy controls), with Group C showing persistently elevated RVEDD, RV /LV ratio, RIMP, MPA,
PASP, RVGLS, and RVFWLS, alongside reduced RVFAC, RVEF, RVES, S’, and TAPSE compared
to Group A (all p<0.05). Compared to pre-treatment values in Group B (without pulmonary
hypertension), pre-treatment Group C demonstrated significantly higher RVEDD, RV/LV ratio,
RIMP, MPA, PASP, RVGLS, and RVFWLS, and significantly lower RVFAC, RVEF, RVEFS, S’, and
TAPSE (all p<0.0S). Post-treatment comparisons between Groups B and C revealed that these
differences remained significant (all p<0.05). ROC curve analysis revealed that RVGLS> 20.59% is
the best cutoff value for predicting the occurrence of pulmonary embolism, and RVGLS> -17.42%
is the best cutoff value for predicting the occurrence of pulmonary hypertension in patients with
pulmonary embolism. The results of multivariable logistic regression model analysis showed
that RVGLS>-20.59% is independently related to the occurrence of pulmonary embolism, and
RVGLS>-17.42% is independently related to pulmonary embolism complicated by pulmonary
hypertension (p<0.0S). In Groups A and B, RVGLS was negatively correlated with RVFAC, RVEF,
and TAPSE (p<0.0S for all) and positively correlated with RIMP and PASP (p<0.0S for all). In
Groups B and C, RVGLS was negatively correlated with RVFAC and RVEF in patients with
pulmonary embolism before and after treatment (for all <0.05) and positively correlated with RIMP
and PASP (p<0.0S for all).

RVGLS can be applied to evaluate the RV function of patients with pulmonary embolism.
RVGLS>-20.59% is independently related to pulmonary embolism, and there is a significant
correlation between RVGLS and RVVFAC, RVEF, RIMP, and PASP in patients with pulmonary
embolism before and after treatment.
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Central illustration. Right Ventricular Myocardial Global Longitudinal
Strain Assessment of Right Ventricular Function in Patients with Pulmonary Embolism
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CONCLUSION: RVGLS can be applied to evaluate the right ventricular function of ]
sufferers with pulmonary embolism.

RVEDD: Right ventricular end-diastolic diameter (mm); RVFAC: Right ventricular fractional area change (%); RV/LV:

Right ventricular to left ventricular diameter ratio; RVEF: Right ventricular ejection fraction (%); RVES: Right ventricular

short-axis shortening rate (%); RIMP: Right ventricular index of myocardial performance; S’: Tricuspid annular peak systolic velocity (cm/s);
TAPSE: Tricuspid annular plane systolic excursion (cm); MPA: Main pulmonary artery diameter (mm);

PASP: Pulmonary artery systolic pressure (mmHg); RVEWLS: Right ventricular free wall longitudinal strain (%).

Introduction

Pulmonary embolism is a common disease in which em-
boli in the veins or right heart system break off and block
the pulmonary artery or pulmonary artery branches, causing
pulmonary circulation disorders. The main clinical manifes-
tations of pulmonary embolism are hypoxia, tachypnea, and
tachycardia [1, 2]. Patients with pulmonary embolism can
be divided into acute and chronic groups, The main patho-
logical changes of acute pulmonary embolism are pulmo-
nary obstruction and reduction of the pulmonary vascular
bed, as well as increased pulmonary circulatory resistance
and right heartload [3].

If the patient has a pulmonary embolism for a long time or
the condition recurs repeatedly, it progresses to chronic pul-
monary embolism, with specific clinical manifestations such
as exertional dyspnea, fatigue, chest pain, syncope, cardiopul-
monary insufficiency, and right heart failure, including cardio-
pulmonary insufficiency and right heart failure. In severe cases,
pulmonary embolism can be life-threatening [4, S]. The inci-
dence and mortality of pulmonary embolism are high [6].

