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Abstract

Objective The role of preoperative contrast-enhanced

computerized tomography (CT) of chest with three-dimen-

sional (3D) reconstructions was evaluated in neonates with

esophageal atresia and tracheoesophageal fistula.

Methods This was a prospective study which investigated

30 cases of esophageal atresia with tracheoesophageal

fistula. All patients were evaluated preoperatively with

contrast-enhanced spiral CT using a low-dose CT protocol.

3D CT reconstruction images were evaluated for the type

of esophageal atresia, the distance between the upper and

lower esophageal pouches, origin, level and position of the

fistula, and the presence or absence of any other cardiac,

pulmonary or mediastinal lesions and the findings were

correlated with the findings at surgery. The radiation dose

for each patient was calculated using the formula—Effec-

tive dose (E) = DLP 9 (E/DLP)age.

Results All the 30 cases had type-C esophageal atresia

with tracheoesophageal fistula as per Gross classification.

The exact site of the fistula could be identified only in 26

(80 %) cases. The mean gap between the upper pouch and

lower fistula was 0.95 ± 0.57 cm (range 0.2–2.8 cm) on

CT scan and 1.38 ± 0.61 cm (range 0.5–3.2 cm) at sur-

gery. On statistical analysis, the correlation was found to be

significant (p \ 0.0001). In addition, lung pathology

(consolidation), cardiac pathology and vertebral anomaly

were also detected on CT scan in some cases. The mean

radiation dose for the neonates who underwent CT chest

was calculated to be 1.79 mSv which is significantly high.

Conclusion Though preoperative CT scan of chest has

many advantages, it involves significant exposure to ion-

izing radiation and risk of radiation-induced cancer in the

future. Additionally in 20 % of cases, the fistula could not

be located on CT scan. The most common variety of

esophageal atresia and tracheoesophageal fistula is Gross

type C (86 %) that has low to intermediate gap (97 %) and

can be anastomosed primarily. Thus, CT scan can provide

good anatomical delineation, but may not help in surgical

decision making. Hence, performing CT in these cases

would unnecessarily expose the neonates to ionizing radi-

ation. Therefore, there is no role for CT scan in the routine

preoperative assessment of EA with distal TEF.

Keywords Esophageal atresia � Tracheoesophageal

fistula � 3D CT reconstruction � Radiation risk

Introduction

Esophageal atresia (EA) with tracheoesophageal fistula

(TEF) is one of the most common correctable congenital

anomalies encountered in pediatric surgery [1]. Of all the

cases of EA with TEF, EA with distal TEF is the most

common anomaly (86 %). The reported incidence of EA

with proximal TEF is only 0.4–3 %. A few recent studies

have found the incidence of proximal fistula to be between

5 and 7.7 %, arguing that most of these are missed at initial

surgery [2, 3]. Proper preoperative assessment helps in

prognostication and proper surgical care. Apart from the

clinical assessment, chest radiograph with a stiff orogastric

S. K. Mahalik (&) � K. L. Narasimhan � K. L. N. Rao

Department of Pediatric Surgery, Advanced Pediatric Center,

Post Graduate Institute of Medical Education and Research

(PGIMER), Chandigarh, India

e-mail: dr.santosh25@gmail.com

K. S. Sodhi

Department of Radiodiagnosis and Imaging,

Advanced Pediatric Center, Post Graduate Institute of Medical

Education and Research (PGIMER), Chandigarh, India

123

Pediatr Surg Int (2012) 28:961–966

DOI 10.1007/s00383-012-3111-9



tube has been the preferred investigation. Assessment of

the interpouch gap is a crucial factor in risk stratification

and prognosis. Preoperative endoscopy and bronchoscopy

have been advocated by many as an adjunct to these

studies. Apart from being invasive, these investigations do

not help in accurate assessment of gap [19–21]. The advent

of computerized tomography (CT) has revolutionized

diagnostic imaging and many authors have advocated the

use of CT scan in preoperative evaluation of EA in TEF

patients, as it is a quick, noninvasive procedure that pre-

cisely delineates the anatomy of TEF, accurately assesses

the interpouch gap and delineates the spatial relationships

of the two esophageal pouches and the TEF with the help

of 3D images [24–28]. Preoperative CT of chest has also

been previously reported as a useful investigation to

diagnose proximal and H-type fistula [4].

