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ESOPHAGEAL ATRESIA AND TRACHEO OESOPHAGEAL FISTULA ASSOCIATED WITH TETRALOGY OF FALLOT: A REVIEW OF MORTALITY 

Abstract

Introduction Esophageal atresia +/- Tracheoesophageal fistula (EA/TEF) associated with congenital heart disease (CHD) carries a worse prognosis than EA/TEF alone. Though the Spitz classification takes major CHD into account, there are no data regarding survival with the specific combination of EA/TEF & Tetralogy of Fallot (TOF). With advances in postnatal care, we hypothesised that, survival is improving in these complex patients. This study reports morbidity and mortality outcomes of newborns with oesophageal atresia and TOF cardiac malformations 
Methods All patients with EA/TEF & TOF treated at Alder Hey Children’s Hospital between the years 2000–2020, were identified.   Data sets regarding gestation, birth weight, associated anomalies, operative intervention, morbidity and mortality were analysed.
Results Of a total of 350 EA/TEF patients 9 (2.6%) cases had EA/TEF associated with TOF (M:F 4:5). Median gestational age was 35/40 (range 28 – 41 weeks) with a median birth weight of 1790 g (range 1060 – 3350g). Overall survival was 56% (5/9 cases) and all survivors remain under follow up (range 37 – 4458 days). Surgical strategies for managing EA/TEF with Fallot’s tetralogy, included 6/9 primary repairs and 3/9 cases with TEF ligation  only (+ gastrostomy +/-oesophagostomy). 
Conclusions This study reports outcome data from one of the largest series of EA TEF patients with Fallot’s tetralogy. Whilst outcomes may be challenging for this unique patient cohort, survival metrics provide important prognostic information that can be widely shared with health care teams and parents. .  
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Introduction

Esophageal atresia (EA) is a rare congenital anomaly, with an incidence of 0.3 per 1000 live births [1] and there is a well-recognised association of newborns also having congenital heart disease (CHD).  The Spitz classification system (1994) provides a robust prognostic scoring tool that shows a survival correlation with infant birth weight and presence or absence of congenital heart disease. [2, 3]. Survival for isolated EA is almost 98%; however, when EA TEF is associated with a major cardiac anomaly and low birth weight, less than 50% patients experience hospital discharge [3].   Outcomes for Tetralogy of Fallot (TOF) have significantly improved over the past 20 years, with notable advances in cardiac surgery, and such that survival beyond adolescence is reported in around 80% of cases [4] To the best of our knowledge, few (if any) large studies, have analysed clinical outcome data of EA/TEF newborns with TOF. The aim of this study, sought to reappraise outcome metrics in a modern era of care for this high-risk patient cohort, managed at a high-volume centre specialising in the multidisciplinary care of newborns with complex esophageal atresia anomalies. 

Methods

Medical records of all newborns with a diagnosis of EA, TEF and TOF presenting to Alder Hey Children’s Hospital, Liverpool, UK during a twenty year time period (2000 – 2020) were analysed.  Information from clinical coding records, cross checked with archived notes, clinic letters and operation records, ensured strict accuracy of disease phenotype(s). For the nine cases we identified, the following data were collected: gender, antenatal/postnatal imaging, pregnancy and delivery complication(s), gestational age, birthweight, date, age and cause of death (where available), Gross EA TEF classification, VACTERL associations and operative procedures.

Statistical analysis used GraphPad Prism© software (version 7.02, GraphPad Software Inc.). All data were tested for normality using the Shapiro-Wilk test.  Unpaired t-tests with Welch’s correction (assuming data do not have equal standard deviations) were deployed for comparison of means between survivors and non-survivors.  Difference(s) in gender distribution between those who survived and the non-survival cases was analysed with Fisher’s exact test.  Correlation analysis between age at death and birthweight or week(s) of gestation, was performed with non-parametric Mann-Whitney U tests.  Statistical significance  p<0.05.



Results 

350 cases of EA/TEF were identified during the 20-year study period, 9 cases (M:F 4:5) having EA/TEF with  TOF (Table 1).  Tetralogy of Fallot was suspected antenatally in all patients. EA was also suspected in 4/9 pregnancies (44%). Gestational age at birth ranged between 28 – 41 weeks.  Median birth weight was 1790 g (range 1060 – 3350g). Overall survival of EA TEF with Fallot’s tetralogy was 56%.  The majority of cases (n=7) were of Gross type C EA (75%), with two cases having Gross type D EA (25%) [5] 

Six cases had successful primary oesophageal anastomosis and ligation of TEF, with five patients here surviving (83%).  A single patient required a defunctioning colostomy for an anorectal malformation .

