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Abstract
Introduction: Opinion is divided about optimal early timing of the Fontan Operation (FO). While some studies have suggested 3 years-of-age, others have shown good outcomes below 2 years-of -age. We analyzed the impact of age ≤2-years as compared age >2-years on short-term outcome of the FO using a large national database.
Methods: A retrospective analysis of the Kids Inpatient Database (2009-16) for the FO was done. The groups were divided into those who underwent FO at age ≤2-years (EF) as compared to age >2-years (LF). The data was abstracted for demographics, clinical characteristics, and operative outcomes. Standard statistical tests were used.
Results: 3381 patients underwent FO during this period of which 1482 (44%) were EF. The mean ages of the EF and LF were 1.6 and 4.3, respectively (p< 0.001). LF were more likely to be non-White, female, and have Heterotaxy syndrome. HLHS was more common in EF. There was no difference in the discharge mortality, length of stay, disposition (majority went home), and mean total charges incurred. The overall discharge mortality was low at 0.7% (24/3381). In multivariate analysis:  cardiac arrest, acute kidney injury, mechanical ventilation >96 hours, endocardial cushion defect and non-White ethnicity were predictors of a mortality and not age.
Conclusion:  Contemporary outcomes for FO are excellent with equivalent short-term outcomes in both the age groups. Occurrence of postoperative complications, non-white ethnicity and endocardial cushion defect diagnosis were predictive of a negative outcome. 


Introduction: Historical studies have recommended performing a Fontan Operation (FO) after 4- years-of -age due to concerns for the size and maturity of pulmonary arterial bed to accept the systemic venous circulation1-3. However, the age at which the FO is performed has progressively decreased to a younger age, especially when a staged approach of diverting the systemic venous circulation into the pulmonary circulation is taken 4. Much of this is to avoid the long-term deleterious effects of chronic cyanosis, preserve ventricular function from volume loading, and for preservation of long-term exercise capacity. Previous multi-institution studies have suggested 3 years of age as the optimal age to perform a FO 5, 6. However, single institution studies have demonstrated good outcomes when FO is performed below 2-years-of -age7, 8. Our study aims to use this lower inflection point of 2 years of age to perform the FO (EF- early FO)  using a large administrative database to study the immediate outcomes of the FO as compared to a FO performed after 2 years of age (LF- later FO) using contemporary data.
Methods: 
Study Design, data source and Population

	This study was conducted using the Healthcare Cost and Utilization Project (HCUP) Kids’ Inpatient Database (KID)9. The KID is the largest publicly available all-payer health pediatric inpatient care database in the US, including over 3 million pediatric discharges each year. The KID is currently available every 3 years from 1997 to 2012. KID data from 2009, 2012 and 2016 were used for this study, which included over 9 million pediatric discharges. Eligible participants were identified using International Classification of Disease, 9th revision, Clinical Modification (ICD-9-CM) procedure codes and 10th edition procedure codes (ICD-10-PCS). The study was approved by the IRB board at the University of North Carolina at Chapel Hill.

The study included 0–18-year-old patients from the HCUP KID database who received FO in 2009, 2012 and 2016. ICD-9-CM procedure code 35.94 and ICD-10 PCS 02160JP, 02160JQ, 02160JR, 02160KP, 02160KQ, 02160KR, 02160ZP, 02160ZQ and 02160ZR were used to identify eligible cases (FO) for the study. As required by HCUP, we used discharge weights to obtain national estimates, and appropriate design estimates for strata and clusters were used to account for the complex survey design. Discharge weights and statistics for stratification and clustering are included in the HCUP KID data set. The data was abstracted for demographics, clinical characteristics, operative outcomes, total charges incurred for the hospitalization and final disposition of the patient (Supplementary file). Discharge mortality or In-hospitalization mortality is defined as mortality during the index operation (FO) hospitalization.
Statistical Analyses
Bivariate and multivariate generalized logistic regression was used to compare odds of mortality between those who were ≤2- years-old (EF) and >2-years-old (LF). Crude estimates of odds-ratios for mortality among ≤2-year-olds (EF) and >2-year-olds (LF) were generated using bivariate logistic-regression models. Thereafter, a multivariate logistic-regression model was used to estimate adjusted odds-ratios. Potential confounders for the multivariate regression model included: age, sex, race/ethnicity, Zone, median household income, total charges and diagnoses, including comorbidities. The variables were selected either based on significant differences in the univariable analysis or based on clinical significance. All analyses were performed using SAS 9.4 (SAS Inc., Cary, NC). All reported results are weighted unless otherwise noted.