Pulmonary hypertension after pulmonary embolism
is life-threatening and is an important cause of early death
[7]. The clinical manifestations of pulmonary hypertension
are a syndrome of dyspnea, reduced exercise tolerance, and
a rapid increase in pulmonary artery systolic pressure. Pul-
monary hypertension is the main complication of pulmo-
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nary embolism and can easily lead to acute right heart failure
or death [8, 9]. Studies have shown that patients with pul-
monary embolism and pulmonary hypertension have severe
right ventricular (RV) dysfunction and poor prognosis [10].
Therefore, it is particularly important to diagnose patients
with pulmonary embolism and access their RV function ear-
ly and provide targeted treatment.

Due to the special anatomical location and complex mor-
phological structure of the.RV; it is difficult to accurately as-
sess its function. Currently, clinical evaluation mainly relies
on imaging to evaluate RV function. Echocardiography has
become the preferred method to evaluate RV function due to
its non-invasive, economical, convenient, good repeatability,
and high accuracy [11, 12]. Ultrasound speckle tracking im-
aging technology is a new quantitative ultrasound evaluation
method based on cardiac motion mechanics and myocardial
motion deformation, which can effectively evaluate the over-
all and local function of myocardium [13]. RV longitudinal
strain parameters can quantitatively evaluate the overall and
local deformation characteristics of the RV myocardium [14].

This investigation used ultrasound speckle tracking im-
aging technology to detect RV myocardial global longitudi-
nal strain (RVGLS) before and after treatment of patients
with pulmonary embolism with or without pulmonary hy-
pertension, The aim was to analyze the impact of RVGLS
on RV function in patients with pulmonary embolism.
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Material and methods
General information

The study included 65 patients with pulmonary embo-
lism in our hospital from January 2022 to December 2023.
There were 36 males and 29 females, aged 54 to 75 yrs,
with an average age of 66.2+5.4) yrs.

Mean pulmonary artery pressure (mPAP) was mea-
sured via right heart catheterization or estimated non-in-
vasively using echocardiography by applying the simplified
Bernoulli equation to the peak tricuspid regurgitant veloc-
ity. Patients with mPAP <25 mm Hg at rest were classified
as Group B (without pulmonary hypertension), while those
with mPAP >25 mm Hg were classified as Group C (with
pulmonary hypertension). Among the 65 patients with pul-
monary embolism, 34 were classified as Group B (without
pulmonary hypertension) and 31 as Group C (with pulmo-
nary hypertension).

Inclusion criteria:

1) Diagnosed with pulmonary embolism;

2) Normal left ventricular function;

3) Complete clinical data;

4) Informed consent from patient and their family.

Exclusion criteria:

1) Acute coronary syndrome, obvious valvular disease, or
obvious abnormality of the interatrial septum;

2) RV outflow tract stenosis or pulmonary artery stenosis;

3) Severe liver, lung, or renal insufficiency;

4) Malignant tumors;

5) Mental disorders, cognitive impairment, and inabilty to
communicate normally;

6) A history of cardiac surgery or poor ultrasound image
quality;

7) Incomplete follow-up.

Another 35 healthy volunteers with matching gender and
age were selected as Group A. This group included 18 males
and 17 females, aged 54 to 74 yrs, with an average age of
(65.315.6) years. Cardiopulmonary diseases were excluded
by transthoracic echocardiography, electrocardiogram and
chest X-ray.

Thrombolytic treatment

All patients received thrombolytic therapy with a to-
tal dose of urokinase (20,000 IU/kg) administered intrave-
nously over 2 hours. The activated whole blood coagulation
time and activated partial thromboplastin time were mea-
sured every 4 hr. When the activated partial thromboplastin
time returned to 1.5 to 2.0 times the normal control value,
0.3 ml of low molecular weight heparin sodium is injected
subcutaneously once every 12 hr. All patients with pulmo-
nary embolism underwent ultrasound examination and da-
ta collection within 24 hr before and 14 days after thrombo-
lytic treatment.
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Evaluation indicators
Basic patient information was collected from hospital

files. This information included age, gender, body mass index
(BMI), blood pressure, medical history. Echocardiographic
examinations were performed with subjects in the left later-
al decubitus position using a Philips iE33 color Doppler ultra-
sound system equipped with an S5-1 transducer (frequency
range 1-S MHz). The following right ventricular (RV) func-
tional parameters were measured:

