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procedures, complications, as emerging from a meta-analytic review of published papers.
Methods: A free text search.on PubMed database ((foreign bodies) OR (foreign body)) AND ((aspiration)
OR (airways) OR (tracheobronchial) OR (nasal) OR (inhalation) OR (obstruction) OR (choking) OR
(inhaled) OR (aspirations) OR (nose) OR (throat) OR (asphyxiation)) AND ((children) OR (child)) finalized
to identify all English written articles referring to foreign body inhalation over a 30 years period (1978-
2008) was performed. The target of the analysis has been defined as the proportion of injuries as reported
in the studies, stratified according to children demographic characteristics, type of FB, site of obstruction.
The pooled proportions of FB were calculated using the DerSimonian and Laird approach.
Results: 1699 papers were retrieved and 1063 were judged pertinent; 214 English written case series
were identified, among them 174 articles were available and have been included in the analysis. Airway
foreign body most commonly occurs in young children, almost 20% of children who have inhaled foreign
bodies being between 0 and 3 years of age. Organic FB, particularly nuts, are the most documented
objects while, among inorganic FBs, the greatest pooled proportion has been recorded for magnets,
which can be particularly destructive in each location. Non specific symptoms or a complete absence of
symptoms are not unusual, justifying mistaken or delayed diagnosis. Acute and chronic complications
seem to occur in almost 15% of patients.
Conclusions: Even if an enormous heterogeneity among primary studies seems to exist and even if the
absence of variables standardized definitions across case series, including class age definition and
symptoms and signs descriptions, seriously impairs studies comparability, our results testify the
relevant morbidity associated with foreign body inhalation in children, stressing the importance of
preventive measures.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The inhalation/aspiration of foreign bodies (FB) into the upper
airways can be a very serious event, sometimes resulting in fatal
outcomes, and frequently having considerable social and economic
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aspects of the FB injuries, like clinical diagnosis and management
of the injured child [1]. Very recently, some attempts have been
made to start a systematic collection of FB in view of using them to
characterize the risk of chocking in terms of size, shape and
consistency of the FB [2]. However, most of the epidemiologic
evidence on foreign bodies in children comes from single-center
retrospective studies, without any systematic geographical and
temporal coverage [3-7].

Particularly, in spite of the wide interest proven by the high
number of published papers on the argument, no attempts have
been made to synthesize the epidemiological data as arising from
the literature. This paper is an attempt aimed at filling this gap,
providing an estimate of the distribution of foreign body’s injuries
in children according to gender, age, type of FB, site of obstruction,
clinical presentation, diagnostic/therapeutic procedures, compli-
cations, as emerging from a meta-analytic review of published
papers.

2. Materials and methods

A free text search on PubMed database ((foreign bodies) OR
(foreign body)) AND ((aspiration) OR (airways) OR (tracheobron-
chial) OR (nasal) OR (inhalation) OR (obstruction) OR (choking) OR
(inhaled) OR (aspirations) OR (nose) OR (throat) OR (asphyxiation))
AND ((children) OR (child)) finalized to identify all articles
referring to foreign body inhalation over a 30 yrs period (1978-
2008) was performed.

Papers’ pertinence was independently evaluated by two
reviewers starting from title and abstract. Papers referring to
adult FB injuries, other sites of injury other than aerial tract and
iatrogenic causes were excluded. Only case series were included in
the analysis while case reports were excluded. Papers referring to
the same series of data were included only once in the meta-
analysis. Only case series written in English were included.

For each record included in the analysis, information ‘was
extracted on country, period, children sex and age, FB type, site of
obstruction, symptoms, signs, diagnostic and therapeutic proce-
dures, delay at the diagnosis, complications, number of deaths.

The target of the analysis has been defined as the proportion of
injuries as reported in the studies, stratified according to children
demographic characteristics, injury dynamics, type of FB, site of
obstruction. Moreover, also symptoms, signs, radiological findings,
removal techniques, delayed or mistaken diagnosis, complications
and death have been considered and pooled proportion computed.

The pooled proportions of “FB~was calculated using the
DerSimonian and Laird approach{8,9]. All studies with missing
values or zero counts were excluded pair wise from the analysis.
First, a x? test for homogeneity of proportions among the different
studies was performed using the Cochran method 43. Thus, the
pooled proportions of FB was estimated along with the corre-
sponding 95% confidence intervals (CI), using again the DerSimo-
nian-Laird random effects weighting scheme for the studies
included in the analysis.

