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The Anesthetic Considerations of Tracheobronchial
Foreign Bodies in Children: A Literature Review of

12,979 Cases

Christina W. Fidkowski, MD,* Hui Zheng, PhD,{ and Paul G. Firth, MBChB*+

Asphyxiation by an inhaled foreign body is a leading cause of accidental death among children
younger than 4 years. We analyzed the recent epidemiology of foreign body aspiration and
reviewed the current trends in diagnosis and management. In this article, we discuss anesthetic
management of bronchoscopy to remove objects. The reviewed articles total 12,979 pediatric
bronchoscopies. Most aspirated foreign bodies are organic materials (81%, confidence interval
[CI] = 7T7%—86%), nuts and seeds being the most common. The majority of foreign bodies (88%,
Cl = 85%-91%) lodge in the bronchial tree, with the remainder catching in the larynx or trachea.
The incidence of right-sided foreign bodies (52%, Cl = 48%-55%) is higher than that of left-sided
foreign bodies (33%, Cl = 30%-37%). A small number of objects fragment and lodge in different
parts of the airways. Only 11% (Cl = 8%-16%) of the foreign bodies were radio-opaque on
radiograph, with chest radiographs being normal in 17% of children (Cl = 13%-22%). Although
rigid bronchoscopy is the traditional diagnostic “gold standard,” the use of computerized
tomography, virtual bronchoscopy, and flexible bronchoscopy is increasing. Reported mortality
during bronchoscopy is 0.42%. Although asphyxia at presentation or initial emergency bronchos-
copy causes some deaths, hypoxic cardiac arrest during retrieval of the object, bronchial rupture,
and unspecified intraoperative complications in previously stable patients constitute the majority
of in-hospital fatalities. Major complications include severe laryngeal edema or bronchospasm
requiring tracheotomy or reintubation, pneumothorax, pneumomediastinum, cardiac arrest,
tracheal or bronchial laceration, and hypoxic brain damage (0.96%). Aspiration of gastric
contents is not reported. Preoperative assessment should determine where the aspirated foreign
body has lodged, what was aspirated, and when the aspiration occurred (“what, where, when”).
The choices of inhaled or IV induction, spontaneous or controlled ventilation, and inhaled or IV
maintenance may be individualized to the circumstances. Although several anesthetic tech-
niques are effective for managing children with foreign body aspiration, there is no consensus
from the literature as to which technique is optimal. An induction that maintains spontaneous
ventilation is commonly practiced to minimize the risk of converting a partial proximal obstruction
to a complete obstruction. Controlled ventilation combined with IV drugs and paralysis allows for
suitable rigid bronchoscopy conditions and a consistent level of anesthesia. Close communica-
tion between the anesthesiologist, bronchoscopist, and assistants is essential. (Anesth Analg
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spiration of foreign bodies by children is a common
problem around the world. Asphyxiation from
inhaled foreign bodies is a leading cause of acci-
dental death among children younger than 4 years. During
the 19th century, treatment of foreign body aspiration by
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purges, bleeding, and emetics were largely ineffective.
Mortality was estimated at 23%. This rate plummeted with
the development of bronchoscopic techniques for the re-
moval of these foreign bodies.! In 1897, Gustav Killian, a
German otolaryngologist, performed the first bronchos-
copy using a rigid esophagoscope to successfully remove a
pig bone from a farmer’s right main bronchus.'* Algernon
Coolidge performed the first successful removal of a tracheal
foreign body in the United States at the Massachusetts Gen-
eral Hospital in 1898." Shortly thereafter, Chevalier Jackson
developed the lighted bronchoscope and several special-
ized instruments for the removal of foreign bodies.> He
pioneered developments in the field and saved the lives of
hundreds of children who had aspirated objects.* While
early clinicians used topical anesthesia, general anesthesia
became commonplace for the removal of aspirated objects
with increased experience with the rigid bronchoscope and
advances in anesthetic delivery. The flexible bronchoscope
was introduced by Shigeto Ikeda in 1966,” and the removal
of an airway foreign body using this instrument was
reported in the 1970s.6
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Over the years, the steady accumulation of clinical
reports has provided greater insight into the management
of foreign body aspiration in children. In part as a result,
morbidity and mortality from foreign body aspiration have
drastically diminished. This article analyzes the recent
epidemiology of foreign body aspiration, reviews the cur-
rent trends in diagnosis and management, and discusses
anesthetic management for bronchoscopy.

CURRENT TRENDS IN FOREIGN BODY ASPIRATION
A preliminary Medline search of the literature from 1950 to
2009 yielded nearly 20,000 cases of foreign body aspiration
in children. Before 2000, however, most case series were
small, included both aspirated and ingested objects,
mingled adult and pediatric patients, or were reported in
various styles in differing specialist journals that precluded
meta-analysis. In addition, anesthetic and surgical tech-
niques have altered considerably in recent years, making a
detailed review of older series less relevant. However,
numerous large case series have been published recently
that collectively allow for a clearer representation of the
problem of pediatric aspiration, as well as current trends in
management. A Medline search using the keywords foreign
body aspiration with limits of the year 2000 to present was
performed on October 1, 2009. Analysis was limited to
studies (1) containing only patients with suspected or
proven foreign body aspiration, (2) with >100 patients, (3)
containing only children ages 18 years and younger, and (4)
written in English. Of the 698 articles obtained, 33 met the
inclusion criteria, of which 3 were excluded for containing
duplicate patient data. The 30 articles reviewed report
12,979 children with suspected foreign body aspiration, of
whom 11,145 were found to have aspirated an object.”>°
Twenty-seven of these studies are retrospective analyses,
and 3 studies are prospective analyses of all children with
suspected or actual foreign body aspiration.'>'*'® The
cases in these series occurred within the last 20 years in 21
Studies, 8,9,11,12,14-18,20,21,23-26,28-31,33,34 8 Covered a larger
time span dating back to the 1980s,'%1?192227,32:3536 4 1
study covered a 30-year time frame starting in 1973.”

