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Weekly Hospital-Based Pulmonary Rehabilitation
for Chronic Obstructive Airway Disease Maintains
Exercise Capacity and Reduces Hospitalization

Chung-Shu Lee*, Fu-Tsai Chung*, Shu-Chuan Ho*,**, Meng-Heng Hsieh*,
Yueh-Fu Fang*, Te-Fang Sheng*, Li-Fei Chen*, Wen-Ching Jao*, Horng-Chyuan Lin*

Introduction: This retrospective study aimed to evaluate the effects of a supervised,
weekly, hospital-based pulmonary rehabilitation (PR) program on exercise capacity and
clinical outcome in patients with chronic obstructive airway diseases (COAD) in a tertiary-care
hospital in Taiwan.

Methods: Eighty-four COAD patients were divided into PR (n=42) or non-PR (n=42)
groups. Subjects in the PR group regularly took part in a once-a-week rehabilitation program
in the hospital for a period of 12 months. Pulmonary function was measured and 6-minute
walk tests were given every 3 months. Total duration and time of hospitalization and
emergency room (ER) consultation were analyzed.

Results: There was no demographic difference between the 2 groups. During the
study period, the 6-minute walk distance increased in the PR group (from 402.5+18.3 to
410.4+17.8 meters), but significantly decreased in the non-PR group (from 430.7+12.8 to
376.0£24.9 meters, p<0.05). Forced vital capacity was significantly higher in the PR group
at 6 and 12 months, compared to the non-PR group. Hospital admissions and length of stay
were significantly decreased in the PR group compared to the non-PR group (0.29+0.55 vs.
0.64+1.02 visits and 1.88+4.16 vs. 6.71+14.82 days, respectively, p<0.05). Subjects in the PR
group also had a lower rate and duration of ER Vvisits than those in the non-PR group (0.24+0.53
vs. 0.93+1.67 visits and 0.36+0.88 vs. 2.12+4.17 days, respectively, p<0.05).

Conclusion: Weekly hospital-based PR can maintain functional exercise capacity and
improve pulmonary function in COAD patients. Hospital and ER visits and length of stay were
also reduced. (Thorac Med 2017; 32: 115-124)

Key words: hospital-based pulmonary rehabilitation, chronic obstructive airway diseases, exercise
capacity, hospitalization, pulmonary function
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Introduction

Pulmonary rehabilitation (PR) is a core
component of the management of patients with
chronic obstructive airway diseases (COAD),
such as asthma, bronchiectasis, and chronic ob-
structive pulmonary disease (COPD) [1], which
are characterized by impaired lung function and
limited exercise tolerance due to mucus hyper-
secretion and respiratory muscle dysfunction [2].
Systemic effects of COAD involve respiratory
and skeletal muscles [3-5]. PR helps alleviate
symptoms, optimize functional capacity, and re-
duce the use of healthcare resources for COAD
patients [6], but there is still no consensus re-
garding the optimal program and duration.

Some reports show that the benefits of
PR, in terms of functional exercise capacity
and quality of life, are maintained for up to 9
months [7-8]. However, the benefits appear to
decline by 12 months [2], unless the program
is of longer duration [9] or involves ongoing
maintenance exercise [10-11]. Recent reviews
of PR by the American Thoracic Society (ATS)
and European Respiratory Society (ERS) in
2006 [12], and the American College of Chest
Physicians (ACCP) in 2007 [13], call attention
to the lack of evidence on optimal duration and
program. Previous studies found that a 3-month
home pulmonary exercise program improves
exercise endurance and dyspnea sensation in
COAD patients with exercise intolerance [14-
15]. Moreover, regular exercise after the initial
intensive phase of rehabilitation may be protec-
tive against increased dyspnea and perceived
limitations in walking, which are characteristics
of progressive COAD [16].

This study hypothesized that the benefits
of a PR program can be evaluated based on se-
rial measurements of pulmonary function and

Thorac Med 2017. Vol. 32 No. 3

the 6-minute walk test (6MWT), as well as
clinical outcomes like emergency room (ER)
consultation and hospitalizations. This study
therefore aimed to evaluate the clinical effects
of 12-month comprehensive PR that combines a
weekly hospital-based PR program with a home
exercise program on lung function, exercise tol-
erance, and clinical outcome in COAD patients.

Patients and Methods

Study design

This longitudinal cohort study followed a
group of COAD patients from the day of enter-
ing an outpatient rehabilitation program until
the end at 12 months. The patients’ pulmonary
function was measured by spirometry and the
6-minute walk distance (6MWD) test every 12
weeks. The study design was approved by the
Institutional Review Board (IRB), Chang Gung
Medical Foundation (IRB no. 100-1077B).
Methodology and patient confidentiality were
also approved by our IRB.

Study subjects

Eighty-four patients with COAD, including
COPD, asthma and bronchiectasis, that met the
diagnostic criteria of the ATS guidelines [12],
were enrolled. They were all regularly followed
up at the outpatient department (OPD) during a
12-month period and received weekly hospital-
based PR. Inclusion criteria were: (1) patients
with regularly scheduled clinical OPD follow-
up; (2) exertional dyspnea and exercise intoler-
ance, despite conventional medical therapy; (3)
good motivation to take part in a hospital-based
PR program; (4) no impairment of the lower ex-
tremities; and (5) no other significant systemic
problems, such as ischemic heart disease, mus-
culoskeletal disorder, or other disabling disease
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that might interfere with the patient’s ability to
undergo a training program.

Pulmonary rehabilitation program

The patients were divided into 2 groups: a
12-month hospital-based PR group and a con-
trol group. The treatment protocol had 4 com-
ponents: (a) patient education; (b) breathing
exercise and lung expansion exercise; (c) bron-
chial hygiene; and (d) exercise re-conditioning
training.

Patient education: All patients received
information on the proper use of medication,
disease pathophysiology, muscle relaxation, en-
ergy conservation and bronchial hygiene meth-
ods, coping with acute dyspnea, and exercise
guidance.

Breathing exercise and lung expansion ex-
ercise: All patients were taught to use pursed-
lip/diaphragmatic breathing control during limb
muscle exercise training and bronchial hygiene.
During each weekly clinical visit, patients un-
derwent expansion therapy with intermittent
positive pressure breathing for 20 minutes.

Bronchial hygiene: Postural drainage,
breathing exercise, and an effective cough-
ing technique (forced expiratory technique) to
improve airway clearance were practiced daily
at home and weekly at the hospital by patients
with mucus hyper-secretion.

Exercise re-conditioning and exercise train-
ing: Different types of physical exercises were
used, including paced walking, limb strength
training, and ergometer bicycle training. This
was a constant work rate exercise with warm-up
and cooling down. Participants were instructed
to do paced walking under supervision and to
walk for 20 min at home twice a day for lower
limb training, until they perceived symptoms of
breathlessness and muscle fatigue. Upper limb

strength was adjusted accordingly, twice a day.
The weekly clinic visits involved bicycle er-
gometer training for 20 minutes.

Clinical assessments
Exercise capacity

Exercise capacity was measured by using
the 6MWT. Patients performed this test with a
pulse oximeter with a finger transducer (Criti-
care, Systems Inc) and encouragement from
the accompanying therapist. All patients were
familiarized with the test before the study.
Pulmonary function

Forced vital capacity (FVC), forced expi-
ratory volume in 1 second (FEV,), and FEV,/
FVC were measured by a trained therapist at
the beginning of the study, during each clinical
visit every 3 months, and at the end of the PR
training period.
Clinical outcomes

Medical records obtained from the same
hospital included OPD and ER consultation
records and admission history during the study
period. Clinical outcome was determined by the
number of hospitalizations and length of stay in
the wards and/or ER.
Statistical analysis

All data are presented as the mean+SEM.
Statistical analysis was performed using Prism
for PC. Descriptive analysis was carried out
to evaluate the demographic and clinical char-
acteristics of the patients. Unpaired Student’s
t tests were used to compare the 2 groups in
terms of walking distance, Borg’s scale, FEV,,
and FVC. Repeated measures ANOVA was
used to compare data within groups. Statistical
significance was defined as p<0.05.

Thorac Med 2017. Vol. 32 No. 3
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Results

Patient characteristics

Baseline characteristics in terms of gender,
age, BMI, initial exercise capacity (6MWD),
Sa0O,, pulmonary function, and Borg scores
were not significantly different between the PR
and non-PR groups (Table 1).

