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Pulmonary hypertension (PH) is characterized by increased right ventricular (RV)
afterload, which is accommodated early by dramatic increases in RV contractility to
maintain right ventriculoarterial coupling. Related to its tissue biology, characteris-
tics of RV contractility differ from those of the left ventricle (LV). As the RV un-
dergoes adaptation in PH, echocardiographic signs emerge which can help identify
PH and can be reassessed to noninvasively prognosticate outcomes in PH. Many
of these indices can be calculated from standard echocardiographic views without
significant modification to scanning procedures. This review will discuss contempo-
rary diagnosis of PH, highlighting the role of echocardiography in this process. We
will describe the differences between the LV and RV, including adaptations of the
RV in PH, and how these factors impact echocardiographic assessment. We will
conclude with a discussion of specific echocardiographic parameters and describe
their role in diagnosis and reassessment. Routine assessment of the right heart
improves noninvasive risk stratification in PH, may reduce delays in diagnosis, and
ultimately may impact the significant and potentially modifiable disease burden in

this patient population.

INTRODUCTION

Pulmonary hypertension (PH) refers
to a diverse set of conditions that may
act locally, at the level of the heart and
lungs, or systemically to increase mean
pulmonary arterial pressure (mPAP).
In this way, PH represents a shared
pathophysiology, with heterogenous
upstream causes that ultimately impact
the load experienced by the right ven-
tricle (RV). The RV is able to accom-
modate dramatic increases in afterload
to maintain cardiac output. These
adaptive mechanisms have echocardio-
graphic correlations, making echocar-
diography critical in both the screening
for PH and for routine monitoring of
PH patients.

This review will discuss contem-
porary diagnosis of PH, highlighting
the role of echocardiography in this
process. We will describe the differenc-
es between the left ventricle (LV) and

RV, including adaptations of the RV
in PH, and how these factors impact
echocardiographic assessment. We will
conclude with a discussion of specif-
ic echocardiographic parameters and
describe their role in diagnosis and
reassessment.

DIAGNOSIS AND THE ROLE OF
ECHOCARDIOGRAPHY

In 1973, the first World Health Organi-
zation Symposium on PH was convened
in Geneva, Switzerland. With minor
revisions since that time, expert consen-
sus defined PH as mPAP 225 mmHg.
Subsequent studies have demonstrated
a significant increase in mortality and
hospitalization at mPAP below that
value prompting societal guidelines

to adjust the diagnostic threshold to
mPAP >20 mmHg."” This change has
increased the population prevalence of
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PH, though the implications for patient
management remain uncertain and it re-
mains critically important for clinicians
to recognize when referral to specialist
care is necessary. Presently, the diagno-
sis of PH is estimated to be delayed by
nearly 2 years, contributing to a signif-
icant and potentially modifiable disease
burden.’ Improved understanding of
the role of echocardiography for PH
screening provides an opportunity to
identify patients who may be candidates
for earlier, more invasive diagnostics and
therapeutic interventions.

Role of Echocardiography

Right heart catheterization remains
the “gold standard” of PH diagnosis
and classification.” In spite of this,
echocardiography serves an important
role in PH screening, differentiation of
PH etiologies, and disease monitoring
following formal diagnosis. The 2022
European Society of Cardiology (ESC)
and the European Respiratory Society
(ERS) Guidelines for the Diagnosis
and Treatment of PH recommend using
peak tricuspid regurgitation velocity
(TRV) as the first step for assigning
echocardiographic probability of PH

DOI:10.21693/1933-088X-22.3.122

$S900E 93l} BIA $2-90-GZ0g 1e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq


mailto:Richard.krasuski@duke.edu

isk factors or associated conditions for

INTERMEDIATE

w

Alternative diagnosis
(Class lla)

o

Echo follow-up
(Class lla)

(Class I)

