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	Table 1. Maternal and postnatal characteristics

	
	Neonatal pre-operative hypoxemia
	

	 
	Overall
(N = 79)
	Yes
(N = 29)
	No
(N = 50)
	p-value

	Maternal age in years
	31 [28,34]
	30 [28,34]
	31 [28,34]
	0.6461

	GA at prenatal diagnosis in weeks
	22 [20,26]
	23 [20,29]
	22 [20,25]
	0.4491

	Gravida Range 1-9*
	2 (25/78,32%)
	2 (10/28,36%)
	2 (15/50,30%)
	0.6791

	Para Range 0-5*
	1 (30/78,39%)
	1 (11/28,39%)
	1 (19/50,38%)
	0.8821

	Maternal race
	
	
	
	0.5562

	  Asian
	6/55 (11%)
	1/20 (5%)
	5/35 (14%)
	

	  Black or African American
	8/55 (15%)
	2/20 (10%)
	6/35 (17%)
	

	  White
	40/55 (73%)
	17/20 (85%)
	23/35 (66%)
	

	  Other
	1/55 (2%)
	0/20 (0%)
	1/35 (3%)
	

	Maternal ethnicity
	
	
	
	1.0002

	  Hispanic or Latino
	4/60 (7%)
	1/19 (5%)
	3/41 (7%)
	

	  Not Hispanic or Latino
	55/60 (93%)
	18/19 (95%)
	38/41 (93%)
	

	Prenatal genetic testing performed
	50/72 (69%)
	17/26 (65%)
	33/46 (72%)
	0.6032

	Abnormal genetics
	1/45 (2%)
	0/16 (0%)
	1/29 (3%)
	1.0002

	Extracardiac diagnoses
	1/76 (1%)
	1/28 (4%)
	0/48 (0%)
	0.3682

	GA at birth in weeks
	39.0 [38.6, 39.1]
	39.0 [38.7, 39.3]
	39.0 [38.3, 39.1]
	0.8101

	Birth weight (grams)
	3360 [2945, 3700]
	3360 [2978, 3660]
	3350 [2945, 3700]
	0.8031

	Male Sex
	54/78 (69%)
	21/29 (72%)
	33/49 (67%)
	0.8002

	Mode of delivery
	
	
	
	1.000 2

	   Spontaneous
	34/79 (43%)
	12/29 (41%)
	22/50 (44%)
	

	   Induced labor/scheduled C/S
	45/79 (57%)
	17/29 (59%)
	28/50 (56%)
	

	  Delivery at or adjacent to a    
  cardiac surgical center
	65/79 (82%)
	21/29 (72%)
	44/50 (88%)
	0.1252

	Postnatal interventions and outcomes

	Yes, BAS
	45/79 (57%)
	23/29 (79%)
	22/50 (44%)
	0.0022

	  Urgent BAS
	39/44^ (89%)
	19/22^ (86%)
	20/22 (91%)
	1.0002

	Time to BAS in hours
	2 (1,4)
	2 (1,4)
	2 (2,4)
	0.9712

	Patient on ECMO preop
	3/79 (4%)
	3/29 (10%)
	0/50 (0%)
	0.0462

	Lowest pre-operative SpO2
	60 [52, 71]
	55 [40, 62]
	68 [57, 78]
	<0.0011

	Largest post/pre-ductal SpO2 diff. 
	14 [12, 20], n=28
	14 [12, 22], n=12
	15 [13, 20], n=16
	0.7441

	Age at surgery in days
	5 [4, 7]
	5 [4, 8]
	5 [4, 7]
	0.7191

	Post-operative pulmonary HTN
	13/75 (17%)
	6/28 (21%)
	7/47 (15%)
	0.5362

	Lowest pre-operative pH 
	7.20 [7.20, 7.30]
	7.20 [7.10, 7.30]
	7.30 [7.20, 7.30]
	0.0051

	Hospital discharge
	
	
	
	

	   Alive
	79/79 (100%)
	29/29 (100%)
	50/50 (100.0%)
	