Results: A total of 3381 (weighted) patients received the FO during the study period. 44% (1482) patients underwent the FO ≤2 years-of-age (EF) as compared to 56% ( 1899) patients undergoing the operation >2 years-of-age (LF). The mean age of the patients undergoing the EF was 1.63±0.7 years as compared to 4.43±2.7 years for the LF (p<0.001). The EF group had a higher male to female ratio (1.7 vs. 1.3, p=0.01) and more non-White ethnicity (50 % vs.40%, p<0.002) as compared to the EF group (Table 1). There was a preference to perform a LF operation in the Western-region of the US (27%-EF vs. 12%-LF, p=0.0003) as compared to the rest of the country. There were no differences between the groups for the median household income, admission type or the study year (Table 1). 
There was no difference in comorbidities and chromosomal abnormalities such as Down's syndrome between the groups. When single ventricle diagnosis was analyzed, patient’s with HLHS underwent an EF operation (43.4% vs. 35.3%, p=0.0008) as compared to the Heterotaxy Syndrome where a LF operation was preferred (6 % vs 8.4%, p=0.04) (Table 1, Figure 1). 
The discharge mortality was 0.5% for the EF and 0.9% for LF with no statistical difference (p=0.16). Most of the patients in either group were discharged home with routine care (Table 2). The incidence of acute kidney injury (3.5% vs. 2.2%, p=0.05) and post-op hemorrhage (6.7% vs 3.2%, p<0.0001) was higher in the LF group as compared to the EF group. The occurrence of chylothorax was similar in both the groups (EF 5.9% vs LF 6.7%, p=0.46). Secondary procedures such as tracheostomy and diaphragm plication were similar and rarely performed. The mean length-of-stay (EF-14.1 vs LF- 13.7 days, p=0.84) and total charges incurred (EF-$235, 4100 vs. LF-$242,000, p=0.64) were similar.
When the cohort was analyzed for discharge-mortality, 99.2% patients (3355/3381) survived the operation as compared to 0.7% (24/3381) who died (Table 3). The non –survivors as compared to the survivors were more likely to have endocardial cushion defects (42.6% vs 10.4%, p<0.001) and pulmonary hypertension (42.6% vs. 4.8%, p=0.02). The non-survivors were more likely to suffer postoperative acute kidney injury (34.2% vs. 2.6%, p<0.001), acute stroke (5.4% vs. 0.8%, p=0.03), need mechanical ventilation > 96 hours (6.4% vs. 1%, p=0.04), have a cardiac arrest (18.7% vs. 0.4%, p<0.001) and experience postoperative hemorrhage (17.3% vs. 5.1%, p=0.01) as compared to the survivors (Table 4, Figure 2). The length-of-stay and total cost incurred were more in the non-survivor group. The age at operation (EF vs. LF) was not associated with mortality.
Using multivariate logistic-regression, factors predictive of discharge-mortality were cardiac arrest (OR 59.3, P< 0.0008), acute kidney injury (OR 20.1, p=0.02), mechanical ventilation for > 96 hours (OR 12, p=0.01), endocardial cushion defect (OR 7.9, p=0.01), non- white ethnicity (Black vs white, OR 6, p<0.0001; other race vs white, OR 7, p< 0.0001) (Table 5). Again, age at FO (EF vs LF, OR 0.95, p=0.95) was not a predictor of mortality.
A time to event analysis of discharge-mortality using the Kaplan-Meir method did not show a difference when stratified using the age at FO (Log rank p= 0.54) (Figure).
[bookmark: _heading=h.gjdgxs]
