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Purpose: To explore the computed tomography (CT) features of bronchopneumonia caused by pepper aspiration to improve the diagnosis.
Materials and Methods: 28 adult patients diagnosed with obstructive pneumonia caused by pepper aspiration from January 2016 to
September 2022 were enrolled. The CT characteristics of bronchial changes and pulmonary lesions caused by pepper were analyzed
and summarized.

Results: Among 28 patients, the most common symptom was cough (26, 92.9%), followed by expectoration (23, 82.1%).
Bronchoscopy revealed that peppers were mainly found in the bronchus of the right lower lobe (n = 18, 64.3%), followed by the
bronchus of the left lower lobe (n = 5, 17.9%). In combination with bronchoscopy results, the pepper in the bronchus manifested as
circular or V/U-shaped high-density, localized soft tissue, and flocculent opacification in 8 (28.6%), 16 (57.1%), and 3 (10.7%) cases
on CT images, respectively. The bronchial wall around the pepper was thickened with localized occlusion (n = 19, 67.9%) and stenosis
(n =9, 32.1%). Regarding adjacent bronchi without peppers, extensive wall thickening with stenosis and/or occlusion was found in 23
(82.1%) cases. Distal pulmonary lesions frequently involved two or three segments (21, 75.0%) and mainly presented as patchy
consolidation or atelectasis (24, 85.7%).

Conclusion: In combination to a history of eating peppers and clinical symptoms, bronchopneumonia caused by pepper should be highly
suspected if U/V-shaped and annular high-density or localized soft tissue density is detected in the bronchi of the lower lobes, accompanied
by extensive bronchial wall thickening, stenosis, or occlusion, and consolidation or atelectasis in multiple distal lung segments.
Keywords: obstructive pneumonia, foreign body, pepper, computed tomography

Introduction
Pneumonia is one of the most common acute respiratory infectious diseases and can involve the pulmonary interstitium, distal
bronchial tree, and alveoli.' It includes infectious pneumonia (bacterial, viral, and fungal pneumonia), radiation pneumonitis,
aspiration pneumonia, obstructive pneumonia, etc.”> Obstructive pneumonia differs significantly from other common
infectious pneumonia in terms of clinical manifestations, treatment, and prognosis.*” Owing to the presence of persistent
obstruction, obstructive pneumonia is seldom completely absorbed, often leading to recurrence or refractory infections.®
Obstructive pneumonia is typically caused by neoplasms or foreign bodies.” ' Foreign body obstruction is more
diverse than obstruction caused by neoplasms. Food items, such as vegetable pieces, fruits, meat, and bones are the most
common foreign objects.®'""'? Other objects included iatrogenic (endotracheal tube appliances, tracheostomy tube
segments, endodontic needles, etc.) and miscellaneous (thumbtacks, rivets, pins, etc.) items.!? Among them, a few
foreign bodies such as coins, nails, and teeth are radiopaque, thus they appear hyperdense in computed tomography (CT)
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scan and can be easily detected and identified.®'*"'® However, most organic foreign bodies are radiolucent and unlikely
to be detected directly by chest CT.*!'%!5:17

In some areas, owing to eating habits and customs, peppers in food may be incidentally aspirated into the lungs,
causing obstructive pneumonia.'* The irritable cough caused by the spicy stimulation of pepper makes this type of
foreign body easily ignored, and it is easily overlooked on radiological examinations, as the pepper is not radiopaque.
This makes diagnosis difficult, and patients may suffer from recurrent or refractory pneumonia for a long time; therefore,
obstructive pneumonia caused by this reason requires further understanding.

Previous reports on obstructive pneumonia caused by pepper aspiration are particularly sparse and consist mainly of
case reports or small case series; their radiological characteristics have not been well studied.'*'® Therefore, this study
retrospectively collected data from 28 patients with confirmed pepper aspiration in Chongqing (a district with a long
history of eating pepper), analyzed the CT features of bronchopulmonary abnormalities caused by pepper, and summar-
ized their characteristics for early diagnosis and proper treatment.

