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Yield of Chest Radiography After Removal of
Esophageal Foreign Bodies

WHAT’S KNOWN ON THIS SUBJECT: Perforation in the setting of
retained esophageal foreign body is rare, but can be catastrophic.
The role of imaging in screening for injury after removal has not
previously been studied.

WHAT THIS STUDY ADDS: The rate of esophageal injury among
children with retained esophageal foreign body is 1.3%.
Intraoperative findings suggestive of injury are predictive of
perforation. Routine chest radiography is not warranted in those
who do not meet this criterion.

abstract
OBJECTIVES: The aim of this study was to determine the benefit of
routine postoperative chest radiography after removal of esophageal
foreign bodies in children.

METHODS: Medical records were reviewed of all patients evaluated
with an esophageal foreign body at a single children’s hospital over
10 years. Operative records and imaging reports were reviewed for
evidence of esophageal injury.

RESULTS: Of 803 records identified, 690 were included. All underwent
rigid esophagoscopy and foreign body removal. The most common
items removed were coins (94%), food boluses (3%), and batteries
(2%). The rate of esophageal injury was 1.3% (9 patients). No injuries
were identified on chest radiographs done as routine or for concern of
injury. Patients with operative findings suggestive of an esophageal
injury (n = 105) were significantly more likely to have an injury
(8.6% vs 0%, P = .0001). Of the 585 children who did not have physical
evidence of injury, 40% (n = 235) received a routine chest radiograph.
Regardless of the indication, no injuries were identified on chest
films.

CONCLUSIONS: We conclude that intraoperative findings during rigid
esophagoscopy suggestive of an injury are predictive of esophageal
perforation. Routine chest radiography is not warranted in children
who do not meet this criterion. In patients with a concern for injury,
we suggest that chest radiography should be deferred in favor of
esophagram. Pediatrics 2013;131:e1497–e1501
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Ingestion of foreign bodies is a common
problem in children. The 116 000 to
180 000 cases reported to US poison
control centers per year likely represent
a fraction of actual cases.1,2 Although
most of these foreign bodies pass
uneventfully, the ones that do not tend
to remain in the narrowest locations
along the gastrointestinal tract, nota-
bly in the esophagus at the level of the
cricopharyngeus.3,4 The most common
presenting symptoms are pain, dys-
phagia, drooling, and vomiting,3 al-
though nearly half of the patients may
be asymptomatic.5 Pediatric surgeons
frequently evaluate patients with re-
tained esophageal foreign bodies. Al-
though most do not result in significant
complications,6 strictures can occur
and catastrophic outcomes have been
described.7–9 For this reason, removal is
indicated, although some authors have
recommended a trial of passage in
asymptomatic patients.10,11

Multiple techniques have been de-
scribed for clearing esophageal
foreign bodies, including balloon ex-
traction, bougienage, and flexible
or rigid esophagoscopy.12–18 Rigid
esophagoscopy is a well-established,
safe, and highly effective technique
that offers multiple advantages, in-
cluding the ability to directly visualize
the esophageal mucosa.19,20 Additionally,
a variety of forceps are available for use
based on the size and shape of the object.
This technique is specifically indicated
for long indwelling objects and button
batteries in which preprocedural suspi-
cion of injury is significant. At our in-
stitution, this is the preferred technique
for esophageal foreign body removal.

Generally, the object is visualized and
removed by using a rigid esophago-
scope. The esophagoscope is reinserted
after removal of the object to evaluate
for further objects and assess for in-
jury to the tissue. Despite this second
look, many surgeons elect for a plain
chest radiograph in the recovery room

to evaluate for gross esophageal per-
foration. The utility of such studies has
not previously been studied.

METHODS

Rigid esophagoscopy and foreign body
removal is performed under general
anesthesia with an attending pediatric
surgeon present for the procedure. Af-
ter extraction of the foreign body, the
esophagoscope is reintroduced to eval-
uate foramucosal injury. Someattending
surgeonselect foraroutinepostoperative
chest radiograph, some do not. Although
patientsarenot formallyrandomized, this
pattern allows for clear retrospective
analysis of the utility of such studies.