« RV end-diastolic diameter (RVEDD),

« RVto left ventricular diameter ratio (RV/LV),

« RV work index (RIMP) = (isovolumic relaxation time +
isovolumic contraction time) / ejection time,

«  Main pulmonary artery diameter (MPA),

« RV area change fraction (RVFAC) = [ (RV end-diastol-
ic area — RV end-systolic area) /RV end-diastolic area] x
100%,

RV gjection fraction (RVEF),

« RV short-axis shortening rate (RVES),

« Tricuspid annular peak systolic velocity (S’),

« Tricuspid annular plane systolic excursion (TAPSE).
Pulmonary artery systolic pressure (PASP) was calculat-

ed as the peak tricuspid regurgitation pressure gradient plus
estimated right atrial pressure. Apical four-chamber views
centered on the RV were acquired at a frame rate of 70—
80 frames/second. Speckle-tracking analysis was performed
offline using EchoPAC software (GE Healthcare). The end-
systolic RV endocardial border was manually traced to gen-
erate a region of interest, and the software automatically de-
rived RV global longitudinal strain (RVGLS) and RV free
wall longitudinal strain (RVFWLS).

Statistical methods

Data analysis was performed by a SPSS 21.0 software
package. Numerical data are presented as number (percent-
age). These data were analyzed with a chi squared test. Da-
ta with normal distribution are presented as mean+standard
deviation (SD). Continuous variables with normal distribu-
tion were compared using Student’s t-test (for two groups)
or one-way ANOVA (for three groups). Non-normally dis-
tributed data were analyzed using the Mann-Whitney U test
(for two groups) or Kruskal-Wallis test (for three groups). In-
tergroup comparisons were performed using one-way anal-
ysis of variance (ANOVA) followed by post-hoc Tukey’s
test for multiple comparisons. Medcalc software was used
to generate receiver operating characteristic (ROC) curves.
The optimal cutoff value for each parameter was determined
by maximizing the Youden index (calculated as sensitivi-
ty + specificity — 1). The area under the curve (AUC) was
calculated to evaluate diagnostic accuracy. Multifactor logis-
tic regression was use to analyze the relationship between
RVGLS> -20.59% and the occurrence of pulmonary em-
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bolism. Pearson correlation analysis was used to evaluate
the correlation between RVGLS and RV function parame-
ters under different conditions. p<0.05 was considered sta-
tistically significant.

Results
Comparison of baseline
data of the three groups of patients

No statistically significant differences were found for
gender, age, BMI, systolic blood pressure, diastolic blood
pressure, heart rate, left ventricular ejection fraction, hy-
pertension, diabetes, dyslipidemia, obesity, smoking his-
tory, and drinking history among the the groups (p>0.05
for all, Table 1).

Comparison of RV echocardiographic
characteristics of the three groups

Compared to Group A, the before treatment values of
Groups B and C for RVEDD, RV/LV, RIMP, MPAPAS, P,
RVGLS, and RVFWLS were significantly higher (p<0.05
for all), and RVFAC, RVEF, RVES, S, and TAPSE were sig-
nificantly lower (p<0.0S for all). After treatment, signifi-
cant differences were observed in all the above variables be-
tween Groups C and A (p<0.05). Conpared with Group B
values before treatment, before treatment Group C, RVEDD,
RV/LV, RIMP, MPA, PASP, RVGLS, and RVFWLS were sig-
nificantly higher, and RVFAC, RVEF, RVES, §’, and TAPSE
were significantly lower (p<0.05 for all). Significant differ-
ences were found in the above indicators between Group B
and Group C when comparing post-treatment values with
pre-treatment values (p<0.05).