Pulmonary function

During the 12-month study period, pul-
monary function remained steady in the PR
group, but declined significantly in the non-PR
group. FVC was significantly higher in the PR
group than in the non-PR group at 6 months
(2.02+0.18 vs. 1.55+0.11 L, p<0.05) and 12
months (2.06+0.12 vs. 1.73+0.10 L, p<0.05)
(Figure 1), and FEV, followed the same trend.
At 6 months, the PR group had significantly

Table 1. Baseline Characteristics of Both Groups

higher FEV, than the non-PR group (1.31£0.15
vs. 0.93+0.08 L, p<0.05) (Figure 2).

Exercise capacity

During the 12-month study period, the
6MWD was maintained in the PR group, in-
creasing from 402.5+18.3 meters at the initial
phase to 410.4+17.8 meters at the end of 12
months of PR (Figure 3). In the non-PR group
(control), the 6MWD had significantly de-
creased (from 430.7+12.8 to 376.0+24.9 meters,
p<0.05) at 12 months.

Clinical outcomes

Of the 42 patients in the non-PR group, 17
(40.5%) had 39 episodes of acute exacerbation
resulting in 39 ER visits with a total stay of 76
days in the ER (Table 2). Eight (19.0%) PR pa-
tients had 10 episodes of ER visits, with a total

PR group (n=42) Non-PR group (n=42) D

Gender (M/F) 30/12 32/10 NS
Age 62.4+22 659+ 1.7 NS
BMI (kg/m®) 243 +0.7 245+ 1.1 NS
Smoking

Never 0 7 NS

Current 30 29

Ex- 12 6
Pulmonary function

FVC (L) 1.92+0.11 1.86 +0.89 NS

FEV, (L) 1.24+0.09 1.21+0.09 NS

FEV,/FVC (%) 63.90 £ 2.35 63.22 £2.47 NS
6 MWT

6 MWD (meters) 402.5+18.3 430.7+12.8 NS

Sa0, (%) 953+04 94.9+0.5 NS

Borg score 1.1+0.2 1.1+0.2 NS

Data are expressed as mean+SEM

Abbreviations: BMI, body mass index; FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity; SaO,, Saturation; 6MWT,

6-minute walk test; 6SMWD, 6-minute walk distance; NS, not significant

Thorac Med 2017. Vol. 32 No. 3
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Fig. 1. Forced vital capacity was significantly higher in the PR group at 6 and 12 months of the study period.
Wp<0.05, non-PR 6-month and 12-month FVC vs. PR 6-month and 12-month FVC.

FEV,
1.6- -

-2 non-PR

1.4 -+ PR

1.2

Liter

1.0

0.8~

0.6 T T r \

(Month)

Fig. 2. Forced expiratory volume in 1 second was significantly higher in the PR group at 6 months of the study
period. ¥p<0.05, non-PR 6-month FEV, vs. PR 6-month FEV,.
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Fig. 3. Six-minute walk distance (6MWD) was maintained in the PR group but significantly declined in the non-

PR group. *p<0.05, non-PR group baseline 6 MWD vs. 6 MWD at 12 months.

Table 2. Clinical Outcomes during the 12-month Study Period

PR group (n=42) Non-PR group (n=42) p

ER visit

Number of patients (%) 8(19.0) 17 (40.5) <0.05

Number of visits (%) 10 (23.8) 39 (92.9) <0.01

Number of visits (patient”.yr") 0.24 0.93 <0.01

Length of ER stay* 15(0.4) 76 (1.8) <0.01
Hospitalization

Number of patients (%) 10 (23.8) 17 (40.5) <0.05

Number of visits (%) 12 (28.6) 27 (64.3) <0.05

Number of visits (patient”.yr") 0.29 0.64 <0.05

Length of hospital stay* 88 (2.1) 284 (6.8) <0.05

*Data are expressed as total days (median)

ER stay of 15 days (Table 2). The difference in
ER visits was statistically significant.

In terms of hospitalization, 17 of 42 pa-
tients (40.5%) in the non-PR group had 27 epi-
sodes of hospitalization, with a 6.8-day median
length of stay and a 284-day total length of hos-
pitalization (Table 2). In contrast, 10 patients

Thorac Med 2017. Vol. 32 No. 3

(23.8%) in the PR group (42 patients) had 12
hospitalizations, with a 2.1-day median length
of hospital stay and an 88-day total length of
hospitalization. These data were significantly
lower than those for the non-PR group (p<0.05,
respectively) (Table 2).
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Discussion

The results of the present study reveal that
a 12-month weekly hospital-based PR program
can help maintain pulmonary function and
enhance exercise capacity in COAD patients,
compared to standard care in the OPD. Also,
hospital visits and length of stay in the hospital
and ER were reduced for COAD patients under-
going rehabilitation programs. The percentage
of patients requiring ER visits and hospitaliza-
tion was significantly decreased, from 40.5% to
19.0% and from 40.5% to 23.8%, respectively,
after completing the PR program.

How long should a rehabilitation program
be implemented? Three years of PR had a
beneficial impact on the rate of FEV, decline
in a study by Stav et al., which showed that a
prolonged rehabilitation program inhibited the
progression of airflow obstruction in COPD
patients. In the PR group, FEV, was reduced by
74 ml within 3 years, and in the control group,
the reduction was 149 ml [17]. FEV, decline
may serve as a predictor of risk of death from
COPD, and as such, PR should be considered
as a disease modifier [18]. One year of outpa-
tient PR was effective intervention leading to
significant improvement in exercise tolerance
and quality of life in COPD patients, while also
reducing disease exacerbation and hospitaliza-
tion rates [19]. In the current study, 1 year of
hospital-based PR could help maintain exercise
tolerance but did not change the dyspnea sen-
sation in patients with chronic lung diseases.
The ATS/ERS recommends 20 sessions and the
ACCP/AACVPR statement suggests that pro-
grams of 6-12 weeks are beneficial [12-13]. Zu-
Wallack and colleagues [20] suggest that a 10-
12 week rehabilitation program (24 sessions)
is needed to reach optimal changes in exercise

performance, although improvements in quality
of life may occur earlier. While their study was
limited, relative to the current study, in the lack
of focus on individuals, their results were con-
sistent with those of the current study, which
shows that the pulmonary function and exercise
capacity of COAD patients who do not undergo
a PR program are lower after 12 weeks, and
will continuously decline and reach a statistical
difference at 18 weeks.

The use of PR programs for chronic lung
diseases is still controversial. Spontaneous
pursed-lip breathing is reportedly a useful tech-
nique for increasing walking endurance and
reducing oxygen desaturation during walking in
patients with moderate-to-severe COPD [21].
Such findings suggest that regular exercise
may protect against dyspnea and perceived
limitations in walking, both of which are char-
acteristic of progressive chronic lung disease
[16]. Therefore, multiple modalities should be
included in the PR program to attain maximal
effects. This study, in particular, integrated 4
components -- patient education, breathing and
lung expansion exercises, bronchial hygiene,
and exercise re-conditioning training -- to pro-
vide clinically significant benefits in stable
COAD patients.

Changes in 6MWD over time are an in-
dependent predictor of mortality [22] and an
absolute 6MWD threshold of >350 meters is as-
sociated with the best probability rate of 8-year
survival [23]. In addition, patients with the abil-
ity to perform a 6MWD >350 meters are likely
to live better [24]. In this study, more patients
were able to reach that threshold after PR (Figure
3). Thus, it can be speculated that the weekly
hospital-based program used here may contrib-
ute to a better long-term prognosis.

In patients with COPD, hospital admis-

Thorac Med 2017. Vol. 32 No. 3
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sions and re-admissions account for the major-
ity of healthcare costs [25]. There is mounting
evidence that PR also reduces acute healthcare
utilization [8]. From a clinical viewpoint, the
results here expand the recent findings of Jen-
sen et al. [26], in which PR was found to lead
to significantly fewer hospitalizations during 6
months of follow-up among stable outpatient
COPD patients. The current study also shows
the benefits of PR in decreasing the number
and length of ER visits, suggesting that long-
term hospital-based PR programs may prevent
COAD exacerbation and further decrease costs
of clinical care.

Nonetheless, further prospective investiga-
tions with a large cohort of COAD patients are
warranted to confirm the results or expand on
the likely benefits of different PR programs for
these patients.