To obtain a robust estimate of the various rates (true
positive, gender, foreign body type and location, and
radiographic outcome distributions), we applied a meta-
analysis to the published data to account for the number of
patients, the number of foreign body cases, and the number
of outcomes reported in these 30 articles.”® These meta-
analyses use a Bayesian model to consider variations in
study design, inclusion and exclusion criteria, and the
study population among the different reported studies.

Most patients with aspirated foreign bodies are children
younger than 3 years. Four series reported the median age,
and 7 series reported the mean age of children with
aspirated foreign bodies. The median and the mean age
ranged from 1 to 2 years'>'®?% and from 2.1 to 3.8
years,! /121426282932 regpectively. With the exception of 2
Turkish studies with a high incidence of adolescent girls
aspirating headscarf pins,**** boys account for 61% (confi-
dence interval [CI] = 59%—-63%) of children with foreign
body aspiration'7,9,l7,21,22,26729,32,33
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Table 1. Sensitivity, Specificity, Positive
Predictive Value (PPV), and Negative Predictive

Value (NPV) of a Witnessed Aspiration Effect for
Foreign Body Aspiration

Sensitivity Specificity PPV NPV

Aydogan et al. 93.2 45.1 86.5 63.6
(1887, 1493)"

Ciftci et al. 91.1 46.0 90.5 47.9
(663, 563)**

Tomaske et al. 4.7 53.7 70.5 58.8
(370, 221)%°

Ayed et al. 81.6 37.9 90.3 22.4
(235, 206)®

Tokar et al. 84.9 87.1 94.2 70.1
(214, 152)%4

Skoulakis et al. 91.5 56.3 77.3 80.4
(210, 130)3*

Kiyan et al. 1.3 96.3 96.6 35.1
(207, 153)?°

Erikci et al. 58.3 87.1 90.2 50.5
(189, 127)*°

Heyer et al. 75.4 92.1 96.8 53.8
(160, 122)2°

Cohen et al. 83.6 32.1 48.1 72.2
(142, 61)*2

Values are percentages.

Data were available from 10 of the 30 studies that were reviewed. Study size
is denoted (n, n) to represent the total number of patients and the number of
patients with an aspirated foreign body, respectively.

Most (81%, CI = 77%—86%) of the aspirated foreign
bodies are organic materials.”?~1119721:2324.2636 Nytg (es-
pecially peanuts) and seeds (mainly sunflower and water-
melon) are the most commonly aspirated foreign bodies
reported in almost all studies. The exception to this finding
is an Italian series that found teeth to be the most com-
monly aspirated objects (33/121)."> In adolescent Turkish
females, headscarf pins are commonly aspirated.z“'34 As
was reported in 24 studies, the majority of foreign bodies
(88%, CI = 85%-91%) lodge in the bronchial tree, with the
remainder catching in the larynx or trachea.”?10:12719.2225-36 A
higher incidence of right-sided foreign bodies (52%, CI =
48%-55%) in comparison with left-sided foreign bodies (33%,
CI = 30%-37%) was reported in all of these studies, with the
exception being a small series in Israel.'> A small number of
objects fragment and lodge in different parts of the airways.

A history of a witnessed choking event is highly sug-
gestive of an acute aspiration. Data were available to
determine the sensitivity, specificity, positive predictive
value, and negative predictive value of a witnessed event in
10 studies (Table 1).78111216:20.2531,34.35 Chjldren with as-
pirated foreign bodies typically present with the symptoms
of coughing, dyspnea, wheezing, cyanosis, or stridor. Data
were available in 10 studies to determine the sensitivity and
the specificity of these presenting signs and symptoms
(Table 2).31216:20.23:2529.31.3435 A history of cough is highly
sensitive for foreign body aspiration but is not very specific.
On the other hand, a history of cyanosis or stridor is very
specific for foreign body aspiration but is not very sensitive.
Signs and symptoms typical in delayed presentations in-
clude unilateral decreased breath sounds and rhonchi,
persistent cough or wheezing, recurrent or nonresolving
pneumonia, or rarely, pneumothorax.
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Table 2. Sensitivity (Sens) and Specificity (Spec) of Symptoms for Foreign Body Aspiration

Cough Dyspnea Wheeze Cyanosis Stridor

Sens Spec Sens Spec Sens Spec Sens Spec Sens Spec
Tomaske et al. (370, 221)%° 87.8 45.0 57.9 73.2 39.4 74.5
Ayed et al. (235, 206)® 80.1 34.5 30.1 65.5 16.5 65.5
Tokar et al. (214, 152)34 94.1 32.3 27.6 66.1
Skoulakis et al. (210, 130)%* 82.3 53.8 24.6 85.0 5.4 100 11.5 98.8
Kiyan et al. (207, 153)2° 67.3 20.4 16.3 74.1 79.1 27.8 7.2 98.1
Erikci et al. (189, 127)*° 51.2 83.9 4.7 93.5 18.9 93.5
Shivakumar et al. (165, 105)2° 92.4 8.3 61.9 66.7 64.8 0 12.4 100 4.8 100
Heyer et al. (160, 122)%° 41.0 55.3 33.6 68.4
Kadmon et al. (150, 80)2® 51.3 12.9 18.8 72.9
Cohen et al. (142, 61)°7 93.4 28.4 14.8 92.6

Values are percentages.