Discussion:  Described by Fontan and Kreutzer independently, the FO was performed as an atriopulmonary connection in a single stage fashion for Tricuspid Atresia as a single ventricle palliation and was  performed in much older patients 1, 2. The initial recommendation was to avoid the operation in children younger than 4-years-of-age for concerns about the size and maturity of the pulmonary arteries 1, 3. Since then, the operation has been expanded to include other single ventricle defects and has been performed at a much younger age in a staged manner with an intermediate superior cavo-pulmonary anastomosis around 6 months-of -age followed by the completion FO starting at the 12 to 18 months-of-age4. The rationale for a staged approach was to avoid a rapid change in the ventricular geometry and diastolic dysfunction which can be lethal as seen in a one stage primary FO. An early FO concept was supported by concerns for chronic ill effects of cyanosis, chronic ventricle volume overload, formation of aortopulmonary collaterals, and risk of paradoxical embolism. A combination of chronic cyanosis and volume loading may lead to ventricular fibrosis with long-term deleterious effects on the longevity of the FO10. Early FO has also translated to better exercise capacity by eliminating ill-effects of chronic hypoxia on skeletal, cardiac and respiratory muscle 10. Later age at FO can increase the morbidity of the operation from an increased length-of-stay from prolonged chest tube drainage11. Studies have suggested 3 years-of-age as the optimal age to perform a FO5, 6. However, other studies have demonstrated good intermediate-term results when FO is performed below 2 years-of-age but were limited either to HLHS patients or used older primary atriopulmonary type of FO 7, 8. Our study aims to use this lower inflection point of 2 years-of-age to perform the FO (EF) as compared to an operation at a later age (LF) using a large administrative database and includes all single ventricle variants.
Aside the timing, the FO has undergone technical modifications. One such modification is the use of an extracardiac conduit to perform the operation. This technique increases its applicability across various cardiac morphologies, avoids the need for a cardiac arrest, can be potentially performed in an off-pump manner, improves hemodynamics, and lessens risk of atrial arrhythmias12, 13. Hence it has become the increasingly favored technique for the FO13. This technique uses a non-growing conduit. Hence, concern exists that performing the operation at an early age might lead to revision surgery later due to somatic growth. An alternate option is to perform a lateral tunnel FO with incorporation of a part of the atrial wall to account for future somatic growth. However, conduit size was not a limiting factor even in patient’s ˂2 years-of-age when some technical modifications were made and a conduit size of at least 18 mm was used7. 
A total of 3381 patients underwent a FO during the study period of which 1482 (44%) had an EF operation. The patients in LF group were likely to be female (M/F ratio 1.3 vs. 1.7, p<0.001) and of non-White ethnicity (50% vs 40%, p=0.0002). This could be due to a known higher prevalence of Heterotaxy among the non-white and female patients 14. This was the case in this study where the diagnosis of heterotaxy was more common in the LF group (8.4% vs 6%, p=0.04). Heterotaxy patients tend to have a FO at a later age due to complexities of their systemic and pulmonary venous drainage 15. The other reason for higher proportion of non-White ethnicity in the LF group could be due to delayed access to healthcare. This is generally due to correlation of ethnicity with socioeconomic status and thus access to timely healthcare16, 17. However, the median household income was similar between the groups making it a less likely explanation.

