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Abstract: Objectives: Over the last decade, neonatal repair has been advocated for many congenital heart diseases. However, specific subgroups of complex congenital heart disease still require temporary palliation for which both surgical and endovascular techniques are currently available. We reviewed our institutional experience with shunt palliation with an emphasis on risk factors for early mortality. Methods: This is a single-center retrospective study on 175 patients undergoing surgery for central shunt or modified Blalock-Taussig shunt. All data were extracted from a prospectively collected computerized database. We identified risk factors for early mortality by uni- and multi-variable analysis. All data were censored at the time of death or shunt take-down operation. Results: Mean age and weight at surgery were 24 days (IQR [7–95]) and 3.4 kg (IQR [2.9–4.8]), respectively, with 96 neonates (55%). Most patients had a biventricular heart disease (115 patients, 66%), and 51 patients (29.1%) had univentricular heart disease. Thoracotomy was performed in 129 patients (74%). Cardiopulmonary bypass was used in 23 patients (13%). The median intensive care and overall length of stay were 4 days (IQR [2–9]) and 18 days (IQR [13–29]), respectively. In-hospital mortality was 8.6% (15/175). By multivariable regression analysis, prematurity (HR 5.6 [2.1–14.7]), CPB use (HR 6.7 [2.2–18.6]), unplanned <30-day reoperation (HR 3.5 [1.2–10]) or catheterization (HR 4.5 [1.2–16.9]) were all significant predictors of early mortality. Conclusions: Procedural-related mortality remains high (8.6%) in surgical shunt palliation. For patients with prematurity, low weight at birth, or if the use of cardiopulmonary bypass is contemplated, alternative endovascular techniques of palliation should be considered together with longitudinal follow-up studies.
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	CPB
	Cardio-Pulmonary Bypass
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	Cliniques Universitaires Saint-Luc



	DORV
	Double Outlet Right Ventricle
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	Hazard Ratio
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	LCOS
	Low Cardiac Output State



	MBTS
	Modified Blalock-Taussig shunt



	MVO2
	Mixed Venous Oxygen Saturation



	NEC
	Necrotizing Enterocolitis



	PA
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	PA-VSD
	Pulmonary Atresia-Ventricular Septal Defect



	PDA
	Patent Ductus Arteriosus



	POC
	Pulmonary Over Circulation



	SaO2
	Arterial Oxygen Saturation



	SWR
	Shunt-to-Weight Ratio



	UVH
	Univentricular Heart





1  Introduction

Over the last decade, neonatal repair has been advocated for many congenital heart diseases (CHD). However, specific subgroups of complex CHD still require temporary palliation to provide time for pulmonary resistance to fall and for Pulmonary Artery (PA) branches to grow [1].

Despite the refinements in neonatal care, surgical techniques and Cardio-Pulmonary Bypass (CPB) technology, early mortality in surgical palliation (modified-Blalock-Taussig shunt (MBTS) and central shunts) has not decreased over the years, ranging from 6.5% to 12% in centers of excellence [2–6].

Accordingly, ductal and right ventricular outflow tract stenting has emerged lately as attractive alternative endovascular approaches in high-risk neonates with encouraging results [7,8].

Initially performed in the center of expertise for high-risk patients, patent ductus arteriosus (PDA) stenting has been more liberally attempted recently. Interestingly, Bauser-Heaton et al. reported a retrospective US multicentric study [9] in which risk-adjusted mortality was similar with each approach (14.3% PDA stent vs. 12.8% MBTS), with a higher interstage reintervention rate in the interventional arm (51.3% PDA stent vs. 21.3% MBTS). A recent meta-analysis comparing the two modalities of palliation found no difference in early mortality, while duration of ventilation and hospital length of stay favored the endovascular approach [10].

The aim of this study was to review our 20-year experience of surgical shunt palliation with a specific interest in analyzing patient-related and procedure-related risk factors for in-hospital mortality and to identify specific subgroup(s) of patients to whom we could offer non-surgical alternatives. As for other centers, those results should stand as the benchmark for future comparison between these alternative choices of palliation.

2  Patients and Methods

2.1 Ethical Statement

This retrospective analysis was approved by our Institutional Ethical Board (Cliniques Universitaires Saint-Luc (CUSL), Brussels, Belgium, IRB 2015\11-01\ID 327).