All analyses have been performed using the software R 44 [10]
with the rmeta package [11].

3. Results

According with the search strategy previously described, 1699
papers were retrieved and 1063 were judged pertinent; 214
English written case series were identified, among them 174
articles were available and have been included in the analysis.
Considered references are shown in Table 1. On the whole, articles’
authors observed 30,477 children suspected of having aspirated a
foreign body. Pooled estimates of injury proportion are presented
in Tables 2-7 stratified for relevant variables including children

and FB characteristics. For each stratum, the number of articles
reporting data about the considered characteristic, the number of
cases having the considered characteristic and the total number of
cases described in the articles are reported. Particularly, in Table 2
injuries pooled proportions are presented stratified by children age
and seX, and by injury dynamics (including adult presence and
activity before accident); moreover, details regarding FB locations
and FB types are presented respectively in Tables 3 and 4. In Table 5
pooled proportions of symptoms and signs are shown while in
Table 6 radiographic findings and adopted removal techniques are
described. Finally, in Table 7 pooled proportions of diagnostic
delay, mistaken diagnosis, complication and deaths are reported.

4. Discussion

Taking stock of what is known in any'field involves reviewing
the existing literature, summarizing it-in appropriate ways, and
exploring the implications of heterogeneity of population and
study for heterogeneity of study results. Meta-analysis provides a
systematic way of performing. this research synthesis, while
indicating when more research is necessary. Usually, meta-
analytic studies resume randomized controlled trials results,
which are considered to provide the strongest evidence regarding
an intervention. However, in many situations, including studies of
risk factors, only data from observational studies are available and,
even if the extreme diversity of study designs and populations in
epidemiology could make the interpretation of simple summaries
problematic, meta-analyses of observational studies continue to be
one of the few methods for answering urgent questions in clinical
and public health research.

Particularly, despite aspiration and inhalation of FBs are
common events in paediatrics accounting for a not negligible
proportion of accidental deaths in children under 4 years of age,
this issue is still poorly understood and existing knowledge not yet
systematically reviewed and synthesized.

Our study, in which 1063 were judged pertinent and only 174
English written case series were identified and included in the
analysis, testifies that the great amount of papers about this topic
are case reports typically consisting of complaints, examination
findings, diagnosis, treatment and outcome; however, no hypoth-
esis, data analysis or generalizable conclusion is possible on this
base. On the other hand, the absence of variables standardized
definitions across case series, including class age definition and
symptoms and signs descriptions, seriously impairs studies
comparability. Moreover an enormous heterogeneity among
primary studies seems to exist. Despite these limitations, results
obtained in the present study stress some key messages.

First of all, airway foreign body most commonly occurs in young
children, almost 20% of children who have inhaled foreign bodies
being between 0 and 3 years of age. Great attention is paid in
scientific literature on objects causing the injury: organic FB,
particularly nuts, are the most documented objects while, among
inorganic FBs, the greatest pooled proportion has been recorded for
magnets, which can be particularly destructive in each location.
Moreover, injuries are frequently due to an incorrect manipulation
of objects not conceived for children use, including pins, nails,
screws, floats.

The clinical presentation of foreign body aspiration ranges from
none to severe airway obstruction; cough, chocking, dyspnea,
reduced/abnormal breath sounds and respiratory movements
decreased appear as the most documented symptoms and signs;
however, non specific symptoms or a complete absence of
symptoms are not unusual, therefore, clinicians may fail to
consider the diagnosis of an inhaled foreign body if child shows
no symptoms at presentation, especially when also chest radio-
graph findings are normal. Even if chest radiograph findings
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References considered in the meta-analysis.

