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Abstract

Background: Foreign body (FB) impaction accounts for 4% of emergency endoscopies in clinical practice. Flexible
endoscopy (FE) is recommended as the first-line therapeutic option because it can be performed under sedation, is
cost-effective, and is well tolerated. Rigid endoscopy (RE) under general anesthesia is less used but may be advantageous in
some circumstances. The aim of the study was to compare the efficacy and safety of FE and RE in esophageal FB removal.

Methods: PubMed, MEDLINE, Embase, and Cochrane databases were consulted matching the terms “Rigid endoscopy AND
Flexible endoscopy AND foreign bod*”. Pooled effect measures were calculated using an inverse-variance weighted or
Mantel-Haenszel in random effects meta-analysis. Heterogeneity was evaluated using /* index and Cochrane Q test.

Results: Five observational cohort studies, published between 1993 and 2015, matched the inclusion criteria. One thousand
four hundred and two patients were included; FE was performed in 736 patients and RE in 666. Overall, 101 (7.2%)
complications occurred. The most frequent complications were mucosal erosion (26.7%), mucosal edema (18.8%), and
iatrogenic esophageal perforations (10.9%). Compared to FE, the estimated RE pooled success OR was 1.00 (95% Cl
048-2.06; p=1.00). The pooled OR of iatrogenic perforation, other complications, and overall complications were 2.87
(95% C1 0.96-861; p=10.06), 1.09 (95% Cl 0.38-3.18; p =0.87), and 1.50 (95% Cl 0.53-4.25; p = 0.44), respectively. There
was no mortality.

Conclusions: FE and RE are equally safe and effective for the removal of esophageal FB. To provide a tailored or
crossover approach, patients should be managed in multidisciplinary centers where expertise in RE is also available.
Formal training and certification in RE should probably be re-evaluated.

Keywords: Esophageal foreign body, Flexible endoscopy, Rigid endoscopy, latrogenic esophageal perforation, Foreign
body impaction

Background
Foreign body (FB) impaction accounts for 4% of all

Foreign body-induced perforations represent 12% of all
esophageal perforations and carry a 2.1% mortality [6].

emergency endoscopies in clinical practice [1, 2], with
60% of adult patients being treated for food bolus [3].
Foreign body ingestion is a common occurrence in the
USA, with more than 100,000 reported cases each year
[4], and it is estimated that 1500 people die annually. [5]
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Esophageal FB impaction in adults is commonly associ-
ated with underlying esophageal disease [7—10] or psy-
chiatric disorders [11-14].

In a retrospective study, the location of impacted FB
was the cervical esophagus in 57% of cases, thoracic
esophagus in 26%, and esophago-gastric junction in 17%
[15]. Physiologically, the transition from striated skeletal
muscle to smooth muscle explains why the upper
esophagus is the most common site of impaction. Fifty
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percent of sharp objects tend to lodge in the upper
esophagus and frequently cause perforation, especially
after multiple attempts to endoscopic retrieval. Eventu-
ally, rigid endoscopy or surgery by cervical esophagot-
omy/thoracotomy may be required [16].

Nowadays, endoscopy is generally recommended as the
first-line therapeutic option, [17, 18] whereas surgery is
considered as a suitable upfront treatment in patients
presenting with overt perforation or rescue treatment in
case of irretrievable FB [19-22]. Flexible endoscopy (FE)
can be performed under local anesthesia and sedation and
is cost-effective since it does not require hospitalization
[23-25]; however, its effectiveness is limited in case of
sharp FB impaction [15, 26].

Rigid endoscopy (RE) provides a wide operating
lumen, which gives a great advantage in the manipula-
tion of sharp FB impacted in the upper esophagus; in
addition, it allows the extraction of FB with multiple in-
struments, and the airways are protected because the
procedure is performed under general anesthesia. Inter-
estingly, the skills for performing rigid endoscopy are
limited among non-ear-nose-throat (ENT) specialists to
the point that RE is not even mentioned in the most re-
cent European guidelines [18].

Should RE be totally abandoned or still has a role?
The aim of this systematic review and meta-analysis was
to assess the efficacy and complications of RE and FE in
removing esophageal FB.

Materials and methods

We conducted this study according to the Preferred
Reporting Items For Systematic Reviews and Meta-Ana-
lyses (PRISMA) statement. An extensive literature search
was conducted by two independent authors to identify the
English-written published series on studies comparing RE
and FE in the management of esophageal FB. PubMed,
MEDLINE, Embase, and Cochrane databases were con-
sulted matching the terms “Rigid endoscopy AND Flexible
endoscopy AND foreign bod*”. The search was completed
by consulting the listed references of each article. Studies
were included if success rates of flexible and rigid endos-
copy were described in the extraction of foreign bodies im-
pacted in the esophagus. Both studies on adult and
pediatric populations were included. Studies were excluded
if no distinction was made between the FE group and the
RE group or if the methodologies were compared outside
the treatment of FB impaction.