2.2 Data Collection and Follow-Up

This study is a single-center retrospective case study series which includes all patients (no exclusion criteria) who underwent palliation with a surgical shunt (MBTS or central shunt) from 1997 until 2019 (n = 175).

It represents a heterogeneous group of patients: neonates with ductal-dependant pulmonary or systemic circulation, tetralogy of Fallot with restrictive pulmonary blood flow and/or cyanotic spells, complex transposition of the great arteries with LVOTO, Ebstein anomaly and other rare conditions (see Table 1).
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Over this 20-year period, our center’s policy was to provide surgical additional pulmonary blood flow in any patient with O2 saturation on room air below 80% in whom a primary curative repair (biventricular) was not deemed feasible or for those entering a classic single-ventricle pathway.

All data were collected from patient’s medical record, operative notes and catheterization studies.

We defined pulmonary over circulation (POC) as an oxygen saturation of >85% in a fraction inhaled oxygen ≤25%, and two or more of the following during the immediate postoperative Intensive Care Unit stay: (a) need to modify systemic and pulmonary vascular resistance (red blood cell transfusion), (b) evidence of decreased cardiac output (decreasing mixed venous oxygen saturation (MVO2), widening gap between arterial oxygen saturation (SaO2) to MVO2, increasing lactate >2 mmol/L), and (c) the need for diuretics.

Postoperative low cardiac output syndrome was defined as a combination of clinical (e.g., decrease urinary output), haemodynamic and biochemical parameters (decreasing MVO2, widening SaO2 to MVO2, and increasing lactate >2 mmol/L).

In addition to the shunt size, two other variables were considered to assess the effect of shunt size on outcomes: the shunt size/weight ratio and the graft index defined as the graft cross sectional area/patient body surface area.

The observation period for shunt thrombosis or stenosis was from insertion to takedown of the shunt at the planned surgery or autopsy. Diagnosis of shunt thrombosis required confirmation angiographically, at surgery or autopsy. All variables of interest selected for this study are listed in Supplementary Table S1.

2.3 Statistics

Continuous data are presented as mean ± standard deviation, or median and IQR (interquartile range) for nonparametric data. Normality of the distribution was assessed with the Shapiro-Wilk test. Categorical data are presented as numbers and proportions and compared with the Chi-square test or the Fisher’s exact test, if appropriate. Differences between means or medians were compared using unpaired Student’s t-test or Mann—Whitney U test, according to the distribution. Survival was calculated from the date of the shunt procedure to the time of death or to the time of the following shunt take-down procedure, which ever came first.

Survival curves were generated with the Kaplan—Meier estimator and were compared using the log-rank test.

To assess the factors associated with survival, a Cox proportional hazards model was generated by including pre-, intra- and post-operative variables. To determine the independent predictors of each outcome of interest, variables with a p-value < 0.20 in the univariate analysis were entered into a multivariate conditional forward stepwise selection procedure. Results are displayed as hazard ratio (HR) or adjusted HR with 95% confidence interval. All tests were two-sided, with significance set at the 0.05 probability level (See Supplementary Table S1 for a complete list of variables assessed in the logistic regression models).

All statistical analyses were performed using the IBM SPSS Statistic version 26 (IBM Corp., Armonk, New York, USA).

3  Results

3.1 Demographic and Operative Details

The median age and weight at shunt palliation were 24 days (IQR 7–95) and 3.4 kg (IQR 2.9–4.8).

Most of the patients (162/175, 93%) were either neonates or infants. Prior to surgery, median oxygen saturation was 80% (IQR 75%–88%). Antegrade pulmonary blood flow was present in 97 patients (55%). The most common diagnosis were patients with functional uni-ventricular heart (n = 51), followed by pulmonary atresia-ventricular septal defect (PA-VSD) (n = 41), tetralogy of Fallot (n = 30), d-Transposition of the Great Arteries/Ventricular Septal Defect/Pulmonary stenosis or atresia (n = 20), double outlet right ventricle (DORV)—Fallot type (n = 14), and PA-IVS (n = 10). As seen in Table 1, we pooled altogether patients palliated prior to biventricular repair and distinguish them from the univentricular repair patients and the undetermined ones (bi-V or 1 1/2V or single V).

