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Abstract

was considered as significant.

thereafter.

Background: During foreign body aspiration (FBA), identifying the type of object is frequently problematic.

Objectives: This study assessed density changes over time in the most common organic, FBA materials using virtual bronchoscopy.
We also examined volumetric changes in materials to determine the optimal removal time for each type of foreign body.
Materials and Methods: Size-appropriate slots for each type of foreign body were created on a2 X 30 X 30 cm sponge plate. Ob-
jects (shelled and blanched peanuts, roasted chickpeas, hazelnuts, walnuts, almonds, pistachios, watermelon seeds, shelled and
unshelled sunflower seeds, shelled and unshelled pumpkin seeds, chickpeas, beans, lemon seeds, and apple seeds) were placed into
the slots, after which a second sponge, with identical dimensions, was placed over the top of the first sponge to achieve closure.
A moist environment was maintained for 7 days at body temperature (37°C). Multidetector computed tomography (MDCT) images
of the sponges, volume and density measurements of objects performed each day were recorded. Intra-object differences in den-
sity and volume over time on MDCT were evaluated using time-density and time-volume curves, respectively. The SPSS for Windows
software package (ver. 21.0; SPSS Inc., Chicago, IL, USA) was used to perform analyses. Pearson correlation analyses were used to de-
termine differences in the volume and density of FBA materials across days. A time volumetric graph was also obtained. P < 0.05

Results: Following aspiration, organic material volumes on day 7 were below baseline values, although objects exhibited a 30%
average increase in volume during the first 4 days. The density values of objects increased between days 2 and 5, and decreased

Conclusions: Measuring daily changes in density allows for the identification of FBA materials. Our data indicate that object re-
moval during days1- 3, and on day 7 should be easier compared to days 4 - 6.
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1. Background

Foreign body aspiration (FBA) is a serious clinical con-
dition that can be fatal in pediatric patients. It is most com-
mon in males aged between 1- 3 years (1-4). Medical history,
physical examination, and imaging findings can facilitate
diagnosis of FBA. In children, organic substances comprise
70% - 80% of airway FBA materials. Such substances may
rupture the capsule if swelling occurs due to environmen-
tal moisture, and may also be dispersed and spread during
extraction by bronchoscopy (1, 2, 4). Organic foreign bod-
ies tend to remain in the body for a longer duration com-
pared to inorganic substances due to their inert properties
and radiolucent appearance, which cause delayed diagno-
sis (5).

Virtual bronchoscopy (VB) represents a noninvasive
imaging technique that can be applied in suspected FBA

with the cost of radiation risk. Although aspirated foreign
bodies are detectable in the majority of cases, VB cannot
determine the type of FBA (2, 4-7). Foreign bodies detected
in airways are typically removed by bronchoscopy. Deter-
mining the type of foreign object, and optimal time for its
removal affects the likelihood of a successful operation.

2. Objectives

In this study, our aim was to determine the volume and
density changes in aspirated materials over time, and the
optimal removal time for foreign bodies to increase the
success of VB in pediatric cases of suspected FBA.
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3. Materials and Methods

3.1. Study Design

The study protocol was approved by the ethics com-
mittee of our institute. We implemented an experimental
model similar to the body’s internal environment, to inves-
tigate the behavior of organic foreign bodies in accordance
with their volume and density. Two sponges (2 X 30 X 30
cm) were used, with appropriately sized slots created on
the lower sponge to accommodate shelled and blanched
peanuts, roasted chickpeas, hazelnuts, walnuts, almonds,
pistachios, watermelon seeds, shelled and unshelled sun-
flower and pumpkin seeds, chickpeas, beans, lemon seeds,
and apple seeds (Figure 1). The sponge housing the objects
was then covered with the other sponge, after which both
were soaked in water and placed in a bain-marie to keep
them moist at body temperature (37°C) for 7 days. The den-
sityand volume of the various organic materials were mea-
sured and compared after daily scanning with multide-
tector computed tomography (MDCT) at regular intervals
on day 1, 3, and 7 (day 3 was included in analyses because
changes typically became apparent at this time). Density
was measured in Hounsfield units (HU), and volume was

measured in cm®.