Over the 10-year period fromMay 2000 to
December 2010, 803 children presented
for surgical consultation from the emer-
gency department at Children’s Health-
care of Atlanta, Egleston, for a foreign
body retained in the esophagus. The
procedures analyzed were distributed
among 8 pediatric surgeons. After in-
stitutional review board approval, the
authors reviewed themedical records of
this retrospective cohort, including clin-
ical notes, imaging reports, and opera-
tive reports. Those who reviewed the
records were trained in the use of the
electronic medical record software and
were well accustomed to its clinical use.
Two reviewers redundantly examined
the records of those with positive oper-
ative findings. To limit the scope of the
study to the most common patient sce-
nario, patients with any previous chest or
foregut surgery or congenital anatomic
abnormality (such as esophageal atre-
sias, strictures, or large-vessel anoma-
lies) were excluded. All patients included
underwent rigid esophagoscopy and
foreign body removal.

Operative findings were reviewed, spe-
cifically noting those findings that were
concerning for esophageal injury (ie,
mucosal burn, extensive erosion/exudate,
bleeding) and the objects removed were
noted. Whether postoperative imaging

was performed and the modalities
were recorded. Final imaging reports
read by attending pediatric radiol-
ogists were evaluated for suggestion
of esophageal injury. Specifically, men-
tion of pneumothorax, effusion, or
pneumomediastinum on plain film of
the chest was recorded. Esophagrams
were performed with oral water-
soluble contrast, followed by oral
barium if no extravasation was seen.
Patient position was generally not
listed. For esophagrams, radiologist
reports containing terms such as
“mucosal tear,” “submucosal leak,”
“traumatic diverticulum,” or “extrav-
asation of contrast” were recorded.

RESULTS

Over the studyperiod, 803 recordswere
identified, of which 690 met inclusion
criteria (Fig 1). The mean age at pre-
sentation was 3.5 years (range: 3
months to 17 years); 51% were boys.
The most commonly identified items
were coins (94%), food boluses (3%),
and batteries (2%). A total of at least
$34.30 in coins was removed from
esophagi. From our cohort, all objects
were successfully removed by rigid
esophagoscopy during a single pro-
cedure (100% success rate).

Of the 585 children who did not have
esophagoscopic evidence of injury, 40%
(n = 235) received a routine chest ra-
diograph. No injuries were identified
on chest films done as routine or for
concern for injury.

The overall rate of radiographically
confirmed esophageal injury was 1.3%
(9 patients). No injuries were identified
on chest films done as routine or for
concern of injury. Patients with opera-
tive findings concerning for an esoph-
ageal injury (n = 105) were significantly
more likely to have an injury confirmed
on esophagram (8.5% vs 0%, P = .0001).
Of those patients with positive findings
on esophagram, only 2 also received
a postoperative chest plain film. Both
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of these failed to demonstrate pneu-
momediastinum, pneumothorax, or
pleural effusion.

Of the 9 patients with positive esopha-
grams, 3 had clear symptoms related
to their injuries. Five of these patients
underwent nasogastric or nasojejunal
tube placement with or without par-
enteral nutrition and antibiotics, which
may have preempted or prevented the
development of symptoms. One was
admitted and observed without further
therapy.

The objects retrieved from those patients
with esophageal injury included 4 coins,
3 batteries, 1 metallic object (spring),
and 1 plastic suction cup that was in-
dwelling for more than a year (Table 1).

DISCUSSION

In this era when cost containment has
become an essential element of patient
care, treatment algorithmsmust be not
only effective, but also fiscally re-
sponsible. The utility of each imaging
study must be carefully weighed.21 At
$305 per plain chest film, charges for
chest radiographs amounted to $86
315 over the study period (235 routine,
283 total). Other cost-cutting measures
in treating esophageal foreign bodies
have been addressed, for example al-
ternativemethods of extraction and the

necessity of preoperative imaging.3,12–17

Additionally, the harmful effects of
ionizing radiation (with respect to fu-
ture risk for malignancy) are a recog-
nized source of long-term morbidity
to children. Although the dose of radia-
tion resulting from a chest radiograph
is small, it should still be eliminated
if exposure is unnecessary. To our
knowledge, the utility of postoperative
imaging after esophagoscopy has not
been examined.

