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Abstract. The aim is to study the profile of congenital
tracheoesophageal fistula with or without esophageal atresia with the
effect of modalities of surgical and postoperative management on their
outcome. Retrospective study of the records of all cases that had been
diagnosed as congenital tracheoesophageal fistula with or without
esophageal atresia treated at King Abdulaziz University Hospital,
between 1992 and 2007 inclusive were reviewed. A total of 48
neonates were studied. Forty-three cases (72.8%) had esophageal
atresia with distal fistula: ten cases were pure esophageal atresia; one
case had esophageal atresia with proximal and distal fistulae. Four
cases had H-type of tracheoesophageal fistula. On applying the
Waterston prognostic classification to all patients, the survival rate
was 94.5%, 76.2% and 22.2% for classes A, B and C, respectively.
Incidence of esophageal congenital anomalies in KAUH was 1:3574
life births, with male: female ratio 3:2. The overall mortality rate was
25%, whereas the mortality rate among operated cases was 20%.
Seven cases developed stricture (15.5%) and 5 had anastomotic leaks

(11.1%).
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Introduction

The first recorded case of esophageal atresia (EA) was in 1670, by
Durston''!. He found a blind-ending upper esophagus in one of a pair of
female thoracopagus conjoined twins. Gibson” in 1697, however,
documented the first classic description of an EA with distal fistula. In
1936, Simpson-Smith"®! was the first to attempt a correction of EA at
Great Ormond Street Hospital, London, UK. However, Lanman'*! was
the first to perform an extra pleural repair in 1936. His patient lived for
only 3 hours, and in 1940 he reported his experience with 30 operative
cases, all of whom died. He stated that with greater experience,
improved technique and good luck, success would soon be reported.
Only 3 years later, in 1939, Leven!™ and Ladd!® independently reported
the first survivors, but only after staged reconstruction. Haight and
Towsley!”! performed the first successful primary repair in a 12-day-old
female neonate, this after 10 previous unsuccessful attempts. Different
treatment protocols are available in literature describing variable
methodology about management of such congenital anomalies, all of
which are discussing the preoperative, operative and postoperative
management.

Method

All medical records of patients that had been diagnosed to have EA
with tracheoesophageal fistula (TEF) seen at King Abdulaziz University
Hospital, Jeddah, Saudi Arabia, between 1992 and 2007 inclusive were
reviewed. Retrospective analysis was done for demographic data,
preoperative, operative as well post operative details. Furthermore,
prognostic factors like prematurity, birth weight, associated congenital
anomalies, respiratory status at referral or pre-operatively, and
chromosomal abnormalities were studied. All the pediatric surgeon
consultants dealing with these anomalies were applying the management
protocol (mentioned below) as strict as applicable. Only the cases on
which this protocol was applied were included in this study.

Management protocol of the surgeon was applied on all patients as
follows: Preoperative diagnosis was built on antero-posterior and lateral
neck, chest and upper abdomen X-ray, or baby gram, with nasogastric
tube pushed nasally, (as contrast study should not be ordered). ECHO,
renal and brain ultra sound was done routinely. Neonatal care, included
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antibiotics and ventilation was provided according to patient's need and
neonatologist opinion. Patient was nursed supine with head up position
if there was lower oesophageal fistula, and in head down if was absence.
Nasoesophageal tube (double lumen type) was inserted and connected to
low continuous suction.

The operative procedure included right dorsolateral thoracotomy,
extra pleural approach, ligation and trans-section of the azygos vein, then
ligation, trans-section and repair of TEF using a 5/0 non-absorbable
monofilament suture. The upper pouch was located, dissected and
anastomosed to the lower esophagus, using a 5/0 non-absorbable
monofilament suture, then an inter-costal chest tube / under water system
was inserted. If dealing with long gap, bridging was overcome in the
following order; upper pouch dissecting was done, with or without
Livaditis circular myotomy, at one, two or three levels. Then, the lower
esophageal dissection with Livaditis myotomy was also done, only if it
was needed.

Results

Fifty-nine neonates were found with different esophageal congenital
anomalies and managed by the same permanent consultant pediatric
surgeons at the centre. The studied 48 cases were diagnosed as TEF with
or without EA. All of whom were treated following the management
protocol mentioned above.