Data were available from 10 of the 30 studies that were reviewed to determine the sensitivity (Sens) and specificity (Spec) of the symptoms of cough, dyspnea,
wheeze, cyanosis, and stridor for foreign body aspiration. Study size is denoted (n, n) to represent the total number of patients and the number of patients with
an aspirated foreign body, respectively.

Table 3. Sensitivity (Sens) and Specificity (Spec) of Radiographic Findings for Foreign Body Aspiration

Air trapping Atelectasis Mediastinal shift Infiltrate

Sens Spec Sens Spec Sens Spec Sens Spec
Tokar et al. (214, 152)3* 41.7 91.9 12.6 71.0 11.9 74.2
Skoulakis et al. (210, 130)3* 39.2 91.6 9.2 88.8 0 76.3
Kiyan et al. (207, 153)%° 63.8 79.6 8.0 94.4 4.4 94.4
Shivakumar et al. (165, 105)2° 49.5 80.0 22.9 83.3 3.8 41.7
Heyer et al. (160, 122)%° 62.3 97.4 8.2 97.4 20.5 97.4 18.9 84.2
Kadmon et al. (150, 80)2® 50.0 90.0 38.8 97.1
Cohen et al. (142, 61)°7 49.2 86.4 6.6 96.3 13.1 100 14.8 79.0

Values are percentages.
Data were available from 8 of the 30 studies that were reviewed to determine the sensitivity (Sens) and specificity (Spec) of the radiographic findings of localized
air trapping, atelectasis, mediastinal shift, and infiltrate for foreign body aspiration. Study size is denoted (n, n) to represent the total the number of patients and

the number of patients with an aspirated foreign body, respectively.

Most stable patients had chest radiographs. As was re-
ported in 20 studies, only 11% (CI = 8%-16%) of the foreign
bodies were radio-opaque.”12717/19,20.23-2527-29,32,34-36 (Chegt
radiographs were normal in 17% (CI = 13%—22%) of children
with aspirated objects as were reported in 14 studies.
9A11217,22,24,25,27-2932-35 The common radiographic abnor-
malities included localized emphysema and air trapping,
atelectasis, infiltrate, and mediastinal shift. Data were avail-
able in 8 studies to calculate the sensitivity and specificity of
these radiographic findings (Table 3).'!!*202%2329313% Ppey-
mothorax and pneumomediastinum are less common find-
ings on chest radiograph (range: 0.1%-3.7%), as was reported
in7 Studies.14'15'22'28'32'33

While rigid bronchoscopy was used solely for the re-
moval of foreign bodies in most studies, both flexible and
rigid bronchoscopies were used in 4 series.'>'>?%3% A
minority of foreign bodies were removed by flexible bron-
choscopy in 3 of these studies (range: 4.1%-10.7%),'>'%*°
whereas Tang et al®*. reported successful removal by
flexible bronchoscopy in 91.3% of children with foreign
body aspiration. For this study, local anesthesia with seda-
tion was used during bronchoscopy. For children undergo-
ing rigid bronchoscopy, general anesthesia was used in all
studies, and details regarding the anesthetic technique
were provided in 12 studies. Both inhaled”'>?'?¢ and
IV'31? inductions were reported. Similarly, anesthesia was
maintained with either inhaled'>'??'3¢ or IV?*?*2° drugs
or a balanced anesthetic."® Five studies reported the use of
neuromuscular blockers.”?'51%?* Bittencourt et al.” and
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Hasdiraz et al.'” used paralysis as needed during the
procedure and attempted to maintain spontaneous ventila-
tion when possible. On the other hand, Divisi et al."?
commented that spontaneous ventilation is not suitable for
rigid bronchoscopy because of resultant oxygen desatura-
tion and used a balance anesthetic with sevoflurane and
remifentanil. Shivakumar et al.** used jet ventilation to
prevent oxygen desaturation. None of the authors com-
mented on using drying drugs such as glycopyrolate before
bronchoscopy. Seven studies commented on using steroids
for laryngeal edema, with the majority of those authors
favoring steroid use only as needed,”'*'*?*%° as opposed
to routine administration.?>° In 4 studies, antibiotics were
given routinely preoperatively,'®?> postoperatively,*® or as
a 5-day course,®® whereas authors in 3 studies favored
antibiotic administration only as needed for infection.”'>*

Major iatrogenic complications were specified in 21
studies with 9437 children with aspirated foreign bodies.
The other 9 studies did not provide details or rates of
complications. These complications included severe laryn-
geal edema or bronchospasm requiring tracheotomy or
reintubation, pneumothorax, pneumomediastinum, cardiac
arrest, tracheal or bronchial laceration, and hypoxic brain
damage. These major complications occurred in 91 of these
9437 children (0.96%) (Table 4). Of the 11 cardiac arrests
that were reported, 1 occurred after induction of anesthesia
in a child who was hypoxic on admission, 5 occurred
during bronchoscopy because of hypoxia (3) or bleeding
(2), and the remaining 5 were not specified. Other reported
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Table 4. Morbidity Associated with Bronchoscopy

for the Removal of Tracheobronchial
Foreign Bodies
Complication
Major nonfatal complications (n = 91)
Severe laryngeal edema or bronchospasm 43

requiring tracheotomy or
reintubation15,:!.9,22,25,27,3(),32

Total n

Pneumothorax or o
pneumomediastinum?-11:1:18:19,22,30,32,33

Cardiac arrest***5-25:27 "

Hypoxic brain damage2°-2* .