Conclusion

Weekly hospital-based PR is feasible and
provides a clinically relevant change in pulmo-
nary function and exercise tolerance in stable
COAD patients. The number and length of ER
visits and hospitalizations during the treatment
period are also significantly reduced.
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Tuberculous Abscess of the Anterior Chest Wall:
Report of 2 Cases

Li-Liang Chuang®, Jen-Jyh Lee*,**, Chih-Bin Lin***

Tuberculosis (TB) usually involves the lungs, which is the site of about 90% of
mycobacterial infection. TB of the chest wall is a rare entity. Herein, we reported 2 cases
of TB of the chest wall presenting as an abscess without intrapulmonary involvement.
Computerized tomography of the thorax showed anterior chest wall abscess without evidence
of underlying lung or pleural disease. Sputum examination revealed negative acid-fast bacilli
in the smear and TB culture. Both patients were diagnosed by surgical pathology and tissue
culture, and were treated with complete resection combined with anti-tuberculous therapy.

(Thorac Med 2017; 32: 125-129)

Key words: chest wall abscess, tuberculosis

Introduction

Mycobacterium tuberculosis (Mtb) infec-
tion usually involves the lungs. Musculoskeletal
tuberculosis (TB) accounts for about 1-3% of
patients with TB [1-2], and chest wall involve-
ment is seen in 1% to 5% of all cases with mus-
culoskeletal TB [3]. Due to the lack of specific
symptoms and extremely rare manifestations of
TB, the diagnosis of chest wall TB is often de-
layed and remains a challenge.

In the clinical picture, TB of the chest wall
may resemble a pyogenic abscess or tumor, and
is recognized as an inflammatory soft tissue
mass with erosions of the rib or cartilage. TB
of the chest wall usually results from hematog-

enous spread or direct invasion from underly-
ing pleural or pulmonary parenchymal disease
[4]. We herein report 2 cases of chest wall TB
presenting initially as a mass-like lesion, and
that were finally diagnosed through surgical de-
bridement.

Case Reports

Case 1

A 61-year-old female suffered from a right
chest wall mass for 1 month. She had dry cough
for 1 month and felt localized right chest pain
when coughing. She denied fever, weight loss
or hemoptysis. Her medical history included
type 2 diabetes mellitus (DM) with HbAlc at
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8.1%, treated with oral anti-diabetic drugs only,
and hypertension in a stable condition under
medication. Her sister had died of breast can-
cer. She had no history of TB, but lived in an
endemic area. Chest computerized tomography
(CT) showed a right anterior chest mass with lo-
cal inflammation, encasing the 3 to 4" ribs and
cartilage, with no evidence of lung or pleural
disease (Figure 1). Wide excision of the mass
was done and the histopathological examination
showed results compatible with TB, presenting
with granulomatous inflammation, epithelioid
cells and caseous necrosis (Figure 2). Culture
of the surgical specimen grew Mtb. Three sets
of sputum were negative for acid-fast bacilli
stain (AFS) and Mtb culture. A daily regimen of
isoniazid (H), rifampicin (R), pyrazinamide (Z)
and ethambutol (E) was initiated. The patient
received anti-tuberculous therapy for 9 months
under directly observed therapy (DOT), and she
responded well during the follow-up period.

Case 2

A 67-year-old man suffered from a right
chest wall mass for 3 months. He had a history
of cecal adenocarcinoma and had undergone a

Fig. 1. CT of the thorax showing right anterior chest wall mass with

local inflammation, and encased 3rd to 4th ribs and cartilage.

Thorac Med 2017. Vol. 32 No. 3

Fig. 2. Histopathological exam showing granulomatous inflammation

with epithelioid cells and caseous necrosis.

right hemicolectomy with regional lymphad-
enectomy and chemotherapy. Three months af-
ter the last chemotherapy session, a right chest
wall mass was palpated. The mass enlarged rap-
idly without tenderness initially, but it became
firm, round in shape with a regular border, and
painful. CT of the thorax showed cystic lesions
around the costo-cartilage junction (Figure 3),
without evidence of lung or pleural involve-
ment. Aspiration was performed and turbid
yellowish pus was found. He underwent surgi-
cal excision, and the histopathological report
showed granulomatous inflammation, caseous
necrosis and epithelioid cells. The pus culture
grew Mtb. The sputum was negative for AFS
and TB culture. The patient received anti-tuber-
culous therapy for 9 months under DOT, with a
good clinical response.

Discussion

Primary TB of the chest wall is uncommon;
its clinical features may resemble pyogenic
abscess or tumor, and distinguishing between
them can be difficult [5]. Maintaining a high
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Fig. 3. CT of the thorax showing an abscess formation located at the

right anterior chest wall.

degree of suspicion is essential, especially in
at-risk groups living in endemic areas. In the
first case, the anterior chest wall TB mimicked
a breast tumor with local inflammatory signs.
Needle aspiration and pus culture did not con-
firm a pathogen. Pathology after surgical inter-
vention showed granulomatous inflammation,
and tissue culture finally confirmed Mtb infec-
tion. In the second case, the chest wall TB re-
sembled cancer recurrence. The final diagnosis
was dependent upon surgical intervention and
pathological confirmation. Both patients were
in a relatively immunocompromised status, the
former with DM and the latter with colon can-
cer post-chemotherapy, and they both lived in
an endemic area.

The manifestations of chest wall TB on
chest roentgenography and CT are non-specific.
Bone and costo-cartilage destruction, soft tissue
mass with calcification, chest wall mass with
low attenuation of central necrosis, and rim en-
hancement under intravenous contrast medium
injection are the most common roentgeno-
graphic features of chest wall TB [6]. Both of
our patients showed costo-cartilage destruction.

However, the first patient presented mass-like
lesions, and the latter had mainly cystic lesions
with local inflammation.

There are 2 main mechanisms in the patho-
genesis of chest wall TB: direct extension from
pleural or pulmonary parenchymal disease and
hematogenous dissemination of a dormant tu-
berculous focus [7]. We speculate both cases
may have resulted from the latter.

Surgical intervention and histological ex-
amination are usually necessary for the diag-
nosis and treatment of chest wall TB. Some
case series [8] have reported good results with
anti-TB drugs alone. But in other series [9],
abscesses were not cured and even recurred or
progressed despite adequate medical treatment.
The chest wall abscesses in both of our patients
were resected, and diagnosed via pathology re-
port and tissue culture.

Tobias et al [10] mentioned that the sig-
nificant predictors of poor long-term outcome
in extra-pulmonary TB (EPTB) were age at di-
agnosis, treatment duration, type of EPTB and
HIV-infection. Mortality among patients with
EPTB was higher for those with TB meningi-
tis and lower for those with genitourinary TB.
The treatment course for patients with chest
wall TB without pulmonary involvement was
recommended to be about 6 months [10-11].
The treatment course for our 2 patients was
extended to 9 months, due to extra-pulmonary
involvement and an immunocompromised sta-
tus in both patients. The treatment response was
satisfactory in both patients.

Conclusion
Our report highlights the importance of an

awareness of chest wall TB in Taiwan, where
the incidence of TB is intermediate. Clinicians

Thorac Med 2017. Vol. 32 No. 3
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should maintain a high degree of suspicion
when the patient is immunocompromised and
complains of chest wall pain, with mass or ab-
scess formation. Chest CT is recommended for
the diagnosis; however, the final confirmation
depends on histopathology and mycobacterial
cultures. Complete resection and postoperative
anti-tuberculous medication are essential for
disease cure and prevention of recurrence. The
clinical outcome is generally satisfactory.
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Tracheal Diverticulum Presentinged as Long-Term
Hoarseness: Case Report and Literature Review

Cheng-Che Tu, Wen-Hu Hsu

Tracheal diverticulum is a rare disease entity, usually found in asymptomatic patients,
or those presenting with cough, dyspnea, and sometimes, dysphagia. Tracheal diverticula
are classified as congenital or acquired based on their anatomic position and characteristics.
Congenital diverticula are usually smaller, located 4 or 5 cm below the vocal cord. The
acquired form is larger, presents in adulthood, typically protrudes from the right posterolateral
wall of the trachea, and has a wider opening, if any. On histologic examination, tracheal
diverticula have respiratory mucosa only, without components of cartilage or smooth muscle.
The association between chronic obstructive pulmonary disease and tracheal diverticula is
still being debated. Cases of recurrent laryngeal nerve paralysis and hoarseness caused
by tracheal diverticula, with full recovery after resection, have been reported previously. If
medical treatment of patients with symptomatic tracheal diverticulum fails, surgical resection
is a feasible option.