Appendix 4

Abdel-Rahman HA, 2000 [12]
Adaletli I, 2007 [16]
Adeyemo AO, 1986 [20]
Agarwal RK, 1988 [24]
Ahmed AA, 1994 [28]
Al-Ali MA, 2007 [32]
al-Hilou R, 1991 [6]
Alleemudder D, 2007 [39]
Altkorn R, 2008 [43]
Altmann A, 1995 [47]
Altmann AE, 1997 [51]
Ammari FF, 2000 [55]
Andazola JJ, 1999 [59]
Anyanwu CH, 1985 [63]
Arjmand EM, 1997 [67]
Asif M, 2007 [71]

Assefa D, 2007 [75]
Aydogan LB, 2006 [79]
Ayed AK, 2003 [83]
Backlin SA, 1995 [87]
Baker MD, 1987 [91]
Balbani AP, 1998 [95]
Banerjee A, 1988 [99]
Barbato A, 1996 [103]
Barrios Fontoba JE, 1997 [107]
Beg MH, 1987 [111]

Ben Amer JH, 2000 [115]
Bhatia PL, 1991 [119]
Bittencourt PF, 2006 [123]
Black RE, 1994 [127]
Blazer S, 1980 [131]
Bloom DC, 2005 [134]
Bodart E, 1999 [138]
Botma M, 2000 [142]
Brkic F, 2007 [146]
Burton EM, 1996 [150]
Caglayan S, 1989 [154]
Cataneo AJ, 1997 [158]
Cataneo AJ, 2008 [162]
Cevizci N, 2008 [166]
Chiu CY, 2005 [170]
Chung MK, 2007 [174]
Ciftci AO, 2003 [178]
Cleatus S, 1992 [181]

Cohen SR, 1980 [13]

Das SK, 1984 [17]

Davies H, 1990 [21]
Divisi D, 2007 [25]

Emir H, 2001 [29]
Endican S, 2006 [33]
Eren S, 2003 [36]

Erik¢i V, 2003 [40]
Esclamado RM, 1987 [44]
Even L, 2005 [48]

Fadl FA, 1997 [52]

Fraga A, 2008 [56]
Francois M, 1998 [60]
Gaafar H, 1982 [64]
Gatch G, 1987 [68]
Gedlu E, 1994 [72]
Girardi G, 2004 [76]
Glynn F, 2008 [80]
Goren S, 2005 [84]
Gregori D, 2007 [88]
Gregori D, 2008 [92]
Gregori D, 2008 [96]
Gulati SP, 2003 [100]
Haliloglu M, 2003 [104]
Hamdan AL, 2000 [108]
Hamilton AH, 1989 [112]
Hasdiraz L, 2006 [116]
Heyer CM, 2006 [120]
Higo R, 2003 [124]
Hoeve LJ, 1993 [128]
Hon SK, 2001 [132]
Hong SJ, 2008 [135]
Huang HJ, 2008 [139]
Hussain S, 1988 [143]
Ibrahim Sersar S, 2005 [147]
Ikeda M, 2001 [151]
Janik JS, 1986 [155]
Kadish HA, 1997 [159]
Kadmon G, 2008 [163]
Kamath P, 2006 [167]
Karakog F, 2002 [171]
Karakoc F, 2007 [175]
Karatzanis AD, 2007 [179]
Kavanagh KT, 1986 [182]

Keith FM, 1980 [14]
Kohli GS, 1989 [18]
Lakhani JK, 1998 [22]
Lakhkar BB, 2000 [26]
Laks Y, 1988 [30]

Latifi X, 2006 [34]
Lifschultz BD, 1996 [37]
Lima JA, 1989 [41]
Linegar AG, 1992 [45]
Loh WS, 2003 [49]
Ludemann JP, 2007 [53]
Mahafza T, 2007 [57]
Maitra AK, 1980 [61]
Mantel K, 1986 [65]
Martinot A, 1997 [69]
McCormick S, 2002 [73]
Melaku G, 1996 [77]
Menéndez AA, 1991 [81]
Metrangelo S, 1999 [85]
Midulla F, 2005 [89]
Mittleman RE, 1984 [93]
Moazam F, 1983 [97]
Monden Y, 1989 [101]
Morley RE, 2004 [105]
Mu L, 1991 [109]

Mu LC, 1990 [113]
Nandapalan V, 1994 [117]
Ngo A, 2005 [121]

Oguz F, 2000 [125]
Oguzkaya F, 1998 [129]
Ogunleye AQ, 2001 [3]
Ogunleye AO, 2004 [136]
Ojwang J, 1985 [140]
Ortega M, 1986 [144]
Ozkurt H, 2008 [148]
Pasaoglu I, 1991 [152]
Papsin BC, 1994 [156]
Peridis S, 2009 [160]
Pinto A, 2006 [164]
Pinzoni F, 2007 [168]
Poole SR, 1990 [172]
Puhakka H, 1989 [176]
Puterman M, 1982 [180]
Ramirez-Figueroa JL, 2005 [183]

