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Abstract

Objectives: Global and regional myocardial deformation have not been well described in fetuses 

with pulmonary atresia and intact ventricular septum (PA/IVS). Speckle tracking 

echocardiography (STE), an angle independent technique for assessing global and regional strain, 

may be a more sensitive marker of ventricular systolic dysfunction compared to traditional 2D 

measurements. The aim of this study was to assess myocardial deformation in fetuses with PA/IVS 

relative to control fetuses and to determine if strain differs between PA/IVS fetuses with and 

without right ventricular dependent coronary circulation (RVDCC).

Methods: This was a retrospective analysis of fetuses with PA/IVS imaged at two medical 

centers from June 2005 to October 2017. LV and RV regional and global longitudinal strain (GLS) 

and strain rate were obtained using STE, and comparisons were performed between PA/IVS 

fetuses and gestational age (GA) matched controls. Postnatal outcome was assessed, including the 

presence of RVDCC.

Results: Fifty-seven PA/IVS fetuses and 57 controls were analyzed at a mean GA of 26.5±5 

weeks. LV GLS was significantly decreased in PA/IVS fetuses compared to controls (−17.4±1.7% 

vs. −23.7±2.0%, p<0.001). LV strain rate was also significantly decreased (−1.01±0.21s−1 vs. 

−1.42±0.20s−1, p<0.001). Fetuses with PA/IVS had decreased strain in all segments. Similarly, RV 

strain was also significantly decreased in fetuses with PA/IVS (−11.6±3.8 vs. −24.6±2.5, 

p<0.0001). Thirty-six patients had postnatal cardiac catheterization performed to define coronary 

anatomy: 10 fetuses had RVDCC. Fetuses with RVDCC had decreased LV strain compared to 

fetuses who did not (−15.8±1.1% vs. −17.9±1.7%, p=0.009). RV strain was also decreased in 

fetuses with RVDCC vs. fetuses without RVDCC (−7.0±2.9 vs. −12.1±3.2, p=0.0004).

Conclusions: Fetuses with PA/IVS have decreased global and regional LV and RV strain 

compared to controls. The finding of decreased LV strain may be due to altered ventricular 
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mechanics in the context of a hypertensive right ventricle and/or abnormal coronary perfusion. 

Moreover, fetuses who were found to have RVDCC postnatally had decreased LV and RV strain 

compared to fetuses who did not. These results encourage further investigation to assess whether 

fetal ventricular strain could be a prenatal predictor of RVDCC.
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Introduction

Pulmonary atresia with intact ventricular septum (PA/IVS) is a form of congenital heart 

disease with a wide range of anatomic morphologies, including varying degrees of tricuspid 

valve (TV) and right ventricle (RV) hypoplasia1,2. There is a high incidence of abnormal 

connections between the RV and coronary arteries, and in the most severe cases a RV 

dependent coronary circulation (RVDCC) is present. RVDCC, in which myocardial 

perfusion depends on fistulous connections from the RV with inadequate antegrade coronary 

blood flow, has been shown to lead to ischemia if the RV is decompressed. RV to coronary 

artery fistulas occur in 35-70% of patients with PA/IVS, while RVDCC is present in 

9-34%3-6. Management strategies in PA/IVS range from biventricular repair to single 

ventricle palliation or heart transplantation. The presence of RVDCC is associated with a 

worse outcome as it necessitates a single ventricle palliation or heart transplantation, and 

there is a higher incidence of sudden death. 2,5-10

Although PA/IVS may be diagnosed prenatally, the postnatal outcome may be difficult to 

predict given the heterogeneity of the lesion and the inability to identify RVDCC in utero. 

Strain analysis, which measures myocardial deformation, has been shown in some studies to 

be a more sensitive marker of ventricular systolic dysfunction compared to standard 2D 

measurements.11-15 Global and regional myocardial deformation have not been well 

described in fetuses with PA/IVS, and could provide a more sensitive assessment of 

ventricular function in utero. These subtle changes in myocardial deformation may provide 

insight into the likelihood of RVDCC allowing for a more accurate prediction of prognosis 

and refined prenatal counseling.

