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Long-Acting Beta-2 Agonist and Theophylline
Attenuate Cigarette Smoke-Induced Airway
Inflammation through Regulation of Cyclic Adenosine
Monophosphate

Yu-Jung Lin", Kang-Cheng Su***, Yi-Han Hsiao>**

Introduction: Adding theophylline, a non-selective phosphodiesterase (PDE) inhibitor,
to a long-acting beta-2 agonist (LABA) provides an additive bronchodilation effect through
preventing cyclic adenosine monophosphate (cAMP) degradation. This procedure has
become a common therapeutic choice in the management of chronic obstructive pulmonary
disease patients. Emerging studies have shown that the use of a LABA and PDE inhibitor
may inhibit airway inflammation, but details of the mechanism require further investigation.

Methods: Mice were exposed to cigarette smoke (CS) for 4 weeks to induce airway
inflammation. Indacaterol maleate (IND, a LABA), theophylline, and their combination or
a vehicle was given through intraperitoneal injection daily during the 4-week exposure. In
addition, human primary bronchial epithelial cells (PBECs) were exposed to cigarette smoke
extract (CSE) with or without treatment of IND or theophylline. Interleukin (IL)-8 production
and the cAMP level in PBECs were measured. Inhibitors of downstream signaling, including
adenylyl cyclase (AC) and protein kinase A (PKA), were used to evaluate the underlying
mechanism.

Results: IND, theophylline and their combination reduced CS-induced protein leakage
and inflammatory cells accumulation in the bronchoalveolar lavage fluid, as well as lung
inflammation and peribronchial collagen deposition in lung sections. IND and theophylline
consistently inhibited CSE-induced increases in IL-8 production in PBECs through maintaining
the cAMP level. This anti-inflammatory effect was alleviated by adding AC or PKA inhibitor.

Conclusion: Both LABA and theophylline exert a potent inhibitory effect on CS-induced
airway inflammation through regulating cAMP and the AC-PKA pathway. (Thorac Med 2022;
37: 1-12)
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Introduction

Chronic obstructive pulmonary disease
(COPD) is a global health issue, with cigarette
smoking (CS) being one of the most important
risk factors [1]. Inhaled CS causes chronic lung
inflammation and damage through affecting
the repair function of many types of pulmonary
cells [2], followed by inadequate control of
fibroblast repair, causing airway remodeling.
For example, airway epithelial cells, which
are located in the most superficial layer of the
airways, are first exposed and activated by CS,
and then not only release chemotactic factors
that attract inflammatory cells to the lungs [3-4],
but also release transforming growth factor-§
(TGF-B), which stimulates fibroblast prolifera-
tion, resulting in fibrosis in the small airways [5].
Various cells and mediators are involved in this
inflammatory process, but the detailed underly-
ing mechanism is still largely unexplored.

Progression of COPD is associated with
the accumulation of inflammatory cells [6],
and exacerbation of COPD is linked to addi-
tional increases in airway inflammation medi-
ated by neutrophils, lymphocytes, eosinophils,
and interleukin (IL)-8 [7]. A medication that
can reduce exacerbation may indicate its anti-
inflammatory effect. Long-acting beta-2 agonist
(LABA), which upregulates intracellular cyclic
adenosine monophosphate (cAMP), is a prin-
cipal bronchodilator in the treatment of COPD.
Indacaterol (IND), the first once-daily LABA
approved for treatment of COPD, not only im-
proves pulmonary function, but also reduces
acute exacerbation of COPD [8-9]. An exchange
protein directly activated by cAMP and protein
kinase A (PKA) can decrease cigarette smoke
extract (CSE)-induced IL-8 released by human
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airway smooth muscle cells via inhibition of
the nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-xB) and extracellular
signal-regulated protein kinase (ERK), respec-
tively, indicating these cAMP effectors as po-
tential targets for anti-inflammatory therapy in
COPD [10]. Nevertheless, LABA alone seems
not the optimal treatment for COPD in the cur-
rent guideline [11], suggesting the emerging
need of combination therapy.