Tracheal or bronchial laceration requiring 5

repair11'15'27
Other serious complications (n = 136)

[mifeGifp = e 58

Failed bronchoscopy requiring thoracotomy 37
(27)7811:13.15.19.36 or tracheotomy (10)"*°

Bleeding%19-27 29

Thoracotomy (5)%*%*° or tracheotomy 12

(7)"*2—not specified

Major iatrogenic complications, as were specified in 21 studies, occurred in
91 of the 9437 children with aspirated foreign bodies. Other serious
complications occurred in 136 of these 9437 children.

Table 5. Mortality Associated with Bronchoscopy

for the Removal of Tracheobronchial
Foreign Bodies

Cause of death (n = 43) n
Cardiac/respiratory arrest 37
Hypoxic arrest at presentation”9:11:22:27.32.36 15
Arrest due to tracheal foreign body*®-2° 5
Cardiac arrest during bronchoscopy, not 3

specified©:1*
Postoperative arrest*®2°
Hypoxic arrest due to shifting foreign body??
Rupture of puss under pressure behind
foreign body*®
Respiratory arrest due to inhaled cement
powder®
Not specified*®
Bronchial rupture®
Severe bronchospasm?™®
Postoperative infection®*
Multiorgan failure®*
Not specified*®

N W

[N

NSNS VRN

Deaths, as were specified in 26 studies, occurred in 43 of the 10,236
children with aspirated foreign bodies.

serious complications included infection, bleeding, and
failed bronchoscopic removal that necessitated thora-
cotomy or tracheotomy to remove the object (Table 4).
Mortality data were obtained from 26 articles with 43
deaths among 10,236 children (0.42%) with aspirated for-
eign bodies (Table 5). The remaining 4 articles did not
provide details of death rates. Twenty-five deaths occurred
in the 5 largest series with 5927 children (0.42%).7'>192%33
In 2003, Eren et al.'® reported 10 deaths in 1068 children
(0.94%) undergoing rigid bronchoscopy for foreign body
removal under general anesthesia in Turkey. Seven died of
hypoxic arrest during bronchoscopy, 2 of bronchial rup-
ture, and 1 of intractable bronchospasm. Shortly thereafter,
their countrymen Aydogen et al. reported 4 deaths in 1493
children (0.27%) with foreign body aspiration undergoing
rigid bronchoscopy over a 31-year period.” All 4 fatalities
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were in children presenting with acute cyanosis and respi-
ratory distress. Hasdiraz et al.' reported 8 deaths in 911
Turkish children (0.88%) with foreign body aspiration
undergoing rigid bronchoscopy. Three children developed
cardiac arrest from total tracheal obstruction, 2 had heart
failure and bronchopneumonia at the time of bronchoscopy
and developed cardiac arrest postoperatively, 1 developed
respiratory arrest due to inhalation of cement powder, 1
developed sepsis and respiratory failure after explosive
release of purulent discharge from behind the foreign body,
and 1 developed a respiratory arrest after a negative
bronchoscopy and was found to have a tracheal foreign
body at autopsy. In 2008, Hui et al.** reported 3 deaths
among 1428 children (0.21%) undergoing rigid bronchos-
copy over a 22-year period in China. Two died after foreign
body displacement during bronchoscopy, and 1 died of
asphyxia during a delay before bronchoscopy. In 2009,
Tang et al.*>* reported no deaths among 1027 children in
China undergoing bronchoscopy for foreign body removal.
In that series, 938 foreign bodies were removed by flexible
bronchoscopy, and 89 foreign bodies were removed by
rigid bronchoscopy. Of the remaining 18 deaths in the 21
other reports, 10 were due to irreversible cardiac arrest on
admission.” 1273236

DIAGNOSIS AND MANAGEMENT

A suggestive history is important in diagnosing an aspi-
rated object, because it is often difficult to make a definitive
diagnosis on the basis of an abnormal physical examination
or radiological studies alone. The work-up of the stable
patient should include a chest radiograph to assess for
other potential causes of symptoms, to identify a radio-
opaque foreign body, or to detect the position of a foreign
body on the basis of localized emphysema and air-trapping,
atelectasis, infiltrate, or mediastinal shift.>” The common ab-
normality of unilateral hyperinflation seen on the chest radio-
graph due to air trapping behind the foreign body is best
viewed at end expiration (Fig. 1). (Video 1; see Supplemental
Digital Content 1, http://links.lww.com/AA/A169; see the
Appendix for video legends). Although a decubitous view has
been suggested to look for air trapping in the dependent lung
of small children who cannot cooperate with expiratory films,
one study found this to be an unreliable technique.*®

Neck radiographs may be helpful in managing upper
aerodigestive tract foreign bodies. The alignment of flat
objects, such as coins, may suggest the location of an object
(Fig. 2A, 2B). Tracheal objects tend to align in the sagittal
plane, whereas esophageal objects tend to align in the
anterior plane. An object that overlaps the boundaries of
the airway on an anterior-posterior view is unlikely to be
inside the airway. Lateral radiographs may show soft tissue
swelling, loss of cervical lordosis, or an object posterior to
the trachea. Proximal esophageal objects can be removed
with a forceps under direct vision, with the laryngoscope
blade inserted into the esophagus to visualize the body and
protect the airway during removal of the object.

