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Abstract
Non-invasive evaluation of right ventricular (RV) systolic function in neonates with pulmonary hypertension (PH) with 
traditional metrics including RV fractional area change (FAC) and tricuspid annular systolic plane excursion (TAPSE) has 
improved outcomes. Apical three-chamber (3C) RV–FAC, a novel tripartite assessment of the RV, has recently been described 
in healthy infants. We assess the utility of 3C RV–FAC and biplane RV–FAC in delayed transitioning and neonatal PH. 
Echocardiograms for 22 normal infants and 22 infants with PH were retrospectively analyzed for RV systolic function indices 
including four chamber (4C), 3C, and biplane RV–FAC, TAPSE, Tei index, and RV systolic excursion velocity (S’). 4C, 
3C, and biplane RV–FAC correlated with PH severity and was decreased in neonates with PH compared to normal neonates 
(biplane RV–FAC 31.7 ± 13.4% vs. 41 .9 ± 4.7%, p = 0.002). TAPSE was significantly decreased in neonates with PH, but did 
not correlate with PH severity. Other RV systolic function metrics were not significantly different between normal neonates 
and neonates with PH. 3C RV–FAC and biplane RV–FAC are lower in neonates with PH. 3C and biplane RV–FAC may 
allow for improved assessment of global RV systolic dysfunction in newborns with delayed transitioning or PH compared 
to the commonly used regional methods.
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Introduction

Enhanced understanding in the non-invasive evaluation of 
neonatal pulmonary hypertension (PH) has led to improved 
diagnosis and management [1]. Complete evaluation 
requires quantitative assessment of right ventricular (RV) 
systolic function, due to limited accuracy and reliability of 
qualitative assessment [2]. Methods in the assessment of RV 
systolic function in neonates include tricuspid annular plane 
systolic excursion (TAPSE), RV fractional area of change 

(RV–FAC), RV strain, and RV myocardial performance 
index [3–7].

TAPSE and RV–FAC are clinically accepted standards 
for the assessment of RV systolic function in the evaluation 
of PH with reported normative values in healthy term and 
preterm infants [5, 6]. Studies have shown a good correla-
tion between MRI-derived RV ejection fraction (EF) and 
these echocardiographic markers of RV systolic function [8]. 
However, these measures do not incorporate the entirety of 
a geometrically complex RV. The traditional assessment 
of RV systolic function from the apical four chamber (4C) 
view used for calculating RV–FAC does not include the RV 
outflow tract and thus is not a true global measure of RV 
systolic function [7, 9].

Jain et al. demonstrated that FAC obtained from a RV-
focused apical three-chamber (3C) view, which demonstrates 
the tripartite RV including its outflow tract, were higher 
compared to traditional 4C RV–FAC [7]. We propose that 
RV–FAC obtained from a RV-focused apical 3C view may add 
additional insight in the assessment of global systolic function 
of the tripartite RV in neonates with delayed transitioning and 
PH. In this study, we evaluated the utility of RV–FAC obtained 
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from the apical 3C view in the assessment of RV systolic func-
tion in neonates with delayed transitioning and PH. A biplane 
FAC obtained by combining the apical 3C and 4C views will 
also be evaluated.

Methods

The institutional research ethics board approved this retrospec-
tive study. Echocardiographic indices of RV systolic function 
were retrospectively assessed in 22 consecutive newborns 
with varying severity of delayed transitioning or PH, and in 
22 consecutive healthy newborns. Infants with congenital heart 
disease were excluded. Those with a small patent ductus arte-
riosus or patent foramen ovale were included. Normative data 
in newborns of these various functional indices were used 
as a reference for identifying RV systolic dysfunction [5–7]. 
Classification of delayed transitioning and PH severity was 
based on Doppler interrogation of the tricuspid regurgitation 
jet if present, patent arterial duct shunting, and interventricular 
septal position in end-systole. Echocardiographic parameters 
were used to classify PH based on RV pressure as mild (> 1/2 
to < 2/3 systemic pressure), or moderate to severe (≥ 2/3 sys-
temic pressure).