Figure 1: Echocardiography is an important screening tool for the diagnosis of pulmonary hypertension. This figure has been adapted from

the 2022 ESC/ERS Guidelines for the Diagnosis and Treatment of Pulmonary Hypertension. The first step is the assessment of peak tricuspid
regurgitation velocity, followed by a careful review of right ventricular size and function, pulmonary arterial size and flow velocity tracings and
inferior vena cava/right atrial sizes. If 2 or more of these categories are abnormal, the probability of pulmonary hypertension increases. High
probability necessitates invasive assessment, while intermediate/low probability is further differentiated by associated risk factors and clinical
conditions. Patients ultimately defined as intermediate probability should receive follow-up echocardiography, as they remain at risk for developing
pulmonary hypertension. CTEPH indicates chronic thromboembolic pulmonary hypertension; IVC, inferior vena cava; PA, pulmonary artery; PAH,
pulmonary arterial hypertension; PH, pulmonary hypertension; RA, right atrial; RHC, right heart catheterization; RV, right ventricle; RVOT, right

ventricular outflow tract.

(Figure 1).” A peak TRV >2.8 m/s
should prompt further consideration of
PH. The presence of additional echo-
cardiographic findings help to further
refine this assessment and justify subse-
quent invasive hemodynamic assessment
via right heart catheterization.” These
include assessments of RV size and
systolic function (Figure 2), pulmonary
size and outflow/regurgitant velocities
(Figure 3), and inferior vena cava (IVC;
Figure 4) and right atrial (RA) size
(Figure 5). Echocardiography is there-
fore a critically important screening
tool in the evaluation of patients with
suspected PH.

Echocardiography may also help to
distinguish between PH etiologies. It
is particularly well suited to evaluate

whether PH is related to LV dysfunction

(group 2 disease); for this reason

every echocardiographic assessment for
PH should also include metrics of LV
diastolic function, left atrial size, and
measurement of LV wall thickness.”
Echocardiography can also identify
comorbid congenital heart disease,
although additional studies including
transesophageal echocardiography,
computed tomography (CT), or cardiac
magnetic resonance imaging (MRI) may
be required to provide anatomic clarity.
A bubble study should be performed
during the initial echocardiographic
study to evaluate for the presence of
intracardiac or intrapulmonary right

to left shunting. The former could be
due to patent foramen ovale, a lesion
present in over a quarter of the popu-
lation. Whether patent foramen ovale
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was present from birth in the pulmonary
arterial hypertension (PAH) patient

or stretched open due to pressure and
volume loading of the right atrium
cannot be determined unless prior echo
bubble injection was performed. A pos-
itive bubble study can also suggest the
presence of an atrial septal defect, which
can occasionally be the cause of PH.
Often a secundum defect (in the middle
of the atrial septum) can be identified
by color Doppler. It’s important to note
that sinus venosus defect (present in the
roof or the floor of the right atrium) also
results in a positive bubble study, but can
require a transesophageal echocardio-
graph, a cardiac CT scan, or a cardiac
MRI for its detection. Finally, if the
bubbles appear in the left atrium after
more than 3 heartbeats of reaching the
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Figure 2: Assessment of the right ventricle for signs suggestive of pulmonary hypertension. The simplest assessment of right ventricular (RV)
size is to compare it to the left ventricle (LV). Normally the RV should be smaller than the LV (ratio <1). In (A) the RV:LV ratio is significantly
>1.0. Flattening of the interventricular septum (B) is also a common feature of pulmonary hypertension. The LV is essentially squashed by the
RV, as assessed by the LV eccentricity index (the ratio of the LV axis parallel to the septum divided by the axis perpendicular to the septum > 1.1
as measured in the parasternal short-axis view at the level of the LV papillary muscles). (C) Because of the contractile pattern of the RV, tissue
annular plane systolic excursion can be used to measure systolic function, with further refinement by comparing it to the systolic pulmonary artery
pressure to assess RV-pulmonary arterial coupling. LA indicates left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.

right atrium, it suggests the presence of
pulmonary arteriovenous malformations.
These are generally rare, but can develop
in patients with advanced liver disease
and result in profound hypoxia (hepa-
topulmonary syndrome).