Although CT scan has been advised as a good adjunctive

study in preoperative evaluation of EA with TEF, issues

with radiation exposure from CT scanning have never been

highlighted in previously described series. So, the present

study was conducted for defining the role of preoperative

3D CT reconstruction in patients with EA with TEF. We

also calculated the radiation dose, so as to find out whether

the information from the 3D CT reconstruction was of

benefit to the patient and surgeon in view of associated

radiation exposure.

Materials and methods

This prospective study was conducted between September

2009 and May 2011, at the Departments of Pediatric

Surgery and Radio Diagnosis and Imaging, Advanced

Pediatric Center, Post Graduate Institute of Medical Education

and Research (PGIMER), Chandigarh, India. The study

protocol was analyzed and approved by the ethical com-

mittee of PGIMER. A separate consent paper was prepared

for the parents, with detailed information regarding pur-

pose of the study, procedure details, X-ray radiation risk

and CT scan risks.

Thirty cases of EA with TEF, admitted in the neonatal

surgical intensive care unit (NSICU), were randomly

selected to be included in the study. Clinical diagnosis of

EA with TEF was prompted by a history of maternal pol-

yhydramnios, excessive drooling of saliva, respiratory

distress and cyanotic episodes associated with feeding at

birth. The diagnosis was confirmed radiologically by a

plain radiograph of chest and abdomen with a red rubber

catheter/an infant feeding tube in situ.

All the patients underwent standard preoperative man-

agement including clinical and radiological assessment for

other associated congenital anomalies. After complete

physiological stabilization, parental counseling and written

informed consent, all the neonates were wrapped in warm

cotton pads and transported to the CT scan suite in a properly

equipped neonatal incubator. Before CT, the proximal pouch

was thoroughly aspirated with a suction catheter and oxygen

was provided through a nasal cannula during the whole

procedure. All CT examinations were performed using

a low-dose CT protocol. Contrast-enhanced spiral CT

examination was performed with a HiSpeed Advantage

scanner, Toshiba aquillon�, 64 slice MDCT (V3.30 ER001,

Toshiba America Medical System). Nonionic contrast agent

(Iohexol) was used at doses of 1.5 ml/kg. Scanning was

performed at 100–120 kVp and 40–60 mA. CT dose index

(CTDIvol) and CT dose length product (DLP) was noted in

each case for calculation of radiation dose to the neonates.

All images were obtained in the axial plane with 0.5 mm

contiguous sections in a cranio-caudal direction from the

larynx to the dome of the diaphragm. The scanning time was

also noted. 3D CT reconstruction was performed on the

Advantage Aquarius TeraRecon workstation� using 3D

analysis software and multiplanar reconstruction (Fig. 1).

Stored screen-saved images were obtained and after CT all

the neonates underwent surgery; the CT findings were cor-

related with surgical results.

Type of atresia was classified as per Gross classification

[5]. The 3D CT-reconstructed images were carefully

evaluated for the type of esophageal atresia, the distance

between the upper and lower esophageal pouches, origin,

level and position of the fistula, and presence or absence of

any other cardiac, pulmonary or mediastinal lesions. To

avoid any motion artifacts, the first 20 neonates were

sedated using midazolam intravenously in doses of 0.2

mg/kg body weight, after a due parental consent. The

patients were carefully monitored during and after the

examination. Sedation was avoided in the last ten cases.