Echocardiography was performed at a mean age of 2 days in 
both groups. The RV-focused apical 4C view was obtained in 
the standard fashion [10]. The RV-focused apical 3C view was 
obtained, as previously described [7]. Briefly, the transducer 
was rotated counterclockwise from the standard RV 4C view 
until the left heart was completely out of view, the long axis 
of the aortic root and ascending aorta was in the center of the 
image, and there was visualization of the RV inflow, apical tra-
becular region and outflow. Care was taken not to foreshorten 
the apex of the RV. This view (Fig. 1) is able to simultaneously 
visualize the tricuspid valve and RV inflow, the RV apical tra-
becular component, and the RV outflow and pulmonary valve 
as well as the inferior and anterior free walls of the RV.

From the RV-focused apical 4C and 3C views, the RV endo-
cardium was contoured, excluding trabeculations, both in end-
systole and end-diastole. RV–FAC was calculated as the differ-
ence between end-diastolic and end-systolic RV area expressed 
as a percentage of end-diastolic RV area. Three measurements 
of RV–FAC from three consecutive cardiac cycles were aver-
aged. The results of 4C and 3C RV–FAC were then averaged to 
obtain a biplane global RV–FAC. Values were then compared 
to reported age-dependent normal values [3, 5, 7].

Additional measures of RV function, including, TAPSE, 
Tei index and the RV S’ were calculated in all patients. 
TAPSE was measured from a two-dimensional M-mode 
obtained from the 4C view, positioning the cursor on the 

RV − FAC = 100 × (end − diastolic area − end − systolic area)∕end − diastolic area

lateral tricuspid annulus near the free RV wall and aligning 
it as close as possible to the apex of the heart [10]. The Tei 
index, or the myocardial performance index, was calculated 
as the sum of the isovolumic contraction and the isovolumic 
relaxation time divided by the ejection time [11]. This meas-
urement, as well as the RV S’ or systolic excursion velocity, 
was obtained using the 4C view with the sample volume 
positioned at the lateral tricuspid annulus using pulsed tissue 
Doppler imaging [12].

Statistical Analysis

All statistical analyses were performed using SPSS 19.0 
(SPSS Inc, Chicago, IL). The differences in character-
istics between the groups were analyzed. All data were 
expressed as mean ± SD and median with ranges or per-
centages depending on the type of data. Multiple groups 
were initially compared by ANOVA or a Kruskal–Wal-
lis test and then, groups were separately compared using 
unpaired student’s t test, Mann–Whitney U Test, Fisher’s 

exact test, or Chi-square tests depending on the type and 
distribution of the data. Pearson correlation coefficients were 
calculated to determine the strength of the relationship. Uni-
variate and multivariate regression were performed to assess 

Fig. 1   Modified apical three-chamber view to image tripartite right 
ventricle. Abbreviations: (RA) right atrium, (TV) tricuspid valve, 
(RV) right ventricle, (PV) pulmonary valve, (MPA) main pulmonary 
artery, (AAo) ascending aorta
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independent associations. p values < 0.05 were considered 
statistically significant.

Results

Patient Demographics

A total of 44 patients, 22 with delayed transitioning or PH, 
and 22 normal neonates were included in the study. Of the 
delayed transitioning or PH cohort, 14 had moderate to 
severe PH and 8 had mild PH. The clinical characteristics 
are noted in Table 1. At the time of the echocardiogram, 
neonates with PH (n = 22) had a mean age of 2.5 days (range 
0–7 days) at a mean gestational age of 35.5 weeks. Nor-
mal newborns (n = 22) had a mean age of 2.5 days (range 
0–7 days) at a mean gestational age of 38 weeks.

Right Ventricular Systolic Function

Compared with normal neonates, infants with PH had 
lower 4C, 3C, and biplane RV–FAC (Fig. 2). Also, all 
three FAC parameters were normal in all newborns in the 
normal cohort. The cohort with moderate to severe PH had 
lower RV–FAC and an increased percentage of patients 
with abnormal RV–FAC compared to the entire cohort of 
patients with PH. However, traditional RV function param-
eters like TAPSE indexed to body surface area (BSA), Tei 
index absolute and indexed to BSA, and S’ mean showed 
no clinically significant difference in identifying neonates 
with delayed transitioning or PH (Table 2). TAPSE itself 
was lower in neonates in the PH cohort and moderate to 
severe PH cohort compared to normal neonates.