We report a rare case of tracheal diverticulum that presented with hoarseness, and
review related published articles. Although relatively rare, tracheal diverticulum should be

included in the differential diagnosis of hoarseness. (Thorac Med 2017; 32: 130-135)

Key words: tracheal diverticulum, hoarseness, chronic obstructive pulmonary disease

Introduction

Tracheal diverticulum is a rare thoracic
disease entity. It is usually asymptomatic, and
presents on radiological examination as an
incidentally found paratracheal air collection.
There are a few reports of symptomatic cases
- for some patients, tracheal diverticulum was
the cause of chronic cough, and other patients
presented with difficult intubation or recurrent
laryngeal nerve palsy. Tracheal diverticula are
often classified into 2 groups: congenital or

acquired. The cause of tracheal diverticulum
remains unclear; some reports suggested ac-
quired tracheal diverticulum is associated with
increased intraluminal pressure on the trachea,
which is expected in patients with obstructive
lung disease and emphysema. We present the
case of a 68-year-old male who presented with
intermittent hoarseness and foreign body sensa-
tion in the neck. With the aid of chest computed
tomography (CT), he was diagnosed as having
tracheal diverticulum, and underwent diverticu-
lectomy. The pathology showed a cystic struc-
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ture lined with respiratory epithelium.

Case Report

A 68-year-old male patient came to our
chest surgery outpatient clinic with the com-
plaint of intermittent hoarseness and foreign
body sensation for 3 months. He also mentioned
that he had sudden cough fits from time to time,
which had been noted for more than 1 year. He
had a tobacco smoking habit of ’2-1 pack per
day for 20 years. He had no significant systemic
diseases, such as hypertension, diabetes mel-
litus or chronic obstructive pulmonary disease
(COPD). Physical examination revealed normal
vital signs, and no obvious swelling or deviated
trachea around his neck. Chest auscultation of
the bilateral hemithorax was clear. His labora-
tory results were all unremarkable. Chest film
revealed only mildly increased right lower lung
infiltration. A chest CT was performed, and re-
vealed a small paratracheal air cyst, 2.5%1.2 cm
in size, spanning from the T1 to the T2 level,
abutting the right posterior wall of the trachea,
with minimal infiltration at the bilateral basal
lungs. Tracheal diverticulum was suspected
(Figure 1). A 3D reconstruction of the CT scan
and a bronchoscopy examination were ar-
ranged. The 3D reconstruction image revealed
a tracheal diverticulum at the right posterior
aspect of the trachea, about 2.0x1.0x1.5 cm in
size, with a very thin connecting stalk reach-
ing the posterior wall of the trachea (Figure 2).
However, the bronchoscopy examination failed
to find this endotracheal connection or an open-
ing to the diverticulum.

The patient’s lung function test showed a
forced expiration volume in 1 second (FEV,)
of 2.14 liters, 88% of predicted value; the ratio
of FEV, to functional vital capacity (FVC) was

Fig. 1. CT image of tracheal diverticulum

Connected

/ with trachea
v
’ :

Fig. 2. 3D reconstruction of CT image, showing the tracheal

diverticulum was attached to the tracheal wall with a thin stalk.

82%. There was no increased airway resistance,
and the diffusion capacity for carbon monoxide
(DLCO) was 69%. With his available medical
history and physical examination, as well as the
imaging studies mentioned above, we found no
possible cause for his intermittent hoarseness
other than the tracheal diverticulum. Surgical
removal of the diverticulum was a feasible op-
tion for the patient. We discussed this with him
and he agreed to the surgery.

The surgery was performed using an open
method. A 7-cm oblique incision was made at
his right neck, in line with the anterior border
of the sternocleidomastoid muscle. The wound
was deepened, the sternocleidomastoid muscle

Thorac Med 2017. Vol. 32 No. 3
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Fig. 3. Operative findings during the surgery, showing the tracheal
diverticulum connected to the trachea. TD: tracheal diverticulum,
RLN: recurrent laryngeal nerve, SCM: sternocleidomastoid muscle

Fig. 4. Histopathological findings of tracheal diverticulum.

was retracted backward, the omohyoid muscle
was divided, and the trachea was revealed. A
cystic lesion at the right posterior wall of the
trachea was revealed, attached to the trachea
with a pedicle (Figure 3). Complete resection of
the tracheal diverticulum and suture ligation of
the pedicle were performed. Histopathological
examination showed a cystic lesion lined with
respiratory-type mucosal tissue with a fibrotic
wall. Some fibro-adipose tissue was also noted.
No cartilage was identified. This picture was
consistent with that of an acquired tracheal di-
verticulum (Figure 4). All in all, the findings
confirmed the diagnosis of tracheal diverticu-

Thorac Med 2017. Vol. 32 No. 3

lum. The patient was discharged and had an
uneventful recovery. Mild hoarseness was noted
in the first 2 months of a 6-month follow-up,
but the symptom gradually lessened with time.

Discussion

There are several forms of paratracheal
air cyst, such as tracheal diverticulum, lym-
phoepithelial cyst, and bronchogenic cyst.
Most of them now are thought to be tracheal
diverticulum. [1] Tracheal diverticulum is a
rare clinical entity. A previous study reported
a 1% incidence of tracheal diverticulum en-
countered in autopsies, and in a more recent
study, tracheal diverticulum could be found on
CT examinations of 2%~3.7% of patients [2-
3]. Tracheal diverticulum is an evagination of
the tracheal wall, consisting only of respiratory
epithelial lining, with no smooth muscle or car-
tilage. There are 2 types of tracheal diverticula:
congenital and acquired. The acquired form is
thought to be a result of mucosal herniation,
and is usually located at the T2 level of the right
posterior aspect of the trachea. Congenital tra-
cheal diverticula are thought to be malformed
supernumerary branches of the trachea [4].

In our study, the neck connecting the tra-
chea with the air cyst was not observed with
bronchoscopy. However, this connection is not
found in most cases. According to Goo et al
[5], only 8% of tracheal diverticula were linked
with the trachea. Buterbaugh et a/ [3] found
that 9 in 26 patients with paratracheal air cyst
had this communication. Kurt et al [6] exam-
ined 12,512 patients with chest CT, and discov-
ered 412 tracheal diverticula in 299 patients.
They found communication with the trachea in
12.9% of the diverticula. Sometimes, the com-
munication is not evident on multidetector CT,
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but is visible with coronal or sagittal images.
This may be because the communication be-
tween the trachea and the diverticulum is a fi-
brous connection or has a very thin neck. In our
report, the connection was not seen very clearly
in the axial planes, but was discovered with the
coronal cuts and in the 3D reconstructed image.
Although the bronchoscopy examination did
not reveal the communication in our patient, in
some cases, it might be a narrow-necked or fi-
brous connection. Goo ef al proposed that, since
the paratracheal air cyst and tracheal diverticu-
lum have the same histological composition,
and an air cyst is frequently a diverticulum with
a degenerated or diminished connecting stalk, it
is very possible that these similar lesions with
paratracheal air accumulation are all tracheal di-
verticulum in the first place [5]. However, more
clinical series reports and pathological analyses
are needed to support this suggestion.

The relationship between tracheal diver-
ticulum and COPD is controversial. Goo et al
[5] suggested that paratracheal air cysts might
be a sign of COPD. They found significantly
lower FEV,/FVC and FEF 25-75% in patients
with paratracheal air cyst than in those in the
control group. However, Buterbaugh et al [3]
found no significant association between para-
tracheal cystic lesions and COPD. Kurt et a/ [6]
also found no association between these 2 con-
ditions. Many patients in their study were dis-
covered incidentally and at a young age; thus,
the anticipated rate of having COPD would be
low. Many of the tracheal diverticula found
in the Kurt et a/ study might have been undis-
covered congenital diverticula; however, they
did find an association between hyperinflation
and bronchial diverticulum. Two earlier studies
also support this finding. In 1 of the 2 studies,
Sverzellati et al found a connection between

multiple bronchial diverticula and impaired pul-
monary function [7-8]. In our study, the patient
had long-term sudden coughing and intermittent
hoarseness symptoms, but the symptoms did not
last long each time. The cough was generally a
dry cough, and there were no other symptoms
associated with COPD. His pulmonary function
was within a normal range.

Although many tracheal diverticula are
asymptomatic, a patient with tracheal diver-
ticulum may present with recurrent respiratory
tract infections, cough, dyspnea, hemoptysis,
painful neck swelling, cervical abscess, globus
pharygeus, respiratory distress, and sometimes,
dysphagia [9]. Patients presenting with hoarse-
ness are very rare. Chaudhry et al reported a
54-year-old nonsmoking woman who presented
with mild cough and hoarseness for 2 months;
chest CT revealed a tracheal diverticulum [10].