Two authors (AA, DF) independently read the 200 ab-
stracts generated by the literature search, and 15 dupli-
cates were removed. Among the 185 records screened,
178 abstracts were excluded as they did not meet inclu-
sion criteria. Seven abstracts assessed for eligibility were
reviewed in full-text. Two more articles were excluded,
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one because it focused on the diagnosis of esophageal
disease and the other because of missing data.

All articles comparing RE and FE in foreign body man-
agement were included in the systematic review (Fig. 1).
Three authors (DF, AA, CGR) independently extracted
data from eligible studies. Data extracted included study
characteristics (first author name, year, and journal of
publication), number of patients included in the series,
localization of foreign bodies, characteristics of the FB,
endoscopic success rate, overall complication rate, and
perforation rate. Endoscopy was considered successful if
the FB was removed. Endoscopy was not considered suc-
cessful if conversion to another endoscopic technique or
surgery was needed. Disagreements between authors were
resolved by consensus; if no agreement could be reached,
a fourth senior author (LB) made the decision. Three in-
vestigators independently assessed the methodological
quality of the papers using the Newcastle-Ottawa Scale
(NOS) [27]. Each study is judged on a “star system” based
on the selection of the study groups and the ascertainment
of the outcome of interest. Each study could earn a max-
imum of nine stars.

Statistical analysis

The results of the systematic review were summarized quali-
tatively into a frequentist meta-analysis. For the pooled meas-
ure of effect size, an inverse-variance weighted or Mantel-
Haenszel random effects meta-analysis was performed, as ap-
propriate. The DerSimonian-Laird estimator was used to es-
timate between-study variance (7 [28]. Zero cell count are
accounted according to Yusuf et al. [29]. Heterogeneity
among the studies was evaluated by /* index and Cochran Q
test [30]. Statistical heterogeneity was considered significant
when p <0.10 or I index was >50% [31]. Wald-type 95%
confidence intervals were computed for the pooled measure;
otherwise, 95% confidence intervals for * index were calcu-
lated according to Higgins and Thompson [32]. Small study
and publication bias effects were assessed by trim and fill
method [33]. Egger tests were applied [34]. The prediction
interval for the treatment effect of a new study is calculated
according to Borenstein [30]. As the sample size is not the
same in all studies, we performed a sensitivity analysis by ex-
cluding one study each time and rerunning the analysis to
verify the robustness of the overall results. Z-score test was
performed. Two-sided p value was considered statistically
significant when < 0.05. All analyses and figures were carried
out using R version 3.2.2 software [35].

Results

Systematic review

Five studies published between 1993 and 2015 matched
the inclusion criteria. The total number of patients was
1402; the sample size of the individual studies ranged
from 118 to 657. There were no randomized controlled
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studies. All reports were observational cohort studies.
Each study reached a NOS score of 6 or 7 (median 6.9),
suggesting a good quality level.

Demographic, clinical, and operative variables of the pa-
tient sample are shown in Table 1. All patients underwent
endoscopy for the removal of FB impacted in the esopha-
gus. Overall, 736 patients underwent FE under local
anesthesia and sedation, and 666 underwent RE under gen-
eral anesthesia. The mean age of the patients ranged from
3.5 to 64 years, and more than half of them were females.

By intention to treat, FE was successful in 714 (97.0%)
patients and RE in 648 (97.3%). The type of FB ingested,
classified in accordance with the latest guidelines [18],
were reported in three studies (472 patients). Food bolus

was the most frequent event (n =190, 41.3%), and the
majority (71%) of these patients were treated with FE.
Blunt objects and sharp-pointed objects accounted for
31.7% and 27.0%, respectively; the latter were mainly
approached with RE (n = 85, 68.5%). The site of esopha-
geal impaction was reported in four studies (1110 pa-
tients). Overall, 806 patients (72.6%) had upper
esophageal FB impaction; of these, 378 (46.9%) were
managed with FE and 428 (53.1%) with RE. There were
123 impactions in the middle esophagus (11.1%); 74 pa-
tients (60.2%) were managed with FE and 49 (39.8%)
with RE. Lastly, 181 patients (16.3%) had lower esopha-
geal impaction and the majority were treated with FE
(n =133, 73.5%).