Perforation from esophageal foreign
bodies is uncommon in children.
The described complications include
mediastinitis with or without ab-
scess,6,22 esophageal-airway fistulas,23,24

esophageal-vascular fistulas6,22,25 extra-
luminal migration of object,24,26–29 and
false diverticula.28 In the available lit-
erature from the 1970s to the present,
most studies demonstrated an injury
rate of about 1%, with 1 review report-
ing 0.1%18 and several smaller studies
as high as 4% to 6%.30–33 The largest
series of children previously recorded
in the literature examined 500 patients
undergoing foreign body extraction, but
did not quote a complication rate.16

Nandi and Ong6 published a series of
2394 patients with esophageal foreign
bodies, of which 343 were children. Their
group quotes an overall esophageal
perforation rate of 0.91%, but only

a 0.3% rate in children (1 injury). Our
rate of 1.3% reinforces the bulk of the
modern literature.

Our data suggest that a high clinical
suspicion for injury based on history
and observation at esophagoscopy
predicts esophageal injury by esopha-
gram (8.5% vs 0% without suspicion,
P , .001). The operative findings
present in those with injury (as defined
by positive esophagram) included mu-
cosal burns (batteries), extensive ero-
sion of the object (coins), significant
exudate, or bleeding. Of the patients
who lacked these findings, there were
no injuries seen on radiographic eval-
uation and no missed injuries.

As a test for injury, absence of signifi-
cant findings on esophagram strongly
predicts the absence of true injury
(negative predictive value 100%). It is
only moderately specific (86%). How-
ever, if the goal of the surgeon is to rule
out injury, these data strongly support
using the test in this manner.

Although our study is not powered to
quantify sensitivity for chest radiogra-
phy for esophageal injury, the absence
of positive findings on any chest plain
film reviewed (including those per-
formed on patients with an esopha-
gram demonstrating injury) suggests
that postoperative chest radiography is
not of particular value in diagnosing
esophageal injury after rigid esoph-
agoscopywithremovalofa foreignbody
(sensitivity 0%). We propose that con-
trast esophagram should be the pre-
ferred study for those patients with
worrisome findings on esophagoscopy.

As would logically follow, sharp or ir-
regular objects and button batteries
may be more likely to cause injury.10

Although 1 metal spring caused an in-
jury, sharp or irregular objects were
not strongly associated with injuries in
this cohort. Although batteries repre-
sented only 2% of the objects removed
in this study, they resulted in 30% of the
injuries. These data underscore the

FIGURE 1
Flowchart for study exclusion and included patient groups.
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need for a high index of suspicion for
injury in those patients who have po-
tentially ingested button batteries.

The practice variation within our sur-
gical division falls into 1 of 2 cohorts:
those who order a routine post-
operative chest radiograph and those
who do not. Whether a “routine” film
was performed depended entirely on
surgeon preference. Recognizing the
limits of a retrospective study, this de
facto randomization lends itself well
to analysis. In those patients who did
not have findings suggestive of injury
on esophagoscopy, there was a fairly
even demographic distribution between

those receiving chest radiographs and
those with no imaging (mean age 3.5
years versus 3.4, 116 [49%] male versus
182 [52%], respectively).

Our inclusion criteria were designed to
focus on themost commonpresentation
of this problem. Because we excluded
those with previous chest and foregut
surgery, theserecommendationscannot
be clearly applied to those patients. Last,
the study is limited by lack of dedicated
follow-up. In our city, our affiliated hos-
pitals take the vast majority of pediatric
visits. These share a single electronic
medical record, which allows us to ret-
rospectively determine that none of our

patients returned with clinical symp-
toms of missed injury. Because there
wasnodedicatedfollow-up,however, it is
impossible to truly determine if there
were any missed injuries.

CONCLUSIONS

Positive findings on esophagoscopy
predict esophageal injury. Routine eval-
uation with chest radiography after rigid
esophagoscopy for foreign body removal
is notwarranted and not cost effective. In
patients with evidence of injury during
esophagoscopy, we suggest that chest
radiography should be deferred in favor
of a contrast esophagram.
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