Intraoperatively, the gap between the two esophageal

pouches was meticulously measured following initial dis-

section to define the pouches, but before mobilization of

pouches. A silk thread between two artery forceps was used

to define the gap between the lowermost limit of the upper

pouch to the highest point of the lower esophageal fistula.

The silk suture was then placed alongside a standard scale

and was measured in centimeters.

The patient’s individual radiation dose was obtained by

calculating the effective dose, using the formula: Effective

dose (E) = DLP (dose length product) 9 (E/DLP)age.

(E/DLP)age, is an age-specific conversion factor for children

undergoing chest CT examination [6]. All the further cal-

culations were made using 0.039 as the normalized value

of E/DLP [7, 8].

Statistical analysis was performed using SPSS version

17 and Graph Pad Prism 5 software. The correlation

analysis was done using Pearson correlation analysis and

the ‘p’ value of \0.05 was taken as significant.
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Results

All the 30 cases had type-C EA and TEF as per Gross

classification [5]. There were 22 males and 8 females. All

the neonates were full term with mean birth weight of

2.41 ± 0.35 kg (range 1.8–3.37 kg). There were no pro-

cedure-related complications, but two patients developed

apnea during transit from scanning suite to NSICU. In six

cases, fistula could not be identified on CT scan, in the

axial, sagittal or 3D reconstruction view. In another two

cases, the fistula could be identified only on axial and

sagittal view, but not on 3D reconstruction view. In another

two cases, the lower pouch could not be seen, but the fistula

could be identified as a small dimple around the carina,

which was confirmed at surgery (Fig. 2).

Out of the 30 patients, end to end anastomosis was done

in 26 cases (86 %) and the remaining 4 (6 %) cases

underwent fistula ligation along with cervical esophagos-

tomy and gastrostomy as primary procedure because of

friable lower pouch in 3 cases and due to long gap in 1

case. Of the 26 cases with primary repair, 3 (11 %) had

anastomotic leak, for which gastrostomy was done in 1

case and gastrostomy with feeding jejunostomy in the other

2 cases. Altogether, three cases had associated anorectal

malformations for which additional procedures were per-

formed in the form of anoplasty in one and colostomy in

the other two cases.

The gap was classified as short, intermediate and long

gap according to the classification by Brown and Tam

et al. [9]. Thirteen patients had short gap (B1 cm), 16

intermediate gap ([1 to B3 cm) and only 1 patient had

long gap ([3 cm).

On CT scan, the mean gap between the upper pouch and

lower fistula was 0.95 ± 0.57 cm (range 0.2–2.8 cm) and

the mean gap at surgery was 1.38 ± 0.61 cm (range

0.5–3.2 cm). On Pearson correlation statistical analysis

between the CT gap and the surgery gap, the correlation

was found to be significant (p \ 0.0001) and the correla-

tion coefficient was 0.8034.

The exact location of fistula could be detected on CT

scan in 24 cases. Interestingly in one case, fistula was

located 1.2 cm above the carina which was confirmed at

surgery, but the majority had fistula around 0.5 cm from

the carina. In two cases a long upper pouch was detected on

CT scan, of which one case could be identified on CT scan

preoperatively, and in the other, the fistula could not be

visualized at surgery. However intraoperatively, it was

found to be a crossing pouch. Some additional lung and

cardiac pathology could be detected on preoperative CT of

the chest (Table 1). The patient’s individual radiation doses

were calculated by calculating the effective dose (Table 2).

Discussion

EA with TEF is one of the most challenging congenital

anomalies that are encountered by pediatric surgeons. The

surgical approach depends on a correct evaluation of the

tracheobronchial tree and the distance between the proxi-

mal pouch and distal fistula. Until recently, there was no

Fig. 1 3D CT-reconstructed

image of esophageal atresia and

tracheoesophageal fistula

(anterior view)
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proper preoperative imaging technique to evaluate the gap

between the upper pouch and the distal fistula including the

exact location of TEF. The interpouch gap distance has

been recently regarded as a very important clinical

parameter as it is related to anastomotic tension,

contributing to anastomotic leakage, stricture and gastro-

esophageal reflux [9, 10].