Figure 1. Placement of organic materials on sponge (1** Place: A, Shelled peanuts;
B, Blanched peanuts; C, Roasted chickpeas; D, Hazel nuts 2" Place: A, Walnuts; B,
Almonds; C, Pistachios; D, Watermelon seeds 3 Place: A, Shelled sunflower seeds; B,
Unshelled sunflower seeds; C, Shelled pumpkin seeds; D, Unshelled pumpkin seeds
4™ Place; A, Chickpeas; B, Beans; C, Lemon seeds; D, Apple seeds)

3.2. Image Acquisition and Analysis

MDCT was performed using a 64-slice (0.5 mm slice
thickness) scanner (Aquilion 64; Toshiba, Tokyo, Japan). CT
images were reconstructed into axial, sagittal, and coronal
planes using the OsiriX medical imaging software package
(OsiriX, Atlanta, GA, USA), which was also used to measure
the density and volume of each foreign body object. Den-
sity measurements were performed in three differentareas

for each substance and mean, minimum, and maximum
density values of foreign bodies were recorded. Volume of
the objects was measured by inserting circles, which con-
fined the substance area on each CT slice (Figure 2). After
measuring the area of the substance on each slice, the vol-
ume of each object was calculated automatically.

3.3. Statistical Analysis

The SPSS for Windows software package (ver. 21.0; SPSS
Inc., Chicago, IL, USA) was used to perform statistical anal-
yses. Pearson correlation analyses were used to determine
differences in the volume and density values of FBA materi-
als across days. A time volumetric graph was also obtained
(Figure 3). P < 0,05 was considered as significant.

4. Results

No structural imperfections affected measurement of
the volume or density of FBA materials on CT images. The
density of nine foreign objects did not significantly change
over the 7-day measurement period. In two of these ob-
jects (walnuts and pistachios), density was completely un-
changed. In three others (shelled peanuts, apple, and
peeled pumpkin seeds), density changed by 0 - 50 HU. In
the remaining four objects (chickpeas, roasted chickpeas,
beans, and lemon seeds) it changed by > 50 HU (Table 1).
Density value of the materials varied on a daily basis. Only
in unshelled sunflower seeds, a statistically significant in-
crease was observed in the density-time correlation analy-
sis (r: 0.843, P: 0.017). In the others, however, statistically
insignificant changes were observed. Significant changes
in density were observed for the remaining seven FBA ma-
terials, at all three recorded time periods (i.e., at1, 3, and 7
days; Table 2). The mean daily densities of all FBA materials
and density-time Pearson Correlations analysis results are
listed in Table 3.

In the volume-time correlation analysis of organic ma-
terials, only almonds showed a statistically insignificant
increase (r: 0.792, P: 0.034). In the others, however, statis-
tically insignificant changes were observed (Table 4). In 12
FBA materials, volume decreased below baseline values by
day 7. In the majority of cases, volumes were at their lowest
on days 3 and 7 (Table 4).

5. Discussion

Despite its potential seriousness, FBA remains poorly
understood.  Therefore, increasing public awareness
within childcare institutions, and among parents, is
crucial. While early diagnosis in children is important,
medical histories may not always be suggestive of FBA.In a
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Figure 2. 3D Volume CT View of Foreign Bodies on the third day. A, Shelled peanuts; B, Blanched peanuts; C, Roasted chickpeas and D, Hazelnuts
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Figure 3. ATime Volumetric graph A, Shelled peanuts; B, Hazel nuts; C, Pistachios; D, Almonds

Rigid bronchoscopy represents the gold standard for
the diagnosis and treatment of FBA. However, recognition
of the potential utility of radiological techniques is in-

study conducted out of our clinic, the history of aspiration
was negative in 28% of FBA patients (8). There are studies
that indicate the cases are between 1 h and 10 years (9).
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Table 1. Organic Materials Without Significant Density Change