Methods

Study Population
This study was approved by the Institutional Review Board of the First Affiliated Hospital of Chongqing Medical University.
The requirement for written consent was waived because this was a retrospective study conducted at a single center.
Electronic health records were used to search for patients who underwent bronchoscopy and had confirmed obstructive
pneumonia caused by pepper aspiration from January 2016 to June 2022. Chest computed tomography (CT) scans and clinical
data were collected and analyzed. The inclusion criteria were as follows: 1) patients with pepper aspiration confirmed by
bronchoscopy and 2) patients had complete CT and clinical data. The exclusion criteria were as follows: severe artifacts in
chest CT images that affected the evaluation. Finally, twenty-eight patients were included in this study. Selection process is
showed in Figure 1. The patients’ demographic information, clinical symptoms and their duration, history of eating pepper and
aspiration, treatment (antibiotic therapy), bronchoscopy results, and chest CT findings were reviewed and recorded.

CT Examinations and Protocols
CT examinations were performed using one of the following scanners: Discovery CT750 HD (GE Healthcare,
Milwaukee, WI, USA), SOMATOM Definition Flash (Siemens Healthineers, Erlangen, Germany), or SOMATOM

Thirty-six patients underwent bronchoscopy and confirmed with
obstructive pneumonia caused by pepper aspiration from January
2016 to June 2022

Six patients had no CT examination in
our hospital

v

Thirty patients underwent CT examinations in our hospital

Two patients had severe artifacts in
their CT images (one had metal
artifacts and the other had severe
respiratory motion artifacts)

A4

Twenty-eight patients were enrolled in this study

Figure | Flow diagram for inclusion and exclusion of patients.
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Perspective (Siemens Healthineers). Breathing and holding training were performed on patients prior to image acquisi-
tion. The patients were placed in the supine position with both upper limbs raised, and CT images were acquired from the
thoracic entrance to the costophrenic angle while holding breath after a single deep inspiration.

The CT parameters for the non-contrast scan images were set as follows: tube voltage, 110—130 kVp; tube current,
50-140 mAs (using automatic tube current modulation technology); pitch, 1.0-1.1; rotation time, 0.5 seconds; slice
thickness and interval, 5 mm; and matrix, 512x512. All images were subsequently reconstructed using iterative
reconstruction (standard or medium-sharp algorithm) with a slice thickness and an interval of 0.625-1.00 mm. After
plain scanning, 17 patients underwent contrast-enhanced CT. The descending aorta was detected using an automatic
bolus-tracking method with a threshold of 150 Hounsfield units (HU) and a delay of 6 s was set before scanning.
Nonionic iodinated contrast medium (1.5 mL per kilogram) was injected at a flow rate of 3—3.5 mL per second, followed
by approximately 30—50 mL of normal saline at the same rate.

Image Analysis

Combined with the results of bronchoscopy, patients” CT images were reviewed by two radiologists with 5 and 11 years
of experience in chest CT, and disagreements in CT findings were eliminated through consensus. The foreign bodies and
their morphological features were visualized using axial images (with an adjusted window setting), multiplanar
reconstruction (MPR), or volume rendering (VR) images.

The CT characteristics of bronchopulmonary abnormalities in patients were analyzed, including the location of the
foreign body in different lobes and bronchi, manifestation of an intraluminal foreign body, bronchial changes around the
foreign body, involvement of adjacent bronchi without a foreign body, features and involvement of obstructive
pneumonia, pleural effusion (yes or no), hilar and/or mediastinal lymph node enlargement (yes or no), bronchial artery
dilatation (present or absent) on enhanced CT images, and concurrent lesions in other lung fields (present or absent).

Results

Patients’ Clinical Characteristics

Among the 28 patients (mean age, 54 + 11 years; range, 27—70 years), 10 (35.7%) were male and 18 (64.3%) were female. All
had a history of eating pepper, but only six (21.4%) individuals had a definite history of pepper aspiration. Regarding patients’
clinical symptoms, the most common one was cough (n =26, 92.9%), followed by expectoration (n =23, 82.1%), and fever (n
=3, 10.7%). Their clinical symptoms lasted from 2 weeks to 8 years, and worsened in 14 (50.0%) cases in recent days. Of the
17 patients who underwent antibiotic therapy, clinical symptoms were relieved in 11 (64.7%) after treatment (Table 1).

Table | Patients’ Clinical Characteristics and
Bronchoscopy Findings (n = 28)

Parameters Values
Age (years) (range) 54 £ |1 (27-70)
Gender
Female 18 (64.3)
Male 10 (35.7)
Definite history of pepper aspiration 6 (21.4)
Clinical symptoms
Cough 26 (92.9)
Expectoration 23 (82.1)
Fever 3 (10.7)
Hemoptysis or bloody sputum 4 (14.3)
Efficacy of anti-inflammatory therapy 17 (60.7)
Effective Il (64.7)
Invalid 6 (35.3)
(Continued)
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Table 1 (Continued).