The objectives of this study were to determine whether RV and LV myocardial deformation 

were different in PA/IVS fetuses compared to control fetuses and whether fetal ventricular 

strain was different in patients with and without RVDCC.

Methods:

Study Population

We performed a retrospective study that included all fetuses diagnosed with PA/IVS from 

January 2005 to October 2017 at two institutions: Columbia University Medical Center and 

Johns Hopkins Children’s Center. We selected gestational age (GA)-matched control fetuses 

from over the same time period with no structural or functional heart disease identified. 

Inclusion criteria for PA/IVS fetuses included those with a complete fetal echocardiogram 
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with an adequate four chamber view and the qualitative appearance of normal LV systolic 

function. Fetuses were excluded if they had persistent non-sinus rhythm, or maternal or fetal 

systemic disease that could alter LV systolic or diastolic function. Fetuses with tricuspid 

atresia and pulmonary atresia were also excluded. For fetuses that were followed serially 

throughout gestation, the first study performed was used for analysis. This study was 

approved by the Columbia University Medical Center and the Johns Hopkins Institutional 

Review Boards.

Image acquisition and analysis:

The fetal echocardiograms were obtained on Phillips iU22, 7500, Epiq 7 (Phillips Medical 

systems, Bothell, WA) and Siemens Sequoia (Siemens Medical Solutions, Mountain View, 

Calif., USA) cardiac ultrasound machines. Images with optimal 2D quality, particularly of 

the myocardium, were chosen. All images had a frame rate ≥ 30Hz, with a median frame 

rate of 42Hz (range: 30Hz-75Hz). The Digital Imaging and Communications in Medicine 

(DICOM) images from the selected fetal echocardiograms were imported into TomTec 

(Tomtec Corp USA, Chicago Illinois). The TomTec algorithm measures Lagrangian strain 

using speckle tracking echocardiography (STE), which is an angle independent technique 

for assessing global and regional cardiac deformation. This speckle-tracking algorithm was 

used to analyze left and right ventricular regional and global longitudinal strain (GLS) and 

strain rate from the 4-chamber view. M-mode tracings through the mitral valve were used to 

define end-systole and end-diastole. Tracking accuracy was visually confirmed and the 

tracing was corrected until consistent endocardial tracking was obtained. Three cardiac 

cycles were used for analysis when possible. Figure 1 depicts examples of LV and RV 

segmental longitudinal strain curves for a fetus with PA/IVS and a control fetus. Strain is 

reported as a negative number, with lower absolute values indicating worse strain.

Degree of tricuspid regurgitation was assessed qualitatively by a single reader and its 

relationship to GLS was analyzed. TR was qualitatively classified as minimal (none to mild) 

versus significant (moderate to severe). The tricuspid valve and mitral valves were measured 

at end-diastole. RV and LV length were also measured at end-diastole from the level of the 

atrioventricular valve annulus to the ventricular apex. Z-scores were calculated based on 

gestational age using Boston z-scores.

Outcomes:

One of the primary clinical outcomes of interest was the presence of RVDCC which was 

determined by cardiac catheterization after birth. RVDCC was defined as stenosis in two or 

more main coronary arteries (left main, left anterior descending, circumflex and right 

coronary artery) or the presence of coronary ostial atresia. Medical record review was 

performed to determine outcome at last follow-up, including type of surgical repair (single 

ventricle palliation, 1.5 ventricle repair or biventricular repair), heart transplantation and 

survival. A biventricular repair was defined as the RV supporting the entire pulmonary 

circulation with separated systemic and pulmonary circulations. A 1.5 ventricle repair was 

defined as separated systemic and pulmonary circulations with a superior cavopulmonary 

connection “offloading” some of the pulmonary circulation from the right ventricle.
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Data Analysis:

Statistical analysis was performed using Stata software, version 14.0 (StatCorp, College 

Station, Texas). Clinical variables were described using mean and standard deviation for 

normally distributed data, and median and interquartile range (IQR) for non-parametric data. 