Density Measurements, d Density Value < 0, HU

Density Value 0 - 50, HU

Density Value > 50, HU

Walnuts pistachios
seeds

Walnuts, pistachios
seeds

7 Walnuts, pistachios

Apple seeds, Shelled peanuts, Unshelled pumpkin

Apple seeds, Shelled peanuts, Unshelled pumpkin

Apple core, Shelled peanuts, Unshelled pumpkin seeds

Chickpeas, Roasted chickpea, Beans, Lemon seeds

Chickpeas, Roasted chickpea, Beans, Lemon seeds

Chickpeas, Roasted chickpea, Beans, Lemon seeds

Table 2. Organic Materials with Significant Density Change

Density Measurements, d Density Value < 0, HU

Density Value 0 - 50, HU

Density Value > 50, HU

Hazelnuts, Watermelon seeds, Unshelled

sunflower seeds
3™ Blanched peanuts
7™M Hazelnuts

Hazelnuts, Watermelon seeds, Unshelled
sunflower seeds

Almonds, Blanched peanuts, Shelled
pumpkin seeds, Shelled sunflower seeds

Almonds, Shelled pumpkin seeds, Shelled
sunflower seeds

Almonds, Watermelon seeds, Blanched

peanuts, Shelled pumpkin seeds, Shelled
sunflower seeds, Unshelled sunflower

seeds

creasing, particularly because rigid bronchoscopy is an in-
vasive procedure that must be performed under general
anesthesia. Furthermore, foreign bodies are not always de-
tected by rigid bronchoscopy, and there is no clear consen-
sus on the optimal time at which the technique should be
applied (although it is commonly believed that it must be
conducted as soon as possible, with adjunctive treatment
provided until the patient is in a condition conducive to
the operation)(9). Early removal of foreign bodies by bron-
choscopy is crucial since organic foreign bodies continue
to grow in humid environments, which may cause an in-
creased degree of obstruction followed by chemical pneu-
monia. Negative bronchoscopy results were observed in
16% of FBA cases (2,10), which were thought to be responsi-
ble for a large proportion of all negative bronchoscopies.

Inrecentyears, VB, as a non-invasive, non-contrast used
imaging technique has been recommended for detection
of foreign bodies in the tracheobronchial tree due to its
high diagnostic value (11, 12). Absence of aspiration history
in 30% of FBA cases, nonobservation of 90% of aspirated
foreign bodies on radiography due to nonopaque appear-
ance of organic foreign bodies, lack of abnormal findings
on chest radiographs in 16% - 34% of cases and probability
of rigid bronchoscopy complications resulted in increased
utility of VB in patients suspicious of FBA. Numerous stud-
ies have confirmed the diagnostic efficacy of VB, which can
detect100% of foreign bodies in the bronchial tree(8,13). In
a study performed by Serap et al. (14), VB conducted before
rigid bronchoscopy contributed to diagnosis of FBA and
decreased negative bronchoscopy rates. Currently, there
are no consensus criteria used to identify the type of FBA

material, or to predict time period after aspiration. Stan-
dardized density data for frequently encountered organic
foreign bodies in patients with FBA are also lacking. Given
the lack of available data on the density of various organic
materials in VB, our findings may be considered as refer-
ence data.

On day 4, volumetric changes were at their greatest ex-
tent for shelled peanuts, walnuts, pistachios, watermelon,
apple, shelled sunflower seeds, shelled and peeled pump-
kin seeds, beans, and apple seeds. The change in volume of
lemon seeds was greatest on day 5, compared to day 6 for
blanched peanuts, roasted chickpeas, hazelnuts, almonds,
and chickpeas.

Among all types of foreign bodies, the greatest volu-
metric change occurred in apple seeds (130%), followed by
almonds (60%), and lemon seeds (50%). The majority of
the objects increased between 15% and 40%. in volume.
The baseline volume of unshelled sunflower seeds also rep-
resented its highest value. The lowest recorded volumes
recorded for all other objects were less than their base-
line values. Organic materials tend to increase in size
in a moisture-rich atmosphere, which may affect physical
examination findings, possibly resulting in complete ob-
struction (1, 2, 4, 15, 16). Furthermore, foreign bodies can
precipitate inflammation, edema, and granulation forma-
tion after 3 days (17). In our study, the volume of each
type of aspirated organic material did not increase con-
sistently over time; instead, we observed variability across
days, with 12 of the 16 types of objects exhibiting lower vol-
umes on day 7 compared to baseline. Therefore, we suggest
that aspirated organic materials alone cannot be respon-
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sible for all the changes typically observed during physi-
cal examination, or for complete obstruction in response
to a moist environment. Foreign bodies may rather act in
concert with edema and granulation tissue formation af-
ter day 3 to cause these effects.

