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Right Ventricular Postsystolic Strain Curve
Morphology before and after Vasodilator
Treatment in Idiopathic Pulmonary Arterial

Hypertension
�Alvaro Rodr�ıguez-P�erez, MD, Lidia Bos, MD, In�es Podzamczer, MD,

Manuel L�opezMeseguer, MD, PhD,Mercedes Mayos-P�erez, MD, and Ruben Leta, MD, Barcelona,
Spain
VIDEO HIGHLIGHTS

Video 1: Pretreatment echocardiogram, apical four-chamber

RV-focused view showing RV dilatation and mild dysfunction

with FAC of 31% and TAPSE of 21 mm.

Video 2: Pretreatment echocardiogram, parasternal short-axis

midventricular level showing an LV systolic D shape suggesting

RV pressure overload.

Video 3: Pretreatment echocardiogram, apical four-chamber

RV-focused view for RV longitudinal strain assessment showing

an RVFWLS of –19.4% (normal value, –37.2% to –20.8%)1 and

an RV postsystolic strain pattern type II showing a steady

negative plateau from peak systolic strain through early diastole,

followed by a positive downward shift toward baseline.

Video 4: Follow-up serial echocardiogram after 6 months of

pulmonary vasodilator treatment. Apical four-chamber, RV-

focused view showing a less dilated RV with preserved systolic

function. FAC was 40%, and TAPSE was 24 mm.

Video 5: Follow-up serial echocardiogram after 6 months of

pulmonary vasodilator treatment. Parasternal short-axis mid-

ventricular level showing an improvement in LV systolic D shape

compared with the previous echocardiography.
INTRODUCTION

A 37-year-old woman presented with severe idiopathic pulmonary
arterial hypertension (IPAH) with mild right ventricular (RV) dysfunc-
tion. Right ventricular function is an important prognostic factor in
IPAH, and several echocardiographic parameters are needed for a
complete assessment. Three postsystolic strain patterns (I-III) of the
RV free wall have been described and are associated with functional
class and RV dysfunction in IPAH. Pattern I has been associated with
normal RV size and function; pattern II with mild to absent RV
dysfunction with an increased risk of functional class deterioration
and hospitalization; and pattern III with severe RV dilation and
dysfunction and worse clinical outcomes. In this case, classic echocar-
diographic parameters such as tricuspid annular plane systolic excur-
sion (TAPSE), fractional area change (FAC), and tissue Doppler
systolic annular velocity (TDI S’) showed mild RV dysfunction. The
evaluation was complemented with an evaluation of the RV postsys-
tolic strain pattern that resulted in a type II pattern. Since type II
pattern has been associated with early-stage disease with a high risk
of clinical worsening in patients with mild to absent RV dysfunction,
this finding helped to better stratify clinical worsening risk in this pa-
tient. Treatment with ambrisentan and tadalafil was initiated, and after
6 months, clinical and echocardiographic parameters improved; the
postsystolic strain pattern paralleled this improvement, changing
from type II to type I.
Video 6: Follow-up serial echocardiogram, apical four-cham-

ber RV-focused view for RV longitudinal strain assessment after

6 months of pulmonary vasodilator treatment showing an

RVFWLS of –27% (normal value, –37.2% to –20.8%)1 and an

RVpostsystolic strain pattern type I showing a downward shift of
CASE PRESENTATION

A 37-year-old woman presented at the cardiology outpatient clinic for
exertional dyspnea (World Health Organization functional class III)
the curve after peak systolic strain toward the baseline, followed

by end-diastolic straight curve.
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and effort syncope 2 months after giving birth. Physical examination
revealed no peripheral edema, murmur, or pulmonary crackles. She
was well perfused, and oxygen saturation was 99% on room air. An
electrocardiogram showed negative T waves in right precordial and
inferior leads (Figure 1). An echocardiogram showed RV dilatation
with RV end-diastolic area of 30.1 cm2, RV midcavity diameter of
43 mm, and basal diameter of 42 mm. It also showed mild RV
dysfunction (Video 1) with FAC of 31%, TAPSE of 21 mm, and
TDI S’ of 13 mm/sec (Figures 2 and 3), a prominent systolic D shape
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Figure 1 Electrocardiogram at clinical presentation showing sinus rhythm at 75 bpm, left posterior fascicular block, and T-wave inver-
sion in inferior and precordial leads.

