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Abstract
Introduction: Preoperative prognostic predictors are important for surgeons and 

parents to estimate the survival of patients with esophageal atresia (EA). The aim of this 
study was to update the clinical outcomes of EA treatment by comparing between the 
Waterston and the Spitz classifi cation. Materials and Methods: Medical records of the 
patients with EA treated at Queen Sirikit National Institute of Child Heath from 2003 to 
2010 were reviewed. All of the patients were categorised into 3 groups of the Waterston 
and 3 groups of the Spitz risk factor criteria for comparing of the differences in each 
group and each classifi cation. Results: One hundred and thirty-two patients (81 males 
and 61 females) were treated for EA during the study period. Applying the Waterston 
classifi cation, survival rate was 100% in group A, 91.5% in group B and 48.8% in group 
C. There was no statistical difference between the survival rate in group A and group B 
(P = 0.119) but signifi cant difference between group B and group C (P = 0.000). Using 
the Spitz classifi cation, survival rate was 97.4% in group I, 64.4% in group II and 27.3% 
in group III. There was obviously statistical difference of the survival rate between each 
group (group I vs group II, P = 0.000; group II vs group III, P = 0.041). Conclusion: 
Comparing with the prognostic predictors, the Spitz classifi cation was more valid than 
the Waterston criteria. The Spitz classifi cation is suitable to use for preoperative predictor 
to parental counselling and comparing of treatment outcomes of EA among paediatric 
tertiary care centres.
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Introduction
Esophageal atresia (EA) is the most common and serious 

anomaly of the esophagus. The abnormality was uniformly 
fatal throughout the world prior to 1939. The fi rst survivors of 
esophageal repair were reported by Leven1 and Ladd.2  Later 
on, the survival rate of the disease  continuously improved to 
more than 90% in this era.3-5 The good results of esophageal 
treatment refl ect the advances in neonatal intensive care, 
nutritional support, improvement of anesthetic and surgical 
techniques. Along with these advances, concepts of the 
prognosis and therapeutic strategy for EA management 
have been changing. Some investigators have questioned 
in the predictive validity of the Waterston classifi cation6 

which is based on risk factors including low birth weight, 
pneumonia and associated congenital anomaly. A new 
risk classifi cation was proposed by Spitz in 1990.2 Risk 
factors in Spitz’s study include only low birth weight and 

cardiovascular anomalies. Many reports have found the Spitz 
classifi cation useful for planning of the treatment, parental 
counselling and comparing outcomes in each centre.5,7-9

We have studied the results of EA management by 
using the Waterston risk factor criteria since 2000 and the 
outcomes were not satisfactory.10 We herein evaluated this 
entity again. The aim of this study was to review the clinical 
outcomes of neonates born with EA and compare between 
the Waterston and the Spitz classifi cation over the last 8 
years from a single tertiary centre for paediatrics in Thailand.

Materials and Methods
Medical records of all the neonates with EA treated at 

Queen Sirikit National Institute of Child Health between 
January 2003 and December 2010 were reviewed. Data were 
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obtained on birth weight, associated anomalies, operative 
procedures, complications and outcomes. Pneumonia and 
atelectasis were counted on the basis of radiological reports. 
The patients were categorised into the 3 Waterston6 and the 
3 Spitz risk groups.11 The survival rates in each group were 
compared by Pearson’s chi-square test. P values lower than 
0.05 were considered statistically signifi cant. The study 
protocol was approved by the Institutional Reviewer Board 
(Document No.53-060.1).

Results
During the study period, 132 neonates with EA were 

admitted to our institute. There were 81 males and 61 
females, hence the male to female ratio was 1.6 : 1. Ten 
patients were born at Rajavithi Hospital (previously 
known as ‘Women’s Hospital’), during which time there 
were 57,346 live births.12 Therefore, the incidence of EA 
was 1.7 : 10,000 live births at Rajavithi Hospital. The 
mean gestational age was 36.6 ± 8.7 weeks (range, 27 to 
41 weeks), whereas the mean birth weight was 2395.5 ± 
1208.4 g (range, 1100 to 3510 g). The different anatomical 
variations of EA are shown in Table 1. 