Over the study period, our center’s surgical policy has been to favor the thoracotomy approach (contra-lateral to the aortic arch) and to avoid sternotomy for a surgical shunt whenever the target pulmonary vessel was 3 mm of more in diameter as measured by preoperative transthoracic echocardiography.

In neonates, the ductus, if patent, was left intact while prostaglandin was discontinued at the start of surgery. Prior to proximal target vessel clamping, intravenous unfractionated heparin (100 U/kg) was routinely administered.

When sternotomy was performed, the use of CPB was mostly based on patient’s hemodynamics after test-clamping of both the pulmonary and the systemic vessel.

The operation was performed by thoracotomy or sternotomy in 129 (74%) and 46 (26%) patients, respectively. Cardiopulmonary bypass was required in 23 patients (13%).

Proximal anastomosis came from the subclavian artery, the brachiocephalic trunk or the ascending aorta in 117, 23 and 35 patients, respectively. Distal anastomosis was performed on the right PA (n = 134, 77%) or left PA (n = 16, 9%), and on the main PA (n = 25, 14%).

Goretex stretch vascular grafts (W.L.Gore & Associates, Inc., AZ, USA) were used in 171 patients, 4 patients had direct main PA to aorta anastomosis without interposing graft. The most frequent shunt sizes (graft or native PA) were 3.5 mm (n = 26), 4 mm (n = 77) and 5 mm (n = 56). The median shunt-weight ratio was 1.25 (IQR 0.92–1.43), the median graft index was 67 mm2/m2 (IQR 56–85) and the median shunt-to-PA diameter was 1 (IQR 0.9–1.2) (Table 2).
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Patients were routinely placed under unfractionated heparin on Pediatric Intensive Care Unit arrival, and started on acetylsalicylic acid during the immediate postoperative period (together with enteral feeding).

The median interval time from initial palliation to the shunt takedown procedure was 345 days (IQR 202–755).

3.2 In-Hospital Morbidity and Mortality

The median time to extubation was 1 day (IQR [0.3–3]). The median intensive care and overall length of stay were 4 (IQR [2–9]) and 18 (IQR [13–29]) days, respectively.

Peri-operative inotropic support was needed to maintain stable hemodynamics in 48 patients (27%). Two patients required extra-corporeal membrane oxygenation support (1.1%). POC and low cardiac output state (LCOS) were observed in 63 and 15 patients (36% and 8.6%, respectively). Early shunt thrombosis was diagnosed in 12 patients (6.9%). Of those, 3 deaths were directly related to shunt thrombosis (early mortality 25%).

Other major morbidities such as necrotizing enterocolitis (NEC), bacteriemia or bleeding are detailed in Table 3.
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Unplanned early catheterization and unplanned early surgical reintervention were performed in 9 and 18 patients, respectively (5.1% and 10.3%). Twelve reinterventions were shunt-related (5 shunt thrombosis, 2 flow reduction, 5 insufficient shunt) and 6 were shunt-unrelated (surgical wound revision n = 3, patent ductus arteriosus ligation, pulmonary coarctation repair and staged contralateral unifocalisation n = 1 each).

Overall, in-hospital mortality was 8.6% (15/175). A detailed analysis of this subgroup is provided in Table 4. All deaths secondary to LCOS were encountered in the CPB subgroup.
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3.3 Predictors of Early Mortality

For the entire cohort, by univariable analysis, preoperative variables such as weight <2500 g (HR 4 95CI [1.5–10.4]) (p = 0.006) and prematurity (<37 w-GA) (HR 4.3 95CI [1.7–10.8]) (p = 0.002) were strong predictors of in-hospital death. However, neither neonatal surgery, univentricular anatomy nor genetic syndrome were related to a poorer outcome (p = 0.58, p = 0.89, and p = 0.18, respectively). Dividing the cohort in terciles, and considering the oldest subgroup (1997–2004) as the reference, the era effect was neutral for 2005–2012 (HR 2.1 95CI [0.7–6.2]) (p = 0.19) and for 2013–2019 (HR 1 95CI [0.3–3.7]) (p = 0.98) (Table 5).
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Relative to patient condition prior to surgery, positive ventilation (HR 2.9, 95CI [1–8.2]) (p = 0.04) was the only significant predictor of death.