Analysis of the effectiveness of RVGLS in reflecting
the condition of patients with pulmonary embolism

ROC curve analysis showed that RVGLS> -20.59% is
the best cutoft value for predicting the occurrence of pulmo-
nary embolism, and RVGLS> -17.42% is the best cutoft val-
ue for predicting the occurrence of pulmonary hypertension in
patients with pulmonary embolism. See Table 3 and Figure 1.

Multivariable logistic regression model analysis

In accordance with the outcomes of multivariable logis-
tic regression model analysis, RVGLS> - 20.59% is indepen-
dently related to the occurrence of pulmonary embolism, and
RVGLS> — 17.42% is independently related to pulmonary
embolism complicated by pulmonary hypertension. See Ta-

bles 4 and S.

Correlation between RVGLS and RV function

In Groups A and B: RVGLS showed significant nega-
tive correlations with RVFAC (r=-0.522, p<0.001), RVEF
(r=-0.439, p<0.001), and TAPSE (r=-0.254, p=0.035).
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RVGLS was positively correlated with RIMP (r=0.456,
p<0.001) and PASP (r=0.371, p=0.002).

In Groups B and C (pre-treatment): RVGLS negative-
ly correlated with RVFAC (r=-0.459, p<0.001) and RVEF
(r=-0.577, p<0.001). RVGLS positively correlated with
RIMP (r=0.261, p=0.036) and PASP (r = 0.339, p=0.006).

In Groups B and C (post-treatment): RVGLS remained
negatively correlated with RVFAC (r=-0.264, p=0.034) and
RVEF (r= -0.251, p=0.044). RVGLS was positively corre-
lated with RIMP (r=0.513, p<0.001) and PASP (r=0.251,
p=0.043) (Table 6).

Discussion

Pulmonary embolism is the third leading cause of cardio-
vascular death worldwide after stroke and heart attack. Al-
though common, pulmonary embolism is often elusive as
a diagnosis and requires a high index of suspicion in patients
with clinical cardiopulmonary symptoms because the conse-
quences of missed or delayed diagnosis of pulmonary embo-
lism can be serious [15, 16]. In recent years, with the emer-
gence of local thrombolysis, the treatment of pulmonary em-
bolism has made progress. Also, other treatment methods,
such as mechanical extraction devices, hemodynamic sup-
port devices, and surgical embolectomy have gradually been
improved [17]. Multidisciplinary pulmonary embolism re-
sponse teams have been developed nationwide to optimize
the care of patients with venous thromboembolism. Despite
multidisciplinary advancements, challenges persist in manag-
ing pulmonary embolism, including delayed diagnosis, sub-
optimal response to anticoagulation or thrombolysis, high
bleeding risk in vulnerable populations, and limited access
to advanced therapies (e.g., catheter-directed interventions)
[18]. Therefore, early assessment and prediction of the pro-
gression of pulmonary embolism are of great significance.

Studies have shown that persistent RV dysfunction and
pulmonary hypertension are important outcomes following
pulmonary embolism. Increased pulmonary artery pressure
caused by pulmonary embolism increases right heart load sec-
ondary to increased RV afterload, increased afterload and myo-
cardial ischemia. The result may be acute RV dysfunction. Per-
sistent RV pressure overload secondary to pulmonary embo-
lism leads to RV dilation and dysfunction. This can impair LV
filling via ventricular interdependence, resulting in reduced
cardiac output, myocardial ischemia, and interventricular dys-
synchrony due to altered septal motion [19, 20].

RVGLS based on ultrasound speckle tracking imaging
technology is a prognostic, reliable, and accurate tool for
evaluating RV systolic function in cardiovascular diseases
[21]. Strain parameter analysis can more sensitively and ac-
curately detect RV dysfunction in patients with pulmonary
fembolism than conventional echocardiographic RV func-
tion parameters [22]. In addition, RVGLS has also been
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Table 1. Comparison of general information of three groups

