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Feasibility and Reproducibility of Systolic Right
Ventricular Strain Measurement by Speckle-Tracking

Echocardiography in Premature Infants

Philip Thaler Levy, MD, Mark R. Holland, PhD, Timothy J. Sekarski, RDCS, Aaron Hamvas, MD,
and Gautam K. Singh, MD, St. Louis, Missouri

Background: Right ventricular (RV) systolic function is an important prognostic determinant of cardiopulmo-
nary pathologies in premature infants. Measurements of dominant RV longitudinal deformation are likely to
provide a sensitivemeasure of RV function. An approach for image acquisition and postacquisition processing
is needed for reliable and reproducible measurements of myocardial deformation by two-dimensional (2D)
speckle-tracking echocardiography. The aims of this studywere to determine the feasibility and reproducibility
of 2D speckle-tracking echocardiographic measurement of RV peak global longitudinal strain (pGLS)
and peak global longitudinal strain rate in premature infants and to establish methods for acquiring and
analyzing strain.

Methods: The study was designed in two phases: (1) a training phase to developmethods of image acquisition
and postprocessing in a cohort of 30 premature infants (born at 28 6 1 weeks) and (2) a study phase to
prospectively test in a separate cohort of 50 premature infants (born at 276 1 weeks) if the methods improved
the feasibility and reproducibility of RV pGLS and peak global longitudinal strain rate measurements to
a clinically significant level, assessed using Bland-Altman analysis (bias, limits of agreement, coefficient of
variation, and intraclass correlation coefficient).

Results: Strain imaging was feasible from 84% of the acquisitions using the methods developed for optimal
speckle brightness and frame rate for RV-focused image acquisition. There was high intraobserver (bias,
3%; 95% limits of agreement, !1.6 to +1.6; coefficient of variation, 2.7%; intraclass correlation coefficient,
0.97; P = .02) and interobserver (bias, 7%; 95% limits of agreement, !4.8 to +4.73; coefficient of variation,
3.9%; intraclass correlation coefficient, 0.93; P < .05) reproducibility, with excellent linear correlation between
the two pGLS measurements (r = 0.97 [P < .01] and r = 0.93 [P < .05], respectively).

Conclusions: This study demonstrates high clinical feasibility and reproducibility of RV pGLS and RV peak
global longitudinal strain rate measurements by 2D speckle-tracking echocardiography in premature infants
and offers methods for image acquisition and data analysis for systolic strain imaging that can provide
a reliable assessment of global RV function. (J Am Soc Echocardiogr 2013;26:1201-13.)

Keywords: Right ventricle, Systolic function, Global longitudinal strain, Speckle-tracking echocardiography,
Premature infants

Right ventricular (RV) systolic function is an important prognostic
determinant of cardiopulmonary pathologies in premature
infants.1-3 The recommended methods to quantitatively assess RV
systolic function in neonates include tricuspid annular plane

systolic excursion and fractional area change in apical four-
chamber views, but they require further validation in the neonatal
population.1,4,5 RV myocardial performance index has also been
used to assess systolic RV function in neonates, but this measure
also requires validation, because its impact on management and
outcomes remains uncertain.3,4 Therefore, qualitative assessment
of RV function is still used in clinical practice.4,5 However, unlike
the left ventricle, the tripartite morphology and different myofiber
architecture of the right ventricle do not always lend themselves to
clinically applicable qualitative assessment.

The RV myofiber architecture is composed of superficial circum-
ferential and dominant deep longitudinal layers aligned base to
apex that allow greater longitudinal than radial shortening and
minimum twisting and rotational movements.6-9 The longitudinal
shortening is the dominant deformation of the right ventricle that
provides the major contribution to stroke volume during systole.9

Myocardial strain that describes this longitudinal deformation under
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HEART DISEASE IN INFANTS AND CHILDREN

Maturational Patterns of Systolic Ventricular
Deformation Mechanics by Two-Dimensional

Speckle-Tracking Echocardiography in Preterm
Infants over the First Year of Age

Philip T. Levy, MD, Afif EL-Khuffash, FRCPI, MD, DCE, Meghna D. Patel, MD, Colm R. Breatnach, MB,
Adam T. James, MD, Aura A. Sanchez, MD, Cristina Abuchabe, MD, Sarah R. Rogal, BS, Mark R. Holland, PhD,

Patrick J. McNamara, MD, MRCPCH, Amish Jain, MD, Orla Franklin, MD, Luc Mertens, MD,
Aaron Hamvas, MD, and Gautam K. Singh, MD, St. Louis, Missouri; Morristown, New Jersey; Dublin, Ireland;

Minneapolis, Minnesota; Indianapolis, Indiana; Toronto, Ontario, Canada; and Chicago, Illinois

Background: The aim of this study was to determine the maturational changes in systolic ventricular strain me-
chanics by two-dimensional speckle-tracking echocardiography in extremely preterm neonates from birth to
1 year of age and discern the impact of common cardiopulmonary abnormalities on the deformation measures.

Methods: In a prospective multicenter study of 239 extremely preterm infants (<29 weeks gestation at birth), left
ventricular (LV) global longitudinal strain (GLS) andglobal longitudinal systolic strain rate (GLSRs), interventricular
septal wall (IVS) GLS andGLSRs, right ventricular (RV) freewall longitudinal strain and strain rate, and segmental
longitudinal strain in the RV free wall, LV free wall, and IVS were serially measured on days 1, 2, and 5 to 7, at 32
and 36weeks postmenstrual age, and at 1 year corrected age (CA). Premature infants who developed broncho-
pulmonary dysplasia or had echocardiographic findings of pulmonary hypertension were analyzed separately.