Figure 2 Echocardiography: apical four-chamber, M-mode TAPSE evaluation. Left panel: TAPSE before treatment was 21 mm.Right
panel: TAPSE after treatment was 24 mm.
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suggesting pressure overload (Video 2), moderate tricuspid regurgita-
tion, and estimated pulmonary artery (PA) systolic pressure (PASP) of
73 mm Hg with a nondilated and collapsible inferior vena cava of
1.6 cm (Figure 4). Noninvasive right ventricle– (RV-) PA coupling
evaluation with the TAPSE/PASP ratio showed a value of 0.29, sug-
gesting progressive uncoupling. The left ventricle (LV) was nondilated
(end-diastolic biplanar volume of 58 mL) with a left ventricular (LV)
ejection fraction of 64%. There was no evidence of cardiac shunt
(Qp/Qs = 1). The patient was referred to the emergency department
for further evaluation.
Medical History

The patient had no cardiovascular risk factors or personal or family
history of cardiovascular, pulmonary, or autoimmune disease. She
had previously had two uncomplicated pregnancies and denied a
history of chest pain, arthritis, or skin lesions suggestive of
autoimmune disease.
Investigations

Based on the echocardiographic findings, the main differential diag-
nosis was pulmonary embolism. A computed tomography angiog-
raphy showed the main PA was dilated (38 mm; Figure 5), with no
pulmonary embolism. No parenchymal lung disease, anomalous pul-
monary venous drainage, or interatrial or interventricular communica-
tions were found. Pulmonary function tests showed a slight reduction
(63%) of the diffusing lung capacity for carbon monoxide. A pulmo-
nary ventilation/perfusion scan was also normal. Right heart catheter-
ization showed severe precapillary pulmonary hypertension (PASP,
98 mm Hg; diastolic PA pressure, 43 mm Hg; mean PA pressure,
66mmHg; wedge pressure, 10mmHg; cardiac output, 5.3 L/minute;



Figure 3 Echocardiography: apical four-chamber, TDI S0 evaluation. Left panel: TDI S0 before treatment was 13 cm/sec. Right panel:
TDI S0 after treatment was 15 cm/sec.

Figure 4 Tricuspid regurgitation peak systolic pressure gradient before and after treatment. Apical four-chamber, systolic transtricus-
pid CW Doppler. Left panel: transtricuspid peak systolic pressure gradient before treatment was 70 mm Hg, inferior vena cava was
nondilated and collapsible, and PASP was estimated at 73 mm Hg. Right panel: transtricuspid peak systolic pressure gradient after
treatment was 70mmHg, inferior vena cava was nondilated and collapsible, and PASPwas estimated at 73mmHg, virtually the same
measure that was found before treatment.

Figure 5 Computed tomography angiography, thick-slice
maximum intensity projection image, axial display showing pul-
monary vessels without pulmonary embolism and main PA dila-
tion (38 mm).
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cardiac index, 3.25 L/minute/m2, and pulmonary vascular resistance,
11 Wood units).

Blood tests were normal, and liver, thyroid, and kidney functions
were within the normal range. Natriuretic peptide (NT-proBNP)
was high (1,754 ng/L). Routine screening for connective tissue disease
and screening for HIV and hepatitis viruses were negative.

Idiopathic pulmonary arterial hypertension was diagnosed based
on these results. The RV functional assessment was completed with
a strain analysis showing an RV free-wall longitudinal strain
(RVFWLS) of –19.4% (normal value, –37.2% to –20.8% from the
World Alliance of Societies of Echocardiography study1) and a type
II postsystolic strain pattern (Figure 6, Video 3). Both of these findings,
RVFWLS and the postsystolic strain pattern, together with the TAPSE/
PASP, contributed to a high risk of clinical worsening and progression
to RV-PA uncoupling.
Management

The patient started daily treatment with ambrisentan 10 mg and tada-
lafil 40 mg. Six months later, her symptoms had improved to World
Health Organization functional class I and NT-proBNP was normal
(118 ng/L). A follow-up serial echocardiogram showed the RV was
less dilated (RVend-diastolic area, 21.1 cm2; RV midcavity diameter,
35 mm; basal diameter, 41 mm) with preserved systolic function
(FAC, 40%; TAPSE, 24 mm; and TDI S’, 15 mm/sec; Videos 4, 5;
Figures 2 and 3). Tricuspid regurgitation was mild, inferior vena cava
measured 1.5 cm and inspiratory collapse was present, and PASP
was estimated at 73 mm Hg just as previously seen (Figure 4). Right
ventricular strain improved, showing an RVFWLS of –27% and a



Figure 6 Right ventricular postsystolic strain patterns before and after vasodilator treatment in IPAH, apical four-chamber RV-
focused view for RV longitudinal strain evaluation. Left panel: RV longitudinal strain curve before vasodilator treatment showing an
RVFWLS of –19.4% (normal value –37.2% to –20.8%)1 and an RV postsystolic strain pattern type II showing a steady negative plateau
from peak systolic strain through early diastole, followed by a positive downward shift toward the baseline. Right panel: RV strain
curve 6 months after initiation of vasodilator treatment showing an RVFWLS of –27% and an RV postsystolic strain pattern type I
showing a downward shift of the curve after peak systolic strain toward the baseline, followed by end-diastolic straight curve. PSS
peak, Postsystolic strain peak; PVC, Pulmonary valve closure.
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type I postsystolic strain pattern (Figure 6, Video 6). The TAPSE/PASP
ratio showed an improvement from 0.28 to 0.33. Left ventricle pa-
rameters remained unaffected (end-diastolic biplanar volume of
58 mL and LV ejection fraction of 63%).