Among the operative variables, surgical approach (HR 0.4, 95CI [0.15–0.95]) (p = 0.04), proximal site of shunt implantation (p = 0.02), distal site of shunt implantation (HR 2.6, 95CI [1.05–6.4]), the need for CPB (HR 4.5, 95CI [1.7–11.6]) (p = 0.002), the need for vasoactive inotropic support (HR 3.2, 95CI [1.2–7.9]) (p = 0.016), were all strong predictors of death.

Among other variables, intraoperative ductus ligation (p = 0.85), the shunt/weight ratio (p = 0.40) and the graft index (p = 0.28) did not influence early survival. Though not statistically significant, we encountered a two-fold increase in mortality in patients with a shunt-to-weight ratio (SWR) >1.4 (12.5 vs. 6.7%, p = 0.20).

Post-operatively, POC (HR 2.5, 95CI [1–6.3]) (p = 0.045), LCOS (HR 4.6, 95CI [1.7–12.8]) (p = 0.004), bacteremia (HR 4, 95CI [1.2–14]) (p = 0.028), unplanned reoperation (HR 3.5, 95CI [1.3–9.9]) (p = 0.015) or catheterization (HR 4.5, 95CI [1.3–15.5]) (p = 0.018) were all significant predictors of death. Neither prolonged ventilation (HR 1.8, 95CI [0.6–5.5]) (p = 0.29) nor early shunt thrombosis (HR 2.7, 95CI [0.9–10.3]) (p = 0.09) were found to be significant.

In multivariable analysis, prematurity (HR 5.6, 95CI [2.1–14.7], p = 0.001), the need for CPB (HR 6.7, 95CI [2.2–18.6]) (p < 0.001), unplanned reoperation (HR 3.5, 95CI [1.2–10]) (p = 0.02) or catheterization (HR 4.5, 95CI [1.2–17]) (p = 0.02) remained the only predictors of in-hospital death (Table 5).

Following hospital discharge, late shunt thrombosis occurred in 5 patients (2.9%). The rate of inter-stage reoperations and catheterization were 15.4% (27/175) and 13.7% (24/175).

Additional shunt reinterventions were mostly related to the development of pulmonary coarctation (n = 14) or to delay complete repair surgery in complex CHD (n = 10).

As for catheterization, angioplasty or stenting of pulmonary arteries was required in 19 patients (12.3%).

Four patients died during the inter-stage period (2.5%), two were shunt-unrelated (viral pneumonia, n = 1 and recurrence of pulmonary vein stenosis after total abnormal pulmonary venous return repair, n = 1) and two were shunt-related: one sudden death following shunt thrombosis and one death of “unknown cause” (with shunt and pulmonary arteries thrombosis at autopsy) (1.3%).

4  Discussion

This study underscores that despite improvements in surgical techniques and neonatal intensive care management, surgical shunt palliation in neonates and infants remains among the most life-threatening surgical cardiac procedures. Our in-hospital mortality of 8.6% is in agreement with recent series reporting from 6.5% to 12% [3,6,11,12].

The large heterogeneity of patient diagnosis across studies as well as the relative proportion of patients with univentricular heart (UVH) disease could explain the observed differences in mortality.

As reported by McKenzie et al. in 2015 [6] and by Petrucci et al. in the STS-CHSD registry [2], our data analysis on preoperative and perioperative variables highlights that the most powerful predictors of early demise were dysmaturity, weight <2.500 g at surgery, ventilator-dependency, need for CPB and bacteremia. All of these are established predictors of mortality in neonatal surgery, regardless of the placement of a systemic-to-pulmonary shunt [13].

More specifically, our study underscores that some surgical technical aspects also influenced the early outcome: sternotomy and central shunt originating from the ascending aorta increased the in-hospital mortality by 2- to 3-fold, independent of the site of distal anastomosis (RPA or MPA). Of note, CPB was used in 37% of patients when the aorta was the inflow site (vs. 13% in the entire cohort). We speculate that it indirectly reflected either the size of the donor site, the size of the branch pulmonary arteries, or the clinical status of the patient at the time of surgery. McKenzie et al. [6] reported similar findings in their sternotomy group (HR of in-H death = 3.2).