	Hospital length of stay (days)
	16 [13, 19]
	20 [15, 26]
	14 [13, 18]
	0.0391

	ICU length of stay (days)
	10 [9, 12]
	13 [11, 16]
	9.5 [8, 11]
	0.0051


All values expressed as either n (%) or median (Q1, Q3). 
Abbreviations: GA: gestational age; C/S: cesarean section; BAS: balloon atrial septostomy; ECMO: extracorporeal membrane oxygenation; Diff: difference; HTN: hypertension; ICU: intensive care unit
* Most common value reported
^ One subject had urgency status missing, therefore denominator is one less than the total undergoing BAS
1 Wilcoxon rank-sum test 
2 Fisher's exact test 
	Table 2: Summary of fetal ventricular strain predictors with primary outcome of neonatal hypoxemia
	

	
	Neonatal pre-operative hypoxemia
	

	 
	Overall
(N = 79)
	Yes
(N = 29)
	No
(N = 50)
	
p-value

	GA at fetal echocardiogram (weeks)
	
	
	
	
0.3131

	  N
	78
	29
	49
	

	   median [q1,q3]
	34.6 [31.0,36.0]
	34.9 [31.7,36.1]
	34.1 [31.0,35.7]
	

	Frame rates (Hz)
	
	
	
	0.9811

	  N
	75
	27
	48
	

	   median [q1,q3]
	30 [30,58]
	30 [30,55]
	30 [30,58]
	

	LV tracking quality
  Good
  Fair
  Poor
	
39/79 (49%)
32/79 (41%) 
8/79 (10%)
	
11/29 (38%)
15/29 (52%)
3/29 (10%)
	
28/50 (56%)
17/50 (34%)
5/50 (10%)
	0.2592


	RV tracking quality
  Good
  Fair
  Poor
	
26/79 (33%)
30/79 (38%)
23/79 (29%)
	
11/29 (38%)
11/29 (38%)
7/29 (24%)
	
15/50 (30%)
19/50 (38%)
16/50 (32%)
	0.7032


	LV LS (%)
	
	
	
	

	  N
	72
	26
	46
	0.6691

	   median [q1,q3]
	-21.4 [-24.3,-19.5]
	 -22.1 [-25.9,-19.4]
	 -21.4 [-23.7,-20.1]
	

	RV LS (%)
	
	
	
	

	  N
	59
	23
	36
	0.8701

	   median [q1,q3]
	 -21.5 [-24.0,-19.0]
	 -20.8 [-25.0,-17.9]
	 -21.7 [-23.7,-19.1]
	

	RV FWS (%)
	
	
	
	0.9131

	  N
	59
	23
	36
	

	   median [q1,q3]
	 -23.8 [-26.9,-21.2]
	 -23.4 [-27.2,-20.2]
	 -23.8 [-26.1,-21.9]
	

	LV Strain Rate (1/sec)
  N
    median [q1,q3]
	
72
-1.6 [-1.8,-1.3]
	
26
-1.5 [-1.7,-1.2]
	
46
-1.6 [-1.9,-1.3]
	0.2751

	RV Strain Rate (1/sec)
  N
    median [q1,q3]
	
59
-1.4 [-1.8,-1.3]
	
23
-1.4 [-1.7,-1.1]
	
36
-1.5 [-1.8,-1.3]
	0.4011


All values expressed as median (Q1, Q3) or n (%)
Strain values reported as the average of 3 separate values obtained per specific measure.
Abbreviations: GA: gestational age; Hz: hertz; LV: left ventricular; RV: right ventricular; LS: longitudinal strain; FWS: free wall strain; sec: second
1 Wilcoxon rank-sum test
2 Fisher’s exact test

Table 3: Univariable logistic regression for fetal ventricular strain and the outcome of neonatal hypoxemia
	 
	Odds ratio
(95% CI)
	
p-value
	% missing

	Univariable analysis
	
	
	