Parameters Values
Distribution of foreign body
Right lower lobe 18 (64.3)
Left lower lobe 5(17.9)
Right middle lobe 4 (14.3)
Left upper lobe I (3.6)
Bronchoscopy findings
Granulation tissue 24 (85.7)
Purulent secretion 11 (39.3)
Swelling of adjacent bronchus 12 (42.9)
Pepper fragments 6 (21.4)
Pepper shell 22 (78.6)

Note: Data are expressed as number (percentage) or mean *
standard deviation.

Bronchoscopy Findings

Bronchoscopy revealed that peppers were frequently distributed in the right lower lobe (18 cases, 64.3%), followed by
the left lower lobe (5 cases, 17.9%), right middle lobe (4 cases, 14.3%), and left upper lobe (1 case, 3.6%), mainly
located in the segmental bronchus (18 cases, 64.3%), lobar bronchus (6 cases, 21.4%), and sub-segmental bronchi (4
cases, 14.3%). In the involved bronchi, complete pepper shell and pepper fragments were found in 22 (78.6%) and six
(21.4%) cases, respectively. Granulation tissue around the pepper, purulent secretion (Figures 2 and 3), and swelling of
the adjacent bronchi were detected in 24 (85.7%), 11 (39.3%), and 12 (42.9%) cases, respectively (Table 1).

CT Findings of Pepper and Adjacent Bronchi

The CT characteristics of the peppers and the adjacent bronchi are presented in Table 2. In combination with broncho-
scopy Results, intraluminal peppers in one patient (3.6%) could not be located on CT images, while those in other
patients were shown as circular or U/V-shaped high-density (8 cases, 28.6%) (median [interquartile range] duration of
symptoms: 365 [2069] days), localized soft tissue (16 cases, 57.1%), and flocculent (3 cases, 10.7%) opacification (240
[275] days). Wall thickening, occlusion, and stenosis of the bronchi with peppers were detected in 28 (100%), 19
(67.9%), and 9 (32.1%) patients, respectively (Figures 2—4). For adjacent segmental or subsegmental bronchi without

peppers, wall thickening with stenosis and/or occlusion was detected in 23 (82.1%) patients.

CT Findings of Obstructive Pulmonary Lesions

Obstructive pulmonary lesions involved 1, 2, 3, and 4 segments in 6 (21.4%), 10 (35.7%), 11 (39.3%), and 1 (3.6%)
patients, respectively (Table 3). Among the involved segments, the lateral basal segment of the lower lobe (20 [71.4%])
was the most commonly involved. The main CT manifestations of obstructive pulmonary lesions included consolidation
or atelectasis, bronchiectasis with or without infection, and strip-shaped opacification in 24 (85.7%), 3 (10.7%), and 1
(3.6%) patient, respectively (Figures 2—4). Among 24 patients with consolidation or atelectasis, 12 (50.0%) had

bronchiectasis with mucus plugs in the lesions.

Other Findings on Chest CT

Pleural effusion, enlargement of the hilar and/or mediastinal lymph nodes, and concurrent inflammation in other lung
fields were detected in 2 (7.1%), 22 (78.6%), and 2 (7.1%) cases, respectively (Table 3). Among the eight patients with
simultaneous hilar and mediastinal lymph node enlargement (Figure 4), six (75.0%) had only subcarinal lymph node
enlargement in the mediastinum. Bronchial artery dilatation was detected in 11 (64.7%) of 17 patients with enhanced CT
data.
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Figure 2 A 56-year-old woman with cough and expectoration for 2 years and no definite history of pepper aspiration. Axial (a) and coronal (b) CT images show annular
(red arrow) and V-shaped (red arrow) high density in the outer basal segment bronchus of the right lower lobe and atelectasis. Sagittal enhanced CT image shows the
thickened bronchial wall adjacent to foreign body and bronchiectasis with mucus plugs (arrows) in atelectasis (c). Bronchoscopy examination shows purulent secretion (d,
arrow) and white foreign body (e, arrow) in the opening of the bronchus. Finally, the foreign body is revealed as pepper shell (f).