While RV 4C FAC was abnormal only in 50% of all 
PHN and 71% of moderate-to-severe PHTN groups, both 
3C and biplane FAC were abnormal in 59% of all PH and 
86% of moderate-to-severe PH cohorts suggesting higher 
sensitivity of these parameters in identifying these groups. 
By multivariate logistic regression analysis, biplane FAC 
was independently associated with PH when adjusted for 
age, gestational age, RV size and presence of patent duc-
tus arteriosus (odds ratio of 1.13; 95% CI—1.04 to 1.23). 
Similar independent associations were demonstrated when 
comparing normal with moderate to severe PH (odds ratio 
of 1.49; 95% CI—1.14 to 1.94). Biplane RV–FAC had 
weak correlation with TAPSE (r = 0.59, p < 0.001), Tei 
index (r = −0.53; p = 0.005) and S’(r = 0.3; p = 0.09) in 
this cohort.

Table 1   Demographics for the study cohort

* p values reflect comparison between the diseased cohort with normal 
neonates

All PH 
neonates 
(n = 22)

Moderate to severe 
PH neonates 
(n = 14)

Normal 
neonates 
(n = 22)

Mean age (days) 2 (0–8) 2 (0–7) 2 (0–7)
p = 1.0 p = 0.6

Mean GA (weeks) 35.5 ± 4.9 35.4 ± 5.2 37.9 ± 3.4
p = 0.06 p = 0.08

Weight (kg) 2.8 ± 1.0 2.7 ± 1.1 3.2 ± 0.8
p = 0.2 p = 0.1

BSA (m2) 0.18 ± 0.05 0.17 ± 0.06 0.21 ± 0.04
p = 0.1 p = 0.05

Fig. 2   Three- and four-Chamber 
right ventricular fractional 
area change (%) and biplane 
fractional area change compared 
to the severity of pulmonary 
hypertension (PHTN) in new-
borns with delayed transitioning 
or pulmonary hypertension
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Discussion

To our knowledge this is the first study evaluating the utility 
of FAC obtained from the apical 3C view in the assessment 
of RV systolic function in neonates with delayed transition-
ing or PH. While cardiac catheterization is the gold standard 
for diagnosis of PH, echocardiography is frequently used 
in evaluation of PH in the high-risk population of neonatal 
PH. Echocardiographic assessment of PH includes assess-
ment of RV systolic function which is challenging due to the 
complex RV geometry.

RV–FAC is a two-dimensional measure of RV global 
systolic function, traditionally obtained from an apical 4C 
view. This 4C assessment is highly reproducible with estab-
lished reference values in term and preterm infants [5, 13]. 
4C RV–FAC has been shown to have moderate correlation 
with MRI-derived RV systolic function [8, 14]. Studies in 
adult patients have shown that RV–FAC correlates with RV 
EF and TAPSE [15, 16]. In addition, RV–FAC was shown 
to be higher in survivors compared to non-survivors in a 
population of pediatric patients with idiopathic pulmonary 
arterial hypertension [17].

While RV–FAC is less sensitive to abnormal geometry 
and regional abnormalities, it is affected by loading condi-
tions. Further, the 4C RV–FAC does not include the con-
tribution of the RV outflow tract to systolic function. In 
pediatric patients on prostacyclin therapy, RV–FAC did not 
significantly increase, while other markers of RV systolic 
function including TAPSE and RV strain improved over the 
study period. The authors suggested this may be due to the 
inability to visualize the entire tripartite RV from the apical 
4C view [18]. The use of both apical four- and three- cham-
ber views to calculate a true “global” measure of RV systolic 
function, similar to the apical views of the left ventricle, is 
intrinsically appealing [7, 19]. Recent reports have described 
RV measure of RV–FAC obtained from an apical 3C view in 
normal neonates demonstrating 3C RV measure of RV–FAC 
measurements were higher and more reliable compared to 
4C RV measure of RV–FAC [7].

The results of the present study show that RV measure of 
RV–FAC obtained from the 3C view was feasible in all PH 
and healthy infants. Importantly, 3C RV measure of RV–FAC 
was associated with increased PH severity in this neonatal 
population. The RV-focused apical 3C view and the biplane 

Table 2   RV systolic function 
indices for the study cohort

* p values reflect comparison between the diseased cohort with normal neonates

PH (n = 22) Moderate to severe PH 
(n = 14)

Normal (n = 22)