Variable Group A (n=35) Group B (n=34) Group C (n=31) ¥ /F P
Gender(male/female) 18/17 19/15 17/14 0.150 0.928
Age (yrs) 66.78+7.59 67.54£7.16 66.94+7.08 0.355 0.702
BMI (kg/mz) 25.36+4.30 26.0214.13 25.14%+4.05 0.026 0.975
Systolic blood pressure (mmHg) 131.5£12.6 132.8£11.5 130.7£13.4 1.145 0.322
Diastolic blood pressure (mmHg) 78.56£10.91 77.23£11.58 79.57£11.29 0.289 0.750
Heart rate (min™) 77.69+6.29 78.14+6.05 77.23+6.84 0.118 0.889
LVEF (%) 61.17+4.30 61.54+4.17 60.36+4.28 0.644 0.527
Hypertension 15/20 16/18 14/17 0.123 0.940
Diabetes mellitus 8/27 5/29 6/25 0.748 0.688
Dyslipidemia 11/24 10/24 8/23 0.257 0.880
Obesity 19/16 17/17 19/12 0.846 0.655
Smoking history 8/27 10/24 9/22 0.470 0.791
Drinking history 10/2S 12/22 11/20 0.478 0.787

Data are mean+SD or ratios. Statistical tests: x* for categorical variables; F-value for continuous variables with normal distribution.
P-values derived from one-way ANOVA (for continuous variables) or x> test (for categorical variables).
LVEF: Left ventricular ejection fraction (%); BMI: Body mass index (kg/m?).

Table 2. RV echocardiographic characteristics

Vari Group A Group B (n=34) Group C (n=31)
ariable

(n=35) pre-treatment post-treatment pre-treatment post-treatment
RVEDD (mm) 30+7 37+7* 31+6* 41+8* 357+
RVFAC (%) 19+7 34£7* 39+6* 30£7* 35+6**
RV/LV (%) 0.7+0.3 1.0£0.3* 0.8+0.3% 1.2+0.4* 0.9+£0.3**
RVEF (%) 68+4 52+6* 65+4** 46+6* 60+6**
RVFS (%) 35+6 30+6* 33+6* 236" 29+6**
RIMP 0.4+0.1 0.5+0.1* 0.4+0.1% 0.6+0.1* 0.5+0.1**
S’ (em/s) 14+1 10+£2* 13£2% 8+2% 124£2**
TAPSE (cm) 2.60.5 1.8+0.5* 2.5+0.7% 1.4£0.5* 2.1£0.7*
MPA (mm) 21+2 27+3* 23+2% 30+3* 25+3**
PASP (mmHg) 17+1 25+2% 17+17 60+2* 47£1%
RVGLS (%) 2245 -1716* -21+6* -1315* -18+5%*
RVFWLS (%) -29+6 -26+6* -28+8% -15£7* -22+8**

Data are mean+SD. *Compared with Group A , p<0.05; *Compared with the same group before therapy, p<0.05.

RVEDD: Right ventricular end-diastolic diameter (mm); RVFAC: Right ventricular fractional area change (%); RV/LV: Right ventricular
to left ventricular diameter ratio; RVEF: Right ventricular ejection fraction (%); RVES: Right ventricular short-axis shortening rate (%);
RIMP: Right ventricular index of myocardial performance; S’: Tricuspid annular peak systolic velocity (cm/s);

TAPSE: Tricuspid annular plane systolic excursion (cm); MPA: Main pulmonary artery diameter (mm); PASP: Pulmonary artery systolic
pressure (mmHg); RVGLS: Right ventricular global longitudinal strain (%); RVEWLS: Right ventricular free wall longitudinal strain (%).

Table 3. Analysis of the diagnostic performance of RVGLS using a cutoff value of < -20.59% in patients with pulmonary embolism

Groups AUC Cutoff value Youdenindex  Sensitivity (%) Specificity (%) 95% C P
Groups Aand B 0.718 >-20.59 0.364 73.53 62.86 0.597-0.820 <0.001
Groups Band C 0.689 >-17.42 0.304 77.42 52.94 0.562-0.798 0.004

AUC: Area under the ROC curve; Youden index: Sensitivity + Specificity — 1.