Reilly JS, 1992 [15]
Righini CA, 2007 [19]
Roh ]JL, 2008 [23]
Rothmann BF, 1980 [27]
Rouillon I, 2006 [31]
Samad L, 1998 [35]
Saquib Mallick M, 2005 [38]
Schmidt, H., 2000 [42]
Sehgal A, 2002 [46]
Sersar SI, 2006 [50]

Shah MB, 2008 [54]
Shaikholeslami V, 1978 [58]
Shanmugham MS, 1984 [62]
Sharma AK, 1992 [66]
Shivakumar AM, 2003 [70]
Siddiqui MA, 2000 [74]
Sirmali M, 2005 [78]
Sisenda TM, 2002 [82]
Skoulakis CE, 2000 [86]
Soboczynski A, 1993 [90]
Somanath BP, 1995 [94]
Soysal O, 2006 [98]
Steen KH, 1990 [102]
Stoychev S, 1980 [106]
Swanson KL, 2002 [110]
Tan HK, 2000 [114]
Tander B, 2004 [118]
Tariq P, 1999 [122]

Tiago RS, 2006 [126]
Tokar B, 2004 [130]
Tomaske M, 2006 [133]
Tong MC, 1996 [137]
Ulkii R, 2005 [141]

Van Looij MA, 2003 [145]
Versichelen L, 1985 [149]
Wiseman NE, 1984 [153]
Wolach B, 1994 [157]
Wood RE, 1984 [161]
Yadav SP, 2007 [165]
Yagi HI, 1997 [169]
Zaytoun GM, 2000 [173]
Zerella JT, 1998 [177]

Table 2

Injuries pooled proportions are presented stratified by demographic characteristics and injury dynamics. CI-1b: lower confidence interval bounds. Cl-ub: upper confidence
interval bounds. P values less than 0.05 indicate significant heterogeneity.

Number of articles Cases Total number of cases (N) Pooled-proportion CI-lb Cl-ub p-Value
Demographic characteristics
Males 123 13,196 23,808 0.609 0.577 0.641 <0.001
Females 126 10,692 25,792 0.383 0.370 0.395 <0.001
Age 0-3 22 3240 4593 0.673 0.648 0.698 <0.001
Age>3 30 2694 9495 0.254 0.216 0.292 <0.001
Injury dynamics
Adult present 5 542 1044 0.563 0.279 0.846 <0.001
Child activity when injury occurred: playing 2 19 45 0.304 0.116 0.492 1.000
Child activity when injury occurred: eating 2 19 45 0.422 0.099 0.745 0.018
Table 3
Injuries pooled proportions are presented stratified by FB locations. CI-1b: lower confidence interval bounds. Cl-ub: upper confidence interval bounds.
Number of articles Cases Total number (N) Pooled-proportion CI-1b Cl-ub
Nose 21 1475 1918 0.835 0.810 0.859
Larynx 49 559 6872 0.213 0.197 0.228
Trachea 97 2458 16,923 0.157 0.147 0.168
Bronchus 113 18,366 21,164 0.882 0.871 0.893
Lung 14 407 3960 0.271 0.252 0.289
Right side 99 9788 0 0.629 0.613 0.646