A total 57.9 % had associated congenital malformations, the details
of which are listed in Table 1. Cardiac malformations affected 28% of
the cases, 4 had cleft palate, skeletal anomalies 9% of cases,
genitourinary 3%, and isolated renal anomalies affected 2%.
Furthermore, 8% VATER, 4% had VACTERL (Vertebral, Anal, Cardiac,
Tracheoesophageal, Renal or Radial, Limb) associations, while one had
chromosomal abnormality as a case of Edward's syndrome. Two cases
had conal atresia and one had congenital diaphragmatic hernia. Then, the
different types were studied separately.

EA with Distal TOF (43 cases)

Forty-three cases had EA with distal TOF, 33/43 cases (76.7%) were
delivered by SVD, and were full term, while 10/43 cases (23.3%) were
delivered preterm with a mean gestational age of 33 weeks. Only 15/43
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cases (34.9%) were delivered at our center. Birth weight ranging from
0.63 — 4 kg (mean 2.75 kg). An APGAR score at 1 minute ranged 1-9
(mean 6.7) and a score at 5 minute ranged 5-10 (mean 8.9). In Table 2,
details of hospital course of cases with EA and distal TEF according to
age at surgery are illustrated. The number of neonates presented with
drooling was 32/43 cases (74.4%), and 8/43 cases (18.6%) presented with
cyanosis. All patient diagnosed by chest X-ray, which showed a coiled
NGT in upper esophagus and gas in the stomach; 8/43 (18.6%) of them
had preoperative contrast study before referral which supported the
diagnosis.

Table 1. Shows congenital abnormalities of different types of esophageal anomalies.

Congenital Anomalies EA with distal TEF cases N =43 H-type Fistula N = 4
Cardiac 14 32.5% 0
Skeletal 5 11.62% 0
Imperforated Anus 4 9.3% 0
Renal and Genitourinary 3 6.97% 0
VATER 4 9.3% 1 25%
Chromosomal 1 3.2% 0
VACTERL 2 6.5% 0
Cleft palate 2 6.5% 2 50%
Coanal atresia, 2 6.5% 0
Diaphragmatic hernia 1 3.2% 0

Table 2. Shows details of hospital course of cases with EA & distal TEF according to age

at surgery.

Parameter <72 Hr N=30 <14 DayN=9 Late N=1
TAT out (days) (mean + SD) 15.6+5.21 18+3.2 35
CT out (days) (mean + SD) 14.2 £ 3.51 12.5+3.24 35
Ba swallow (days) (mean+ SD) 11+3.21 12.6 £2.15 10
Leak (n) 3 (Livaditis in 1) 2 1
Ventilation (days) (mean + SD) 37+£1.2 39+1.9 6
NGT feed (days) (mean £SD) 6+22 52+1.8
Oral feed (days) (mean + SD) 14+52 14.6 +4.2 23
Last F/U (years) (mean + SD) 37+£13 4+£22
Stricture (n) 3 3 1
Dilatation (n) 2 cases twice &1 case x 4 2 1 case x 10 times
Hospitalized (years) (mean + SD) 26+ 6.3 26+4.3 30+£3.3
Deaths (n) 9 0 0

Thirty (69.8%) cases were operated upon within 72 hours of birth;
twenty nine cases had thoracotomy, fistula ligation and esophageal
anastomosis, while only one of them had Livaditis myotomy. All except
one had extra pleural approach. One case had only laparotomy
(gastrostomy and colostomy); no thoracotomy was done.
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Nine (20.9%) cases were operated upon during the 2" week of their
life. Seven of them had extra pleural approach; Livaditis was not done in
any of the nine cases.

One (2.3%) patient of the 43 cases was operated on the 86" day of
life, due to late referral, where at day one gastrostomy and colostomy
were done in a different hospital. Repair through extra pleural approach
with Livaditis myotomy was performed on the patient.