Associated anomalies were identifi ed in 86 patients 
(65.2%) with a total of 182 various malformations. Sixty-
three cases (47.7%) had cardiac anomalies with 49 major 
types, either cyanotic or non-cyanotic congenial heart 
diseases that require palliative or corrective surgery, 
including patent ductus arteriosus with surgical treatment. 
Seven patients had a trisomy syndrome, 4 with trisomy-21 
and 3 with trisomy-18. Six patients presented with 
the VACTERL’s association. Anorectal, vertebral and 
genitourinary malformations were noted in 23 (17.4%), 14 
(10.6%) and 13 (9.8%), respectively (Table 2).

Among the total 118 cases of EA with tracheoesophageal 
(TE) fi stula, the ratio of primary to staged esophageal 
anastomosis was 23 (19.5%) : 95 (80.5%) or 1 : 4. Seven 
patients died before defi nitive esophageal anastomosis. 
Thoracotomy with extrapleural approach was more popular 
than transpleural technique (65% : 35%). Of the 13 cases 
with isolated EA, 11 cases were defi nitely treated by 
gastric transposition, whereas 2 cases routinely underwent 
transthoracic esophageal anastomosis. 

The patients were customarily grouped according to the 
Waterston classifi cation.6  Forty-two patients were allocated 
in group A, 47 in group B and 43 in group C. The survival 
rate in each group is shown in Table 3. Survival rates of 
the patients in group A and group B were not statistically 
different (100% vs 91.5%, P = 0.119), but there was a 
signifi cant difference between group B and group C (91.5% 
vs 48.8%, P = 0.000).

Table 1. Anatomical Variations of Esophageal Atresia in the 132 
Patients

Type of esophageal atresia No.  of cases Percentage (%)

Esophageal atresia with distal 
tracheoesophageal fi stula 117 88.6

Esophageal atresia without 
tracheoesophageal fi stula 13 9.8

Esophageal atresia with proximal 
and distal tracheoesophageal fi stula 1 0.8

Isolated tracheoesophageal fi stula 1 0.8

Table 2. Associated Anomalies of Esophageal Atresia (in 86 out of 132 
Patients)

Congenital anomaly No.  of cases Percentage (%)

Cardiovascular 63 47.7

Anorectal 23 17.4

Vertebral 14 10.6

Genitourinary 13 9.8

Limb 13 9.8

Duodenal atresia 8 6.1

Trisomy syndrome 7 5.3

Others 43 32.6

Table 3. Survival Rate of the 132 Patients in Relation to Risk 
Classifi cation

Classifi cation Defi nition Total Survival 
rate

  Waterston

    Group A Birth weight over 2500g and well 42
42/42

(100%)

    Group B

Birth weight 1800 g to 2500 g and 
well or over 2500 g with moderate 
pneumonia and congenital 
anomaly

47 43/47 
(91.5%)

    Group C

Birth weight under1800 g and well 
or 1800 g to 2500 g with severe 
pneumonia and severe congenital 
anomaly

43 21/43 
(48.8%)

  Spitz

   Group I Birth weight over 1500 g with no 
major cardiac anomaly 76 74/76 

(97.4%)

   Group II Birth weight less than 1500 g or 
major cardiac anomaly 45 29/45 

(64.4%)

    Group III Birth weight less than 1500 g and 
major cardiac anomaly 11 3/11 

(27.3%)
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Regarding the Spitz classifi cation,11 76, 44 and 11 
patients were categorised in group I, group II and group 
III, respectively. There were signifi cant differences in the 
survival rates between group I and group II (97.4% vs 
64.4%, P = 0.000) and group II and group III (64.4% vs 
27.3%, P = 0.041). 