Table 4. Single and multi-factor analysis of RVGLS > -20.59%

Univariate analysis Multivariate analysis

Variable
OR 95% CI P OR 95% CI P
Pulmonary embolism 3.855 1.687~14.014 0.015 6.365 1.878-21.575 0.003
PASP 0.105 0.016~0.692 0.019 = = =

OR, odds ratio; CI, confidence interval. PASP, pulmonary artery systolic pressure.
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Figure 1. ROC curve of RVGLS reflecting the condition of patients with pulmonary embolism
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proven to be a factor reflecting RV systolic dysfunction in pa-
tients with pulmonary embolism [23]. The findings of this in-
vestigation show that the RVGLS of Groups B and C before

treatment were higher than that of Group A. The RVGLS of
Group B and Group C after treatment was significantly re-
duced compared with that before treatment. The RVGLS of

Table 5. Single and multi-factor analysis of RVGLS > -17.42%
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Group B before treatment was the same as that of Group C
before treatment. This shows that RVGLS in patients with
pulmonary embolism increases as the condition worsens,
and will be improved accordingly after thrombolytic treat-
ment. Thus, RVGLS has value in predicting the condition of
patients with pulmonary embolism.

. Univariate analysis Multivariate analysis
Variable

OR 95% CI p OR 95% C p
Pulmonary hypertension 1.511 1.005-2.273 0.047 7.398 1.871-29.252 0.004
Diastolic blood pressure 0.894 0.804-0.959 0.040 - - -
RVES 0.105 0.016-0.692 0.019 - = =
OR, odds ratio; CI, confidence interval; RVFS, right ventricular short-axis shortening rate.

Table 6. Correlation results between RVGLS and RV function parameters
. B Group and C Group
Variable A Group and B Group
pre-treatment post-treatment
r p p r p

RVEDD (mm) 0.125 0.304 0.174 0.165 0.091 0.471
RVFAC (%) -0.522 <0.001 -0.459 <0.001 -0.264 0.034
RV/LV (%) 0.181 0.136 0.043 0.735 0.146 0.247
RVEF (%) -0.439 <0.001 -0.577 <0.001 -0.251 0.044
RVES (%) -0.010 0.934 -0.190 0.129 -0.199 0.112
RIMP 0.456 <0.001 0.261 0.036 0.513 <0.001
S’ (cm/s) -0.081 0.510 0.090 0.476 -0.053 0.676
TAPSE (cm) -0.254 0.035 -0.114 0.366 -0.108 0.394
MPA (mm) 0.197 0.105 0.147 0.241 0.042 0.738
PASP (mmHg) 0.371 0.002 0.339 0.006 0.251 0.043
RVEWLS (%) 0.231 0.056 0.106 0.403 0.069 0.582

RVEDD: Right ventricular end-diastolic diameter (mm); RVFAC: Right ventricular fractional area change (%);

RV/LV: Right ventricular to left ventricular diameter ratio; RVEF: Right ventricular ejection fraction (%); RVFS: Right ventricular short-axis
shortening rate (%); RIMP: Right ventricular index of myocardial performance; S’: Tricuspid annular peak systolic velocity (cm/s);

TAPSE: Tricuspid annular plane systolic excursion (cm); MPA: Main pulmonary artery diameter (mm);

PASP: Pulmonary artery systolic pressure (mmHg); RVEWLS: Right ventricular free wall longitudinal strain (%).
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RV systolic function parameters detected by convention-
al ultrasound can be used as auxiliary diagnostic indicators
for pulmonary embolism and are used to risk stratify the se-
verity of pulmonary embolism patients [24]. They are also
widely used in the diagnosis of RV systolic dysfunction in var-
ious cardiovascular diseases [25, 26]. Conventional echocar-
diographic parameters have inherent limitations in assessing
RV function, including angle dependency (e.g., tissue Dop-
pler-based RIMP), load sensitivity (e.g.,, RVEF influenced by
preload and afterload), and geometric assumptions that may
not fully capture the RV’s complex morphology [27]. RV af-
terload is the main determinant of normal RV function, and
changes in RV afterload can significantly affect RV systolic
function [28]. Due to the complex geometric shape of the RV,
it is difficult to evaluate RVEF with geometric models using
two-dimensional echocardiography [29, 30].