Student’s t-test was used for normally distributed variables and Wilicoxon rank-sum test was 

used for non-parametric variables. Correlation between echocardiographic measures and 

strain was performed using Pearson’s correlation coefficient. A p-value of <0.05 was 

considered statistically significant. Intraobserver and interobserver reliability were assessed 

by intraclass correlation coefficient (ICC) in a randomly selected subset of 15 PA/IVS 

fetuses and 15 control fetuses.

Results:

General characteristics:

Sixty-two PA/IVS fetuses were identified over the time period; three were excluded due to 

decreased LV systolic function on qualitative 2D assessment and two had inadequate images 

for proper speckle tracking. Thus, 57 fetuses met inclusion criteria at a mean GA of 26.5 

± 5.2 weeks. The mean was 26.3± 5.2 weeks for GA-matched controls, which was not 

significantly different. Fetal and postnatal outcome are outlined in Figure 2. There was 

termination of pregnancy in 12 fetuses, intrauterine fetal demise in three fetuses and loss of 

follow-up in two fetuses. Forty of the PA/IVS fetuses had postnatal follow-up; 36 had 

coronary anatomy delineated by cardiac catheterization. All four patients with unknown 

coronary circulation received comfort care and were excluded from postnatal outcome 

analysis. One patient with RVDCC ultimately received comfort care and was included in 

analysis comparing strain in RVDCC vs. non-RVDCC, though excluded in the outcome 

analysis.

LV strain:

LV GLS was significantly decreased in PA/IVS fetuses compared to controls (−17.4±1.7% 

vs. −23.7±2.0%, p<0.001). This relationship held across all gestational ages as shown in 

Figure 3a. Strain rate was also significantly decreased in PA/IVS fetuses compared with 

controls (−1.01±0.21s−1 vs.−1.42±0.20 s−1, p<0.001). Regional LV deformation is shown in 

Table 1. All cardiac segments had decreased strain in fetuses with PA/IVS compared to 

controls. LV septal strain was significantly decreased compared to LV free wall strain 

(−16.5±3.6 vs. −18.0±3.7, p=0.03) in PA/IVS fetuses.

Intra and inter-observer reliability for LV GLS were excellent, with an intraclass correlation 

coefficient (ICC) between observers of 0.92 (95% confidence interval (CI) 0.83-0.96), and 

an intraobserver ICC of 0.93 (95% CI 0.84-0.97).

RV Strain:

RV strain measurement was attempted in all 57 PA/IVS fetuses and was successfully 

measured in 42 fetuses (74%). The remaining 15 fetuses had either inadequate images or 

unsatisfactory speckle tracking on visual assessment. As shown in Table 2, RV GLS was 

significantly decreased in fetuses with PA/IVS compared to controls (−11.6±3.8 vs. 
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−24.6±2.5, p<0.001). This held true at all gestational ages (Figure 3b). There was not a 

significant difference between RV septal strain and RV free wall strain (−12.9±7.3 vs. −11.3 

±5.1, p=0.26.). RV strain rate was also significantly decreased in PA/IVS fetuses compared 

to controls (−0.75±0.67 vs. −1.53±0.29, p<0.001).

GLS and RVDCC:

Of the 36 PA/IVS fetuses with known coronary artery anatomy, ten had RVDCC. Fetuses 

with RVDCC had decreased LV GLS compared to fetuses who did not (−15.8±1.2% vs. 

−17.9±1.7%, p=0.009). Of the 26 fetuses without RVDCC, 8 had RV to coronary 

connections. Mean LV GLS for this cohort did not significant differ from the fetuses without 

RV to coronary connections (−17.3±2.1 vs. −18.1±1.5, p=0.26). RV strain was able to be 

measured in 27 of the fetuses with known coronary artery anatomy. RV strain was decreased 

in fetuses with RVDCC (n=9) compared to fetuses without RVDCC (n=18): −7.0±2.9 vs. 

−12.1±3.2, p=0.0004. Figure 4 demonstrates LV and RV GLS versus gestational age in 

fetuses with and without RVDCC.