Almost 50% of our patients were Saudi and 63% were males.
Unfortunately, 47% of the patients’ studies were delivered as un-booked
deliveries, giving an acceptable reason for lacking of some patient's
information.  Stricture was found in 6 (13.9%) cases, all strictures
underwent balloon dilatation; with mean 2.33 dilatations. It was
successful in all cases except in one, where gastrostomy was done due to
failed dilatation. Leak complicated 5 (11.6%) cases; all were managed
conservatively by NPO and antibiotic. It was also successful in all cases,
except one case which required re-operation and end-to-end anastomosis.
This group mortality (12 cases) were 9 died after definitive surgery and 3
died before definitive surgery (1 Edward's syndrome), while 2 cases had
gastrostomy, only due to associated major congenital anomalies. Table 3
describes details of the nine deaths after definitive surgery and Table 4
shows details of the three deaths before definitive surgery.

Table 3. Shows the characters’ of the nine deaths after definitive surgery.

Sex | GA ]i‘;] Anomaly Death Notes
1 F FT 1.86 (VACTER +conal died ]ch day post
atresia) operative
2 M FT 2.65 (CHD) died ]ch day post due to septicemia
operative

arrested within

3 F 36wk @ 225 (CHD: dextrocardia) 24 h of operation
4 F FT 245 (Conal atresia) died 9$th day post leak, re-operated at
operative 2 months
5 F | FT | 319  (Renalanomaly +CHp) | dicd 14thday post
operative
died at the age of re-operated for
6 F 35 wk 2 22days fistula closure
7 M FT 303 (Conal .atresm + died 4flth day post
atrophic eyes) operative
8 M FT | 239 (VATER +CHD) died S4th day post
operative
9 F FT 5 (radial anomaly + short | died 56th day post Tension at repair

neck

operative
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Table 4. Shows the three deaths occurred before definitive surgery.

Sex GA BW kg Anomaly Death age Procedure
Fistula ligation
died at 38" day post | gastrostomy and

1 M 24 wk 0.63 (CHD +NEC) operative colostomy, (NEC)
bowel resection
(huge CDH died after No thoracotomy
2 M 32 wk 1.9 +VATER) laparotomy laparotomy only
3 M FT 2.16 (Edward syndrome) | died after 24 Hrs Only gastrostomy
and colostomy
H-type TOF

Four (7.02%) cases with H-type TOF were treated; 3 (75%) cases
delivered by SVD; 3 (75%) cases were FT and 1 (25%) case had GA of
34 wks. All cases were transferred from other hospital. Two (50%)
cases presented with recurrent pneumonia, and another 2 (50%) cases
presented with cyanosis. All patients were diagnosed by preoperative
contrast study which showed communication between the trachea and
esophagus. Two (50%) cases underwent extra pleural thoracotomy
approach; the other 2 underwent cervical approach. The age at operation
ranged from 17 - 1020 days (255 day). Contrast, swallow was done from
7 - 8 days. Three patients were extubated immediately after operation;
one patient required long period ventilation. Nasogastric tube feeding
was started 1 - 5 days with an average of 3 days. Oral feeding started
between 5 - 8 days (6 days). No death occurred. Hospitalization period
was 7 - 105 days with an average of 35 days. Last follow-up age was 9 m
- 5 years (2.25 years).

EA with Proximal and Distal Fistulas

Only one (1.75%) case had this diagnosis; a product of SVD. The
patient was transferred from another hospital with a BW of 2.0 kg. The
patient presented with drooling and cyanosis. Diagnosis reached by
preoperative contrast study; chest and abdomen X-ray showed a coiled
NGT and gas in the stomach. The patient was operated upon at the age
of 7 days through extra pleural approach, and had smooth post operative
period with no leak. Although, the patient developed stricture, he
responded well to balloon dilatation twice.