The EF patients were more likely to have a HLHS diagnosis (43 % vs 35%, p=0.0008). This was the single ventricle lesion described in a previous study of FO before the age of 2 years 7. A reason could be due to an earlier progression to FO in single ventricle lesions with right dominance (such as HLHS) in order to better preserve ventricular function as there is conflicting information suggesting poor long-term FO outcomes with right sided dominant lesions such as HLHS18. Interestingly, the patients in the Western region of the US were more likely to have an LF (27 % vs. 12%, p=-0.003). This could have been due to regional interaction with diagnosis such as Heterotaxy syndrome explaining the later age at FO. However, such interactions were not specifically studied.
The LF group had a higher incidence of acute kidney injury postoperatively (3.5% vs. 2.2%, p=0.05) and postoperative hemorrhage (6.7% vs 3.2%, p<0.0001) as compared to the EF group despite similar preoperative comorbidities (Table 1). Chylothorax incidence was similar in both the groups. Despite this, both groups had no difference in the discharge-mortality, length-of -stay and disposition type. As discussed later, occurrence of such morbidity is a predictor of a discharge-mortality, signifying that age at FO per se is not an independent predictive factor for a negative outcome. 
Contemporary outcomes of FO (study period 2009 - 2016) are excellent with an overall discharge-mortality of 0.7%.  When non-survivors were compared to the survivors, they had a higher proportion of endocardial cushion defects (42.6% vs 10.4%, p<0.0001), and pulmonary hypertension (16.7% vs. 4.8%, p=0.02). Endocardial cushion defects have traditionally been known to have poor outcomes after the FO. However, with careful selection, delaying the age at operation, and management of the AV valve regurgitation, contemporary results have improved 19. Pulmonary hypertension is a well-known risk factor for a poor outcome and can be a contraindication for further continued single ventricle palliation depending upon the severity3, 11. The severity of pulmonary hypertension is not known in this study. Interestingly, all who had AV valve repair/replacement at the time of the FO (2.5%) belonged to the survivor group. This could either mean that the non-survivors had AV valve insufficiency which was not addressed, or AV valve insufficiency should not be considered a contraindication for FO if it can be addressed.
The non-survivors suffered more postoperative complications such as acute kidney injury, acute stroke, need for mechanical ventilation > 96 hours, cardiac arrest, and postoperative hemorrhage.  It is not possible to ascertain the underlying cause for such morbidity in this study. Post-operative ventricular failure, acute Fontan failure, malignant arrhythmias, or surgical hemorrhage could have been the precipitating cause. Also, there is no specific ICD-9/10 code for an acute Fontan take down, an important post-operative metric for a FO. As a result of the complications, the length of stay and total cost incurred was higher.
In a multivariate logistic-regression model: cardiac arrest, acute kidney injury, need for mechanical ventilation > 96 hours, endocardial cushion defect diagnosis, non-white ethnicity were predictors for discharge-mortality in the order of descending magnitude. As expected, increased cost for the admission correlated with mortality. Some of the above-mentioned predictors are well known factors associated with a negative outcome in pediatric cardiac surgical patients in general20. Despite improving outcomes in endocardial cushion defect patients undergoing a FO, these are not ideal candidates for a FO due to AV insufficiency and pulmonary vascular resistance and  thus case selection is likely the key16, 19, 20. Interaction between ethnicity and outcomes in congenital cardiac surgery is very complex as there is conflicting evidence for the real underlying cause such as socioeconomic status versus biology for the negative outcomes16, 20. Again, age at FO (EF vs. LF) was not a predictor and is further corroborated in the Kaplan –Meir curves. 
The study has limitations inherent to a retrospective study with biases such as an institutional selection bias for the timing of the FO. There are no ICD-codes for the type of FO (extra-cardiac conduit vs lateral tunnel) which may have a bearing on the timing of the FO. Similarly, the use of fenestration, vital clinical data such as the arterial saturations, ventricular function and pulmonary vascular resistance are unknown. It is difficult to capture secondary procedures such as an arch repair due lack of specific ICD-codes. Vital outcomes such as an acute Fontan takedown and cause of death are not available. There exists the possibility of coding errors and missing cases. 
Conclusion: Contemporary outcomes for FO are excellent with equivalent short-term outcomes in both the age groups. Occurrence of postoperative complications, non-white ethnicity and endocardial cushion defect diagnosis were predictive of a negative outcome. 
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Tables:

	
	Age<=2 years ( n=1482) EF
	Age>2 years 
( n=1899) LF
	p

	Age (Mean/Sd) years
	1.63(0.04)
	4.43(0.09)
	<0.001

	Male/ Female
                
	1.7 (925/557)
	1.3(1085/813)
	0.01

	Race      
               White
               Black
              Hispanic
              Other
	
800(59.7%)
153(11.5%)
283(21.1%)
102 (7.7%)
	
838 (50%)
246 (14.7%)
387 (23.1%)
112 (12.2%)
	0.0002

	Down’s syndrome
	16(0.5%)
	31(1%)
	0.23

	Comorbidities
             Chronic pulmonary disease
             Pulmonary hypertension
             Cardiac dysrhythmias
             Chronic liver disease
             Chronic kidney  disease
             Malnutrition
	
10(0.7%)
63(4.3%)
16(4.8%)
0
0
14 (1%)
	
24(1.2%)
103(5.4%)
218 (6.5%)
3(0.2%)
1(0.1%)
28 (1.5%)
	
0.17
0.24
0.69
-
-
0.32

	Single-ventricle group
             HLHS
             Endocardial cushion defect
             Tricuspid atresia
             Pulmonary atresia
             Ebstein’s anomaly
            Transposition/DORV
            Heterotaxy Syndrome
	
634 (43.4%)
144 (9.7%)
248 (14%)
248 (16.8%)
16 (1.1%)
415 (28%)
88 (6%)
	
670(35.3%)
217 (11.4%)
263 (13.9%)
314 (16.5%)
37(2%)
578 (30.5%)
160 (8.4%)
	
0.0008
0.25
0.94
0.90
0.09
0.25
0.04

	TAPVR
	38(2.5%)
	41 (2.2%)
	0.50

	AV valve replacement/repair
	27(1.8%)
	60(3.2%)
	0.07

	Elective admission
	1358 (92%)
	1757 (92.5%0
	0.84

	Zone
              Northeast
              Midwest
              South
              West
	
301 (20.3%)
431 (29%)
569 (38.4%)
181 (12.2%)
	
282 (14.8%)
456 (24%)
650 (34.2%)
510 (27%)
	0.0003

	Median household income

                $1-24,999
                $25,000-34,999
                $35,000-44,999
                $45,000 and above
	

410(28.1%)
357(24.5%)
379((26%)
310(21.3%)
	

488(26.4%)
485(26.2%)
480(25.9%)
396(21.4%)
	0.75

	Year
                 2009
                2012
                2016
	
561(37.8%)
442(29.8%)
478(32.3%)
	
695(36.5%)
566(29.8%)
638(33.6%)
	0.95



Table 1: Patient demographics, diagnoses, and other characteristics, stratified by age of patient.

	
	Age<=2 years ( n=1482) EF
	Age>2 years  (n=1899) LF
	p

	Discharge-mortality
	7 (0.5%)
	17 (0.9%)
	0.16

	Complications
        Acute kidney injury
        Acute stroke
        Mechanical ventilation > 96 hrs.
        Acute hepatic injury
       Acute congestive heart failure
       Cardiac arrest
       Diaphragm paralysis
       Chylothorax
       Post-op hemorrhage
	
32 (2.2%)
14 (1%)
13 (0.8%)
7 (0.5%)
270 (18.2%)
7 (0.4%)
11 (0.7%)
87 (5.9%)
47 (3.2%)
	
67 (3.5%)
14 (0.8%)
23 (1.2%)
12 (0.6%)
299(15.7%)
10 (0.5%)
14 (0.7%)
127 (6.7%)
128 (6.7%)
	
0.05
0.57
0.38
0.69
0.41
0.66
0.99
0.46
<0.0001

	Secondary procedures
          Tracheostomy
          Diaphragm plication
	
9(0.6%)
0
	
4(0.2%)
1(0.1%)
	
0.31
-

	Disposition of patient
Routine
Short-term hospital
Skilled nursing facility/ intermediate care
Home healthcare
	
1322 (89.2%)
9 (0.6%)
5 (0.4%)
139 (9.4%)
	
1765 (93%)
6 (0.3%)
17 (0.9%)
91 (4.8%)
	0.84


	Length of stay in days (Mean/Sd)
	14.1/0.63
	13.7/0.44
	0.59

	Total charges$ (Mean/Sd)
	235,4100/346.79
	242,000/337.97
	0.64



  Table 2: Post-operative outcomes stratified by age of patient.