Thoracic computed tomography (CT) and virtual
bronchoscopy—a reformatted 3-dimensional CT image that
generates intraluminal views of the airway to the sixth and
seventh generation bronchi—are emerging as new modali-
ties to diagnose tracheobronchial foreign bodies in children
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Figure 1. A, Chest radiograph on end inspiration of a patient with a delayed presentation of an aspirated foreign body aspiration. B, Chest
radiograph on end expiration. Delayed emptying of the left lung suggests local air trapping. The foreign body was in the left bronchus. C, The
offending object seen on rigid bronchoscopy. The airway edema (white-gray) can be seen around the black foreign body, with bubbles reflecting
delayed air release during expiration. A Fogarty catheter is passed beyond the object in preparation for dislodgement. Images courtesy of Dr.
Dan Doody, Department of Surgery, Massachusetts General Hospital, Boston, Massachusetts.

PORTABLE UPRIGHT

Figure 2. A, The sagittal orientation of a
proximal aerodigestive foreign body sug-
gests an esophageal location. B, A lat-
eral view can demonstrate a position
posterior to the esophagus. Images cour-
tesy of Dr. Allan Goldstein, Department of
Surgery, Massachusetts General Hospi-
tal, Boston, Massachusetts.

Figure 3. A, B, Computerized tomography scan of an aspirated soda can top, using a low-resolution pediatric protocol to minimize radiation
exposure. The object was not seen on initial chest radiograph. A small aluminum object, although metal, has insufficient radiopacity for a plain
chest radiograph, and the object did not produce major obstruction leading to overt pulmonary changes. A computed tomography (CT) scan has
a greater range of sensitivity. C, The offending object in the bronchus intermedius. (Images courtesy of Dr. Pallavi Sagar, Department of
Radiology, and Dr. David Lawlor, Department of Surgery, Massachusetts General Hospital, Boston, MA.)

(Fig. 3).>**° CT and virtual bronchoscopy are more sensi-
tive diagnostic modalities for foreign body aspiration in
comparison with conventional chest radiography.*'** Se-
cretions, tumors, or other obstructive lesions can produce

1020 www.anesthesia-analgesia.org

false-positive findings. In a retrospective analysis, spiral CT
correctly identified all 42 children with aspirated foreign
bodies.*! In that study, 3 children had false-positive CT
images due to excess bronchial secretions, and 6 children
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had true negative scans. In 2 retrospective studies, virtual
bronchoscopy correctly identified 11of 11 and 15 of 23
children, respectively, with aspirated foreign bodies.***
No false-positive virtual bronchoscopies were reported in
those studies. The diagnostic utility of virtual bronchos-
copy has also been shown prospectively.***> Haliloglu et
al.** demonstrated that virtual bronchoscopy findings cor-
related with those of conventional bronchoscopy in 23
children, of whom 7 had foreign body aspiration and 16 did
not have foreign body aspiration. In a prospective study of
37 children with suspected foreign body aspiration, 16 had
a positive virtual bronchoscopy, of whom 13 had a foreign
body found with conventional bronchoscopy, and 3 had
either mucous plugs or a schwannoma found with conven-
tional bronchoscopy.** The remaining 21 patients had a
negative bronchoscopy and were observed with improve-
ment in their symptoms.** These studies demonstrate that
CT and virtual bronchoscopy correctly identified all cases
of foreign body aspiration. Therefore, some authors sug-
gested that children with a negative CT and virtual bron-
choscopy may not require conventional bronchoscopy as a
definitive work-up.**

A drawback of CT and virtual bronchoscopy is the
potential for excessive radiation exposure. A chest radio-
graph exposes the child to 0.1 mSv of radiation, equivalent
to several days of background environmental radiation.
Although a high-resolution pediatric chest CT can involve
up to 7 mSv of radiation, a lower-resolution scan protocol
using 1.5 mSv is usually sufficient to diagnose a foreign
body. Adequate 3-dimensional views can be subsequently
formatted from this level of detail.

Further limitations include the cost and limited avail-
ability of equipment and radiologists. In addition, CT
examination is limited to stable and cooperative children,
because anesthesia in a remote location for a child with an
unstable object that can potentially acutely obstruct the
airway poses significant risks.