Three cases had TEF fistula ligation only, with formation of a feeding gastrostomy; one of whom also required a cervical oesophagostomy and duodenojejunostomy for congenital duodenal atresia.  This complex patient had associated chromosomal duplication(s). No single patient here, who had TEF fistula ligation and feeding gastrostomy, survived long enough to have staged oesophageal repair.  Median age at death was 121 days (range 10 – 159 days). 

For the four non surviving patients, causes of death included: (a) sepsis, (b) withdrawal of active medical care due to ventilator dependence, (c) global ischaemic hypoxic brain injury following a prolonged cardiac arrest after stenting of the right ventricular outflow tract and (d) pulmonary haemorrhage.  All 4 patients were born prematurely, before 35 weeks gestation. There was a statistically significant correlation between prematurity and death (p = 0.0159) (Graph 1). All patients who died, had significantly lower birthweights compared with survivors (p = 0.0317) (Graph 2).  There were no gender differences comparing those who survived and non survivors (p = 0.486). 

Discussion 

The results of this study, clearly demonstrate the fragility of EA TEF newborns with tetralogy of Fallot, with a recorded survival rate of only 56% compared to >95% survival noted in babies without major CHD [2]. 
The prevalence of EA TEF associated with CHD, varies widely and is reported between some 15%–70% of cases [1, 6].  To date, there are few (if any) published studies, that specifically address prognosis of EA TEF with TOF.  EA TEF associated with TOF occurs in some 0.9%–4% of all EA cases recorded in the literature [1, 7, 8].   At our specialist centre, with a large EA TEF patient cohort, the incidence rate was 2.6%. 

The first successful EA TEF repair in a patient with TOF, was reported in 1996, and at one year follow up, this infant was alive and well [9].  However, crucially, follow up beyond 1 year of age was not subsequently reported.  Leonard et al. reported 26 cases of babies born with EA TEF and CHD.  Two patients had the combination of EA TEF with TOF, both of whom died, one at 236 days from catastrophic oesophageal haemorrhage and the second child, during a cardiac surgery operation to repair the TOF at 455 days [1].  Stoll et al. documented 5 cases of EA TEF with TOF, but did not specifically analyse or report the survival outcomes for these patients [7].  Puri et al. described the largest series of patients with EA TEF and duct dependant heart disease (n = 124), strikingly, some 37 cases here had EA TEF with TOF [10]. They found mortality to be notably higher in EA TEF cases with duct dependent CHD vs CHD alone (22.1% vs 8.4%) but again did not specifically report the mortality data for EA TEF with TOF.  This study additionally confirms our data findings that newborns with the EA/TEF/TOF phenotype are more likely to be born prematurely than babies with EA TEF and CHD disease alone.  Another study, reporting on some 53 children with EA TEF (25 of whom had CHD), noted 100% survival in those without CHD; in EA TEF with non-duct dependant CHD survival was 94.7% and in those babies with EA TEF and duct dependant CHD only 17% were alive.  The authors here, unfortunately, do not define or report their EA TEF TOF cohort patient outcomes [11]. Categorising all patients with CHD together to offer survival prognosis scoring for EA TEF with TOF, lacks an evidence bases. We submit that TOF represents a severe critical CHD phenotype in EA TEF patients linked with almost 50% mortality compared to any other forms of CHD. 

Three significant findings in our study are worthy of noting: (a) no survival in babies born < 35 weeks gestation, (b) no survival at birthweight <1200g, and (c) no survival in index cases where primary oesophageal anastomosis and TEF ligation was not achievable. 

We found it unhelpful to evaluate our EA TEF and TOF phenotype using the currently available prognostic scoring systems (notably Spitz [2], Waterston [12] and Montreal classifications [13]) (Table 2).  Considering Spitz classification, six of our patients would be defined as Spitz Group II, with a predicted survival of 59%; our study survival for this group was 83%.  Three patients in our series would also have been categorised as Spitz Group III, with a predicted survival of 22%; in this group we had zero survival.   We therefore suggest that patients with critical duct-dependent CHD and EA TEF, cannot be readily offered accurate survival prognostic scoring using such methods. 