Following diagnosis of PH and char-
acterization of likely etiology, echocar-
diography is an important element for
routine follow-up. For those with PAH
(group 1 disease), noninvasive assess-
ment with echocardiography is recom-
mended every 3 to 6 months, following
any change in therapy, and immediately
upon suggestion of clinical worsen-
ing.” For PH related to LV dysfunction
(group 2 disease), there is no current
recommendation for echo cadence be-
yond what is recommended for reassess-
ment of LV dysfunction. In PH related
to underlying pulmonary disease (group
3 disease), the sensitivity of many echo-
cardiographic indices of PH, including
TRV, are reduced leading to lower
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utility of echocardiography for disease
monitoring.® Given this, PH diagnosis
in group 3 disease is often best aided by
stepwise, composite echocardiographic
assessment or pairing with contrast-
enhanced CT imaging.”" Echocardiogra-
phy plays a clear role in the monitoring
of chronic thromboembolic PH (group
4 disease) for which yearly posttreat-
ment echocardiography is recommended
in light of known recurrent or persistent
PH in some pal'fients.7‘11 For those with
PH related to unknown or multifactorial
mechanisms (group 5 disease), evidence
to support routine echocardiographic
monitoring has not yet been established.

RV ADAPTATIONS IN PH
Echocardiographic assessment of the
right heart in PH necessarily seeks
to identify, trend, and quantitate RV
adaptive mechanisms that seek to
preserve RV function in PH. During

disease progression, echocardiography
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is also critical for identifying the point
at which these mechanisms fail and

RV dysfunction manifests. Recognizing
anatomic and functional differences
between the LV and RV, as well as the
RV’s response to stress, provides a foun-
dation for understanding the specifics
that echocardiographic assessment of
the right heart intends to capture.

The functional and anatomic differ-
ences between the LV and RV draw
both from their separate embryologic
and hemodynamic environments. The
LV originates from the primary heart
field, which develops into 3 muscular
layers that together form a truncated
ellipsoid structure.'” The fiber orien-
tation of these 3 layers confers specific
mechanical properties that impact
ventricular contractility and function;
specifically, the LV derives the majority
of its contractility from circumferen-
tially oriented fibers that serve to nearly
ablate the ventricular cavity in systole
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Figure 3: Assessment of the right ventricular outflow tract and pulmonary artery for signs
suggestive of pulmonary hypertension. The peak regurgitant velocity in the patient in (A) is
higher than the established threshold of 2.2 m/sec. In (B), the forward velocity is assessed.
The acceleration time is measured from onset of flow to peak and in this patient was <105 ms
(the threshold for being abnormal). Also seen (arrow) is midsystolic notching (a very suggestive
finding for significantly elevated pulmonary resistance). In (C), the pulmonary and aortic
diameters are compared. A pulmonary artery diameter greater than the aortic diameter (as
seen here) or >2.5 cm is considered abnormal. AO indicates aorta; PA, pulmonary artery;

RA, right atrium; RV, right ventricle.

and forcefully eject blood, making it
particularly well suited as a high-
pressure pump.”* In contrast, the RV
is formed from the secondary (anterior)
heart field, a structure contiguous with
the conotruncus, which will ultimately
give rise to the RV outflow track and
the great arteries.'" This proximity to
structures that ultimately give rise to
blood vessels belies the separate charac-
ter of the RV myocardium in compari-
son to the LV. This thin-walled structure
exists as a crescent attached to the ante-
rior surface of the LV and is composed
of 2 muscular layers with fibers oriented
primarily longitudinally, from apex to
base.’**® Such fiber orientation confers
greatest contractility in the longitudinal
direction, allowing the RV to serve as a
pump that is particularly well suited to
accommodate changes in volume.'®
Typically, blood flow through the
pulmonary vascular beds is main-
tained by an efficient pairing between
RV systolic function and pulmonary
vascular resistance (PVR), a process