In contrast, our study did not support the negative role of a higher graft index reported by Sasikumar et al. [3]. Our cohort had a median graft index of 58 mm2/m2 (only 26 patients receiving a 3.5 mm shunt). In their series, the graft index was 44.4 mm2/m2 and the most frequent graft size was 3.5 mm. It is likely that with our favored surgical approach (74% of thoracotomy), a longer shunt resulted in greater resistance to the blood flow, which could explain these contradictory results.

In earlier reports, a higher SWR was also found to have a negative effect on early survival.

However, larger shunts were implanted in those studies (62% 5-mm shunt or greater in Bove’s series) [12]. Our data did not corroborate their findings, and the few patients with very high SWR in our cohort (17 patients with SWR >1.6) limited the power of our statistical analysis. Indeed, over the years, we opted to move away from oversizing shunts as reflected by a SWR of 1.25 and a shunt-to-PA size of 1 for our entire cohort.

LCOS and POC were both predictors of early death in univariable analysis, but not confirmed in multivariable analysis. It is likely that the statistical weight of CPB use (HR 6.7) overshadowed the former variables as they occurred mostly in neonates operated under CPB.

Consistent with Dorobantu et al. [11], we found that unplanned reoperation and/or catheterization were strong predictors of in-hospital mortality in uni- and multi-variable analysis. They were required in 9.1% (<30-days reoperation) and 5.1% (<30-days catheterization), respectively, which compares favorably to other series [3].

Importantly, early shunt thrombosis was only of borderline significance in univariable analysis. It is likely that the proportion of patients with residual antegrade pulmonary blood flow (55%) reduced the clinical impact of shunt thrombosis in this cohort.

The rates of inter-stage reoperations and catheterization were 15.4% (27/175) and 13.7% (24/175), and are in agreement with the literature [3,11]. Late shunt thrombosis occurred in 5 patients (2.9%).

In this study, inter-stage mortality was 2.3% (4 patients) with two shunt-related deaths (1.1%), a lower rate compared to the 5%–6% recently reported [3,12]. As mentioned earlier, residual antegrade pulmonary blood flow in more than half of our patients, a lower proportion of UVH diagnosis (29%), and a low threshold to stent a previously placed MBTS when desaturation was noticed could all have contributed to those favorable results.

Finally, as neonatal ductal stenting has emerged as an alternative to initial surgical palliation [14], we as surgeons should support this developing field of interventional cardiology for those neonates who pay the highest burden to surgical shunt palliation. Based on our data, most efforts should be directed towards those low-weight neonates (<2500 g) with/without prematurity in whom a surgical shunt interposition could not be contemplated without the use of concomitant CPB.

Finally, at a time when congenital cardiac surgery programs are initiated in lower-income developing countries, our study corroborates the fact that surgical shunt palliation remains a potentially life-threatening procedure. Such mortality figures could be their optimal target when self-reflecting on their own experience [15]. It could help those pioneering centers to find ways to improvement in surgical palliation, or to stimulate them to embrace alternative palliation procedures as currently proposed by many interventional cardiologists [9,10,14].

5  Study Limitations

The small number of patients, the extensive period of recruitment and shunt palliation being performed by only two experienced surgeons may not allow us to extrapolate our results.

As mentioned in the discussion, our series included a larger proportion of patients with bi-ventricular anatomy, as well as numerous patients with some degree of antegrade pulmonary blood flow. Both characteristics could have influenced our results in terms of morbidity and mortality during the inter-stage period.

6  Conclusion

The current study demonstrates that early mortality remains high (8.6%) in surgical shunt palliation. Multivariable analysis identified prematurity, the need for CPB, unplanned reoperation or catheterization as strong predictors of in-hospital death. Alternative endovascular techniques of palliation should be considered in this specific subset of high-risk patients together with longitudinal follow-up studies to validate their beneficial effect.
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Table 2: Shunt procedure details

Variable

N (%) or median (IQR)

Type of shunt

Size of the shunt

Absolute shunt size (mm)

Shunt size-to-PA diameter ratio

Shunt size-to-body weight ratio (mm/kg)
Graft index

Inflow

Outflow

Operative approach

Need for CPB

Native PA
Goretex

3

3,5

4

5

6

Subclavian
Brachiocephalic trunk
Aorta

Right/left PA

Main PA
Thoracotomy
Sternotomy

No

Yes

4
171

42)

26 (15)

76 (44)

54 (32)

12 (7)