DISCUSSION

Idiopathic pulmonary arterial hypertension is a severe clinical con-
dition that results in progressive right heart failure due to chronic
pressure overload. Current pulmonary hypertension guidelines for
diagnostic workup include right heart catheterization to establish
diagnosis, a transthoracic echocardiography to rule out left heart
disease, a ventilation/perfusion lung scan to exclude chronic throm-
boembolic pulmonary hypertension, a chest computed tomography
scan and pulmonary functional tests to exclude parenchymal lung
disease, and routine screening of connective tissue disease, hepati-
tis, and HIV.2

Evaluation of RV function is recommended as a prognostic factor in
IPAH together with parameters such as right atrial area and pericardial
effusion.3 Current guidelines and position papers on RVechocardio-
graphic assessment4,5 recommend the use of several parameters to
better distinguish normal from abnormal RV function. Parameters
such as TAPSE, FAC, TDI S’, and, more recently, RVFWLS are the
most commonly used parameters for this assessment.

In January 2021, Badagliacca et al6 reported the prognostic impact
of three postsystolic strain patterns of the RV free wall in a cohort of
patients with IPAH reflecting progressive RV dyssynchrony. Pattern I
was defined as a strain-time curve with a prompt downward return
to baseline after the systolic peak with an end-diastolic straight line.
This finding was associated with normal RV size and function.
Pattern II corresponded to a strain-time curve with a postsystolic
plateau followed by a return to baseline in end diastole. Even though
patients with pattern II had mild to absent RV dysfunction, this condi-
tion predicted worse clinical outcomes than pattern I, such as func-
tional class worsening and heart failure hospitalizations. Pattern III
was defined as a postsystolic curve slowly and gradually moving to-
ward baseline. This pattern was associated with severe functional class
deterioration and severe RV dilation and dysfunction. It predicted
worse clinical outcomes than pattern II.

Based on these results, Badaggliaca et al suggested that pattern II re-
flected an early stage of the disease with a high risk of clinical wors-
ening and considered this finding to be of clinical value for risk
stratification.

Here we report a case of IPAH with RV dilation and mild RV
dysfunction parameters with mildly reduced FAC and RVFWLS but
normal TAPSE and TDI S’; in addition to these findings, the postsys-
tolic strain pattern type II suggested a poor prognosis. Pulmonary
vasodilator treatment was initiated with good clinical response, and
the RV strain postsystolic pattern changed from pattern II to pattern
I within 6 months. Remarkably, RV echocardiographic improvement
paralleled functional class improvement, despite the lack of a signifi-
cant reduction in the estimated PASP. In addition, there was a mildly
improved TAPSE/PASP ratio, which suggested an improvement in the
RV-PA coupling.

In pulmonary hypertension the RV undergoes a morphological and
functional adaptation to chronic pressure overload. Initially, coupling
of the RV to the arterial load is achieved by increased contractility,
concentric hypertrophy, and mild dilation. This process eventually
leads to further dilation, hypertrophy, RV dysfunction, and RV dyssyn-
chrony, resulting in reduced RV stroke volume and LV filling with pro-
gressive reduction of cardiac output.7 The echocardiographic
evaluation of this process must be integrative of several echocardio-
graphic parameters due to the broad spectrum of possible situations.
In the setting of pressure or volume overload, RV initial adaptations
may lead to a discrepancy between RV transversal shortening param-
eters (e.g., FAC%) and longitudinal shortening parameters (e.g.,
TAPSE) since the latter can be enhanced by initially increased contrac-
tility.8 Right ventricular systolic function interpretation in this situation
is challenging, and newer echocardiographic parameters, such as
RVFWLS, are emerging as more predictive options than conventional
parameters in patients with pulmonary arterial hypertension.9,10

In the case that we present here, RV longitudinal shortening param-
eters such as TAPSE and TDI S’ were normal despite an impaired
transversal shortening measured by FAC and RVFWLS, and in this
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context, finding a type II RV postsystolic strain pattern helped us to
better understand and assess RV systolic dysfunction.

As reported in previous works,6 RV postsystolic patterns are repro-
ducible, have prognostic impact, and may help to better define risk in
patients withmild dysfunction as in the case we presented. In addition,
we want to highlight that since RV postsystolic strain patterns reflect
disease severity and are easily reproducible, they may be useful to
evaluate treatment response as reported in this case, even though
there is still a lack of evidence for this use and further investigation
is needed.

CONCLUSION

No single echocardiographic parameter is sufficiently accurate to eval-
uate RV function, and an integrative approach is usually needed. Right
ventricular postsystolic strain patterns add a new tool to assess RV
compromise in IPAH and may be of interest in addition to other pa-
rameters to identify RV dysfunction early, establish prognosis, and
guide patient response to treatment.
SUPPLEMENTARY DATA

Supplementary data related to this article can be found at https://doi.
org/10.1016/j.case.2022.03.005.
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