known as right ventriculoarterial
(VA) coupling. This pairing maintains
stroke volume (SV') over a wide range
of PVR, including increases imposed
by exertion. In PH, as PVR increases,
many humoral and cellular respons-
es are initiated that seek to maintain
right VA coupling and preserve RV
SV.'"'® Structurally, these respons-

es manifest first as progressive RV
hypertrophy, whereby increasing wall
thickness attempts to maintain the
needed increase in contractility."” In
contrast to systemic vascular resistance,
which may increase by ~50% in states
of systemic hypertension, PVR in PH
often undergoes an ~400% increase
from baseline values.”” Remarkably,
through cellular changes, including
hypertrophy, the RV is able to achieve
4- to 5-fold increases in contractility
to maintain VA coupling, albeit at a
higher metabolic demand."” If elevated
ventricular load continues or increas-
es, additional humoral responses halt

the hypertrophic process and the SV
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begins to drop.'® As the next phase in
adaptation, the RV dilates in order to
maintain absolute SV; ultimately, as
this mechanism fails, the heart rate will
increase in order to preserve right-
sided cardiac output. These factors
dramatically impact RV myocardial
oxygen supply and demand, resulting
in mismatch, which is closely followed
by VA uncoupling and reduced cardiac
output.””*” Echocardiographic assess-
ment of the RV in PH intends to trend
ventricular health, determine the state
of VA coupling, and ultimately guide

the escalation of therapies.

ECHOCARDIOGRAPHIC
ASSESSMENT OF THE

RIGHT HEART

Echocardiographic assessment of the
right heart is challenging due to the
anterior position of the RV in the
chest directly behind the sternum, its
thin walls, and its complex contractile
pattern. Considering these challenges,
a complete assessment of RV structure
and function requires the composition of
multiple echo windows and metrics.

As previously noted, the 2022 ESC/
ERS Guidelines for the Diagnosis and
Treatment of PH propose a stepwise
approach starting with TRV and fol-
lowed by assessment of the ventricles, the
pulmonary artery (PA), and the IVC and
RA in order to improve diagnostic yield
of invasive diagnostics. Below we will
discuss the constituent metrics for this al-
gorithm alongside additional echocardio-

graphic metrics of RV function in PH.

Peak TRV

Traditionally, measurement of the systol-
ic pulmonary arterial pressure (sPAP)
has been a central focus of echocardi-
ography in screening for PH. This is
achieved, in the absence of pulmonary
stenosis, through application of the
modified Bernoulli equation (4V?) using
TRV. This provides the pressure gradi-
ent across the tricuspid valve during sys-
tole, which when added to noninvasive
estimates of RA pressure, provides an
estimate of the sPAP. This is no longer
recommended as the sole screening tool
given documented inaccuracies includ-
ing fallacious estimates of RA pressure
and amplification of measurement error
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with the modified Bernoulli. Instead,
new guidelines recommend use of peak
TRV directly.’

Peak TRV is measured by continuous-
wave Doppler across the tricuspid
valve. Multiple views may be needed
in order to obtain the optimal win-
dow; the best windows for assessment
include the RV inflow, parasternal short
axis (PSAX), and the apical 4-chamber
(A4C) views.** The highest velocity
with the cleanest signal most parallel to
the regurgitant jet should be recorded.
Accurate quantification of peak TRV
requires colinearity between the con-
tinuous-wave Doppler ray and the axis
of the regurgitant jet. Eccentricity will
necessarily underestimate peak TRV
through dot product of these 2 vectors.
Peak TRV can additionally be under-
estimated in severe or “free” tricuspid
regurgitation given the dispersion of
focal flow acceleration and a broad local
peak velocity. A peak TRV <2.8 m/s is