If a tracheal diverticulum is found inci-
dentally, the patient should be followed up.
Tracheal diverticulum can serve as a reservoir
and cause recurrent infection, so antibiotics and
mucolytic agents can be used. In patients with
symptoms, the diverticulum can be treated sur-
gically or with laser cauterization. Collin et al
has described a surgical procedure for tracheal
diverticulum [11].

In conclusion, tracheal diverticulum is a
rare disease, and is generally classified into
congenital and acquired types. The association
of this entity with COPD is equivocal. Tracheal
diverticulum presenting with hoarseness is ex-
tremely rare, but tracheal diverticulum could
still be 1 of the differential diagnoses of hoarse-
ness. Treatment options include conservative,
endoscopic and surgical modalities.

Thorac Med 2017. Vol. 32 No. 3
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Fatal Salmonella-Infected Aneurysm of the Aortic
Arch: A Case Report

Fu-Hsiung Yang, Chih-Feng Chian, Wann-Cherng Perng, Shih-Wei Wu

An infected arterial aneurysm is often caused by Staphylococcus aureus or Salmonella
species, and involvement of the aorta is a rare but life-threatening condition. The mortality
rate is very high in those without surgical treatment. The typical presentation of an infected
aneurysm is based on its location, whether it is in a superficial location (e.g., common femoral
artery, a painful, pulsatile mass with fever) or is a deeper vessel (e.g., aorta, fever with or
without blood-tinged sputum). Because of the insidious onset, symptoms and signs could
occur after rupture of the aneurysm. Here, we describe a fatal case of infected aneurysm of
the aortic arch mimicking pneumonia and caused by Salmonella group D. (Thorac Med 2017;

32: 136-141)

Key words: infected aneurysm of the aortic arch, Salmonella

Introduction

Clinical manifestations of infected aneu-
rysms are diversely characterized by systemic
symptoms of occult infection and symptoms lo-
calized to the involved artery or life-threatening
rupture with hemorrhage [1]. Thoracic aorta
involvement usually presents with nonspecific
chest pain or blood-tinged sputum, but may
be asymptomatic until the aneurysm ruptures
and hemorrhage occurs. Salmonella species
are often the microorganism responsible for
infected aortic aneurysm, especially in Taiwan
[2]. Early detection of infected aortic aneurysm
and prompt surgical intervention are crucial to
the outcome. Image study with computed to-

mography (CT) or magnetic resonance imaging
is most useful for diagnosing an infected aneu-
rysm. Here, we describe a fatal case of infected
aneurysm of the aortic arch caused by Salmo-
nella group D.

Case Report

A 59-year-old divorced Taiwanese man
had a chest X-ray (CXR) and chest CT scan
1 month before admission because he feared
he might have lung cancer. Both CXR and CT
revealed no remarkable findings (Figure 1A,
1B). General malaise developed 1 week before
admission and he began to have productive
cough with blood-tinged sputum 3 days before
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admission. Then, he called at our emergency
department due to fever up to 40°C on the day
of admission. The patient had a medical history
of type 2 diabetes mellitus, hypertension, hy-
perlipidemia, alcoholism and depressive disor-
der with medication at our hospital for 10 years.
There were no significant findings in his family
history. The patient had a habit of smoking (1~2
packs of cigarettes per day for 30 years) and
drinking (liquor with 40% alcohol, 300ml per
day for 30 years).

At the emergency department, his blood
pressure was 172/96 mmHg, pulse rate 122
beats/min, body temperature 40.2°C and respi-
ratory rate 22 breaths/min. An oxygen nasal
cannula with 3 L/min was required to maintain
a pulse oximeter oxygen saturation above 90%.
On auscultation, there were regular rapid heart-
beats without gallop, rubs, murmurs, crackles
or thonchi. His CXR revealed a patchy con-
solidation shadow in the left upper lobe (LUL),
adjacent to the aortic arch (Figure 2). Labora-
tory tests disclosed a white blood cell count of

Fig. 2. Chest X-ray at admission shows a patchy consolidation

shadow in the left upper lobe adjacent to the aortic knob.

13100/uL with 82% neutrophils, hemoglobin
12.4 g/dL, platelets 395,000/uL, C-reactive pro-
tein (CRP) 27.29 mg/dL and glucose 275 mg/

Thorac Med 2017. Vol. 32 No. 3
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Fig. 3. Chest CT without contrast medium on the day of admission
shows patchy consolidation with air in the LUL adjacent to and
invading the mediastinum, a nodular lesion (size: about 2.7 cm)
inside the aortic arch and atherosclerotic change in the aorta.

dL. Arterial blood gas examination revealed pH:
7.459, PaCO, 34.9 mmHg, HCO; 25 mmol/
L, PaO, 61.8 mmHg and SaO, 91.6%. A rapid
screen for influenza A/B was negative. He then
was admitted for further management.

After admission, we arranged a chest CT
scan which revealed an aortic arch with an ir-
regular arterial wall, with peri-aortic soft-tissue
inflammation and peri- and intra-aortic gas
(Figure 3). Infected aneurysm of the aortic arch
was diagnosed based on CT scan findings. The
infectious disease specialist prescribed ceftazi-
dime 2 gm intravenous 3 times daily on the day
of admission and we consulted a cardiac sur-
geon for possible surgical intervention. Blood
and sputum samples for bacterial, fungal and
mycobacterial cultures were also collected be-
fore we started antibiotics. However, a sudden
cardiac arrest occurred on the same day. The
patient eventually died despite cardiovascular
life support. Later, blood culture reported Sal-
monella group D susceptible to ceftazidime.
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Discussion

The clinical manifestations of infected
thoracic aortic aneurysm are often nonspecific,
and the diagnosis is often delayed until the an-
eurysm ruptures or leaks. CT angiography can
definitively diagnose the aneurysm, which is
characterized by a saccular or eccentric aneu-
rysm, peri-aortic edema, peri-aortic soft tissue
inflammation or mass and peri-aortic gas [3].
Our patient presented to the emergency depart-
ment with fever, productive cough with blood-
tinged sputum, a patchy consolidation shadow
in the LUL of the lung adjacent to the aortic
knob, leukocytosis and elevation of CRP. These
manifestations led to a presumptive diagnosis
of pneumonia. However, after admission, in-
fected aneurysm of the aortic arch was prompt-
ly considered based on the typical appearance
of the chest CT scan. Although the patient died
suddenly, probably of aneurysm rupture, the
diagnosis of an infected aneurysm of the aortic
arch was confirmed after blood culture grew
Salmonella group D.

Osler first described a case of mycotic an-
eurysm from infective endocarditis in 1885 [4].
Sower and Whelan found that Salmonella was a
common cause of mycotic aneurysm in patients
with preexisting atherosclerosis [5]. The patho-
genesis of mycotic aneurysm has been attribut-
ed to 4 different mechanisms [6], including: (1)
septic embolization occluding the vasa vasorum
or vessel lumen, causing vessel wall infec-
tion and aneurysm formation; (2) an adjoining
inflammatory process outside the vessel wall
extending to a nearby artery; (3) inoculation
of bacteria at the time of vascular injury (e.g.,
intravenous drug abuse or iatrogenic puncture),
and (4) bacteremic seeding of an existing inti-
mal injury (e.g., atherosclerosis of the aorta).
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The atherosclerotic aorta seems to be vulner-
able to Salmonella, and the pathophysiology is
bacteremic seeding of an existing intimal injury
[7].

In Western countries, the microorganisms
most commonly responsible for infected aortic
aneurysm are Staphylococcus aureus and Strep-
tococcus species, followed by Salmonella spe-
cies, but in Taiwan, the most common causative
microorganism is Salmonella species [1,2,7].
Escherichia coli and Mycobacterium tuberculo-
sis have also been reported in both Taiwan and
the USA [7-8]. Non-typhoid Salmonella are im-
portant food-borne pathogens that cause gastro-
enteritis, bacteremia without gastroenteritis and
focal metastatic infection subsequent to bactere-
mia [9]. Traditional risk factors for atheroscle-
rosis include old age, diabetes and hypertension
[10]. Patients with atherosclerosis of the aorta
are predisposed to endovascular infection sec-
ondary to bacteremia. The pathogenesis of en-
dovascular infection due to Salmonella consists
of 3 steps: consumption of contaminated food,
survival and proliferation of bacteria in mac-
rophages and establishment of endovascular
infection [11-12]. A study in Taiwan by Hsu RB
[13] found that patients with diabetes mellitus,
hypertension, coronary artery disease, periph-
eral arterial occlusive disease, ischemic stroke,
human immunodeficiency virus infection,
cancer, and those under chemotherapy, were
susceptible to non-typhoid Salmonella bacte-
remia and endovascular infection. Our patient
had diabetes and hypertension, which led to the
development of atherosclerosis of the aorta and
predisposed him to Salmonella bacteremia with
subsequent endovascular infection.