Results: In uncomplicated preterm infants (n = 103 [48%]), LVGLS andGLSRs remained unchanged fromdays
5 to 7 to 1 year CA (P = .60 and P = .59). RV free wall longitudinal strain, RV free wall longitudinal strain rate, and
IVS GLS and GLSRs significantly increased over the same time period (P < .01 for all measures). A significant
base-to-apex (highest to lowest) segmental longitudinal strain gradient (P < .01) was seen in the RV free wall
and a reverse apex-to-base gradient (P < .01) in the LV free wall. In infants with bronchopulmonary dysplasia
and/or pulmonary hypertension (n = 119 [51%]), RV free wall longitudinal strain and IVS GLS were significantly
lower (P < .01), LV GLS andGLSRswere similar (P = .56), and IVS segmental longitudinal strain persisted as an
RV-dominant base-to-apex gradient from 32 weeks postmenstrual age to 1 year CA.

Conclusions: This study tracks the maturational patterns of global and regional deformation by two-
dimensional speckle-tracking echocardiography in extremelypreterm infants frombirth to1yearCA.Thematu-
rational patterns are ventricular specific. Bronchopulmonary dysplasia and pulmonary hypertension leave a
negative impact onRVand IVS strain, while LV strain remains stable. (J AmSocEchocardiogr 2017;30:685-98.)

Keywords: Cardiac function, Prematurity, Strain imaging, Echocardiography
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Right ventricular function mirrors clinical improvement
with use of prostacyclin analogues in pediatric pulmonary
hypertension
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Abstract
Pulmonary hypertension (PH) causes significant morbidity and mortality in children due to right ventricular (RV) failure. We sought
to determine the effect of prostacyclin analogues on RV function assessed by echocardiography in children with PH. We conducted
a retrospective cohort study of children with PH treated with a prostacyclin analogue (epoprostenol or treprostinil) between
January 2001 and August 2015 at our center. Data were collected before initiation of treatment (baseline) and at 1–3 and 6–12
months after. Protocolized echocardiogram measurements including tricuspid annular plane systolic excursion (TAPSE) and RV
global longitudinal strain were made with blinding to clinical information. Forty-nine individuals (65% female), aged 0–29 years at
the time of prostacyclin initiation were included. Disease types included pulmonary arterial hypertension (idiopathic [35%], her-
itable [2%], and congenital heart disease-associated [18%]), developmental lung disease (43%), and chronic thromboembolic PH
(2%). Participants received intravenous (IV) epoprostenol (14%) and IV/subcutaneous (SQ) (67%) or inhaled (18%) treprostinil.
Over the study period, prostacyclin analogues were associated with improvement in TAPSE (P¼ 0.007), RV strain (P< 0.001), and
qualitative RV function (P¼ 0.037) by echocardiogram, and BNP (P< 0.001), functional class (P¼ 0.047) and 6-min walk distance
(P¼ 0.001). TAPSE and strain improved at early follow up (P¼ 0.05 and P¼ 0.002, respectively) despite minimal RV pressure
change. In children with PH, prostacyclin analogues are associated with an early and sustained improvement in RV function
measured as TAPSE and strain as well as clinical markers of PH severity. RV strain may be a sensitive marker of RV function in
this population.
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pulmonary hypertension, prostacyclin, pediatric, right ventricular function
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Pulmonary hypertension (PH) is associated with signifi-
cant morbidity and mortality in the pediatric population.1

If left untreated, this condition may progress rapidly to
right ventricular (RV) failure and early death. Survival
has improved with use of pulmonary vasodilators,
specifically with prostacyclin analogs epoprostenol and tre-
prostinil.2–4 Recent registry data suggest that the current
five-year survival is in the range of 62–90%, whereas the
median survival of children was only ten months

from time of diagnosis before development of these
therapies.5–8

The gold standard for diagnosis and monitoring of PH is
cardiac catheterization; however, there are risks associated
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• LV eccentricity index
• Shunts / directions

2. PA acceleration time
• PAAT / RVET

1. IVC  (?)
2. Volumes (?)

1. RV contractility
• dp/dt
• Strain rate

2. RV systolic function
• FAC / MPI / Strain
• TAPSE / Strain

3. RV diastolic function
• Tissue Doppler velocities
• Strain rate

1. RV Areas
• Systolic
• Diastolic
• 4-ch / 3-ch

2. Dimensions
• RV inflow
• RV outflow

Afterload 
• Resistance
• Compliance
• Impedance

Measures of right ventricle performance



Selected references in neonates

• Review: Neonatology 2016;110:248–260.

• FAC: J Am Soc Echocardiogr 2015;28:559-69.
• TAPSE: Neonatology 2011;100:85–92 
• Strain: J Am Soc Echocardiogr 2017;30:685-98.
• 3 -chamber: J Am Soc Echocardiogr 2014;1293-304
• PAAT: J Am Soc Echocardiogr. 2016;29:1056-1065
• Dimensions: J Peds 2018.
• Tissue Doppler: Early Hum Dev 2017;108:33-39.
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