Although rigid bronchoscopy has traditionally been the
definitive method to diagnose and remove tracheobron-
chial foreign bodies, a diagnostic flexible bronchoscopy
under local anesthesia may be indicated for patients with-
out a clear history or findings of aspiration.>**¢~*® In a
prospective study, children with convincing evidence of
foreign body aspiration were examined with rigid bron-
choscopy under general anesthesia, whereas others with
less-suggestive findings underwent flexible bronchoscopy
with local anesthesia.*” Of the 28 children who underwent
rigid bronchoscopy, 23 (82%) had a foreign body aspiration.
Of the 55 children who underwent flexible bronchoscopy,
only 17 (34%) had a foreign body aspiration. Another
prospective study found that 43 (84%) of 51 children who
underwent rigid bronchoscopy and only 7 (37%) of 19
children undergoing flexible bronchoscopy had positive
studies for foreign body aspiration.*® Both studies found a
significant association of aspirated foreign bodies with
unilateral decreased breath sounds, localized wheezing,
and obstructive emphysema on chest radiograph.*’*®
These authors recommended that children undergo rigid
bronchoscopy only if they have acute asphyxiation, a
radio-opaque foreign body, unilateral pulmonary signs, or
obstructive emphysema. All other children should undergo
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a diagnostic flexible bronchoscopy. When this algorithm
was applied retrospectively, the negative finding rate of
rigid bronchoscopy decreased from 18% to 4% and from
16% to 6%, respectively.*”** No adverse events were re-
ported with flexible bronchoscopy.*”*® Therefore, diagnos-
tic flexible bronchoscopy in selected children minimizes the
potential complications of rigid bronchoscopies. More re-
cently, Kadmon et al.*® proposed a computer model based
on history, physical examination, and radiographic find-
ings to calculate a score that predicts the likelihood of
foreign body aspiration in children. They further suggested
an algorithm to observe a child, perform diagnostic flexible
bronchoscopy, or perform therapeutic rigid bronchoscopy
on the basis of the calculated score. A prospective study is
warranted to determine the utility of this model.

In addition to aiding in the diagnosis of aspirated foreign
bodies, flexible bronchoscopy is becoming more popular for
the removal of foreign bodies.***°™>* In a large retrospective
study, a foreign body was successfully removed by flexible
bronchoscopy in 938 (91.3%) children.®® Flexible bronchos-
copy is better suited for removing foreign bodies from distal
airways and upper lobe bronchi, because of the smaller
diameter and greater flexibility in comparison with the rigid
bronchoscope. Fewer instruments, however, are available for
use with the flexible bronchoscope to remove the foreign
bodies. Rigid bronchoscopy continues to be used to remove
aspirated foreign bodies because multiple extraction instru-
ments are available and because it provides good visualiza-
tion, controls the airway, and allows ventilation.

ANESTHETIC MANAGEMENT FOR
BRONCHOSCOPY

Anesthetic considerations encompass preoperative assess-
ment, management techniques for flexible or rigid bron-
choscopy, and postbronchoscopic disposition.

Preoperative Assessment

The preoperative assessment should determine where the
aspirated foreign body has lodged, what was aspirated,
and when the aspiration occurred. If the foreign body is
located in the trachea, the child is at risk for complete
airway obstruction and should be taken urgently to the
operating room. Conversely, the risk of complete airway
obstruction is less if the object is firmly lodged beyond the
carina. It is important to determine the type of foreign
body: Organic materials can absorb fluid and swell, oils
from nuts cause localized inflammation, and sharp objects
can pierce the airway. The time since the aspiration should
be established because airway edema, granulation tissue,
and infection may make retrieval more difficult with de-
layed presentations. A recently aspirated object may move
to a different position with coughing.

The time of the last meal should be established to assess
the risk of aspiration. There are no reports of aspiration of
gastric contents in the literature surveyed, although fatal
progression of obstruction has been reported.”!">%27:3236
In acute cases, therefore, the dangers of delayed removal
appear to outweigh the risk of a full stomach in a well-
conducted anesthetic. In urgent cases, the stomach can be
suctioned through a large-bore gastric tube after induction but
before the bronchoscope is inserted to minimize the risk of
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gastric aspiration. In delayed presentations in which bron-
choscopy is not urgent, a preanesthetic fast is appropriate.

The airway patency should be assessed. If the patient is
in severe distress, urgent bronchoscopy should be per-
formed. If the patient is stable, however, some authors
suggest that bronchoscopy may be performed during nor-
mal daytime operating hours to ensure optimal conditions
with an experienced bronchoscopist and anesthesiologist.>®
These authors found no increase in morbidity in stable
patients by delaying bronchoscopy for a suspected foreign
body until the next available elective daytime slot.”®

Anesthetic Considerations for Rigid
Bronchoscopy

Because surgeon and anesthesiologist share management of a
potentially obstructed airway, clear communication and good
cooperation are essential. Before induction, a detailed anes-
thetic and operative plan should be discussed. The 3 main
anesthetic issues involve the methods of induction, ventilation
during bronchoscopy, and maintenance of anesthesia.

The choice of induction is dominated by the consider-
ation of converting a proximal partial obstruction into a
complete obstruction. The conversion from spontaneous
negative pressure breathing to positive pressure ventilation
theoretically risks dislodging an unstable proximal body,
causing complete obstruction.®* Although hypoxic arrest
during the initial stages of bronchoscopy is a recognized
cause of death,'%11'? the relative contributions of obstruction
on initial presentation, during the induction of anesthesia, and
from dislodgement during bronchoscopy, are unclear from
published accounts. A survey of 838 pediatric anesthesiolo-
gists found that the majority preferred an inhaled induction
when foreign bodies were present in the tracheobronchial
tree.”® A cautious IV induction that maintains spontaneous
ventilation is also possible, although this was not an option in
that particular survey study. While the optimal method of
induction is not definitively established, maintaining sponta-
neous ventilation during the induction of a patient with a
proximal foreign body is commonly practiced.