Table 5 summarizes the course of different types of the TOF +/- EA,
and Table 6 shows plotting of results according to Waterston, Spitz &
Montréal classification.
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Table 5. Summary of course of different types of the TOF with or without fistula.
EA with distal TE EA with Prox.
Fistula H'tprf IOF & Dist. Fistulae
N =43 ~ N=1
Birth weight kg Mean + SD 2.75+2.1 3.1+£1.23 2.0
Gestational age Mean + SD 33+59 34+5.1 33
- 2)Recurrent
Presentation Drooling in 32. (Pileumonia With drooling
(85.96%). cyanosis 9 .
(2)cyanosis
. ) Coiled NGT, gastric- Contrast Study & Coiled NGT and
Diagnosis gas 8 cases, Preop. Stomach Gas Pre-
contrast study Bronchoscopy operative contrast
38 cases with extra- 2 cervical 2 extra
Approach (n) pleural & 3 cases no extra pleural
definitive repair pleural
Livaditis(n) 2
Age at op. days Mean = SD 4+£39 140 + 30.1 7 days
TAT out days Mean + SD 16.8+7.21
Ventilation days Mean + SD 4.04+35
NGT Feeding days Mean + SD 559+48 3+23
Oral Feeding days Mean + SD 144+6.5 6+1.2
BA swallow days Mean + SD 12.06 £ 4.9 13.7+ .25
Leak(n) 5 No leak
Stricture(n) 6 1
Dilatation Mean + SD 1.74+1.32 2
Hosp. Period days Mean + SD 27.19 +20.41 12.3+5.98
Death (n) 12 0 0
Table 6. Plotting of the results according to Waterston, Spitz & Montréal classification.
Classification Patients Survival Rate
WA 18 94.5%
Watterson W B 21 76.2%
WC 9 22.2%
I 34 88.2%
Spitz 11 13 53.8%
11 1 100%
Montreal 2 high r.isk 6 50%
1 low risk 42 80.4%

W A - Birth weight > 2500 g and otherwise healthy
W B- Birth weight 2000 — 2500 g and Well or higher weight with moderate pneumonia, and congenital anomaly
W C Birth weight < 2000 g or higher with .sever pneumonia and sever congenital anomaly
Spitz I Birth weight > 1500 g without major congenital heart disease
Spitz II Birth weight < 1500 g OR major congenital heart disease
Sptiz Il Birth weight < 1500 g AND major congenital heart disease.

Discussion

Stringer et al.'® showed that in 87 mothers, whose fetus was found to
have a small or absent stomach, only 15 fetuses (17%) had EA at birth.
However, when the small or absent stomach was accompanied by
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hydramnios, the positive predictive value for EA was 56%. There is a
well-known incidence of additional congenital anomalies in infants with
esophageal atresia. In a cohort of 253 infants, 122 (48%) had 213
associated anomalies”. The VACTERL association may be attended by
an increased mortality rate or multiple associated malformations. At
least 3 components of the VACTERL association were present in 10% of
the patients. Of the cardiac anomalies, ventricular septal defect was the
most common, followed by clinically significant patent ductus arteriosus
and tetralogy of Fallot.

The CHARGE Association!'”! (coloboma of the eye, heart anomaly,
choanal atresia, retardation, and genital plus ear anomalies), present in
2% of their cases, carried a high mortality rate (70%), mainly related to
the presence of major cardiac anomalies. In the presence of duodenal
atresia associated with EA and TEF, ligation of the distal TEF takes
precedence. In favorable circumstances it may be combined with primary
esophageal anastomosis followed by duodenoenterostomy!'. Cleft lip
and palate were present in 2.6% of cases in one study and were
associated with a mortality of 54%. Again, this was due to a severe
cardiac anomalies or the presence of multiple associated anomalies!'?),
The incidence of congenital esophageal stenosis was estimated at
1:25,000 to 50,000 live births, and the incidence of other congenital
anomalies associated with CES ranges from 17% to 33%!"*). There are 3
pathologic/ histological types of CES that have been described in the
literature: (1) Fibro muscular thickening, (2) cartilaginous ring, and (3)
membranous web!' !>,