	GA at fetal echocardiogram (weeks)
	1.05 (0.93, 1.19)
	0.431
	1%

	Frame Rates (Hz)
	1 (0.97, 1.02)
	0.879
	5%

	LV LS
	0.97 (0.86, 1.09)
	0.617
	9%

	RV LS
	0.99 (0.85, 1.14)
	0.847
	25%

	RV FWS
	0.99 (0.87, 1.11)
	0.813
	25%

	LV strain rate
	2.12 (0.62, 8.07)
	0.235
	9%

	RV strain rate
	2.12 (0.53, 10.16)
	0.294
	25%


Abbreviations: GA: gestational age; Hz: hertz; LV: left ventricular; RV: right ventricular; LS: longitudinal strain; FWS: free wall strain; sec: second; CI: confidence interval



















	Table 4: Summary of fetal ventricular strain predictors with combined outcome of neonatal hypoxemia and balloon atrial septostomy (BAS)
	

	
	Neonatal pre-operative hypoxemia and BAS performed
	

	 
	Overall
(N = 79)
	Yes
(N = 23)
	No
(N = 56)
	
p-value

	GA at fetal echocardiogram (weeks)
	
	
	
	
0.4631

	  N
	78
	23
	55
	

	   median [q1,q3]
	34.6 [31.0,36.0]
	34.9 [31.7,36.1]
	34.1 [309,36.0]
	

	Frame rates (Hz)
	
	
	
	0.6041

	  N
	75
	21
	54
	

	   median [q1,q3]
	30 [30,58]
	30 [30,51]
	30 [30,58]
	

	LV tracking quality
  Good
  Fair
  Poor
	
39/79 (49%)
32/79 (41%) 
8/79 (10%)
	
10/23 (43%)
11/23 (48%)
2/23 (9%)
	
29/56 (52%)
21/56 (38%)
6/56 (11%)
	0.7242


	RV tracking quality
  Good
  Fair
  Poor
	
26/79 (33%)
30/79 (38%)
23/79 (29%)
	
9/23 (39%)
9/23 (39%)
5/23 (22%)
	
17/56 (30%)
21/56 (38%)
18/56 (32%)
	0.5782


	LV LS (%)
	
	
	
	

	  N
	72
	21
	51
	0.4421

	   median [q1,q3]
	-21.4 [-24.3,-19.5]
	 -23.1 [-24.5,-19.5]
	 -21.4 [-24,-18.8]
	

	RV LS (%)
	
	
	
	

	  N
	59
	19
	40
	0.3851

	   median [q1,q3]
	 -21.5 [-24.0,-19.0]
	 -21.6 [-25.6,-17.9]
	 -21.5 [-23.5,-19.0]
	

	RVFWS (%)
	
	
	
	0.4701

	  N
	59
	19
	40
	

	   median [q1,q3]
	 -23.8 [-26.9,-21.2]
	 -24.3 [-27.2,-20.2]
	 -23.7 [-25.5,-21.6]
	

	LV Strain Rate (1/sec)
  N
    median [q1,q3]
	
72
-1.6 [-1.8,-1.3]
	
21
-1.5 [-1.7,-1.2]
	
51
-1.6 [-1.9,-1.3]
	0.2411

	RV Strain Rate (1/sec)
  N
    median [q1,q3]
	
59
-1.4 [-1.8,-1.3]
	
19
-1.4 [-1.7,-1.3]
	
40
-1.4 [-1.8,-1.3]
	0.7331


All values expressed as median (Q1, Q3) or n (%)
Strain values reported as the average of 3 separate values obtained per specific measure.
Abbreviations: GA: gestational age; Hz: hertz; LV: left ventricular; RV: right ventricular; LS: longitudinal strain; FWS: free wall strain; sec: second 
1 Wilcoxon rank-sum test
2 Fisher’s exact test

	Supplemental Table 1: Fetal ventricular strain predictors by endocardial tracking quality 

	
	
	
	

	                 LV Tracking Quality

	
	Overall 
(N= 79)
	Good
(N = 39)
	Fair
(N = 32)
	Poor
(N = 8)
	p-value

	Frame rates (Hz)
     N
      Median [q1,q3]
	75
30 [30,58]
	39
30 [30,51]
	