GLS and Outcome:

Median follow-up time was 3.4 years (range: 4 months to 11.4 years). Seven patients died, 

five of whom received comfort care. All five comfort care patients were excluded from 

outcome analysis. The four comfort care patients with unknown coronary circulation were 

all born prematurely (25-35 weeks). One patient received comfort care after cardiac 

catheterization showing RVDCC. For the two patients who died with intention to treat, one 

died at 84 days old from an ischemic event while listed for heart transplant, while the other 

died as a result of decreased function and ischemia after attempted patent ductus arteriosus 

stent placement at four days old.

At last follow-up, 15 patients had single ventricle palliations, six had 1.5 ventricle repair, 

nine underwent biventricular repair and three were living with a heart transplant. Seven 

patients died, five of whom received comfort care. Table 3 shows LV and RV GLS for 

various outcomes. LV GLS was decreased in patients with the most severe outcomes 

including those who died, received a heart transplant, or had single ventricle palliation, as 

compared to those with 1.5 or 2 ventricle repair (LV GLS −16.8%±1.9 vs. −18.0% ±1.5, 

p=0.05.). There was not a significant difference in LV GLS between individual outcomes, 

including comparing biventricular repair versus single ventricle palliation. The association 

of RV GLS with outcome was also analyzed. There were 31 PA/IVS fetuses in which RV 

strain was feasible and outcome was known. There was a significant difference in RV GLS 

between single and biventricular repair (−8.6±4.0% vs −12.6±2.7%, p=0.034).

LV/RV strain ratio

The median LV/RV strain ratio of PA/IVS fetuses was 1.47 (IQR 1.22-2.07). There was no 

significant difference in LV/RV free wall strain ratio between fetuses with RVDCC and 

without RVDCC [1.45 (IQR 1.39-1.89) vs. 1.70 (IQR 1.41-2.13), p=0.12]. There was also 

no significant difference in LV/RV free wall strain ratio between various outcomes.
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Tricuspid Regurgitation:

TR on fetal echocardiogram was qualitatively classified as minimal (none to mild) versus 

significant (moderate to severe). Thirty-five fetuses had minimal TR and 22 fetuses had 

significant TR. Fetuses with minimal TR had decreased LV GLS compared with those with 

significant TR (−16.8±1.5 vs. −18.2±1.8 p=0.003). Twenty-three fetuses with minimal TR 

and 19 fetuses with significant TR were able to have RV strain analyzed. Fetuses with 

minimal TR had decreased RV GLS compared to those with significant TR (−10.1 ±4.0 vs. 

−13.2±2.9, p=0.01). All of the 10 patients with RVDCC had minimal TR. In addition, none 

of the patients with minimal TR went on to have a biventricular repair.

Additional Echocardiographic Measurements:

Median tricuspid valve (TV) z-score was −2.9 (range −5.22 to 2.71) and median right 

ventricular end diastolic (RVED) long axis z-score was −3.6 (range −6.45 to 1.92) in PA/IVS 

fetuses. There was a modest correlation between tricuspid valve z-score and LV GLS (r= 

−0.45, p=0.0005) and RV GLS (r= −0.52 p=0.0004). There was also a modest correlation 

between RVED long axis z-score and LV GLS (r= −0.44, p=0.006) and RV GLS (r= −0.46, 

p=.002). TV z-score, TV/MV annulus ratio, RVED long axis z-score and RV/LV long axis 

ratio were all decreased in fetuses that had RVDCC compared with those that did not have 

RVDCC (Table 4).

Discussion:

This study demonstrates that fetuses with PA/IVS have decreased global and regional LV 

and RV strain compared to controls. Interestingly, LV and RV strain were both significantly 

decreased in fetuses found postnatally to have RVDCC, compared to those without RVDCC.

This finding of decreased LV strain in PA/IVS fetuses may be due to altered ventricular 

mechanics in the context of a hypertensive right ventricle, abnormal coronary perfusion, 

and/or intrinsic abnormality of the myocardium. LV septal and free wall GLS were both 

decreased in fetuses with PA/IVS compared to controls; however, septal GLS was 

significantly decreased compared to the free wall, which may indicate that the hemodynamic 

effects of the hypertensive RV play a significant role in LV mechanics. In addition, GLS was 

decreased in fetuses with RVDCC compared to those without, indicating that abnormal 

coronary flow may contribute to decreased GLS in fetuses with PA/IVS. Strain analysis of 

the LV in this patient population was easily performed, with only two patients having been 

excluded for inadequate speckle tracking.