Page 4 of 9

Ferrari et al. World Journal of Emergency Surgery (2018) 13:42

pauodai 10U Ju

€ €l 9l 8 (04 il wl S 0 78 €S ER eud p 10T
8 Lc 4 L 143 4 v/ 44 0 8¢ 14! 34 0Tk 905 9lz  2Andadsonay "Buem
u u u € S 9l el B uemie] ‘<107
u 1u 1u | | /€1 wl Ju 1u 1u Ju H  Viy /8y €/  oAdadsonsy ‘Buas|
4 8¢ 0ce 0 9 18¢ L6¢ ER Von w107
143 9¢ 06¢ 0 S 65€ 99¢ u u u u 34 S5 Gt /59 andadsondy ‘llessny
L € ¥S 4 [4 65 9 0 o 0 €l 3d
94 L 8l 0 0 VA 9L 9 0 0 6 4 96r ¥9 8L 9ADadsonsY  eHISNY /007 USUIRWD
€ S 8¢ 0 4 (04 (04 4 0 L Ge 34
Sl 9 14 0 ¥ SL 8L LS 0 L 44 34 U Gle gLl aAadsonay VSN ‘€661 ‘uaaib1ag
J9MoT  QppIy  Jaddn w w poo4 buoq dieys 3unig
i (U) suonedldwod  (u) saunpaxoid  pardusne (%) abe
(u) uoneziedo| |eabeydosy  SUOIRIOHDY IIENe) [NJSSIONS  S2UNPAD0IJ (u) adA1 Apog ubloI04  2UNPad0I4 SN UeS  Sid#  ubisop Apnig  A1unod ‘ieak Joyiny

(34) Adodsopua 3|qixay} Jo (3Y) Adodsopus pibl bulobispun siuaned zoy| Jo eiep [edluld pue djydelbowsq L djqel



Ferrari et al. World Journal of Emergency Surgery (2018) 13:42

Table 2 Complications during endoscopy

Complication % Total (n)
Erosion 26.7 27
Mucosal edema 188 19
Others 139 14
Perforation 109 1

Ulcer 109 1
Hemorrhage 89 9
Post-extraction dilation 5.0 5
Mucosa denudation 30 3
Infection 20 2

The overall complication rate was 7.2%. The most
frequently reported complications were mucosal ero-
sion (n =27, 26.7%), mucosal edema (n=19, 18.8%),
and iatrogenic esophageal perforation (=15, 10.9%)
(Table 2). There was no mortality.

Meta-analysis

In addition to a systematic review, we performed a fre-
quentist random effect model meta-analysis including
five studies with a total of 1402 patients.

The estimated pooled odds ratio of procedure success is
1.00 (95% CI 0.48-2.06; p =1.00). The prediction lower
and upper limits are 0.22 and 4.49, respectively. The het-
erogeneity is not significant (I = 12%, 95% CI 0.0-81.7%;
p =0.34) and 7* = 0.0863. Funnel plot shows that the pub-
lication and small study bias effect could not be rejected
according to the Egger test (p < 0.001). The adjusted trim
and fill odds ratio is 0.82 (95% CI 0.35-1.88) (Fig. 2). The
sensitivity analysis shows the robustness of the results.

The estimated pooled odds ratio of perforation rate is
2.87 (95% CI 0.96-8.61; p =0.06). The prediction lower
and upper limits are 0.48 and 17.09, respectively. The
heterogeneity is not significant (* =0%, 95% CI 0.0—
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0.1%; p=0.97) and 7> =0. Visual inspection of funnel
plot shows that the publication and small study bias ef-
fect could not be rejected according to the Egger test
(p =0.32). The adjusted trim and fill odds ratio is 3.1
(95% CI 1.06-8.87) (Fig. 3). The sensitivity analysis
shows the robustness of the results.

The estimated pooled odds ratio of other complica-
tions is 1.09 (95% CI 0.38-3.18; p = 0.87). The prediction
lower and upper limits are 0.04 and 28.25, respectively.
The heterogeneity is moderate (I* =60%, 95% CI 0.0—
85.0%; p =0.04) and 7* = 0.7475. Funnel plot shows that
the publication and small study bias effect could not be
rejected according to the Egger test (p =0.03). The ad-
justed trim and fill odds ratio is 0.40 (95% CI 0.14-1.14)
(Fig. 4a). The sensitivity analysis showed that the results
are affected by the study of Wang., in particular regard-
ing heterogeneity. After excluding this study, the het-
erogeneity was decreased (I* =0.0%, 95% CI 0.0-0.3%),
and the pooled odds ratio was 1.86 (95% CI 0.79-4.39;
p =0.16) (Fig. 4b).

The estimated pooled odds ratio of overall complica-
tions is 1.50 (95% CI 0.53—-4.25; p = 0.44). The prediction
lower and upper limits are 0.06 and 40.41, respectively.
The heterogeneity is moderate (* =64%, 95% CI 4.3—
86.2%; p=0.03) and 7*=0.7886. Visual inspection of
funnel plot shows that the publication and small study
bias effect could not be rejected according to the Egger
test (p =0.004). The adjusted trim and fill odds ratio is
0.64 (95% CI 0.24—-1.72) (Fig. 5). The sensitivity analysis
shows the robustness of the results.