The prevalence of 2/10,000 EA with or without TEF, according to
this study is close in our area in comparison to other reports of 2.6 and
2.86 in Europe and Hawaiil'®'®. Our population was consistent with
those of previous published reports on EA/TEF with regard to anatomic
types; male-to-female ratio, associated congenital anomalies, and
complications of treatment!'*?"!. In this study, 7.0 % had chromosomal
abnormality, (1 case had Edward syndrome and 2 other cases had Down
syndrome) compared to 10% in Depaepe et al.!'"®! and 8% in Konkin er
al®". Furthermore, 8% had VATER, and 4% had VACTERL,
associations were fewer, in comparison with 37% in other reports®*. In
agreement with Rogers ef al.'®! and Giadaro er al'**!, it was found that
mortality was mainly related to the presence of severe multiples
associated congenital malformations and severe congenital cardiac
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malformations. The results of applying the Waterston prognostic
classification to patient population in this study was shown in Table 6.
Also, Montreal and Spitz classification survival rate was applied. The
survival rate in this series was comparable to other neighboring Gulf
countries”?® but it was less than the results published by David E.
Konkin et al.®. According to this study, EA cases with distal TOF the
overall mortality rate was 25%, 12/48 (12 cases). The mortality rate in
operated cases was 20%, 9/45 (9 cases), and 5 cases (11.1%) 5/45
developed localized leakage. This anastomotic leakage rate was
comparable to many other modern series’® ", Seven cases developed
esophageal strictures post operatively making an incidence of (15.5%) in
this series, it was slightly lower than that seen by others. This may be
attributed to the more homogeneous patient population that had been
studied, omitting those with pure EA the likely longer gap disease!**"/.

One of our patients had Livaditis myotomy for long gap. This patient
had developed post operative leak and treated conservatively. Distal
circular myotomy was very useful, however, delicate procedure that can
help solve the problem given by long gap EAP?. At any rate, tension
was a more important risk factor of anastomotic leak of the 2 variables,
as it has been reported by others in both clinical and laboratory
studies'******!. This study reported a series of 4 isolated H Type TEF
cases (6.7%), in which all of them were diagnosed using preoperative
contrast study and bronchoscopy. Two cases (50%) underwent extra
pleural approach; the other 2 underwent neck approach. The outcome
was favorable in all cases with no major complications. The classical
symptoms constitute the triad of Helmsworth and Pryles®**!, were
coughing and aspiration during feeding, abdominal distention and
repeated cyanosis and pneumopathy. The initial radiological
investigations consisted of a plain chest X-ray and a contrast swallow.
The former symptoms may show suggestive signs such as gastro-
intestinal and in particular esophageal, and gaseous distension”***!. For
some authors, a contrast swallow was sufficient to make the diagnosis.

In a series of 30 patients reported by Beasley®” the initial contrast

swallow demonstrated the fistula in 73% of cases and in all patients by
the third attempt. In this study, 4 patients with H-type fistula were
reported: 2 cases (50%) presented with recurrent pneumonia, and the
other 2 cases (50%) presented with cyanosis. All of them were diagnosed
preoperative contrast study that showed communication between the
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trachea and esophagus. Endoscopy enables direct visualization of the
TEF. This examination has become more reliable and less dangerous
with the improvements in anesthetic techniques and endoscopic
equipment. A tracheoscopy performed under general anesthesia during
spontaneous ventilation allowed the fistula to be visualized directly and
its origin with respect to the carina or the vocal cords to be accurately
established.  This determined whether a cervical approach was
appropriate for surgical treatment of the fistula or not. In the reported
series, the postoperative mortality was not negligible. Chavrier'*”!
reported a frequency of 6:66, Bedard'*'! 4:20 and Yazbeck 1:16. In all of
these cases, mortality was due to respiratory problems (infection,
respiratory distress, recurrence or inhalation), in particular when a
thoracotomy was performed”®***!!. None of our patients died, and none
developed stricture or leakage. It is important to notice that the incidence
of this disease in our centre, according to total number of life birth was
1:3574.

Conclusion

The continue usage of management protocol is recommended.
Incidence of esophageal congenital anomalies in KAUH was 1:3574 life
births, with male: female ratio 3:2. The frequency of different sub-types
seen in our centre was as follows: (72.8%) had EA with distal fistula;
16.9% were pure esophageal atresia; the H-type of tracheoesophageal
fistula was 6.7%. While 1.7% had EA with proximal and distal fistulae,
and only 1.7% had congenital esophageal stenosis. The overall mortality
rate was 25%, 12/48, whereas the mortality rate in operated cases was
20%, 9/45. Anastomotic stricture was seen in 15.5% and the leak was
11%.
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