The finding of decreased RV GLS in fetuses with PA/IVS was an expected finding, given the 

change in RV hemodynamics associated with pulmonary atresia and an intact ventricular 

septum and its consequences on RV development. RV strain assessment was more difficult 

in PA/IVS fetuses, and we were unable to perform RV strain analysis in 15 patients due to 

inadequate speckle tracking. RV strain did however differ based on outcome with decreased 

RV strain in fetuses with RVDCC and decreased RV strain in fetuses with eventual single 

ventricle repair compared to biventricular repair. RV strain may become a more useful 

measure as algorithms improve to allow adequate speckle tracking even in very abnormal 
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ventricles associated with congenital heart disease. LV/RV strain ratio was also assessed, 

with a median of 1.47 in PA/IVS fetuses, demonstrating that RV strain is affected more than 

LV strain, as expected. LV/RV strain ratio was not predictive of RVDCC or outcome.

Two previous studies have looked at fetal myocardial deformation of the single left ventricle. 

Brooks et al demonstrated that single left ventricles had no difference in peak LV GLS 

compared to controls as assessed by velocity vector imaging (VVI); however, only 8 of the 

29 fetuses in this study had PA/IVS.16 Truong et al examined 18 fetuses with single left 

ventricles, of whom 6 had PA/IVS, and also found no significant difference in GLS 

compared to controls.17 In both studies, the majority of patients had tricuspid atresia or 

double inlet left ventricle. This may account for the difference in our results, given that 

tricuspid atresia and double inlet left ventricle do not have the hemodynamic effects of a 

hypertensive RV and the presence of coronary abnormalities. This hypothesis is supported 

by a study by Tanoue et al which compared measures of LV contractility between patients 

with PA/IVS and tricuspid atresia before and after Fontan operation and found that end 

systolic elastance as assessed by pressure-volume loops from cardiac catheterization, a 

measure of LV contractility, was decreased in patients with PA/IVS (both with and without 

RVDCC) compared to those with tricuspid atresia.18

The presence of RVDCC significantly changes postnatal outcome in PA/IVS, with multiple 

studies demonstrating that RVDCC is a significant risk factor for mortality. Patients with 

RVDCC are also at risk for sudden ischemic events, especially in the neonatal period.2-5, 7-10 

Previous studies examined prenatal predictors of outcome, including RVDCC, in PA/IVS, 

and have shown that TV annulus size tends to be the best predictor of postnatal outcome, 

with varying z-score cut-offs between −3 and −4. TV/MV annulus ratio and RV/LV length 

ratio were also found to be useful in predicting postnatal outcome.11-13, 19-20 In our study, 

TV annulus z-scores were also significantly lower in fetuses with RVDCC.

The absence of TR has also been shown to be a marker of poor outcome in PA/IVS.12,20 

Similarly, in our study, fetuses with mild or less TR had worse LV GLS than those with 

significant TR. As expected, RV strain was also worse in fetuses with minimal TR, 

consistent with the idea that these abnormal RVs with decreased contractility are unable to 

generate enough force to produce significant tricuspid regurgitation. In addition, none of the 

fetuses with minimal TR went on to have a biventricular repair, and none of the patients with 

moderate to severe TR had RVDCC. It is proposed that right ventricular hypertension may 

be responsible for the persistence of embryologic ventricular coronary connections, and that 

the high pressure and turbulent flow within these sinusoids may cause endothelial injury and 

intimal hyperplasia associated with coronary artery stenosis or atresia.4,5 Therefore, the 

presence of TR, which decompresses the RV, is protective against developing RVDCC.