Discussion

This study shows that RE still plays an important thera-
peutic role in patients with upper esophageal FB impac-
tion, especially in the case of ingested sharp-pointed
objects or when general anesthesia is recommended (i.e,
in children or in patients with concomitant respiratory
symptoms). In case of a large blunt FB impaction, the
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excellent exposure of the upper esophagus provided by
the rigid endoscope may be crucial for a safe and suc-
cessful extraction.

In the 2011 American Society for Gastrointestinal En-
doscopy guidelines, the decision to perform RE or FE
was left to the clinician’s judgment [17]. Rigid esophago-
scopy was considered helpful for proximal FB impacted
at the upper esophageal sphincter. In contrast, in the
most recent 2016 European guidelines, RE is not even
mentioned [18]. This may be due to the lack of expertise
of non-ENT specialists in performing RE [26] and to the
fact that previous retrospective studies and expert opin-
ions reported a theoretical superiority of FE over RE.
Gmeiner et al. [25] reported higher patient comfort and
lower complication rate with FE and proposed a cross-
over management (from FE to RE and vice versa) in case
of failure of the initial treatment. Since FB impaction
lasting longer than 24 h leads to a higher risk of perfor-
ation [1, 3, 36—40], a multidisciplinary approach in ter-
tiary care centers, where both FE and RE are available,
may represent the safest strategy in these patients [41].

The choice of the most suitable approach in the man-
agement of impacted esophageal FB depends on factors
related to the patient (age, clinical condition, compli-
ance, American Society of Anesthesiologists (ASA)
score), type and size of FB, anatomical site of impaction,
timing of impaction, and physicians’ expertise [18]. Sur-
gery should be considered as an upfront treatment in
patients with overt esophageal perforation or as a rescue
treatment in endoscopically irretrievable esophageal FB.
More recently, advances in minimally invasive surgery
have allowed a thoracoscopic approach in selected pa-
tients [42]. Open or minimally invasive esophagectomy
[43], with immediate or delayed reconstruction, should
represent the ultimate surgical option. Since the burden
of esophageal perforation remains high, especially in de-
veloping countries [26], re-evaluating the role of RE
training and certification may contribute to an overall

decrease of surgery-related morbidity and mortality in
the future. The shift from open surgical to endo-surgical
approach for the treatment of Zenker diverticulum in
dedicated centers has led to a re-appraisal and increasing
use of the Weerda diverticuloscope [44—46]; this instru-
ment allows to introduce a video endoscope or a rigid
5-mm telescope through the operative channel along
with multiple devices (linear endo-staplers, grasping for-
ceps, etc.).

In our study, both FE and RE were effective and safe,
and the success and overall complication rates were
similar (Table 2). Although the estimated pooled perfor-
ation rate odds ratio (OR) was not significant (p = 0.06),
the point estimation for RE was 2.87, thus suggesting a
possible clinical relevance. This may be related to the
fact that RE, especially in adults, is generally used as
second-line therapy after FE failure or as first-line ther-
apy in more challenging situations (i.e., sharp-pointed or
large foreign bodies) [16]. In a pediatric population, Rus-
sell et al. [47] reported no perforations in the RE group
[47]. This is interesting since children with FB impaction
often undergo upfront RE under general anesthesia due
to low compliance and need to protect the airways.

Although we included studies reporting on both
pediatric and adult populations, the sensitivity analysis
showed low heterogeneity. Furthermore, excluding the
article by Wang. [48], there was no heterogeneity (I* =
0.0%, 7°= 0.0%). This indicates that minor complica-
tions, such as mucosal edema and erosions, were not
considered relevant in other studies.

This meta-analysis has some limitations. Only retro-
spective comparative studies were included since, due to
the nature of the topic, no randomized clinical trials or
prospective studies were available. However, the average
quality of the included studies was good. In addition,
timing to endoscopy, patients’ ASA scores and the ra-
tionale for choosing FE or RE as an initial therapeutic
option were not reported.
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Fig. 5 Forest and funnel plot of overall complications
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Conclusions

In conclusion, FE and RE appear to be equally effective
for the removal of esophageal FB, and differences in
overall complication and perforation rates are not statis-
tically significant. In selected cases, the two methods
may be complementary; therefore, patients should be
managed in centers where expertise in RE is also avail-
able to allow a tailored or cross-over approach, with the
aim to reduce the need for surgery and related morbid-
ity. Formal training and certification in RE should prob-

ably be re-evaluated.
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