After induction of general anesthesia, the rigid broncho-
scope is inserted through the glottic opening. The anesthesia
circuit is connected to the sideport of the bronchoscope to
allow ventilation. Both spontaneous ventilation and con-
trolled ventilation are feasible for removal of foreign bodies.
Spontaneous ventilation around the bronchoscope may be
more suitable for removal of proximal bodies, during which
leakage around the scope may make effective positive pres-
sure ventilation difficult. Manually closing the mouth and
nose can diminish a large leak around the scope and improve
ventilation. Positive pressure ventilation down the broncho-
scope, with intermittent apnea while manipulating the object,
may be more suitable for distal retrieval. The use of optical
forceps allows for positive pressure ventilation to be main-
tained while the foreign body is being manipulated so that
periods of apnea can be minimized (Video 2; see Supplemen-
tal Digital Content 2, http://links.Iww.com/AA/A170; see
the Appendix for video legends). Because airway trauma and
rupture are significant and potentially fatal complications, it is
essential to avoid coughing and bucking secondary to the
intense stimulation from a rigid bronchoscope deep in the
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bronchial tree. Movement can be prevented with neuromus-
cular blocking drugs”>****” or with a deep level of anesthesia.
One study suggests that topicalization of the tracheobronchial
mucosal using a rigid bronchoscope coated with local anes-
thetic gel improves surgical conditions and more effectively
maintains spontaneous ventilation while decreasing the doses
of anesthetics.®® Although the risk of positive pressure venti-
lation causing distal air trapping by a ball-valve effect has
been suggested,®*° there is no clear clinical evidence in the
literature surveyed to support this as a practical concern.

A retrospective review of 94 children with aspirated
foreign bodies detected no difference in adverse events on
the basis of the type of ventilation.®’ However, 5 of 18
children who were maintained on assisted ventilation and
11 of 26 who were maintained on spontaneous ventilation
were switched to controlled ventilation. A prospective
study of 36 children with aspirated foreign bodies found
that controlled ventilation is more effective than is sponta-
neous ventilation.>® All children in the spontaneous venti-
lation group were switched to either assisted or controlled
ventilation because of coughing and bucking. It is possible,
however, that the necessity of switching from spontaneous
to either assisted or controlled ventilation was due to an
inadequate depth of anesthesia with inhaled drugs rather
than an inherent problem with spontaneous ventilation.®
Larger prospective studies, with both inhaled and IV
maintenance techniques, are necessary to further evaluate
whether spontaneous or controlled ventilation is more
advantageous. In a nonrandomized observational study,
manual jet ventilation was shown to decrease the incidence
of intraoperative hypoxemia in comparison with manual
controlled ventilation and spontaneous ventilation.®®
Manual jet ventilation may better allow oxygenation and
ventilation of the unobstructed lung during manipulation
of the foreign body because the jet ventilation catheter was
inserted separately from the bronchoscope.®®

Halothane and sevoflurane are 2 volatile anesthetics that
are widely used in pediatric practice. Meretoja et al.®*
compared sevoflurane with halothane in 120 children
undergoing bronchoscopy, gastroscopy, or combined
procedures. They reported a higher incidence of cardiac
arrhythmias (nodal rhythm, bigeminy or ventricular
ectopy) in the halothane group (18/60 vs. 4/60). Batra et
al.®®> compared the 2 drugs in 44 children undergoing
bronchoscopy specifically for foreign body removal and
found a higher incidence of cardiac arrhythmias in the
halothane group (7/22 vs. 2/22). When comparing halo-
thane and sevoflurane for 62 pediatric bronchoscopies,
Davidson®® found no differences in cord closure, desatura-
tions, breath holding, or coughing.

Although inhaled drugs have traditionally been used for
the maintenance of anesthesia,>***¢!*” total IV techniques
are becoming more popular in the pediatric popula-
tion.>¢02685% A total IV anesthetic with propofol (200 to 400
pg - kg™ ' - min~') and remifentanil (0.05 to 0.2 ug - kg ' -
min~ ") infusions in combination with vocal cord topical-
ization with lidocaine (1 mg - kg~ ") allows for spontaneous
ventilation.®” Children younger than 3 years of age can
tolerate higher doses of remifentanil and still maintain
spontaneous ventilation in comparison with older chil-
dren.”® An advantage of an IV anesthetic is that it provides
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a constant level of anesthesia irrespective of ventilation. By
contrast, hypoventilation and leaks around the rigid bron-
choscope may produce an inadequate depth of inhaled
anesthesia. Pollution of the operating room, due to the
combination of leaks around the rigid bronchoscope and
high gas flows needed for ventilation, are additional draw-
backs of inhalation anesthetics. Chen et al.** showed that a
total IV technique with spontaneous ventilation was asso-
ciated with a higher incidence of body movement, breath
holding, and laryngospasm in comparison with an inhaled
technique. However, the doses of IV propofol (100 to 150
pg - kg ' - min~ ') and remifentanil (0.1 ug - kg ' - min~')
were less than those previously described to provide anes-
thesia and maintain spontaneous ventilation.