Phosphodiesterase (PDE) inhibitor prevents
cAMP degradation and provides LABA with
an adjunctive bronchodilator effect. Selective
PDE4 inhibitors, especially, offered a benefit
over placebo in reducing exacerbation of COPD
[12], as well as the number of inflammatory
cells in induced sputum samples of patients
with COPD [13]. However, the small clinical
improvement with roflumilast, its gastrointesti-
nal adverse effects and its cost prevent it from
becoming a first-line medication, and it is sug-
gested only for severe, uncontrolled COPD,
despite its use as inhaled therapy in the latest
guideline [11]. Theophylline (TH), a non-selec-
tive PDE inhibitor developed earlier and more
widely used in airway diseases, showed its abil-
ity to inhibit fibroblast proliferation and TGF-f-
induced alpha-SMA protein via the cAMP-PKA
pathway [14]. However, whether TH can pro-
vide an additive effect to LABA in inhibiting
CS-induced airway inflammation through the
cAMP-PKA pathway remains unknown. There-
fore, the aim of our study was to investigate this
hypothesis in a CS-exposed mouse model and
in an in vitro model using primary bronchial
epithelial cells (PBECs).

Materials and Methods

Ethics statement
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All animal experiments were approved by
the Animal Care and Use Committee of Na-
tional Yang-Ming University. Human PBECs
were obtained from lung cancer patients who
underwent surgical lobectomy. This study was
approved by the Institutional Review Board of
Taipei Veterans General Hospital (IRB-TPE-
VGH No.: 2015-06-005A and 2015-10-004A).

Murine model of chronic CS exposure

The murine model of chronic CS exposure
has been described in detail previously [3].
Male C57BL/6J mice at 8 weeks of age (Na-
tional Laboratory Animal Center, Taipei, Tai-
wan) were randomly divided into 6 groups (n=5
mice/group) for a 4-week exposure to CS or air.
Two of the CS-exposure groups received daily
treatment with IND (Novartis® Pharmaceuti-
cals, Taiwan; 5 pg/kg) or TH (Sigma-Aldrich,
St. Louis, MO, USA; 10 mg/kg) [15] or a saline
vehicle at the same volume (60 uL) by intraper-
itoneal injection during the 4-week exposure.
The intraperitoneal route of drug administration
provides rapid and efficient absorption with a
low level of stress in laboratory rodents and is
considered as an adequate route for pharmaco-
logical and proof-of-concept studies [16]. Thus,
the mice were formed into 6 groups, namely
Air, CS, CS+normal saline (NS), CS+IND,
CS+TH, and CS+IND+TH. The animals were
given ad libitum access to food and water,
and the average body weight among the study
groups did not vary after a 4-week exposure.
For each CS exposure, the mice were placed in
an exposure chamber and 750 ml of fresh CS
generated from 1.5 cigarettes (Marlboro Red
Label; 10.8 mg nicotine and 10.0 mg tar per
cigarette) was delivered into the chamber. The
CS passed out of the chamber via 4 exhaust
holes (1 cm) on the side panels. During the ex-

posure, the mice were conscious and breathed
spontaneously in the chamber for 10 min. After
exposure, the mice were transferred to a new
cage and allowed to inspire air normally. The
mice were exposed at 10:00 and 16:00 each day
for 4 weeks. The control animals underwent
identical procedures in another chamber but
were only exposed to air. For each CS expo-
sure, the particle concentration inside the ex-
posure chamber was about 625 mg/m’ initially,
but decreased over time since the CS passed out
of the chamber via the exhaust holes [3]. The
HbCO levels immediately after the 10-minute
exposure protocol for the air-exposed and CS-
exposed mice were 0.4% and 32%, respectively

[3].

Preparation of bronchoalveolar lavage fluid
(BALF) and lung tissues

At the end of each experiment, the mice
were euthanized with carbon dioxide (CO,) and
a middle thoracotomy was performed. The left
lung was ligated, and the right lung was lavaged
4 times with warm PBS (0.6 ml) containing a
complete protease inhibitor cocktail (Roche Di-
agnostics, Mannheim, Germany). The samples
of BALF were centrifuged at 350 g for 5 min at
4°C, and the supernatant of the first lavage fluid
was stored at —80°C for later analysis of total
protein using a Bio-Rad protein assay reagent
(Bio-Rad Laboratories, Inc., Hercules, CA,
USA). The cell pellets of the BALF samples
were resuspended in PBS for cell counting. The
right lung was then stored at -80°C for subse-
quent analysis. The left lung was fixed with 4%
paraformaldehyde and embedded in paraffin.

Histological assessment

Formalin-fixed, paraffin-embedded tissue
blocks were cut into 8-um sections. Sections

Thorac Med 2022. Vol. 37 No. 1
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were deparaffinized, rehydrated, and then cov-
ered with 3% H,O, for 10 min. The slides were
counterstained with hematoxylin and eosin (HE)
for cellular infiltration and Masson's trichrome
for peribronchial collagen deposition.