Complications of the patients are shown in Table 4. 
Causes of death in the 26 patients include major cardiac 
anomalies with congestive heart failure in 12 cases (46.1%), 
septicaemia in 10 cases (38.5%) and severe pneumonia in 
4 cases (15.4%). Of the total 132 patients, 63 cases with 
cardiac anomalies had the survival rate of only 66.7%, 
compared with the 92.8% survival rate of the 69 cases 
without cardiac defects (P = 0.001).

Discussion
The incidence of EA at Rajavithi Hospital, Bangkok, 

Thailand was slightly increased from 1.2 : 10,000 live 
births in the previous study (2000)10 to 1.7 : 10,000 live 
births in the present study. However, the total survival rate 
had dramatically improved from 40.9% to 80.3%. The 
good results of EA management refl ect the improvement 
of our teams in neonatal intensive care as a result of 
harnessing the use of modernised paediatric techniques. 
This study has updated the survival rate of EA treated at 
our institute by comparing between the Waterston and the 
Spitz classifi cations.

Preoperative risk factor classifi cation is important in 
giving surgeons and parents a realistic prognosis for children. 
Waterston6 proposed his classifi cation for EA in 1962 which 
included low birth weight, pneumonia and associated 
congenital anomalies as the risk factors. The survival rates 
from Waterston’s study were 95%, 68% and 6% in group 
A, group B and group C, respectively. He suggested that 
delayed defi nite repair should be performed for patients in 

Table 4. Complications and Major Causes of Death

Complications No.  of cases Percentage 
(%)

Severe pneumonia with atelectasis 25 18.9

Sepsis 24 18.2

Anastomotic leak 24 18.2

Congestive heart failure 20 15.2

Gastroesophageal refl ux 13 9.8

Anastomotic stricture 11 8.3

Wound infection 7 3.8

Recurrent tracheoesophageal fi stula 3 2.8

Patient death* 26 19.7

*Major causes of death: Congestive heart failure = 12; sepsis = 10; and 
severe pneumonia = 4

group B and group C. The Waterston classifi cation seemed 
to be valid in the past decades. Other authors, who had used 
this classifi cation, obtained similar results as Waterston’s 
report.13-17 In our previous study of 105 cases with EA in 
2000,10 patients in group A, group B and group C with 
the Waterston classifi cation had statistically signifi cant 
difference (88.2% : 50% : 10%; P <0.05).

In the present study of 132 cases with EA, the survival 
rate of the patients in group A and group B, categorised 
by Waterston, is not statistical different, but there was 
signifi cantly difference between group B and group C. In 
contrast, there were obvious statistical differences between 
group I, group II and group III in the Spitz classifi cation 
(Table 3). Our results of the EA treatment indicate that the 
Waterston classifi cation had the prognostic validity in the 
past with under improvement of neonatal intensive care 
including pneumonia and various associated malformations. 
With advances in low birth weight neonatal care management 
leading to improve outcomes of EA treatment, validity of 
the Waterston classifi cation was changed. The survival rates 
of group A and group B were not different and increased 
to 100% in both groups from many reports.8,18,19 This 
result shows that low birth weight of less than 1800 g to 
2500g, pneumonia and congenital anomalies are not strong 
predictors of survival in the developing period.

Spitz11 proposed a new classifi cation based on low birth 
weight of 1500 g and only major congenital heart defects. 
The survival rates from Spitz’s report were 97% in group I, 
59% in group II and 22% in group III. The Spitz classifi cation 
more accurately refl ected the prognosis of our patients in 
each group: 97.4%, 64.4% and 27.3%, respectively. This 
was borne out by the apparent statistically signifi cant 
differencet among the Spitz groups, and is similar to the 
other reports.4,5,7,20

Conclusion
The comparative study of both the Waterston and the 

Spitz risk factors in our patient groups demonstrated 
clear differences between the 2 categories. The Waterston 
classifi cation has questioned the predictive validity in 
the developing period. The Spitz classifi cation is more 
acceptable for preoperative prognostic predictor in this 
era. It may be used for parental counselling and comparing 
outcomes among paediatric tertiary care centres. 
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