	
	Survivor (n=3355)
	Non- Survivor  (n=24)
	p

	Age (Mean/Sd) years
	3.19/2.9
	3.94/4.2
	0.37

	Gender  Male
                Female
	1993(59.4%)
1361(40.6%)
	15(64%)
9(36%)
	0.68

	Race      
               White
               Black
              Hispanic
              Other
	
1628(54.5%)
392(13.1%)
664(22.2%)
303(10.1%)
	
10(41.1%)
7(29.7%)
4(17.6%)
2(110.6%)
	0.20

	Downs syndrome
	45(1.3%)
	1(6.1%)
	0.10

	Comorbidities
             Chronic pulmonary disease
             Pulmonary hypertension
             Cardiac dysrhythmias
             Chronic liver disease
             Chronic kidney disease
             Malnutrition
	
33(1%)
162(4.8%)
378(11.3%)
3(0.1%)
1(0.04%)
42(1.2%)
	
0(0)
4(16.7%)
1(6%)
0(0)
0(0)
0(0)
	
-
0.02
0.50
-
-
-

	Single ventricle group
             HLHS
             Endocardial cushion defect
             Tricuspid atresia
             Pulmonary atresia
             Ebstein’s anomaly
            Transposition/DORV
            Heterotaxy Syndrome
	
1302(38.8%)
350(10.4%)
469(14%)
562(16.8%)
54(1.6%)
989(29.5%)
244(7.3%)
	
10(39.6%)
10(42.6%)
23(6.4%)
0(0)
0(0)
4(18.3%)
4(17.7%)
	
0.94
<0.0001
0.39
-
-
0.32
0.08

	TAPVR
	79(2.3%)
	0(0)
	-

	AV valve repair/replacement
	87(2.5%)
	0(0)
	-

	Elective admission
	3094(92.5%)
	20(81.8%)
	0.10

	Zone
              Northeast
              Midwest
              South
              West
	
578(17.2%)
881(26.3%)
1207(36%)
689(20.5%)
	
6(23.2%)
6(22.9%)
12(48.5%)
1(5.4%)
	0.34

	Median household income

                $1-24,999
                $25,000-34,999
                $35,000-44,999
                $45,000 and above
	

887(27.1%)
840(25.6%)
853(26%)
698(21.3%)
	

10(41%)
2(6.4%)
6(23.5%)
7(29.1%)
	0.24

	Year
                2009
                2012
                2016
	
1251(37.3%)
997(29.7%)
1106(33%)
	
4(18.3%)
11(46.3%)
8(35.4%)
	0.19



Table 3: Patient demographics, diagnoses, and other characteristics, stratified by discharge-mortality

	
	Survivor (n=3355)
	Non- Survivor  (n=24))
	p

	Discharge- mortality
         Age=< 2 years
         Age> 2 years
	
1475(44%)
1880(56%)
	
7(29%)
17(71%)
	0.18

	Complications
        Acute kidney injury
        Acute stroke
        Mechanical ventilation > 96 hrs.
        Acute hepatic injury
       Acute congestive heart failure
       Cardiac arrest
       Diaphragm paralysis
       Chylothorax
       Post-op hemorrhage
	
89(2.6%)
27(0.8%)
35(1%)
19(0.6%)
560(16.7%)
12(0.4%)
24(0.7%)
213(6.3%)
171(5.1%)
	
8(34.2%)
1(5.4%)
2(6.4%)
0(0)
7(30%)
4(18.7%)
0(0)
1(6.1%)
4(17.3%)
	
<0.0001
0.03
0.04
-
0.13
<0.001
-
0.97
0.01

	Secondary procedures
          Tracheostomy
          Diaphragm plication
	
14(0.4%)
1(0.04%)
	
0(0)
0(0)
	
-
-

	Disposition of patient
Routine
Short-term hospital
Skilled nursing facility/ intermediate care
Home healthcare
Died in hospital
	
3087(92%)
14(0.4%)
23(0.7%)
230(6.9%)
0(0)
	
-
-
-
-
-
24(100%)
	0.27

	Length of stay in days (Mean/Sd)
	13.71/16.7
	38.42/29.2
	0.01

	Total charges$ (Mean/Sd)
	234,000/325
	962.500/996.3
	0.0003



Table 4: Post-operative outcomes stratified by discharge-mortality











	
	Odds Ratio Estimates
	95-CI
	p

	Age<=2 years vs >2 years
	0.95
	0.21-4.32
	0.95

	Female vs male
	1.61
	0.52-4.96
	0.40

	Race
       Black vs White
       Hispanic vs White
       Other vs White
	
6.0
1.13
7.17
	
1.62-22.25
0.12-10.40
0.99-51.67
	
<0.0001
0.07
<0.0001

	Elective vs non-elective admission
	0.39
	0.07-2.17
	0.28

	Downs syndrome
	1.76
	0.07-42.61
	0.72

	Single ventricle group
     HLHS
     Endocardial cushion defect
     Tricuspid atresia
     Transposition/DORV
     Heterotaxy syndrome
	