Foreign objects should be most conducive to removal
when they are at their minimum volume, and when pa-
tients are free of respiratory distress, in good general
health (with stable vital signs and oxygen saturation
within normal limits), and experiencing no type of with-
drawal. Determination of appropriate time for removal of
foreign bodies may affect success of the procedure.

Yildizeli et al. (17) reported a case in which a for-
eign body caused histological changes, including inflam-
mation, edema, ulceration, and granulation on day 3, in
addition to cartilage damage, bronchial dilation, and fi-
brosis after 1 month. We suggest that if a patient does
not present to a hospital within 24 hours, shelled and
blanched peanuts, hazelnuts, almonds, shelled and un-
shelled sunflower seeds, peeled pumpkin seeds, chickpeas,
beans, and lemon seeds should be removed within 3 days
by bronchoscopy. Furthermore, we suggest the removal
of walnuts, pistachios, watermelon seeds, shelled pump-
kin seeds, and apple seeds within 3 days. Although these
objects do not reach their lowest volume until day 3, the
potential for histological changes thereafter necessitates
earlier removal. In FBA patients with good general health,
presenting to a clinic after > 3 days with no respiratory
distress and normal oxygen saturation, removal of shelled
and blanched peanuts, roasted chickpeas, hazelnuts, wal-
nuts, pistachios, shelled and unshelled sunflower seeds,
shelled and peeled pumpkin seeds, chickpeas, beans, and
lemon and apple seeds can be performed on day 7, at which
time their volumes are lowest. It may be better to remove
almonds on either day 5 or 7.

On day 7, watermelon seeds, shelled sunflower and
pumpkin seeds, and lemon and apple seeds were removed
easily by forceps. We experienced more difficulty in re-
moval of foreign bodies with strong capsules including
shelled peanuts, walnuts, almonds, pistachios, unshelled
sunflower seeds, peeled pumpkin seeds, chickpeas, and
beans compared to shelled objects. However removal of
foreign bodies with strong capsules was more easy than
organic objects with a weak outer capsule. Furthermore,
it was not possible to remove unshelled objects without
an outer capsule (whole peanuts, roasted chickpeas, hazel-
nuts, walnuts, almonds, pistachios, sunflower and pump-
kin seeds, chickpeas, and beans) in whole-form during a
single attempt using forceps on day 7.

Our study had limitations. First, the in vitro model de-
signed in our study may notrepresentan in vivo model due
to mucus production, bronchospasm and effects of the
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immune system in the tracheobronchial tree, which may
cause significant difference between the volume and den-
sity measurements of in vitro and in vivo models. Second,
identifying density and volume changes of foreign bodies
in the tracheobronchial tree cannot be used as the only de-
cisive point in determining the time and method of endo-
scopic removal of the foreign body. Third, identification of
the subtype of organic foreign bodies by measuring their
daily density changes on VB is not possible. However, ref-
erence density values of most frequently aspirated foreign
bodies may be helpful in predicting the nature of foreign
bodies in patients before endoscopic removal. These refer-
ence values may also be helpful for further studies. Fourth,
although the 7" day seems to be more suitable for endo-
scopic removal of FBs due to volume decrease of FBs, tim-
ing of endoscopic removal should be determined with con-
sideration of additional risk factors such as displacement
of FB to amore critical location or more long standing com-
plications.

In conclusion, even though the volumes and densi-
ties of the aspirated organic foreign bodies showed some
changes compared to the first day, no significant correla-
tion was found. However, it has been observed that the vol-
ume of foreign bodies has increased or decreased irregu-
larly over time. In our opinion, the optimal time to apply
VB, and the likely difficulty of removal, can be predicted by
determining the type of object and time of aspiration. Al-
though CT is not recommended for pediatric FBA, it could
be useful when detection proves difficult.
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