The standard treatments for infected an-
eurysm are antibiotic therapy combined with
surgical debridement, graft or patch repair,

with or without revascularization. Hsu et al/
reported that patients who received only anti-
biotic treatment had high in-hospital mortality
(55%), while those with surgical intervention
had a much better outcome (mortality 11%) [2].
Antibiotic treatment for Salmonella bacteremia
generally involves a bactericidal drug, such as
a third-generation cephalosporin or a fluoroqui-
nolone [9]. However, due to the recent trend of
resistant Salmonella, life-threatening infection
such as infected aneurysm of the aorta should
be treated with both a third-generation cephalo-
sporin and a fluoroquinolone until susceptibili-
ties of Salmonella are known [9]. The duration
of antibiotic therapy is at least 6 weeks if surgi-
cal treatment is successful. Surgical interven-
tion can be performed through open debride-
ment and aneurysm repair or endovascular stent
grafting. Endovascular stent grafting may be
performed for patients for whom open surgical
debridement and aneurysm repair would be too
risky. It can also be a temporary treatment for
patients with aneurysm rupture [14]. However,
in the treatment of infected aortic aneurysm,
endovascular stent grafting may fail because of
the lack of debridement. Overall, debridement
and in situ reconstruction of the aortic aneurysm
remain the preferred procedure. In this case, we
administered adequate antibiotics with ceftazi-
dime 2 gm intravenously 3 times daily and
requested assessment of surgical intervention
without delay. Although the isolated Salmonella
species was sensitive to ceftazidime, the disease
progressed catastrophically probably due to the
lack of timely surgical intervention [2,15].

In conclusion, infected aneurysm of the
thoracic aorta is an uncommon but life-threat-
ening condition. Early diagnosis and aggressive
surgical and antibiotic treatment are crucial to
a successful outcome. Early diagnosis requires
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clinical alertness and awareness of the imag-
ing appearances, especially early changes. We
should keep in mind that with the appearance of
any patchy shadow adjacent to the aortic region,
the possibility of an aortic lesion should be in-
cluded in the differential diagnosis, especially
in relatively immunocompromised patients.
Further diagnostic procedures and management
should be performed promptly to avoid a fatal
outcome.
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Three Metachronous Primary Malignancies:
A Case Report and Literature Review

Ying-Tang Fang*, Kuo-Tung Huang*, Chin-Chou Wang*,** ***

A 63-year-old male who had been diagnosed as having esophageal squamous cell
carcinoma (T1NOMx post- endoscopic submucosal dissection) in 2011 presented with a
left soft palate mass in 2012. Biopsy of the oral mucosa was performed and the pathology
showed well-differentiated squamous cell carcinoma. This patient presented to Chang
Gung Memorial Hospital in 2014 with blood-tinged sputum and progressive dyspnea. Initial
chest x-ray showed right upper lobe consolidation. Chest CT examination revealed right
upper lobe consolidation with a suspicious 6¢m infiltrative mass invading the right hilum
and mediastinum. Multiple liver nodules and masses in both lobes of the liver were also
noted. Bronchoscopy examination with tissue biopsy for pathologic study revealed small cell
carcinoma of the bronchus. Echo-guided fine needle aspiration for the right liver lobe tumor
was performed and the pathology study showed small cell carcinoma, metastatic. The initial
approach to patients with suspected lung cancer is based on the study results of patients
with non-small cell lung cancer. In general a few things need to be considered, including
selecting a biopsy site and obtaining an adequate sample for microscopic examination.
Immunohistochemical and genetic analyses are necessary for confirmation of the diagnosis.
Aggressive tissue biopsy for pathology study may increase the rate of diagnosis for double, or
even triple primary malignancies. More precise diagnosis will provide more treatment choices.
(Thorac Med 2017; 32: 142-149)

Key words: metachronous primary malignancies, esophageal squamous cell carcinoma, small cell
carcinoma

Introduction

The diagnosis of multiple primary ma-
lignant neoplasms (MPMN) in a patient has
been reported rather frequently during the past

decade. Although the mechanisms responsible
for the development of MPMNSs have yet to be
fully explicated, some, including immune, he-
reditary and environmental factors, have been
implicated in the pathogenesis of this entity [1-
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2].

In a literature review of 1,104,269 cancer
patients, the incidence of MPMN ranged from
0.73% to 11.7% [3]. With progress being made
in diagnostic and biopsy techniques, the rate of
diagnosis for double, and even triple primary
malignancies increases year after year. Here, we
present a patient with 3 metachronous primary
malignancies, including cancer of the lung, left
soft palate and esophagus.

Case Report

A 63-year-old male who had been diagnosed
as having esophageal squamous cell carcinoma
(SCC) (TINOMx post-endoscopic submucosal
dissection) in 2011 visited the ENT special-
ist clinic of Kaohsiung Chang Gung Memorial
Hospital due to a left soft palate mass in 2012.
A left soft palate tumor resection via flap uvu-
lopalatopharyngoplasty was performed. The pa-
thology results showed well-differentiated SCC
(cT2NOMO). The patient’s past and personal
history included diabetes mellitus type 2, smok-
ing (2-3 packs per day for more than 40 years),
alcohol consumption (3 bottles per day for 20"
years) and betel nut chewing. The patient was
followed up regularly in Kaohsiung Chang
Gung Memorial Hospital (KCGMH) for both
cancers. Serial follow-up image studies were
arranged and showed no evidence of tumor re-
currence or metastatic tumors.

In 2014, the patient presented to KCGMH
with blood-tinged sputum and progressive
dyspnea. He had visited a local medical doctor
first, where CXR showed right upper lobe (RUL)
consolidation. Chest CT examination was ar-
ranged and revealed RUL consolidation with a
suspicious 6 cm infiltrative mass invading the
right hilum and mediastinum. In addition, bilat-

eral pleural effusion and multiple liver nodules
and masses (0.5-3.8 cm) in both lobes of the
liver were noted in the chest CT image study
(Figure 1). Brain MRI exam showed multiple
metastatic nodules. Bone scan revealed that
there were focal areas of moderately increased
uptake in the occipital region of the skull, right
border of T10, left anterior 6™ rib, and both
proximal femoral shafts.

Bronchoscopy examination was performed
and revealed mucosal irregularity at the right
secondary carina, orifice of the RUL, right
middle lobe and right lower lobe (Figure 2).
Biopsy from the right secondary carina was
performed and tissue samples were sent for
pathologic study, which revealed small cell car-
cinoma of the bronchus. Bronchial mucosa with
infiltrative nests, strands and sheets of small-
sized neoplastic cells bearing hyperchromatic
nuclei and scanty cytoplasm was noted in the
microscopic pathologic findings. Immunohis-
tochemical stain study showed positive results
for AE1/AE3, TTF-1, CK7, and Ki-67 antibod-
ies. Weakly positive synaptophysin and focally
positive CD56 were noted (Figure 3), and T200,
S100, P40 and chromogranin A were found to
be negative. The immunohistochemical results
were consistent with small cell carcinoma.

Echo-guided fine needle aspiration for
right liver lobe tumor was performed and the
pathology study showed metastatic small cell
carcinoma. The immunohistochemical result
was suggestive of a high-grade neuroendocrine
carcinoma of the lung. Chemotherapy and ra-
diotherapy were not performed due to the pa-
tient’s poor performance status. The patient’s
condition worsened gradually, and on October
19. 2014, the family asked for the patient’s dis-
charge, against medical advice.
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(B)

Discussion

Although the amount of research into
MPMN:s is increasing, its pathogenesis remains
unclear. The most frequent factors involved are
intense exposure to carcinogens, genetic suscep-
tibility, the immune system of the patients, and
the carcinogenic effects of radio/chemotherapy
used in the treatment of tumors [1]. Increasing
number of multiple independent malignant foci
developing in the mucosa epithelium may be
related to carcinogenic factors, such as tobacco

Thorac Med 2017. Vol. 32 No. 3

Fig 1. (A) CXR showed right upper lobe (RUL) consolidation;
(B) chest CT revealed RUL consolidation with a suspicious 6 cm
infiltrative mass invading the right hilum and mediastinum (partial
encasement of the SVC and right lower tracheal wall); (C) CT
revealed multiple liver nodules and masses (0.5-3.8 cm) in both

lobes of the liver.