4 [4-5]

1 [0,9-1,2]
1,25 [0,9-1,4]
67 [56-85]
117 (67)

23 (13)

35 (20)

150 (86)

25 (14)

129 (74)

46 (26)

152 (87)

23 (13)

Note: CPB (Cardio-Pulmonary Bypass); IQR (Interquartile Range); PA (Pulmonary Artery).
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Table 1: Patient preoperative characteristics (n = 175)

Characteristics Median (IQR) or number (%)
Age at surgery (d) 24 (7-95)
Neonates (<30 days at surgery) 96 (54.9)
Infants (<1 year at surgery) 162 (93)

Sa02 (%) at surgery 80 (75-88)

Sex (M/F) 93/82

Weight (kg) 3.4 (2.94.3)
BSA (m2) 0.21 (0.19-0.26)
Weight <2500 g at surgery 20 (11.4)
Chromosomic anomaly 19 (10.9)
Prematurity 26 (14.9)
Preoperative PDA 115 (65.7)
Preoperative PGE1 93 (53.1)
Preoperative antegrade pulmonary blood flow 97 (55.4)
Preoperative ventilation 21 (12)
Diagnosis

-TOF/DORV/TGA-VSD-PS or atresia/PA-VSD 112 (64)
-PA-IVS, Ebstein anomaly 12 (6.9)

-Single ventricle 51 (29.1)

Note: BSA (Body Surface Area); DORV (Double Outlet Right Ventricle); IQR (Interquartile Range); PA-IVS (Pulmonary Atresia—Intact Ventricular
Septum); PA-VSD (Pulmonary Atresia—Ventricular Septal Defect); PDA (Patent Ductus Arteriosus); PGE1 (Prostaglandin-E1); SaO2 (Arterial

Oxygen Saturation); TGA-VSD-PS or atresia (Transposition of the Great Arteries, Ventricular Septal Defect and Pulmonary stenosis or atresia);

TOF (Tetralogy of Fallot); VSD (Ventricular Septal Defect).
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Table 3: In-hospital morbidity & mortality

Variable N (%)
Perioperative inotropes 48 (27.4)
ECMO 2(1.1)
Pulmonary overcirculation 63 (36)
Low cardiac output state 15 (8.6)
Prolonged ventilation (>7 d) 22 (12.6)
Infection 39 (22.3)
Bacteriemia 10 (5.7)
Necrotizing enterocolitis 74)
Bleeding 6 (3.4)
Shunt thrombosis 12 (6.9)
Unplanned reoperation 18 (10.3)
Unplanned Cath lab 9(5.1)
Duration of PICU stay (days) 4 [2-9]
Duration of hospital stay (days) 18 [13-29]
In-hospital death 15 (8.6)

Note: ECMO (Extra-Corporeal Membrane Oxygenation); PICU (Pediatric Intensive Care Unit).
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Table 5: Univariable/multivariable analysis of predictors of overall mortality (censored at death or second

surgery)

Univariable Multivariable

HR (95% CI) p-value HR (95% CI) p-value
Weight (<2500 g) 4 (1.5-10.4) 0.006 1 (0.1-8) 0.98
Prematurity (<37 W GA) 4.3 (1.7-10.8) 0.002 5.6 (2.1-14.7) 0.001
Neonates (vs. others) 1.3 (0.5-3.3) 0.58
UVH 0.9 (0.3-2.6) 0.89
Genetic syndrome 2.1 (0.7-6.4) 0.18
Era effect 0.27
1997-2004 1
2005-2012 2.1 (0.7-6.2) (0.19)
2013-2019 1 (0.3-3.7) (0.98)
Preoperative status
BAS 0.04 (0.1-7.7) 0.23
Prostaglandin 1.5 (0.6-3.9) 0.37
Patent ductus arteriosus 2 (0.7-6.1) 0.20
RVOT antegrade flow 0.6 (0.2-1.4) 0.20
Positive ventilation 2.9 (1-8.2) 0.04 1.7 (0.5-5.3) 0.39
Perioperative
Thoracotomy 0.38 (0.15-0.95) 0.04 1.6 (0.2-12.3) 0.61
Proximal donor site 0.02 1.4 (0.7-2.7) 0.29
BCT 4.1 (1.3-13)
Aorta 3.5(1.2-9.9)
Distal PA site 2.6 (1.05-6.4) 0.04
PDA ligation 1.1 (0.3-5.5) 0.85
Shunt/weight ratio 1.6 (0.5-4.5) 0.40
Graft index 0.99 (0.97-1.1) 0.28
CPB 4.5 (1.7-11.6) 0.002 6.7 (2.2-18.6) <0.001
Inotropes 3.2 (1.2-7.9) 0.016 1.8 (0.5-7.1) 0.39
Postoperative status
“Low cardiac output” 4.6 (1.7-12.8) 0.004 2.5(0.7-9.3) 0.17
Pulmonary over circulation 2.5 (1-6.3) 0.045
Unplanned reoperation 3.5 (1.39.9) 0.015 3.5 (1.2-10) 0.02
Unplanned Cath lab 4.5 (1.3-15.5) 0.018 4.5 (1.2-16.9) 0.02
Bacteremia 4 (1.2-14) 0.028 2.9 (0.8-10) 0.09
NEC 1.7 (0.2-12.8) 0.60
Prolonged ventilation (>7 d) 1.8 (0.6-5.5) 0.29
Early shunt thrombosis 2.7 (0.8-9.4) 0.12