Our study suggests that measuring fetal LV and RV GLS may add to the ability to prenatally 

predict the presence of RVDCC. LV and RV strain were significantly decreased in fetuses 

found postnatally to have RVDCC, compared to those without RVDCC. LV strain was not 

significantly different when comparing individual outcomes such as biventricular repair 

versus single ventricle palliation. This may be due to the small number of patients in each 

group. RV strain was noted to be different between biventricular repair and single ventricle 
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palliation, although this measurement was more difficult to obtain. Combining LV and RV 

GLS with other echocardiographic measurements (TV annulus z-score, TV/MV ratio, RV 

end diastolic length z-score and RV/LV length ratio) in a larger population may yield an 

effective scoring system to help predict RVDCC and/or the ultimate type of surgical 

management.

The main limitations of this study are the retrospective methodology and relatively small 

number of cases, despite the inclusion of two institutions. Frame rates in this study of ≥30 

Hz have been reported to be acceptable for fetal STE analysis; however, higher frame rates 

in the range of 50-90Hz have been shown to improve accuracy. Although our measures of 

inter-observer reliability were satisfactory, previous studies have demonstrated significant 

inter-observer variability in fetal strain measurements.21-24 A prospective, multi-center study 

of this rare disease would permit strain analysis at higher frame rates and aid in further 

assessing the utility and clinical impact of measuring fetal left ventricular strain.

This is, to our knowledge, the largest description of myocardial deformation in fetuses with 

PA/IVS. Fetuses with PA/IVS have decreased LV and RV strain compared to controls. Our 

results suggest that both interventricular interactions involving a hypertensive RV and 

abnormal coronary connections may play an important role in left ventricular mechanics in 

PA/IVS, distinguishing PA/IVS from other single left ventricles. In addition, given the 

difference in LV and RV strain between fetuses with and without RVDCC, this study 

encourages further investigation as to whether fetal ventricular strain could be used as a 

prenatal predictor of RVDCC.
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Figure 1: 
Segmental strain curves of the fetal left ventricle (LV) (a,b) and right ventricle (RV) (c,d). 

Each curve represents each segments’ strain and the average strain. In the examples shown 

here, the pulmonary atresia with intact ventricular septum (PA/IVS) fetuses (b,d) have more 

dyssynchrony between segments compared to control fetuses (a,c).
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Figure 2: 
Fetal pulmonary atresia with intact ventricular septum (PA/IVS) prenatal and postnatal 

outcomes, 2005-2017.

Footnote: RVDCC, Right ventricular dependent coronary circulation; left ventricle, LV.
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Figure 3: 
Left ventricular (LV) and right ventricular (RV) global longitudinal strain (GLS) in fetuses 

with pulmonary atresia with intact ventricular septum (PA/IVS) and controls shown across 

gestational age. (a) LV GLS is decreased in PA/IVS fetuses compared to controls across all 

gestational ages. (b) RV GLS is decreased in PA/IVS fetuses compared to controls across all 

gestational ages. Trendlines for each data set are shown.

Footnote: *P-values represent the difference between PA/IVS fetuses vs. control fetuses 

using students t-test.
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Figure 4: 
Left ventricular (LV) and right ventricular (RV) global longitudinal strain (GLS) in fetuses 

with postnatally confirmed right ventricular dependent coronary circulation (RVDCC) vs. 

those without RVDCC shown across gestational age. (a) LV GLS is worse in fetuses with 

postnatally diagnosed RVDCC compared to fetuses without RVDCC. (b) RV GLS is worse 

PA/IVS fetuses with postnatally diagnosed RVDCC compared to fetuses without RVDCC.

Footnote : *P-value represent the difference between fetuses with RVDCC vs. without 

RVDCC using students t-test.
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Table 1:

Left ventricular (LV) regional and global longitudinal strain (GLS) and strain rate in fetuses with pulmonary 

atresia with intact ventricular septum (PA/IVS) and control fetuses.