Experimental protocols for in vitro studies

PBECs were seeded onto 24-well culture
inserts and grown in culture medium. Cells
were stimulated by CS extract (CSE, 3%) [3]
for the desired length of time. To suppress the
CSE-induced responses, cells were pretreated
with a vehicle, IND (100 nM) or TH (100 nM),
for 2 hours before changing to fresh medium
and stimulation. Supernatants were collected
for assay of cAMP and IL-8 using an ELISA
kit (R&D Systems, Minneapolis, MN, USA)
after stimulation for 24 hours, according to the
manufacturer’s instructions. Inhibitors of AC
(KH7; 25 uM; R&D Systems, Minneapolis,
MN, USA) [17] or PKA (H89; 10 uM; Sigma
Aldrich, St. Louis, MO, USA) [18] were added
with IND or TH for 2 hours before changing
to fresh medium and stimulation. Cell viability
was determined by light microscopy and dye
exclusion with trypan blue. In these experi-
ments, the concentrations of CSE, IND, TH,
KH7 and H89, and the optimal time point for
the measurements of the responses were ob-
tained from our previous investigations or pre-
liminary study.

Modified air-liquid interface culture for
PBECs

Preparation of the modified air-liquid inter-
face culture for PBECs has been described in
detail previously [3, 19]. Human bronchus, ob-
tained from a non-tumor part of surgical speci-
mens from patients who received lobectomy
for lung cancer, was rinsed several times with

Thorac Med 2022. Vol. 37 No. 1

Leibovitz’s L-15 medium containing penicillin
(100 U/ml), streptomycin (100 pg/ml), and am-
photericin B (0.25 pg/ml). The tissue was cut
into 1-2 mm? pieces and 3 to 4 pieces of tissue
were planted with the epithelium side facing
down onto 6-well culture inserts (growth area
of the membrane: 4.2 cm?, pore size: 0.4 um)
coated with type IV collagen (50 pg/cm?). Two
ml of PBEC culture medium, containing antibi-
otics/antimycotic, insulin (2.5 pg/ml), transfer-
rin (2.5 pg/ml), hydrocortisone (1 pg/ml), glu-
tamine (2 mM), and 0.1% FBS in RPMI 1640
and Medium 199 (v/v 1:1), was added to the
basal chamber, and 100 pl was added to the in-
sert. Culture medium in the basal chamber was
changed every 48 to 72 hours, and no medium
was added to the insert. PBECs were grown on
a porous membrane, on which they formed a
continuous epithelial sheet with the basal aspect
exposed to the medium and the apical surface
exposed to air.

Preparation of CSE

CSE was freshly prepared on the day of the
experiment, as described [20, 21], with some
modifications. Briefly, 1000 ml of smoke gen-
erated from 2 combusted cigarettes (Marlboro
Red Label; tar, 10.0 mg; nicotine, 0.8 mg; size,
84 mm) without filters was sucked at a con-
stant flow rate (8 ml/s) into a syringe and then
bubbled into a tube containing 20 ml serum-
free medium. The CSE solution was sterilized
through a 0.22-um filter (Millipore, Bedford,
MA, USA) and its pH was adjusted to 7.4. The
optical density of the CSE solution was checked
by measuring the absorbance at 302 nm to
reflect the level of peroxynitrite [22], which
showed little difference between different
preparations. This CSE solution was considered
100% CSE and was further diluted by serum-
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free medium to the desired concentrations to
stimulate cells at different time points.

Statistical analysis

Data are expressed as mean + standard error
of the mean (SEM). The comparison between
different experimental conditions was evaluated
by analysis of variance (ANOVA) followed by
the least significant difference (LSD) test, when
appropriate. A p value < 0.05 was considered
significant.
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Results

Suppressive effects of IND and TH on CS-
induced lung inflammation in mice

Exposure of mice to CS for 4 weeks re-
sulted in the development of lung inflamma-
tion. Relative to the air-exposed mice, the CS-
exposed mice were found to show increases in
total cell counts (Fig. 1A), total protein levels
(Fig. 1B), and differential cell counts, including
macrophages (Fig. 2A), neutrophils (Fig. 2B),
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Fig. 1. Treatment with indacaterol maleate (IND, a long-acting beta-2 agonist), theophylline (TH, a phosphodiesterase inhibitor) or their
combination alleviated cigarette smoke (CS)-induced increases in (A) total cell count and (B) total protein level in bronchoalveolar lavage fluid

(BALF) sampled from mice. Mice were exposed to air or CS for 4 weeks with or without daily treatment intraperitoneally with saline (N/S;
vehicle), IND (5 ng/kg), TH (10 mg/kg) or a combination of IND and TH. Data in each group are mean + SEM from 4-5 mice. *, p < 0.05; **, p <0.01.