0.50
7.86
0.34
0.57
0.83
	
0.14-1.82
1.46-42.26
0.03-3.16
0.10-3.15
0.23-2.93
	
0.29
0.01
0.33
0.52
0.77

	Comorbidities
    Pulmonary hypertension
    Cardiac dysrhythmias
	
1.96
0.36
	
0.25-15.20
0.07-1.74
	
0.51
0.20

	Median household income
       0-25th vs 76 - 100th percentile
       26 -50th  vs 76 - 100th percentile
       51 - 75th vs 76-100th percentile
	
0.80
0.40
1.78
	
0.15-4.45
0.08-2.0
0.26-12.26
	
0.88
0.12
0.23

	Region
       Northeast vs West
       Midwest vs West
       South vs West
	
0.77
1.08
0.04
	
0.19-3.26
0.14-8.08
0.002-0.69
	
0.25
0.29
0.06

	Year
       2009 vs 2016
       2012 vs 2016
	
0.73
2.56
	
0.07-7.20
0.42-15.37
	
0.39
0.09

	Post-op morbidity
       Acute kidney injury
       Mechanical ventilation >96 hrs.
       Acute congestive heart failure
      Cardiac arrest
      Acute stroke
      Post-op hemorrhage
      Chylothorax
	
20.13
12.08
0.46
59.33
1.06
1.6
3.64
	
3.02-134.17
1.71-85.18
0.05-3.82
5.48-641.40
0.14-8.06
0.20-12.39
0.27-49.08
	
0.002
0.01
0.47
0.0008
0.95
0.65
0.32

	Length of stay (every 1-day increase)
	0.95
	0.94-1.003
	0.08

	Total charges (every 1000 $ increase)
	1.002
	1.001-1.003
	0.0002



Table 5: Multivariate logistic-regression analysis for discharge-mortality after FO

Figure 1: Graph comparing single ventricle diagnosis groups between EF and LF FO.


Figure 2: Graph comparing post-op morbidity between survivor and non-survivor of the FO.
[image: ]

Figure: Kaplan-Meir curves comparing discharge mortality between EF (FO ≤ 2-years) and LF non-ECD (FO > 2-years) groups.
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SINGLE VENTRICLE DIAGNOSIS GROUPS

HLHS	EF 	LF	0.43	0.35	Endocardial cushion defect	EF 	LF	0.1	0.11	Tricuspid atresia	EF 	LF	0.14000000000000001	0.14000000000000001	Pulmonary atresia	EF 	LF	0.17	0.16	Ebstein's anomaly	EF 	LF	0.01	0.02	Transposition/DORV	EF 	LF	0.28000000000000003	0.3	Heterotaxy Syndrome	EF 	LF	0.06	0.08	



Post-op morbidity

Acute kidney injury	Survivor	Non-Survivor	2.5999999999999999E-2	0.34200000000000003	Acute stroke	Survivor	Non-Survivor	8.0000000000000002E-3	5.3999999999999999E-2	Mechnical ventilation	>	 96 hrs.	Survivor	Non-Survivor	0.01	6.4000000000000001E-2	Acute hepatic injury	Survivor	Non-Survivor	6.0000000000000001E-3	0	Acute congestive heart failure	Survivor	Non-Survivor	0.16700000000000001	0.3	Cardiac arrest	Survivor	Non-Survivor	4.0000000000000001E-3	0.187	Diaphragm paralysis	Survivor	Non-Survivor	7.0000000000000001E-3	0	Chylothorax	Survivor	Non-Survivor	6.3E-2	6.0999999999999999E-2	Post-op hemorrhage	Survivor	Non-Survivor	5.0999999999999997E-2	0.17299999999999999	
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