Discussion

As for foreign body aspiration, clear history of aspiration and special clinical manifestations are helpful in confirming the
diagnosis. However, a few patients in the present study had an exact history of aspiration, and their clinical manifesta-
tions were atypical because eating peppers could also cause cough; thus, a definite diagnosis was difficult. Although the
clinical manifestations are atypical, they tend to gradually worsen in some patients, and some may show poor results with
conventional treatment. Therefore, the possibility of obstructive pneumonia should also be considered. The bronchopul-
monary abnormalities caused by pepper aspiration were found to have some characteristics on CT images, which mainly
manifested as U/V-shaped or annular high-density or localized soft tissue density in the bronchus of the lower lobes,
extensive wall thickening with stenosis or occlusion in the surrounding bronchi, and consolidation or atelectasis in
multiple distal lung segments.

Previous studies have reported that foreign body in adult patients was more frequently located in the right bronchial
tree, especially in the bronchus of right lower lobe.'"'*!3:1%2% In the present study, the bronchus of the right lower lobe
was the most common site of pepper impaction. The larger diameter, vertical nature, and greater airflow through the right
main bronchus, which may lead to the higher frequency of aspiration into the right bronchial tree.'>*' In addition, pepper
segments but not pepper fragments were found in most cases. This may be related to the different sizes of peppers; bigger
pepper segments are more difficult to cough than smaller fragments.

The duration and degree of obstruction as well as the location and size of the foreign object may result in varying
clinical manifestations of foreign object aspiration.'? The most common symptom is cough, other symptoms include

choking, vomiting, cyanosis, wheezing, stridor, dyspnea, chest pain, hemoptysis, sneezing, fever, and sputum.'?'>2%%
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Figure 3 A 47-year-old man with cough and expectoration for 8 years and definite history of pepper aspiration. Axial CT images show annular (red arrow) high density in
the antero-medial basal segment bronchus of the left lower lobe (a) and bronchiectasis and consolidation (b). Coronal enhanced CT image (c) shows thickened bronchial
wall adjacent to U-shaped high density foreign body and bronchial artery dilatation (arrows). Volume rendering image (d) shows occlusion of the bronchus with foreign body
(arrow) and distal extensive bronchiectasis. Bronchoscopy examination shows purulent secretion mixed with red foreign body (e) in the opening of the bronchus. Finally, the
foreign body is revealed as pepper shell (f).

In this study, cough and sputum were the most common symptoms, whereas others were relatively rare. This may be
because of the active ingredients of pepper, which may also cause respiratory symptoms. Moreover, peppers are soft and
hollow, and small fragments or cone-shaped peppers rarely remain in the trachea or main bronchi, resulting in few

Table 2 CT Characteristics of Pepper and Adjacent Bronchi

CT findings n (%)
Foreign body manifestations
Localized soft tissue density 16 (57.1)
High density 8 (28.6)
Flocculent opacification 3 (10.7)
Unclear 1 (3.6)
Abnormalities of the bronchi with pepper
Thickened bronchial wall with lumen stenosis 9 (32.1)
Thickened bronchial wall with lumen occlusion 19 (67.9)

Abnormalities of adjacent bronchi without pepper
Thickened bronchial wall with lumen stenosis and/ or occlusion 23 (82.1)
No change 5(17.9)

Note: Data are expressed as number (percentage).
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Figure 4 A 70-year-old woman with cough and expectoration for 6 months and definite history of pepper aspiration. Coronal CT image shows localized soft tissue density
opacification (arrow) at the opening of anterior basal segment bronchus of the right lower lobe (a). On axial CT image, it has no significant enhancement (arrow), and
enlarged lymph node (asterisk) at right hilum (b) as well as distal consolidation and nodules could be detected (c). Volume rendering image (d) shows occlusion and stenosis
(arrow) of the right lower lobe bronchi and distal bronchiectasis. Bronchoscopy examination shows red foreign body containing secretion (e) in the opening of the bronchus.
Finally, the foreign body is revealed as pepper shell (f).

symptoms, such as choking and wheezing. In addition, after antibiotic treatment, chronic respiratory symptoms may recur
or do not improve significantly. Owing to neglect or ignorance, accidental aspiration events may be masked by coughing,
which is mistakenly caused by pepper stimulation. Therefore, it is difficult to make a diagnosis based on the symptoms

alone; however, there is a possibility of obstructive pneumonia.

Table 3 Characteristics of Obstructive Pneumonia and Other
Features on CT

CT Findings n (%)
Main manifestations of obstructive pulmonary lesions
Consolidation or atelectasis 24 (85.7)
Bronchiectasis 3 (10.7)
Stripe-shaped opacification I (3.6)
Number of involved lung segments
| 6(21.4)
2 10 35.7)
3 11 (39.3)
4 I (3.6)
(Continued)
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Table 3 (Continued).