The interpouch distance can be roughly assessed by

chest radiograph. When tracheal bifurcation is seen on

chest radiograph, the distance between the carina and the

upper pouch will give a rough idea of the interpouch

length, as TEF is classically seen about 1 cm around the

carina in the majority of cases [11]. However, many times

it may underestimate the gap [26]. Contrast study, preop-

erative endoscopy and bronchoscopy do not help in accu-

rately assessing the actual gap length, though these may

help in identifying the fistula and give an idea of short or

long gap [12–17]. Few other invasive methods have been

reported for measuring the gap, but it needs a gastrostomy

which is undesirable when primary anastomosis is the

goal [18].

There are several articles supporting the usefulness of

preoperative CT scan in EA with TEF cases [19–23]. These

studies found CT scan to be accurate in providing infor-

mation on the level of fistula and the interpouch distance.

The spatial relationship between the two pouches and

location of TEF help in proper orientation of the anomaly

by the surgeon preoperatively. In addition, other tracheo-

bronchial anomalies and mediastinal anomalies could be

detected if present.

In the present study, all 30 cases underwent contrast-

enhanced spiral CT scan preoperatively as per the protocol.

The procedure was quick and non-invasive. There were no

procedure-related complications, except for two neonates

who developed apnea on transit and were subsequently

resuscitated with a favorable outcome.

Fig. 2 3D CT-reconstructed

image where the

tracheoesophageal fistula (TEF)

is not visualized. Inset showing

an outpouching on the trachea

above the carina suggesting the

site of TEF

Table 1 Additional information on the CT scan

System

involved

Pathology No. of

cases

Lung

pathology

Consolidation of the right upper lobe 9

Consolidation of the right middle lobe 1

Consolidation of the right lower lobe 3

Consolidation of multiple lobes 3

Enlarged right pulmonary artery 1

Cardiac

pathology

Tetralogy of fallot physiology 1

Patent ductus arteriosus (PDA) 1

Mesocardia with double superior venacava

entry into the right atrium

1

Vertebral

anomaly

Butterfly vertebrae 1

Table 2 Radiation calculation

Parameter Mean

CTDI (vol) 3.28 ± 0.65 (mGy)

DLP 46.08 ± 11.214 (mGycm)

Scan time 7.98 (s)

Effective dose 1.79 (mSv)
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All the patients in the study group had type-C EA

according to the Gross classification, which is the most

common variety with incidence of 85.8 % [1, 24]. None of

the patients had an associated upper pouch fistula (type D).

Contrary to previous studies where TEF could be accurately

detected in all cases, in the present study the distal fistula

identified at surgery was neither detected in the sagittal or

axial sections nor in the 3D reconstruction view in six cases

(20 %). Of these, four cases had narrow fistulae and two had

wide fistulae. In two cases, the fistula could not be visualized

on 3D reconstruction view, but could only be appreciated as a

dimple on sagittal or axial sections. These findings were

further confirmed at surgery (i.e., location of dimple matched

the level of TEF). The gap between the upper pouch and

distal TEF could be measured in 24 cases, which on statis-

tical correlation with the intraoperative gap measurement

was found to be highly significant (p \ 0.0001).

Another advantage of CT scan is detection of concomitant

pathologies. Fourteen patients had lung pathology in the

form of collapse or consolidation and one case had enlarged

right pulmonary artery. Cardiac pathology were detected in

four cases which included Fallot’s tetralogy, patent ductus

arteriosus, mesocardia with double SVC draining into the

right atrium and large aberrant right subclavian artery. One

patient had butterfly vertebrae at the T9 level.