The evaluation indicators of RV systolic function recom-
mended by the latest guidelines include parameters such as
RVFAC and RIMP [31, 32]. RVFAC is a two-dimension-
al parameter that can evaluate the overall function of the RV.
RIMP measured by tissue Doppler is angle-dependent, so it
can be measured by two-dimensional ultrasound. There are
limitations in detecting RV systolic function by cardiogra-
phy [33], so there is greater dependence on imaging technol-
ogy. Ultrasound speckle tracking imaging technology is a new
technology based on two-dimensional images. It can track
the movement of the entire.RV and the free wall pf the RV in
each radial and circumferential direction frame by frame. Ul-
trasound speckle tracking imaging technology can quantita-
tively analyze the ultrasonic speckle echo of myocardial tissue,
and, thus, accurately evaluate the systolic function of the RV
[34].. In addition, ultrasonic speckle tracking imaging tech-
nology is not affected by respiratory movement, angle and
motion artifacts. It can quantitatively analyze relevant index
data of myocardial function offline with high sensitivity, ac-
curacy, and repeatability [35].. Previous studies have shown
that the global and local strain parameters of the RV detected
using ultrasound speckle tracking imaging technology can ac-
curately and effectively evaluate RV function [36].

The findings of this research revealed a correlation be-
tween RVGLS and RVGFAC, RVEF, RIMP, and PASP in pa-
tients with pulmonary embolism before and after treatment.
The correlation between RVGLS and conventional parame-
ters (e.g,, RVFAC, RVEF)) in our study (r = -0.522 to -0.439)
was weaker than reported by Chen et al. (r = —0.72 for RVGLS
vs. RVFAC) [37], and Chen et al. (r = —0.70 for RVGLS vs.
RVEF) [38]. This variability may stem from differences in pa-
tient cohorts (e.g., inclusion of PH subgroups) or imaging pro-
tocols. A possible reason is that only the changes in RV func-
tion parameters of pulmonary embolism patients with pulmo-
nary hypertension were analyzed and evaluated, and the risk
stratification of pulmonary embolism patients and the severity

S2

of pulmonary hypertension were not classified. It may be that
different patients have different risk stratification and different
degrees of pulmonary hypertension.

The effects of pulmonary hypertension on RV systolic
function vary depending on the pathological stage and load-
ing conditions. In the compensatory phase, RV adapts to in-
creased afterload through myocardial hypertrophy and en-
hanced contractility, often maintaining normal RVEF, while
RVGLS may show early signs of decline [39]. In the decom-
pensated phase, chronic pressure overload leads to RV dila-
tion, depletion of contractile reserve, and significant reduc-
tions in RVEF and RVFAC, accompanied by further dete-
rioration in RVGLS [40]. In acute PE complicated by PH,
a sudden increase in afterload causes acute RV dilation, el-
evated RV/LV diameter ratio, and increased RIMP, with
the degree of RVGLS impairment directly correlating with
thrombus burden and the extent of pulmonary artery ob-
struction [41]. Research has shown that conventional ultra-
sound indicators lack sensitivity in identifying pulmonary
embolism [42]. RVGLS combined with conventional RV ul-
trasound parameters can significantly improve the sensitivi-
ty and specificity in diagnosing pulmonary embolism [43].

Conclusion

In conclusion, this study highlights the clinical utility of
RVGLS as a sensitive and specific marker for assessing right
ventricular dysfunction in patients with pulmonary embo-
lism, independent of the presence of pulmonary hyperten-
sion. RVGLS demonstrates strong correlations with con-
ventional echocardiographic parameters while overcoming
limitations related to load dependency and geometric as-
sumptions. Its ability to detect subclinical RV impairment
early and stratify disease severity underscores its potential
as a valuable tool in the diagnostic and prognostic evalua-
tion of pulmonary embolism. Future multicenter studies are
warranted to validate these findings and explore the role of
RVGLS in guiding therapeutic decision-making.
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