Macrophage count (x104)

*% *% *%
A 1) ** 1 B T ** 1 C " ** L]
100 % T % 1 100 % T % 16 o T %
) ey ) iy & 14 ] —
1 [ < =)
80 S 801 B 13-
x =
= c
60 S 60 - g 10
9 o g
2 o
= ] s
40 H 40 g 6
-] s 4
20 3 20 g
— [1 ° sl e
0 T 0 v T
» ® © & R 0 © R N4
0 \\ ,‘\\\ Gr," Q\x\ dbx‘\ \\\ ‘(\x\ 9"6 ,‘\V\ 05" ‘3‘*\

Fig. 2. Treatment with indacaterol maleate (IND, a long-acting beta-2 agonist), theophylline (TH, a phosphodiesterase inhibitor), or their
combination alleviated cigarette smoke (CS)-induced increases in (A) macrophage, (B) neutrophil, and (C) lymphocyte counts in bronchoalveolar
lavage fluid (BALF) sampled from mice. Mice were exposed to air or CS for 4 weeks with or without daily treatment intraperitoneally with saline (N/S;
vehicle), IND (5 pg/kg), TH (10 mg/kg) or a combination of IND and TH. Data in each group are mean + SEM from 4-5 mice. *, p <0.05; **, p <0.01.
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and lymphocytes (Fig. 2C) in BALF. Treatment
with IND, TH, or their combination, but not
saline treatment, significantly reduced these in-
flammatory indices in CS-exposed mice (Figs. 1,
2). In addition, a histological evaluation of the
H&E-stained lung sections (Fig. 3A) revealed
extensive infiltration of inflammatory cells
and thickening of the alveolar walls in the CS-
exposed mice. The Masson’s trichrome-stained
lung sections (Fig. 3B) showed increased

collagen (blue-stained) deposition at the peri-
bronchial area. The differences in the degree
of histopathological manifestations between
groups was confirmed by comparing quantita-
tive data from the 6 study groups in terms of
lung inflammatory scores [23] (Fig. SIA) and
the peribronchial collagen area [3] (Fig. S1B).
Of note, all of these histopathological signs of
inflammation were found to not be influenced
by daily saline treatment, but there were fewer

CS+TH

CS+IND+TH

400X

400X

50um

m.f"h

Fig. 3. Representative images of (A) H&E- and (B) Masson's trichrome-stained lung sections obtained from mice from 6 study groups. Mice were

exposed to air or cigarette smoke (CS) for 4 weeks with or without daily treatment intraperitoneally with saline (N/S; vehicle), indacaterol maleate
(IND, 5 pg/kg), theophylline (TH, 10 mg/kg) or a combination of IND and TH. The magnifications are 100X and 400X for the upper and lower
panels, respectively. Arrows indicate the positions for large magnification (400) shown in lower panels. Note that CS exposure produced extensive

infiltration of inflammatory cells and increased peribronchial collagen (blue-stained) deposition, which showed no significant difference in saline-

treated mice. In contrast, treatment with IND, TH, or their combination markedly alleviated these signs of inflammation.

Thorac Med 2022. Vol. 37 No. 1
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Fig. S1. Treatment with IND, TH or IND+TH alleviated elevations in (A) the inflammatory score and (B) peribronchial collagen deposition in the

lungs of cigarette smoke (CS)-exposed mice. Mice were exposed to air or CS for 4 weeks with or without daily treatment intraperitoneally with

saline (NS; vehicle), IND (5 pg/kg), TH (10 mg/kg) or a combination of IND and TH. The grade of lung inflammation was scored on a scale of 0-5.

Lung inflammatory scores were calculated according to the sum of the levels of cell infiltration and peribronchial cuffing assessed by a pathologist

who was blinded to the experiment. Peribronchial collagen areas were directly measured using Motic Images Plus 2.0. Data in each group are mean

+ SEM from 4-5 mice. *, p <0.01.
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Fig. 4. Treatment with indacaterol maleate (IND) or theophylline (TH) increased the cyclic AMP (cAMP) level in primary bronchial epithelial cells

(PBECs) after stimulation with cigarette smoke extract (CSE). Cells were exposed to 3% CSE with pretreatment with a vehicle, IND (100 nM) or

TH (100 nM). Control groups (Con) were cells without stimulation and pretreatment. cAMP levels in cell lysates were analyzed by ELISA assay.