Fig 2. Mucosal irregularity at the right secondary carina, orifice of
the RUL, RML and RLL
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(A)

Fig 3. (A) Immunohistochemical stain study of bronchus tissue showed a positive result for the antibody TTF-1 (Brown area). (B)

B)

Immunohistochemical stain study showed a positive result for the antibody synaptophysin.

and alcohol [4]. This phenomenon can be ex-
plained by the “field cancerization” concept,
which was proposed by Slaughter et a/ in 1953.
This concept describes extensive premalignant
and malignant cytological changes that result
in an increased risk of the development of mul-
tiple independent tumors [5].

The diagnosis of multiple primary cancers
is based on the 3 criteria described by Warren
and Gates [6]: First, neoplasms must be clearly
malignant as determined by histological evalua-
tion. Second, each neoplasm must be physically
separate and distinct, with lesions usually being
separated by normal-appearing mucosa. If a
secondary neoplasm is contiguous to the initial
primary tumour or is separated by mucosa with
intraepithelial neoplastic change, the 2 should
be considered as confluent growths, rather than
multicentric carcinomas. The third criterion
involves the recognition of the possibility that
the secondary neoplasm represents a metastasis.
The observation that the invasive carcinoma
arises from an overlying epithelium that dem-

onstrates a transition from carcinoma in situ to
invasive carcinoma is helpful.

Depending on the time of diagnosis of each
tumor, MPMNs are divided basically into 2
large categories: Synchronous tumors are those
that are diagnosed simultaneously or within a
6-month interval. If the interval is longer than
6 months, the MPMNs are known as metachro-
nous tumors [7-8].

In the present case, esophageal SCC (T1N-
0Mx post-endoscopic submucosal dissection)
and left soft palate cancer (pT2NOMO post
tumor resection via flap uvulopalatopharyngo-
plasty) were diagnosed in 2011 and 2012 re-
spectively. Endoscopy revealed the esophageal
cancer lesion (32 cm from the incisors). Each
of these 2 malignancies was physically sepa-
rate, and the lesions were separated by normal-
appearing mucosa. Serial follow-up image stud-
ies showed no evidence of tumor recurrence or
metastatic tumors. The interval between the di-
agnosis of esophageal SCC and that of left soft
palate malignancy was more than 6 months. The
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interval between the diagnoses of left soft pal-
ate malignancy and lung small cell carcinoma
was also more than 6 months. In other words,
this patient was diagnosed with 3 metachronous
primary malignancies.

Etiologic factors of esophageal squamous cell
carcinoma

The incidence of esophageal SCC varies
among different geographic regions. The highest
rates are found in northern Iran, Central Asia,
and north-central China (the so-called “esopha-
geal cancer belt”) [9]. A history of smoking, al-
cohol consumption, and diets low in fruits and
vegetables were found to account for almost
90% of esophageal SCC in the United States
[10]. Cigarette smoking is also a major risk fac-
tor in Asia, as smoking is common [11].

Relatively poor nutritional status, low in-
take of vegetables, chewing of betel nut and
drinking beverages at high temperatures are
also thought to be major risk factors for SCC in
the “esophageal cancer belt” of Iran and Asia
[12-16]. Other possible risk factors for esopha-
geal SCC include prior gastrectomy, atrophic
gastritis and human papillomavirus infection
[17-19]. The etiologies of the 3 metachronous
primary malignancies in this patient were most
likely his history of smoking, alcohol consump-
tion and betel nut chewing.

Pathobiology of small cell carcinoma of the
lung

A diagnosis of small cell carcinoma of the
lung (SCCL) is based primarily upon light mi-
croscopy [20]. For SCCL and large cell neuro-
endocrine carcinoma (LCNEC), there are stan-
dard immunohistochemical markers for lung or-
igin and/or neuroendocrine features, which are
useful for establishing the diagnosis. Virtually
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all SCCLs are immunoreactive for keratin and
epithelial membrane antigen because of their
epithelial cellular origin. A majority will also
express thyroid transcription factor-1 (TTF-1),
which can help distinguish SCCL from neuro-
endocrine cancers originating in an organ other
than the lung. Markers reflecting neuroendo-
crine and neural differentiation commonly used
for diagnosis include synaptophysin, chromo-
granin, and CD56 (neural cell adhesion mol-
ecule [NCAM]) [21-23].

Differential diagnosis of primary versus meta-
static pulmonary malignancy

When pulmonary tumors are observed in
patients with a history of cancer, the differen-
tiation between metastasis and primary lung
cancer plays a crucial role in decision-making.
According to a summary of recommendations
based on the American College of Chest Physi-
cians (ACCP) Lung Cancer Guidelines, 3 edi-
tion (LC III), a directed panel of immunohisto-
chemical assays should be used to increase the
diagnostic accuracy for individuals with lung
tumors whose differential diagnosis includes
primary lung carcinoma vs metastatic carci-
noma (Grade 1C) [24].

In our case, invasive procedures, including
bronchoscopy examination and echo-guided
fine needle aspiration for the right liver lobe tu-
mor, were performed to distinguish esophageal
SCC with lung metastasis from primary lung
cancer. Furthermore, microscopic and immuno-
histochemical stain studies were performed to
confirm the site of primary tumor origin.

Conclusion

MPMNs seem to be diagnosed at a higher
incidence than that predicted only by the influ-
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ence of hazard. MPMN case studies can provide
useful information regarding the development
of effective screening and surveillance proto-
cols, with the goal of treating patients effec-
tively. Aggressive tissue biopsy for pathology
study may also increase the rate of diagnosis for
double, and even triple primary malignancies.
More precise diagnoses will provide more treat-
ment choices.
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A Rare Case of Cold Abscess in
the Anterior Chest Wall

Kai-Yu Hsiao*,**, Chung-Ping Hsu**, Ta-Wei Pu***, Chih-Hung Lin**

Primary tuberculous abscesses (also called “cold abscesses”) of the chest wall are rare and
constitute less than 10% of skeletal extrapulmonary tuberculosis cases. Tuberculosis of the
chest wall usually presents as an enlarged and occasionally painful mass in the chest wall.
Cases of tuberculous abscess of the anterior chest wall are rarely reported in the literature.
We reported a rare case of tuberculous abscess of the anterior chest wall in a 64-year-
old man who presented with painful swelling in the left chest region. Physical, imaging,
and histological examinations led to a diagnosis of tuberculous chest wall lesion. Complete
excision of the cold abscess and partial resection of the left 6™ rib were performed. During
surgery, 150 mL of purulent fluid was found in the cyst. The patient was stable postoperatively
and received anti-tuberculosis medication. Cold abscess of the anterior chest wall is
difficult to diagnose preoperatively and may be confused with secondary bone metastasis,
pyogenic abscess, chondroma, multiple myeloma, lymphoma, or infectious diseases such
as actinomycosis. Complete excision of the abscess of the chest wall and of the invaded
structures is our preferred approach to achieve en bloc resection. When a chest wall tumor
with a cystic lesion and homogenous fluid content is encountered, cold abscess should be
suspected. (Thorac Med 2017; 32: 150-156)
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Introduction

Chest wall tuberculosis (TB), also called
cold abscess, is the rare localization of extra-
pulmonary TB and comprises less than 10% of
skeletal TB cases [1-3]. Three mechanisms are
suggested in the pathogenesis of a tuberculous
abscess of the chest wall: direct invasion from

underlying pleural or pulmonary lesions, local
extension from lymphadenitis of the chest wall,
and hematogeneous dissemination [4-5]. Tu-
berculous abscess of the anterior chest wall is
difficult to diagnose preoperatively because the
lesions grossly simulate pyogenic abscess or tu-
mor. We report a case of tuberculous abscess of
the chest wall in a 64-year-old man, for which
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we performed complete abscess excision with
partial rib resection, followed by postoperative
anti-TB therapy.