Recommendations for termination of pregnancy or palliation postnatally, may be practiced, based on the current survival outcome data for EA TEF patients with tetralogy of Fallot.  It should be noted however, that the survival for babies born with EA TEF and CHD, have substantially improved almost 7 fold over recent decades [1, 8].  Appreciating that EA TEF TOF patients are a very high risk group is acknowledged, though we would counsel, from our experience herein reported, that high volume centres with MDT services managing a complex EA TEF case load may achieve perhaps better outcomes. 

Conclusion

In summary, this study has clearly shown that better survival rates (56%) than hitherto reported, can be achieved in patients born with EA TEF and TOF; outcomes are not always dismal. Prematurity, low birthweight and failure of primary anastomosis are all contributory risk factors for mortality. In these complex clinical scenarios, it is vital to share this knowledge to aid counselling of parents, clinical decision making and the development of care pathways. We emphasise that multidisciplinary team work amongst heath care professionals, is crucial in the planning and delivery of care with such complex cases. 





















Table 1: Summary of patients with EA/TEF and TOF
	
	Birth weight 
(g)
	Gestation 
(weeks) 
	Type
	Associated anomalies 
	Primary procedure 
(day of life)
	Cardiac surgery 
(Day of life)
	C
Age at death (days)

	1
2007
	3140
	40+
	C + H
	nil
	Ligation of fistula and primary repair of oesophagus 
(2)
	Repair of tetralogy of fallot 
(462)

	Alive

	2
2009
	3350
	40+
	C
	nil
	Ligation of fistula and primary repair of oesophagus
(1)
	ASD/VSD closure, PDS ligation, pulmonary valvotomy
(112)
	Alive

	3
2011
	3200
	40+
	C
	Anorectal malformation
	Ligation of fistula and primary repair of oesophagus
Sigmoid colostomy 
(1)
	Repair of tetralogy of fallot 
15/12/11
(15)
	Alive

	4
2015
	1790
	31+4
	C
	nil
	Ligation of fistula
(1)
	n/a
	159

	5
2016
	1200
	34+2
	C
	Ch 6&7 deletion 
Ch 3 duplication
Duodenal atresia 
	Ligation of fistula
Oesophagostomy 
Duodeno-jejunostomy 
Gastrostomy 
(1)
	n/a
	136

	6
2017
	1060
	28+1
	C
	Bilateral hydronephrosis 
	Ligation of fistula and formation of gastrostomy 
(1)
	n/a
	10

	7
2018
	1120
	32+2
	C
	Metabolic bone disease
	Ligation of fistula and formation of gastrostomy 
(1)
	n/a
	106

	8
2019
	1770
	36+0
	C
	Nil
	Ligation of fistula and primary repair of oesophagus
(1)
	Balloon pulmonary valve 
(69)
PDA stent
(104)
	Alive

	9
2019
	2180
	35+0
	C
	Coanal atresia
	Ligation of fistula and primary repair of oesophagus
(1)
	n/a
	Alive






Table 2: Survival in our cohort compared to current prognosticating tools
	Classification system 
	Predicted survival according to classification system 
	Actual survival in series 

	Waterson A
	95%
	n/a

	Waterson B
	68%
	n/a

	Waterson C
	6%
	56% (5/9)

	
	
	

	Spitz I
	97%
	n/a

	Spitz II
	59%
	83% (5/6)

	Spitz III
	22%
	0% (0/3)

	
	
	

	Montreal – low risk 
	92.7%
	n/a

	Montreal – high risk 
	30.8%
	56% (5/9)






Table 3: Suggested prognostic stratification
	Criteria 
	Predicted survival 

	EA/TEF with TOF and B/W > 1500g
	83%

	EA/TEF with TOF and B/W < 1500g
	33%



[image: Macintosh HD:Users:Kat:Desktop:Gestation- re-analysis.pdf]
Figure 1:  Scatter plot with mean and SD comparing the birthweight of survived vs deceased cases. *p<0.05
[image: Macintosh HD:Users:Kat:Desktop:Gestation- re-analysis.pdf]
Figure 2:  Scatter plot with mean and SD comparing the gestation age (in weeks) of survived vs deceased cases. Dotted line indicates term at 37 weeks. *p<0.05
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