considered within normal range.7

Tricuspid Annular Plane Systolic
Excursion

Given that the principal axis of con-
tractility in the RV is oriented apex to
base, related to the fiber orientation
described above, tricuspid annular plane
systolic excursion (TAPSE) has evolved
as a metric of RV contractility. This
describes the apical movement of the
tricuspid annulus during systole and is
obtained using motion mode, typically
from the A4C view (Figure 2). Ground-
ed in the tissue biology of the heart,
TAPSE appears to have close correlation
with RV systolic function.** In PH
specifically, investigation has identified

a cutoff value of <1.8 cm to have an
unadjusted hazard ratio of 5.7 for risk of
death over a 2-year interval.” TAPSE
has been further combined with sPAP
to form the TAPSE:sPAP ratio, which
demonstrates good correlation when
trended with both invasive hemodynam-
ics and functional class in PAH.* More
generally, TAPSE < 1.6 cm has been
shown to be highly predictive of RV

systolic dysfunction.”®”*
Fractional Area Change

Given the prognostic significance of RV
systolic function in PH, several metrics
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have been developed to assess it.*"*> One
such method is fractional area change
(FAC), a 2-dimensional metric calculat-
ed by comparing manual tracings of the
RV endocardial border in end-diastole
and end-systole. In comparison to other
methods like TAPSE, FAC has demon-
strated similar or better correlation

with high-resolution 3-dimensional RV
ejection fraction measurement by cardiac
MRI, with the added advantage of faster
assessment and lower cost.*** FAC is
generally obtained from the A4C view,
with normal values of >30% in men and

>35% in women.”

Eccentricity Index

The eccentricity index (EI) assesses

for RV pressure or volume overload by
evaluating LV dimensions. The El is a
quantitative metric of the classic “D”
sign and is calculated from the para-
sternal short-axis view midway along
the LV (Figure 2), at the level between
the papillary muscle and tip of the
mitral valve leaflets. Two internal cavity
dimensions are obtained from this view,
one parallel to the septum (D2) and
one perpendicular to the septum (D1).
EI=D2/D1 and is typically <1 in both
systole and diastole. RV volume overload
causes eccentricity in diastole; while RV
pressure overload causes eccentricity in
both systole and diastole. A systolic EI
> 1.1 increases the likelihood of PH,
while values > 1.7 have been associated
with a very poor prognosis.7‘31

RV Index of Myocardial Performance
The index of myocardial performance,
also known as the Tei index, describes the
ratio between the sum of isovolumetric
contraction and isovolumetric relaxation
times divided by ejection time. This is
a metric that can be evaluated for both
RV and LV and includes elements of
both systole and diastole in an attempt
to assess global ventricular function.**%
The RV index of myocardial perfor-
mance (RIMP) has been studied in PH
specifically to evaluate RV function, and
has been shown to be an independent
predictor of mortality and correlate with
invasive hemodynamics.*

RIMP was developed using pulsed-
wave (PW) Doppler; this method is

technically challenging and requires

Volume 22, Number 3; 2023
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Patient Sniff

Figure 4: Assessment of the inferior vena
cava (IVC) artery for signs suggestive of
pulmonary hypertension. Normally the IVC
diameter should be <2.1 cm in diameter

on this subcostal view and should collapse
>50% with a sniff. This usually correlates
to an estimated right atrial pressure of

<5 mmHg. If the IVC is either >2.1 cm or
collapses <50%, the RA pressure is ~5 to
10 mm Hag. If the IVC is both >2.1 cm and
collapses <50% (as in this patient), the RA
pressure is ~10 to 20 mm Hg. IVC indicates
inferior vena cava; LA, left atrium; LV, left
ventricle; RA, right atrium; RV, right ventricle.