Dropping the foreign body during retrieval is a poten-
tially life-threatening complication.”’”> The vocal cords
should be well relaxed, either by residual topicalization,
paralysis, or an adequate depth of anesthesia, before re-
moval of the foreign body through the larynx. Dropping
the foreign body has a higher correlation with the experi-
ence level of the bronchoscopist than with the mode of
ventilation.”? If the object is dropped in the proximal
airway and cannot immediately be removed, pushing it
back into a bronchus can eliminate an obstruction. If a
bronchial body falls into the other bronchus, there is
potential for complete airway obstruction due to edema
and inflammation at the original site.”' In the setting of a
marginal airway, optimization of other components of
ventilation is essential. Ventilation may be impaired not
only by the object, but also proximally by upper-airway soft
tissue or cord closure, and distally by atelectasis after
prolonged intraoperative hypoventilation. Optimal head
position, open cords, reinflation of atelectatic segments,
and slow prolonged breaths with adequate pressure can
provide ventilation past a partial obstruction. If ventilation
is impossible, emergent efforts must be made to extract or
move the object. In severe cases of cardiopulmonary failure
due to foreign body obstruction, extracorporeal membrane
oxygenation may facilitate foreign body removal and car-
diopulmonary recovery.”

After the extraction of the foreign body and the removal
of the rigid bronchoscope, the choice of ventilation during
emergence is influenced by pulmonary gas exchange and
the degree of airway edema. For uncomplicated cases,
spontaneous ventilation assisted by mask ventilation as
needed may be adequate. Intubation during emergence
may be indicated for a marginal airway, pulmonary com-
promise, or residual neuromuscular blockade.

Anesthetic Considerations for

Flexible Bronchoscopy

Flexible bronchoscopy can be performed with local anes-
thetic topicalization and sedation in both children and
adults.””~**7*777 IM meperidine and oral diazepam,” IV
midazolam or fentanyl,”> and atropine and diazepam*®7®
or sublingual codeine” have been successfully used to
sedate adolescents and adults. Topical lidocaine to the
nasopharynx and larynx was combined with 0.1 to 0.3
mg/kg rectal midazolam for 19 younger children.*® Aero-
solized lidocaine in combination with an IM dose of either
atropine (0.01 to 0.02 mg/kg) and diazepam (0.1 to 0.2
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mg/kg) or midazolam (0.1 to 0.15 mg/kg) was used for
sedation in 938 young children who had a foreign body
removed by flexible bronchoscopy.®® In that series, the
flexible bronchoscope was inserted intranasally unless na-
sal stenosis was present.*

In smaller children who are unable to cooperate, several
techniques of general anesthesia have been reported. A
balanced anesthetic using IV propofol and sevoflurane with
topical lidocaine and oxymetazoline was used for 23 chil-
dren ages 9 months to 16 years.”® The fiberoptic broncho-
scope was then inserted through a T-piece on the child’s
facemask and advanced transnasally. In a series of 6
children ages 1.2 to 5 years spontaneously breathing under
sevoflurane anesthesia, the bronchoscope was inserted
through a swivel adapter on a laryngeal mask airway.>
The foreign bodies were removed en bloc with the laryn-
geal mask with no adverse events. Flexible bronchoscopy
through endotracheal tubes under general anesthesia is
also described in which the foreign body, bronchoscope,
and endotracheal tube are removed en bloc.”" A standard
pediatric bronchoscope (3.6 mm outer diameter) can be
used with a size 4.5 or larger endotracheal tube, whereas
standard adult bronchoscopes (4.9 mm diameter) will fit
into size 2 or larger laryngeal mask.

Postoperative Considerations

Early discharge after uncomplicated bronchoscopy is rea-
sonable. In one study, 187 (65%) children were discharged
home within 4 hours after rigid bronchoscopy.”® In another
study, 82 (60.7%) children had a hospital stay <1 day.*
Prolonged pulmonary recovery may prevent early dis-
charge. Predictive factors of prolonged recovery included
evidence of inflammation on preoperative radiographs,
aggravation of pulmonary lesions on postoperative films,
and a prolonged duration of bronchoscopy.?®*”® Ciftci et
al.'* found bronchoscopy time (57 * 2.9 minutes vs. 23 =
1.2 minutes) to be prolonged in children with postoperative
complications in comparison with those without complica-
tions. Chen et al.*®> found that postoperative hypoxemia
was associated with prolonged emergence from anesthesia
and with foreign bodies that were plant seeds.

CONCLUSIONS

Aspiration of a foreign body is a potentially lethal event.
Although many deaths occur before arrival at the hospital,
anesthesia and bronchoscopy to remove the offending item
are associated with considerable mortality and morbidity.
Outcomes have improved over the years because of ad-
vances in anesthesia and bronchoscopy. Although several
anesthetic techniques are effective for managing children
with foreign body aspiration, there is no consensus from
the literature as to which technique is optimal. An induc-
tion that maintains spontaneous ventilation is commonly
practiced to minimize the risk of converting a partial
proximal obstruction to a complete obstruction. Controlled
ventilation combined with IV drugs and paralysis allows
for suitable rigid bronchoscopy conditions and a consistent
level of anesthesia. The use of CT and virtual bronchoscopy
to diagnose foreign body aspiration and the use of flexible
bronchoscopy for the diagnosis and removal of foreign
bodies may decrease the necessity for rigid bronchoscopy

www.anesthesia-analgesia.org 1023



55 REVIEW ARTICLE

under general anesthesia in patients with suspected foreign
body aspiration. As a result, morbidity and mortality in
these children may further decrease. Regardless of the
management strategy, close cooperation within a skilled
surgical and anesthetic team is essential to avoid the
potential hazards of foreign body aspiration. g§
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APPENDIX: VIDEO CAPTIONS

Video 1. Rigid bronchoscopy down the left mainstem bronchus.
Bubbles formed by release of trapped air can be seen during
spontaneous breathing.
Video 2. An optical forceps is used to grasp and remove the object
via rigid bronchoscopy.
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