Case Report

A previously healthy 64-year-old man
presented to our hospital’s outpatient depart-
ment with painful swelling in the left chest
region over the 5" to 7" ribs. He reported that
the swelling had gradually increased during
a 2-month period. The patient had no history
of previous surgery or trauma. He had no pul-
monary symptoms, such as productive cough,
fever, or hemoptysis, or other symptoms. On
physical examination, body temperature and vi-
tal signs were all within normal ranges. A chest
examination revealed 2 palpable (3%3 ¢m and
5%3 cm in size, respectively), soft, tender, and
mobile fluctuating masses. The lesions were
unattached to underlying structures. Laboratory
data indicated a white cell count of 6.96x10°/
pL, with a neutrophil count of 68.6%, and a
lymphocyte count of 22.3%. Serum electro-
lytes, thyroid function tests, and liver and renal
function tests were within normal ranges. HIV
antibodies, anti-hepatitis B surface antigen, and
anti-hepatitis C virus were non-reactive. Chest
radiography revealed fibronodules at bilateral
upper lobes (Figure 1). Contrast-enhanced com-
puted tomography (CT) of the thorax revealed
2 homogenous hypodense lesions located
between the serratus anterior and intercostal
muscles, from the 5 to 6" intercostal (ICS)
region, adjacent to the costal cartilage, with
destruction of the left 6" rib (Figure 2). These
findings were suggestive of primary chest wall
tumor with central necrosis, secondary meta-
static tumor, or an infective process like TB;
thus, we conducted a magnetic resonance imag-

Fig. 1. Chest radiograph

ing (MRI) examination of the thorax for further
evaluation. Contrast-enhanced MRI revealed
the presence of a multilobulated fluid collection
with marginal contrast enhancement of the sub-
cutaneous tissue, deep fasciae, and muscle layer
of the anterior-inferior quadrant of the chest
wall, approximately 11.5%7.5%2.5 cm in size.
I11-defined edema and contrast enhancement
were noted in the surrounding tissue. The find-
ings were indicative of an infectious process
with abscess formation. Pyo-myofascitis with
abscess formation or TB of the chest wall was
suspected (Figure 3).

We performed complete tumor excision
with partial resection of the 6" rib. Intraopera-
tive findings were as follows: 1) a dumbbell-
shaped cystic tumor, about 12x6x4 cm in size,
was found in the anterior portion of the left 5"
intercostal space with invasion of the 6" rib.
The tumor content was a yellowish pus-like tur-
bid fluid, with a volume of approximately 150

Thorac Med 2017. Vol. 32 No. 3
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(B)

Fig. 2. Chest contrast-enhanced computed tomography scan. (A) Two homogenous hypodense lesions (white arrow) located

in the left 5" - 6" intercostal region. (B) Tumor invasion to the left 6" rib with bony destruction (red arrow).

mL. 2) The parietal pleura was intact without
tumor invasion (Figure 4A, 4B).

Histologic examination revealed fibrocon-
nective tissue with necrotizing granulomatous
inflammation. Special stains for periodic acid-
Schiff and acid-fast staining were utilized and
acid-fast bacilli were found (Figure 5); this
result was further confirmed by Amplicor poly-
merase chain reaction (PCR) assay and TB cul-
ture. We consulted a chest medicine specialist,
who arranged further anti-TB treatment for 9
months post-operation.

Discussion

Primary tuberculous abscesses of the chest
wall are rare and constitute less than 10% of
skeletal TB [1-3]. Tuberculous abscess of the
chest wall usually presents as an enlarged and
occasionally painful mass on the chest wall [6].
A review of the literature suggests 3 mecha-
nisms in the pathogenesis of tuberculous ab-
scess of the chest wall: 1) direct invasion from

Thorac Med 2017. Vol. 32 No. 3

underlying pleural or pulmonary lesions, 2)
local extension from lymphadenitis of the chest
wall, and 3) hematogenous dissemination [4-5].

Diagnosing primary TB of the chest wall
preoperatively is often challenging, and diagno-
sis is often by postoperative pathologic exami-
nation [7]. The differential diagnoses include
secondary bone metastasis, pyogenic abscess,
chondroma, multiple myeloma, lymphoma, or
infectious disease such as actinomycosis. Pri-
mary tuberculous abscesses of the chest wall
may be confirmed by acid-fast staining, PCR,
or culture of the abscess obtained by needle as-
piration. However, needle aspiration diagnosis
of a tuberculous abscess is not as reliable as the
other methods, since it has a diagnostic accu-
racy of only 36.3%. Some authors recommend
surgical biopsy [7-8].

About 70-80% of patients with tuberculous
abscesses of the chest wall have a past history
of TB infection, and 20-60% of these patients
have active TB [3-4]. Nevertheless, patients
without a definite history of TB or concurrent
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Fig. 3. Magnetic resonance imaging (MRI). (A) T1-Turbo Spin Echo, fat-saturated, axial MRI. (B) T2-BLADE
with fat-saturated axial MRI. Presence of multilobulated fluid collection with marginal contrast enhancement in the

subcutaneous tissue, deep fasciae, and muscle layer of the anterior-inferior quadrant of the chest wall, approximately

11.5%7.5%2.5 cm. Ill-defined edema and contrast enhancement are noticeable in the surrounding tissue.

active TB still can have fresh tuberculous ab-
scess of the chest wall, as in our case.
Tuberculous abscesses of the chest wall can
involve the costochondral junctions, sternum,
ribs shafts, costovertebral joints, and the verte-
brae. They often occur as solitary lesions, but
are found in 2 or more sites in some patients.
In our case, 2 tuberculous lesions of the chest
wall were found. These lesions frequently occur

at the margins of the sternum and in the shafts
of the ribs [8]. Our case involved a tuberculous
abscess that extended along the intercostal mus-
cles alone, with the destruction of the 6" rib.
Patients should undergo chest CT to evalu-
ate the extent of abscess cavities and the sta-
tus of the ribs, sternum, cartilage, and pleural
space. The functional status of the lung paren-
chyma and thoracic cavities may also be evalu-
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(A)

(B

Fig. 4. (A) Intraoperative photography. Left anterior thoracotomy and dissection to the intercostal space level. Invasion of the sixth rib (arrow)

was noted. (B) Specimen. A dumbbell-shaped cystic tumor, approximately 12x6x4 c¢m in size at the anterior portion of the left 5™ intercostal

space, with invasion of the 6" rib (arrow).

Fig. 5. Mycobacterium tuberculosis (white arrow), acid-fast staining.

ated to exclude other inflammatory or tumor le-
sions [9]. A common CT finding in tuberculous
abscess is a low density of the central area with
rim enhancement of the peripheral area [10].
Many diseases that affect the chest wall
have unique CT or MRI characteristics that dif-
ferentiate them from other diseases. CT may
reveal bony involvement with higher sensitivity
and specificity when compared to MRI or ultra-

Thorac Med 2017. Vol. 32 No. 3

sound, which would have a significant impact
on the differential diagnoses of these conditions
[11].

The definitive treatment for chest wall TB
has not yet been determined. Some studies
have reported frequent recurrence after anti-TB
medication only [8,12]. Some reports recom-
mend a combination of anti-TB medication and
surgical management to reduce recurrence [7].
Aggressive debridement with primary closure
and postoperative medical treatment is required
to prevent recurrence or draining sinus forma-
tion [13].

The best methods of surgical treatment are
still undetermined. Kim ef al. classified surgi-
cal methods into debridement and drainage
alone, and complete resection with or without
skeletal resection. Their study reported a 40%
recurrence rate in the debridement and drain-
age group compared to the complete resection
group (9.2%). Cold abscess of the chest wall
should be treated using complete resection of
all the involved areas in addition to the ap-
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propriate anti-TB chemotherapy [1]. Paik et
al. reported a 16% recurrence rate in patients
who underwent debridement and drainage, but
only a 1.6% recurrence rate in the group with
complete resection with rib resection [14]. We
suggest that wide and complete resection would
decrease recurrence. In our case, we performed
a complete resection of the abscess with rib re-
section.

Conclusion

TB infection usually involves the lungs
and the hilar lymph nodes. Cold abscess of the
anterior chest wall is hard to diagnose preop-
eratively and may appear similar to secondary
bone metastasis, pyogenic abscess, chondroma,
multiple myeloma, lymphoma, or infectious
disease such as actinomycosis. Complete exci-
sion of the tuberculous chest wall abscess and
invasive structure is our preferred approach to
achieve en bloc resection. Adequate postopera-
tive anti-TB medication may reduce the chance
of recurrence. When a chest wall tumor with
cystic lesion and homogenous fluid content is
encountered, cold abscess should be suspected.
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