comparison of PW signals at both the
lateral tricuspid annulus and the RV out-
flow tract obtained during cardiac cycles
with near-identical R-R intervals. Given
this difficulty, a tissue Doppler RIMP
methodology has been developed which
requires a single tissue Doppler sample
along the lateral tricuspid annulus. This
tissue Doppler RIMP has demonstrated
excellent correlation with RIMP and
slightly improved correlation with RV
ejection fraction and RV FAC as com-
pared with RIMP.* RIMP > 0.43 by
PW Doppler, or >0.54 by tissue Doppler
indicates RV dysfunction.” In PH specif-
ically, RIMP > 0.64 is associated with

lower overall survival at 4 yeau's.38

RV Strain

RV strain has been studied as a modal-
ity to assess RV contractility and
prognosticate outcomes. Typically,
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Figure 5: Assessment of the right atrium for
signs suggestive of pulmonary hypertension.
This patient has a right atrial area which is
greater than the normal threshold of 18 cm?,
LA indicates left atrium; LV, left ventricle; RA,
right atrium; RV, right ventricle.

global RV strain is assessed in 6 seg-
ments obtained in the A4C view; this
assessment can be technically challenging
given that imaging must remain within
10° to 15° of the axis of contraction for
full reliability. RV free wall longitudinal
strain (RV-FWLS) analyzes the lateral

3 segments and excludes the 3 septal
segments, which has the advantage of
being far more angle-independent while
still demonstrating good performance;**
in PAH, RV-FWLS correlates with
worsened function class, shorter
6-minute walk distances, higher
N-terminal pro-B-type natriuretic pep-
tide levels, and the presence of clinical RV
failure.* RV-FWLS can identify subclin-
ical RV dysfunction when other param-
eters like TAPSE are still within normal
ranges.*””* Additionally, after adjustment
for PVR, pulmonary pressures, and RA
pressure, RV-FWLS has been shown to
predict survival in PH.* Normal ranges
for RV-FWLS are disputed, although
meta-analysis has demonstrated patients
with PH and RV-FWLS >-19% are at
significantly greater risk of experiencing

a combined endpoint of mortality and
PH-related event. Furthermore, patients
with RV-FWLS > -22% had significantly
higher risk for all-cause mortality."’

PA Diameter

Mean PA diameter has been studied
as a marker of elevated PA pressure
and is measured in end diastole half-

way between the pulmonary valve and
bifurcation of the main PA (Figure 3).
The PA dilates in the presence of
either pressure or volume overload. CT
measurements of PA diameter correlate
with catheter-derived measurements of
elevated pulmonary pressures, which
have subsequently been correlated with
echocardiographic measurements.***’
Guidelines support PA diameter >2.5
cm as increasing the likelihood of PH.

RA Area

Elevated mean RA pressure measured by
right heart catheterization is an indepen-
dent risk factor for mortality in PH.*®
Right atrial area (RAA) measured by
echocardiography corrrelates to invasive
assessments of mean right atrial pressure
and has by itself been demonstrated to
predict poorer survival.” RAA in PH is
measured in the A4C view at end systole
on the frame just prior to tricuspid valve
opening (Figure 5). A RAA >18 cm’ is
associated with a poor prognosis, with

a relative risk of 2.6 for death or trans-
plantation at 3 years compared to those

with RAA <18 cm?!

RA Strain

As discussed earlier, emerging tech-
niques are extending beyond structural
metrics to assess functional parameters.
In line with this trend, RA strain has
emerged as a hopeful metric to prognos-
ticate precapillary PH. Hasselberg et al.?
performed 6-segment speckle tracking
of the RA in 151 patients with precapil-
lary PH. Over a follow-up interval of 5
years, 48% of patients died; those in the
lowest quartile of RA strain experienced
a significant risk of death (P=.006),
while intact RA strain was independent-
ly associated with survival following
multivariable analysis (P=.039).”> When
combined with RV strain, RA strain
provided added prognostic value; indi-
viduals with preserved RA and RV strain
demonstrated improved survival over
those with intact RV strain and impaired
RA strain, who in turn had improved
survival over those with impaired RV
and RA strain. Further development of
these techniques may allow for quantifi-
cation of strain value cutoffs that prog-
nosticate disease progression or suggest a
need for specific therapies.