Radiation risk estimation

The Biological Effects of Radiation VII report 2005 esti-

mates approximately one radiation-induced cancer per

10,000 individuals with an age distribution similar to that

of the entire US population exposed to 1 mSv, of which

half would be fatal [25]. It is noted that children have a

nominal radiation risk that is about a factor of three higher

than a population average [26]. From this information, the

nominal radiation cancer risk in the present study popula-

tion with mean effective dose of 1.79 mSv will be

approximately 1.79 radiation-induced cancer per 10,000

individuals, half of which will be expected to be fatal.

These are of the same magnitude as effective from average

natural background doses (including radon exposure) each

year (i.e., approximately 3 mSv/year) [27]. So, when

compared to the natural background, these patients have

the same magnitude of cancer risk, but in addition to the

natural background radiation, these children have almost

double the magnitude of cancer risk.

In the advent of new fast magnetic resonance imaging

(MRI) techniques with better imaging quality and ultrafast

imaging, the radiation issues will be resolved [28] and

preoperative imaging with fast MRI may find its place in

evaluation of EA and TEF in neonates in future.

In summary, preoperative CECT chest with 3D recon-

struction in EA with TEF cases offers certain advantages:

• It is a quick, noninvasive procedure

• Sedation may not be required in all cases.

• The exact site of TEF could be identified in 80 % cases

accurately, thereby assessing the interpouch gap

preoperatively.

• Associated concomitant lung pathology and various

cardiac pathologies can also be identified fairly.

However, there are also certain disadvantages of CT:

• In 20 % cases, the fistula could not be identified with

preoperative CT scan, but air was present in the

abdomen on plain radiograph, indicating the presence

of TEF which was later confirmed at surgery.

• The effective radiation dose calculated was 1.79 mSv

(mean). With this radiation dose, there would be

approximately 1.79 radiation-induced cancer per 10,000

individual predicted, half of which would be expected to

be fatal.

• In addition to the low level radiation from the natural

background, the additional radiation from the CT scan

will definitely increase morbidity and cancer risk in

future.

Some points of concern that have to be emphasized here

are:

• All the patients in the present study had Gross type-C

EA, which is the most common variety (85.8 %).

• No patient had an additional upper pouch fistula (Gross

type D). As such, the incidence of upper pouch fistula is

low (1.4 %) as per literature.

• Most of the patients had short to intermediate gap

interpouch gap; hence, primary end to end anastomosis

was possible in most cases.

• Preoperative CT did not change the management plan

in all the cases in the present study.

• Apart from lung consolidation, no other major pul-

monary or mediastinal anomalies were detected, which

are as such rare associations.

• Cardiac evaluation is more accurate with echocardiog-

raphy, which is a bedside procedure and does not

require sedation.

• There may be risk of apnea, aspiration and hypothermia

during shifting the patient to or from the CT suite.

• Children have a nominal radiation risk that is about a

factor three higher than a population average.

Conclusion

Though preoperative CT scan of chest with 3D CT

reconstruction has many advantages than conventional

diagnostic procedures, it involves a significant exposure to
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ionizing radiation and risk of radiation-induced cancer in

future. Despite minimizing the settings of scanning to

minimize the effective dose, there is risk of low-level

ionizing radiation. The most common variety of EA and

TEF is the type-C TEF, which has an incidence of 86 %,

and most commonly the interpouch gap is low to inter-

mediate (97 %), which can be anastomosed primarily. The

lung consolidation and collapse can also be detected on

plain chest radiograph, and routine preoperative 2D echo-

cardiography can detect all cases of congenital cardiac

anomalies. The risk of ionizing radiation and potential

radiation-induced cancer risk in future outweigh the

potential benefits of the procedure. Preoperative CT chest

with 3D CT reconstruction may play a crucial role in

evaluation of the H-type fistula (Gross type E), recurrent

TEF or in cases associated with complex airway pathology,

but the incidence of such entities are very low.

Hence, currently there is no role of CT scan in the

routine preoperative assessment of the EA with distal TEF.

However, with the advent of fast MRI, it may be a good

adjunct for better evaluation of these anomalies in future.
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