RV 4C FAC (%) 31.7 ± 13.4 24.5 ± 7.5 41.9 ± 4.7
p = 0.002 p < 0.001

RV 4C FAC abnormal (%) 50% 71% 0%
p < 0.001 p < 0.001

RV 3C FAC (%) 33.1 ± 9.9 28.1 ± 7.4 40.6 ± 5.0
p = 0.003 p < 0.001

RV 3C FAC abnormal (%) 59% 86% 0%
p < 0.001 p < 0.001

RV biplane FAC (%) 32.4 ± 11.4 26.3 ± 7.3 41.3 ± 4.1
p = 0.002 p < 0.001

RV biplane FAC abnormal (%) 59% 86% 0%
p < 0.001 p < 0.001

TAPSE mean (cm) 0.8 ± 0.2 0.8 ± 0.2 1.0 ± 0.2
p = 0.01 p = 0.005

TAPSE abnormal (%) 18% 14% 0%
p = 0.1 p = 0.1

TAPSE/BSA (cm/m2) 4.8 ± 1.8 4.9 ± 2.0 5.1 ± 3.1
p = 0.6 p = 0.8

Tei index 0.68 ± 0.36 (n = 14) 0.74 ± 0.43 (n = 9) 0.55 ± 0.22 (n = 18)
p = 0.2 p = 0.1

Tei index abnormal (%) 43% 56% 22%
(n = 14) (n = 9) (n = 18)
p = 0.3 p = 0.1

S’ mean (cm/s) 6 ± 1 (n = 18) 6 ± 1 (n = 9) 6 ± 1 (n = 14)
p = 0.9 p = 0.4
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RV measure of RV–FAC obtained by combining the apical 3C 
and 4C views, may be more sensitive than the conventionally 
used methods in the evaluation of neonatal PH. The 3C view, 
by eliminating the contribution of the interventricular septum 
and including the RV infundibulum, is likely a more accurate 
estimate of the RV systolic function compared to the conven-
tionally used 4C view.

In contrast to the report of Jain et al. the 3C RV meas-
ure of RV–FAC was slightly lower compared to the 4C RV 
measure of RV–FAC in normal infants [7]. These differences 
may reflect timing of echocardiograms, as all studies were per-
formed on day of life one and two in the report by Jain et al., 
while studies were completed within the first week of life in 
the current study. In contrast, the 3C RV–FAC was slightly 
higher than the 4C RV–FAC in newborns with delayed transi-
tioning or PH, with a seemingly greater difference between the 
two measures with increasing severity. This latter finding may 
additionally be reflective of regional changes which may take 
place in the pressure-loaded RV. While this is speculation, this 
suggests the importance of including assessment of all three 
components of the RV.

Consistent with prior reports, TAPSE was associated with 
PH with lower TAPSE in neonates with PH compared to nor-
mal infants [20, 21]. However, TAPSE did not correlate with 
the severity of PH in the current study. Additional metrics of 
RV systolic function including Tei index and S’ mean were not 
significantly different between neonates with PH and normal 
neonates. Although there was a trend of increased Tei index 
in patients with moderate to severe PH. Again, these findings 
related to the regional assessment of the basal (inflow) RV may 
point towards the regional effects on the pressure-loaded RV.

There are several limitations of the current study includ-
ing its retrospective nature, modest sample size, and lack of 
comparison of the non-invasive assessments of RV systolic 
function and systolic pressure to a gold standard. Additional 
studies in a larger cohort should be conducted to confirm the 
associations of the current study and determine if there is an 
association with clinical outcomes. In addition, differences 
in loading conditions in infants with PH due to various dif-
ferent etiologies were not accounted for, although significant 
congenital heart disease was excluded. Finally other metrics 
of pulmonary hypertension were not assessed in this cohort 
including pulmonary artery acceleration time, eccentric-
ity index, or systolic to diastolic duration ratio and future 
studies should correlate these indices with 3C and biplane 
RV–FAC.

Conclusions

Right ventricular systolic function is an important determi-
nant of outcomes in neonates with PH. This study demon-
strates the feasibility and utility of RV–FAC obtained by a 

RV-focused apical 3C view and biplane FAC in the non-
invasive assessment of RV systolic function in neonates with 
delayed transitioning and PH. While 3C, 4C, and biplane 
RV–FAC are all abnormal with worsening neonatal PH, a 
higher percentage of PH cohort were identified to be abnor-
mal when 3C and biplane FAC were assessed compared to 
only 4C FAC. This suggests gained insight from this biplane 
evaluation in the assessment of global RV systolic dysfunc-
tion in newborns with delayed transitioning and PH com-
pared to commonly used regional methods.
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