PA/IVS
(mean±SD)

n=57

Control
(mean±SD)

n=57

p-value

LV GLS (%) −17.4±1.7 −23.7±2.0 <0.001

LV Strain Rate (s−1) −1.0±0.2 −1.4±0.2 <0.001

LV Free Wall Peak Strain (%) Basal −14.5±6.0 −22.9 ±4.5 <0.001

Mid −15.5±7.9 −23±4.5 <0.001

Apical −24.0±8.5 −27.0±5.5 0.04

 LV Septum Peak Strain (%) Basal −15.5±6.2 −24.0±4.3 <0.001

Mid −15.0±7.6 −23.4±7.4 <0.001

Apical −19.1±8.3 −26.1±7.1 <0.001
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Table 2:

Right ventricular (RV) global longitudinal strain (GLS) and strain rate in pulmonary atresia with intact 

ventricular septum (PA/IVS) and control fetuses

PA/IVS
(mean±SD)

Control
(mean±SD)

p-value

RV GLS (%) −11.6±3.8 −24.6±2.5 <0.0001

RV Strain Rate (s−1) −0.75±0.7 −1.53±0.30 <0.0001

RV Free Wall
Peak Strain (%)

−11.3±5.1 −23.8±4.1 <0.0001

RV Septal Wall
Peak Strain (%)

−12.9±7.3 −25.2±4.1 <0.0001

SD, standard dviation
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Table 3:

Left ventricular (a) and right ventricular (b) global longitudinal strain by outcome

a*

Outcome LV GLS (%) mean±SD (95% CI)

Biventricular repair −17.8 ±1.5

(n=9) (−14.8 to −20.8)

1.5 ventricle −18.4 ±1.6

physiology (n=6) (−15.2 to −21.6)

Single ventricle −17.1 ±2.1

(n=15) (−12.9 to −21.5)

Heart transplant −15.2 ±0.4

(n=3) (−14.4 to −16.0)

LV failure −16.4 ±0.2

(n=2) (−16.0 to −16.8)

Comfort Care −16.7 ±1.7

(n=5) (−13.3 to −20.1)

b

Outcome RV GLS (%) mean±SD (95% CI)

Biventricular −12.6±2.7

repair (n=7) ¶ (−7.2 to −18.0)

1.5 ventricle −13.2±2.7

physiology (n=6) (−5.4to 18.6)

Single ventricle −8.6±3.0

(n=10) ¶ (−2.6 to −14.6)

Heart transplant −5.9±1.2

(n=2) (−3.5 to −8.3)

LV failure −10.0±3.7

(n=2) (−2.6 to −17.4)

Comfort Care −11.2±3.7

(n=4) (−3.8 to −18.6)

*
There was no significant difference when comparing LV GLS between individual outcomes

**
There was a significant difference when comparing RV GLS between those with single ventricle repair and biventricular repair (p=0.034).

LV, left ventricle; GLS, global longitudinal strain; SD, standard deviation; CI, confidence interval; RV, right ventricle.
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Table 4:

Left ventricular global longitudinal strain (GLS) and echocardiographic measurements in fetuses with right 

ventricular dependent coronary circulation (RVDCC) compared to no RVDCC.

RVDCC
n=10

No RVDCC
n=26

p-value*

LV GLS mean ±SD (%)
95% confidence interval

−15.8±1.2
(−13.4 to −18.2)

−17.9±1.7
(−14.5 to −21.3)

0.009

TV annulus z-score median
 IQR
 Range

−5.6
(−4.6 to −5.2)
(−3.7 to−5.2)

−1.1
(−0.7 to −3.5)

1.9 to −4.4

<0.0001

TV/MV annulus ratio median
 IQR
 Range

0.39
(0.33 to 0.49)
(0.3 to 0.5)

0.75
(0.60 to 0.83)
(0.38 to 1.0)

0.0006

RV end-diastolic length (z-score) median
 IQR
 Range

−5.5
(−5.3 to −6.0)
(−5.1 to−6.5)

−3.1
(−1.8 to −4.5)
(−6.0 to 0.16)

<0.0001

RV/LV length ratio median
 IQR
 Range

0.34
(0.32 to 0.40)
(0.29 to 0.44)

0.69
(0.45 to 0.80)
(0.37 to 1.05)

<0.0001

*
p-value calculated using Student’s t-test for parametric data and Wilicoxon rank-sum test for non-parametric data. LV, left ventricle; GLS, global 

longitudinal strain; SD, standard deviation; TV, tricuspid valve; IQR, interquartile range; MV, mitral valve; RV, right ventricle; right ventricular 
dependent coronary circulation (RVDCC).
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