Left side 96 7582 0 0.425 0.408 0.441
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Table 4
Injuries pooled proportions are presented stratified by types of FB. CI-1b: lower confidence interval bounds. CI-ub: upper confidence interval bounds.
Number of Articles Cases Total number (N) Pooled-proportion CI-1b Cl-ub
Organic FB
Nuts 96 6504 18,536 0.395 0.340 0.450
Organic unspecified 55 5553 13,857 0.338 0.262 0.413
Seeds 64 3678 14,227 0.256 0.210 0.301
Unspecified food 24 421 3871 0.211 0.167 0.254
Weed/Wood 14 124 2633 0.136 0.093 0.180
Legumes 42 1406 11,058 0.107 0.084 0.131
Other food 21 266 2967 0.096 0.069 0.123
Grape 2 2 21 0.091 —0.032 0.213
Maize 14 119 2216 0.050 0.030 0.070
Bones 35 393 7417 0.049 0.037 0.060
Meat 10 112 1870 0.040 0.019 0.061
Coffee grain 5 58 1210 0.034 0.005 0.063
Carrots 14 153 4284 0.034 0.021 0.047
Popcorn 16 122 2926 0.032 0.018 0.046
Chicken 3 50 1580 0.024 0.008 0.040
Candy 6 59 2713 0.021 0.007 0.036
Apples 12 88 3920 0.020 0.013 0.027
Hotdog 6 72 2710 0.019 —0.001 0.039
Organic overall 172 19,113 29,881 0.558 0.549 0.567
Inorganic FB
Magnet 3 13 90 0.341 -0.173 0.854
Sponge 5 42 264 0.146 0.044 0.249
Inorganic unspecified 69 2386 14,529 0.131 0.122 0.140
Other inorganic 36 751 6698 0.117 0.100 0.134
Foam 8 99 931 0.092 0.042 0.142
Battery 9 35 692 0.090 0.041 0.140
Toys 24 198 3031 0.081 0.059 0.103
Pen top 27 169 3569 0.080 0.051 0.110
Plastic pieces 54 629 8352 0.078 0.065 0.092
Pin nail tack screw 64 781 11,369 0.076 0.064 0.087
Paper 16 92 1498 0.061 0.038 0.083
Whistle 6 31 509 0.057 0.018 0.097
Button bead 19 264 3708 0.054 0.033 0.075
Coin 6 69 1560 0.050 0.021 0.080
Balls/balloon 21 87 2306 0.044 0.027 0.061
Cotton 4 18 497 0.029 0.008 0.051
Stones/shell 41 158 5210 0.027 0.020 0.035
Jewellery 12 31 1798 0.017 0.006 0.028
Pen/pencil 14 41 2933 0.011 0.006 0.015
Inorganic overall 172 5808 29,881 0.197 0.188 0.205
Table 5
Pooled proportions of symptoms and signs. CI-1b: lower confidence interval bounds. Cl-ub: upper confidence interval bounds.
Number of articles Cases Total number (N) Pooled-proportion CI-Ib Cl-ub
Symptoms
Cough 82 12,605 16,782 0.612 0.601 0.623
Choking 45 5947 11,680 0.468 0.353 0.583
Dyspnea 47 4507 9021 0.346 0.258 0.433
Throat pain 3 111 256 0.290 -0.035 0.614
Fever 53 1970 12,018 0.187 0.163 0.211
Toracic pain 9 43 661 0.140 0.121 0.160
Aspecific symptoms 11 147 1178 0.098 0.061 0.135
No symptoms 11 109 1327 0.079 0.046 0.111
Vomiting 11 96 1013 0.074 0.047 0.100
Voice hoarsenes 10 73 1178 0.048 0.024 0.073
Blood stained mucus 10 59 1875 0.021 0.010 0.031
Unconsciouness 3 15 1625 0.008 0.000 0.016
Signs
Respiratory movements decreased 2 33 56 0.659 0.569 0.750
Decreased air entry 25 2672 4011 0.633 0.611 0.655
Decreased sounds 26 4262 8343 0.504 0.361 0.648
Abnormal breath sounds 78 5312 10,744 0.503 0.492 0.514
Tachypnea 15 2340 6723 0476 0.451 0.501
Asimmetric auscultation 3 224 371 0.454 0.081 0.826
Acute Respiratory distress 10 986 3097 0.387 0.281 0.493
Nasal Flaring 5 94 395 0.340 0.189 0.491
Abnormal breath sounds wheezing 67 3152 7565 0.334 0.283 0.386
Nose pain 3 82 374 0.269 0.047 0.491
Abnormal breath sounds rhonchi 19 618 3271 0.204 0.151 0.257
Accessory muscles use 11 411 4193 0.196 0.147 0.244

Purulental discharge 8 232 1257 0.189 0.110 0.268
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Table 5 (Continued)