CT Findings n (%)

Bronchial changes in the involved segments

Unclear 4 (14.3)
Normal bronchus with mucus plugs 9 (32.1)
Bronchiectasis with mucus plugs 15 (53.6)
Changes of involved lung lobe in volume
No change 7 (25.0)
Decrease 21 (75.0)
Pleural effusion 2(7.1)
Hilar and/or mediastinal lymph node enlargement 22 (78.6)
No 0 (0.0
Only hilar lymph node enlargement 14 (50.0)
Only mediastinal lymph node enlargement 0 (0.0
Hilar and mediastinal lymph node enlargement 8 (28.6)
Bronchial artery dilatation 11717 (64.7)
Concurrent inflammation in other lung fields 2(7.1)

Note: Data are expressed as number (percentage).

The positive detection rate of foreign bodies on CT images largely depends on the image slice thickness and physical
nature of the aspirated objects.'® Substances like radiopaque materials are more easily detected, such as metals and
bones.® The most common aspirated foreign objects are organic food.'*** Owing to their radiolucent nature, they cannot
be directly detected on CT.*'* In this study, in combination with bronchoscopy findings, it was revealed that a small
proportion of peppers showed circular or U/V-shaped high density, which may be related to the occurrence of calcifica-
tion in it. This manifestation is more specific because the shape of the pepper can be described. In contrast, more
intraluminal peppers showed localized soft tissue density or flocculent opacification, which may be a manifestation of
peppers mixed with the surrounding granulation tissue and containing secretions. This non-specific manifestation can be
distinguished from that of early bronchogenic carcinomas. Previous studies have found that the latter mostly has a hilar
location and commonly manifests as an endobronchial nodular protrusion without extensive bronchial thickening.*> %’
Additionally, persistent endobronchial focal soft tissue density or flocculent opacification without enhancement should
also be considered as a possibility of foreign body obstruction.

In addition to the pepper itself, changes in the surrounding structures must also be considered. In this study, the
bronchi adjacent to the pepper were extensively involved and presented with significant bronchial wall thickening with
lumen stenosis or occlusion. These changes may be related to long-lasting stimulation of peppers and recurrent
inflammation. Moreover, the obstructive pulmonary lesions were consistent with bronchial involvement, which mani-
fested as multiple segmental consolidation or atelectasis with or without bronchiectasis. Previous studies have also
reported that obstructive pneumonia includes bronchiectasis and bronchiolectasis with mucous plugging, a variety of
parenchymal inflammatory changes, and significant atelectasis.” Therefore, when looking for the cause of protracted
segmental consolidation or atelectasis with or without bronchiectasis, more attention should be paid to the proximal
bronchi and their patency.

Previous studies have reported that other features caused by foreign bodies include hilar lymph node enlargement and

11471628 which are most likely secondary to long-term recurrent infection.”® Most

pleural effusion, especially the former,
patients in the present study also had regional lymph node enlargement, whereas a few patients had pleural effusion.
Bronchiectasis usually occurs secondary to chronic or recurrent infections, which can lead to bronchial artery
dilatation.*® In this study, bronchial artery dilatation was observed in most patients who underwent an enhanced CT
scan, which also indicated a chronic process of pulmonary lesions. Therefore, pulmonary lesions with regional lymph

node enlargement and bronchial artery dilatation indicate a high risk of chronic inflammation.
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This study has several limitations. First, some peppers without normal shapes or colors were difficult to identify,
which led to a relatively small sample size in present study. Second, not all peppers could be visualized on CT images
directly unless calcification occurred because they were frequently surrounded by granulation tissue. Thus, the present
findings may be more applicable to the districts or individuals with specific dietary histories. Third, the value of enhanced
CT images in identifying bronchopulmonary lesions caused by peppers is unclear, because enhanced CT scans were not
performed in all patients.

Conclusion

In Conclusion, bronchopulmonary abnormalities caused by pepper aspiration have several characteristics. In a district
where peppers are popular, in combination with a history of eating pepper and clinical symptoms, obstructive pneumonia
due to pepper aspiration should be suspected if there is U/V-shaped or annular high-density or localized soft tissue
density in the bronchus of the lower lobes, with extensive wall thickening, stenosis, and occlusion of the surrounding
bronchi, and consolidation or atelectasis in multiple distal lung segments. For suspected patients, further bronchoscopic
examination may be appropriate for confirming, treating, or excluding other possibilities.
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