Advances in Pulmonary Hypertension

Additional Parameters

Several right heart echocardiograph-

ic indices have not been correlated to
outcomes or disease progression in PH
specifically but have been shown to
indicate elevated right-sided pressures.
These parameters remain important el-
ements of a complete echocardiographic
assessment of the right heart.

IVC Size and Collapsibility: From
the subcostal view, with the IVC and
cavo-atrial junction into the RA in view,
the IVC diameter is measured across the
width of the IVC, 1 to 2 cm from the
cavo-atrial junction. This is most reliably
obtained at end expiration, with normal
values being <2.1 cm. The collapsibil-
ity should also be assessed. This is best
done by assessing the IVC in motion
mode and asking the patient to sniff;
under normal circumstances the IVC
should collapse by >50% with a sniff
(Figure 4). If the IVC is >2.1 cm or
collapses <50%, the RA pressure is ~5 to
10 mm Hg. If the IVC is both >2.1 cm
and collapses < 50%, the RA pressure is
~10 to 20 mm Hg.

RV to LV Diameter Ratio: Similar
to EI, the basal diameters of the RV
and LV may be compared. This mea-
surement is obtained in the A4C view,
mindful to exclude any foreshortening.
Measured at end diastole, the basal
cavity dimensions of the RV and LV are
compared. A ratio of RV:LV >1 suggests
RV dilation.

Peak Regurgitant Velocity of the
Pulmonary Valve: Imaging in the
PSAX near the cardiac base with the
RV outflow tract (RVOT) in view, the
pulmonary regurgitant jet of the pulmo-
nary valve can be registered on contin-
uous-wave Doppler (Figure 3). This
pulmonary regurgitant jet is measured in
early diastole with values >2.2 associat-
ed with elevated mPAP.

PA Midsystolic Notching: Midsys-
tolic notching is observed in the PSAX
through placement of PW Doppler
sample volume just below the pulmonic
cusp in the RVOT. Increased PVR, and
PA stiffness, change pulmonary vascular
impedance in a manner that promotes
earlier wave reflection and impedes RV
ejection. Waves here refer to the trans-
mission of energy, largely through com-
pressive forces, separate from the flow
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of blood that emanates from ventricular
contraction and can be reflected back to-
wards the ventricle. This early reflection
is appreciated by a “notch” in the midpor-
tion of the RV systolic Doppler signal as
the RV’s ejection is momentarily reduced
by early wave reflection seen with elevated
PVR (Figure 3). Given this phenome-
non’s relationship to the material proper-
ties of the pulmonary arteries, it is more
commonly observed in precapillary PH
as compared to group 2 PH.>

RVOT Acceleration Time: In the
same PSAX view and PW Doppler sam-
ple volume as above, the RVOT accel-
eration time can be assessed. Measured
at end expiration, the Doppler profile
of flow through the RVOT in systole
is assessed. As PA pressures increase,
the time from the onset of RV ejection
until the profile’s peak, referred to as
the RVOT acceleration time, shortens
(Figure 3). Heart rates between 60 and
100 beats/min provide the most reliable
measurement.”* In those with atrial
fibrillation, values should be averaged
over at least 5 beats. RVOT accelera-
tion times <105 milliseconds have been
correlated with elevated mPAP.*®

CONCLUSION

PH is characterized by increased RV
afterload, generally accommodated early
by dramatic increases in RV contrac-
tility to maintain right VA coupling.

As the RV undergoes early adaptation,
characteristic echocardiographic signs
emerge which can be followed in order
to noninvasively prognosticate outcome
in PH. As this process continues, the
RV exceeds its ability to compensate
for increased pulmonary pressures,
which ultimately manifests as right VA
uncoupling. The progression to this late
finding can be observed on echocardi-
ography through the evaluation of right
heart structures. Many of these indices
can be calculated from standard echo-
cardiographic views without significant
modification to scanning procedures.
Routine assessment of the right heart
for severity of PH holds promise to im-
prove the noninvasive risk stratification
for PH, reduce delays in diagnosis, and
ultimately impact the significant and
potentially modifiable disease burden.
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