Number of articles Cases Total number (N) Pooled-proportion CI-lIb Cl-ub
Abnormal breath sounds rales 9 412 2536 0.183 0.120 0.246
Abnormal breath sounds stridor 44 991 7147 0.177 0.149 0.205
Odor 4 52 312 0.150 0.056 0.243
Cyanosis 41 1258 9487 0.131 0.108 0.155
Abnormal breath sounds crackles 8 139 743 0.126 0.071 0.182
Nose bleeding 11 33 854 0.023 0.009 0.037
Subcutaneous emphysema 2 5 350 0.013 0.002 0.024
Table 6
Pooled proportions of radiographic findings and chosen removal techniques. CI-1b: lower confidence interval bounds. CI-ub: upper confidence interval bounds.
Number of Articles Cases Total Number (N) Pooled-Proportion CI-1b Cl-ub
Radiographic findings
Normal X-ray 75 5870 16,514 0.474 0.460 0.487
Rayradiopaque.FB 74 2525 16,155 0.246 0.234 0.259
Emphysema 76 5398 14,808 0.447 0.434 0.460
Atelectasis 63 2601 15,988 0.193 0.171 0.214
Pneumonia 59 1635 13,044 0.178 0.153 0.203
Pneumothorax/Pneumomediastinum 33 415 5425 0.078 0.064 0.093
Pleural effusion 7 166 2087 0.035 0.002 0.069
Number of performed X ray 98 18,236 18,446 0.990 0.984 0.995
Removal techniques
Bronchoscopy/laryngoscopy 111 19,125 19,677 0.990 0.984 0.995
Forceps 13 600 1220 0.474 0.460 0.487
Positive pressure technique 3 25 192 0.246 0.234 0.259
Surgery/thoracotomy/bronchotomy 47 479 15,153 0.447 0.434 0.460
Table 7
Pooled proportions of diagnostic delay, mistaken diagnosis, complication and deaths. CI-Ib: lower confidence interval bounds. CI-ub: upper confidence interval.
Number of articles Cases Total number (N) Pooled-proportion CI-1b Cl-ub
Complications
Other infection 7 152 1443 0.162 0.031 0.293
Pneumonia Broncopneumonia 25 397 3605 0.106 0.084 0.127
Bronchiectasis 13 83 3742 0.096 0.053 0.140
Actelectasis 10 99 2601 0.028 0.014 0.042
Larynx edema 15 229 7874 0.025 0.016 0.033
Respiratory arrest 15 93 2886 0.024 0.013 0.035
Cardiopulmunary arrest 19 434 9683 0.020 0.011 0.030
Tracheal laceration 7 82 6156 0.006 —0.001 0.013
Lung abscess empyema 6 14 1037 0.005 —0.003 0.012
Pneumothorax/pneumomediastinum 23 56 7002 0.004 0.002 0.006
Pulmonary edema 6 8 476 0.003 0.000 0.007
Complications Overall 54 1482 13,684 0.157 0.131 0.184
Mistaken diagnosis
Asthma 5 54 1205 0.231 0.183 0.279
Infections 6 221 1273 0.307 0.257 0.356
Delay in diagnosis
Up to 24h 49 3427 7625 0.470 0.452 0.488
Greater than 24h 51 8027 11,118 0.601 0.585 0.617
Deaths 127 718 31,305 0.062 0.056 0.068

compatible with an inhaled foreign body include air trapping,
atelectasis, and pneumothorax, none of these findings are
pathognomonic for foreign body inhalation and in our study
almost half of cases had normal radiography, while definitive
diagnosis is usually performed by endoscopic evaluation.

Diagnosis of an inhaled foreign body was delayed by more than
24 h in almost 40% of cases. As frequently reported in scientific
literature, delayed diagnosis of an inhaled foreign body can result
in serious acute and chronic complications which seem to occur in
almost 15% of patients. Particularly, pneumonia and broncho-
pneumonia seem to be the most frequently documented in
analyzed case series.

Interestingly, while data regarding FB type are almost always
reported, only a relatively small proportion of articles presents
details regarding clinical presentation, diagnostic procedures and
complications revealing poor attention toward the follow up of

patients after FB extraction and thus toward long terms
outcomes.

Finally, only 5 article reported data regarding adult presence
during injury occurrence; this fact reveals the insufficient attention
paid to preventive issues by both clinicians and parents while, on the
contrary, given the considerable mortality and morbidity associated
with foreign body inhalation in children, the importance of
preventive measures needs to be emphasized to parents and
caregivers.
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