32
41.5 [30,65]
	4
35 [30,54.5]
	0.1021

	LV LS (%)
     N
      Median [q1,q3]
	
72
-21.4 [-24.3,-19.5]
	
39
-22.9 [-25.9,-20.5]
	
32
-19.5 [-23.4,-18.1]
	
1
-15.0 [-15.0,-15.0]
	
0.0011

	LV Strain Rate
     N
        Median [q1,q3]
	
72
-1.6 [-1.8,-1.3]
	
39
-1.6 [-1.9,-1.4]
	
32
-1.4 [-1.8,-1.2]
	
1
-0.9 [-0.9,-0.9]
	0.1411

	                 RV Tracking Quality

	
	Overall 
(N= 79)
	Good
(N = 26)
	Fair
(N = 30)
	Poor
(N = 23)
	p-value

	Frame rates (Hz)
     N
      Median [q1,q3]
	75
30 [30,58]
	26
30 [30,46]
	
30
41.5 [30,66]
	19
35 [30-64]
	0.1461

	RV LS (%)
     N
      Median [q1,q3]
	
59
-21.5 [-24.0,-19.0]
	
26
-23.8 [-25.1,-22.3]
	
30
-19.7 [-21.5,-16.5]
	
3
-18.4 [-21.8,-16.4]
	<0.0011

	RV FWS (%)
    N
     Median [q1,q3]
	
59
-23.8 [-26.9,-21.2]
	
26
-25.8 [-27.3,-24.3]
	
30
-22.4 [-23.8,-19.3]
	
3
-20.4 [-21.9,-18.6]
	<0.0011

	RV Strain Rate
    N
     Median [q1,q3]
	
59
-1.4 [-1.8,-1.3]
	
26
-1.6 [-1.7,-1.4]
	
30
-1.4 [-1.8,-1.3]
	
3
-1.5 [-2.2,-1.0]
	0.5571

	All values expressed as median (Q1, Q3) 
Strain values reported as the average of 3 separate values obtained per specific measure; Strain rate units are 1/sec
1Jonckheere-Terpstra test
Abbreviations: Hz: hertz; LV: left ventricular; RV: right ventricular; LS: longitudinal strain; FWS: free wall strain; sec: second








	Supplemental Table 2: Fetal ventricular strain predictors with combined outcome of neonatal hypoxemia and BAS, excluding those with poor tracking

	
	 Neonatal pre-operative hypoxemia 
     and BAS performed
	

	 
	Overall
(N = 79)
	Yes
(N = 23)
	No
(N = 56)
	
p-value

	LV LS (%)
    Median [q1,q3]
	
-21.5 [-24.5,-19.5]
	
-23.1 [-24.5,-19.5]
	
-21.4 [-24,-19.5]
	
0.7791

	RV LS (%)
     Median [q1,q3]
	
-21.6 [-24.2,-19.1]
	
-22.6 [-25.6,-19.3]
	
-21.5 [-23.5,-19.1]
	
0.7311

	RV FWS (%)
    Median [q1,q3]
	
-23.9 [-26.9,-21.8]
	
-25.2 [-27.2,-21.7]
	
-23.8 [-25.5,-21.9]
	
0.8671

	LV Strain Rate (1/sec)
	-1.6 [-1.8,-1.3]
	-1.5 [-1.7,-1.2]
	-1.6 [-1.9,-1.3]
	0.2061

	RV Strain Rate (1/sec)
	-1.4 [-1.7,-1.3]
	-1.5 [-1.7,-1.4]
	-1.4 [-1.8,-1.3]
	0.6711

	All values expressed as median (Q1, Q3) or n (%)
Strain values reported as the average of 3 separate values obtained per specific measure.
Abbreviations: LV: left ventricular; RV: right ventricular; LS: longitudinal strain; FWS: free wall strain; sec: second 
1 Wilcoxon rank-sum test 