Note: BAS (Balloon Arterial Septostomy); BCT (Brachiocephalic Trunk); CPB (Cardio-Pulmonary Bypass); HR (Hazar Ratio); NEC (Necrtotizing
Enterocolitis); PA (Pulmonary Artery); PDA (Patent Ductus Arteriosus); RVOT (Right Ventricular Outflow Tract); UVH (Univentricular Heart).
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Table 4: Details of in-hospital mortality patients

Diagnostic Age Weight O2 Sat Surgical Shunt Shunt/ Survival Cause of death
(kg) (%,RA) approach size  weight (d)
(mm) ratio

PA-VSD- 4% 16 80 Thoracotomy 6 0.4 0 Pulmonary
MAPCA vy hypertension crisis
PA-IVS & 24d 3.2 75 Sternotomy 3 0.94 19 Shunt thrombosis
sinusoids
& small
PAs
PA-VSD 5d 25 80 Sternotomy 4 1.6 24 Shunt thrombosis &
(CPB) sepsis
DORV- 14d 4.1 75 Thoracotomy 4 0.98 28 Hemorragic shock
TGA-Pulm (post-redo shunt)
stenosis
HLHS 8d 3.1 87 Sternotomy 3.5 1.13 1 Myocardial ischemia
(CPB)
PA-VSD 20d 2.5 70 Sternotomy 3 1.2 1 LCO
(CPB)
Systemic  13d 1.7 80 Sternotomy 3.5 2 1 LCO
venous (CPB)
anomaly
Tricuspid 28d 2.8 88 Thoracotomy 4 1.43 28 Pulmonary
atresia hypertension
TOF 65d 4.2 83 Sternotomy 4 0.95 1 LCO
(CPB)
Mitral 7d 22 87 Thoracotomy 4 1.82 7 Acute pulmonary
atresia edema (restrictive
ASD)
PA-VSD 4d 2 96 Sternotomy 3.5 1.75 47 Reop LPA plasty &
RV-PA opening*
PA-IVS & 6d 4 90 Thoracotomy 5 1.25 5 AV block (?
sinusoids Ischemia ?)
DORV- Smo 7.3 72 Thoracotomy 5 0.68 25 Hemorragic shock
TGA-Pulm (post-angioplasty for
stenosis distal shunt stenosis)
DORV- 17d 3.3 87 Thoracotomy 5 1.52 16 Reop RPA plasty &
TGA-Pulm additional shunt*
atresia
PA-VSD 36d 23 82 Sternotomy 3.5 1.52 1 LCO
(CPB)

Note: CPB (Cardio-Pulmonary Bypass); DORV (Double Outlet Right Ventricle); HLHS (Hypoplastic Left Heart Syndrome); PA-IVS (Pulmonary
Atresia—Intact Ventricular Septum); PA-VSD (Pulmonary Atresia-Ventricular Septal Defect); PA-VSD-MAPCA (Pulmonary Atresia-Ventricular
Septal Defect-Major Aorto-Pulmonary Collaterals); TGA (Transposition of The Great Arteries); TOF (Tetralogy of Fallot).
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