Data in each group are mean = SEM from 3-4 independent experiments. **, p <0.01.

in the CS-exposed mice that underwent treat-
ment with IND, TH, or their combination.

Effects of IND or TH on CSE-stimulated
PBECs

In our in vitro model using PBECs, we first
found that the cAMP level (Fig. 4) was signifi-

cantly higher with pretreatment with IND or
TH, compared with the control or CSE-stim-
ulated group. Besides, exposure of PBECs to
CSE increased inflammatory cytokine IL-8 pro-
duction (Fig. 5), which was attenuated by IND
(Fig. 5A) or TH (Fig.5B). Blocking the cAMP-
AC-PKA pathway by adding KH7 (AC inhibi-

Thorac Med 2022. Vol. 37 No. 1
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Fig. 5. Treatment with (A) indacaterol maleate (IND) or (B) theophylline (TH) suppressed cigarette smoke extract (CSE)-induced increases in

interleukin (IL)-8 production in primary bronchial epithelial cells (PBECs). Cells were exposed to 3% CSE with pretreatment with a vehicle, IND
(100 nM) or TH (100 nM). KH7 (adenylyl cyclase inhibitor, 25 pM) or H89 (protein kinase A inhibitor, 10 pM) was used to observe its ability in
alleviating the anti-inflammatory effect of IND or TH. Control groups (CON) were cells without stimulation and pretreatment. IL-8 production

levels in cell lysates were analyzed by ELISA assay. Data in each group are mean = SEM from 5-8 independent experiments. *, p < 0.05; ** p <0.01.

tor) or H89 (PKA inhibitor) alleviated this anti-
inflammatory effect of IND (Fig. 5A) or TH (Fig,
5B).

Discussion

In the present study, we have clearly dem-
onstrated that, in the mice model of 4-week
CS exposure, treatment with IND, a LABA, or
TH markedly alleviated airway inflammation,
as evidenced by reductions in cell infiltration
and peribronchial collagen deposition, and in
inflammatory cells accumulation and protein
leakage in BALF, although the synergistic ef-
fect of adding TH to IND did not reach statis-
tical significance. Besides, in our cell model,
CSE induced an increase of IL-8 production
in PBECs, which was inhibited by IND or TH
via a cAMP-AC-PKA pathway. Taken together,
these in vivo and in vitro data suggest that IND
and TH may exert a potent inhibitory effect on
CS-induced airway inflammation through regu-
lating the cAMP-AC-PAK pathway.

Thorac Med 2022. Vol. 37 No. 1

Compared with other LABAs, IND is a
once-daily ultra-LABA that is most effective
in improving lung function and symptom bur-
den, and in reducing exacerbation in moderate
to severe COPD [8-9, 24, 25], and was origi-
nally approved for clinical use as monotherapy
for patients with COPD [26]. Decreasing the
frequency of exacerbations is one of the main
goals of treatment for COPD patients, and cur-
rent clinical evidence supports the possibility
that the effects of LABA on symptom severity,
hyperinflation and mucociliary clearance may
contribute to decreasing exacerbations [27]. In
addition, while exacerbation of COPD is related
to increased airway inflammation [7], the anti-
inflammatory effects of LABA and its mecha-
nism are also widely discussed. Our previous
studies have shown that inhaled corticosteroid
(ICS)/LABA could reduce IL-8 and matrix me-
talloprotease (MMP)-9 in induced sputum from
COPD patients [28], restore the reduction of
histone deacetylase (HDAC) activity, and in-
hibit H,0,-induced mediator release in alveolar
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macrophages [29]. Besides, olodaterol, another
ultra-LABA, also attenuated acute (4-day) CS
exposure-induced pulmonary cell influx and
pro-inflammatory mediator release in a guinea
pig model [30]. By increasing levels of cAMP
and PKA, stimulation of beta-2 adrenergic re-
ceptors also exerted largely inhibitory effects
on cells of the immune system [31]. Our results
support the existing evidence that LABA at-
tenuated CS exposure-induced lung inflamma-
tion via the cAMP-AC-PKA pathway. Of note,
our subchronic (4-week) CS-exposed murine
model more adequately mimicked the process
of COPD.

Nevertheless, the current COPD guideline
recommends combination therapy rather than
monotherapy for patients with high symptom
burdens, who suffer from frequent exacerba-
tions [11, 32-34]. For instance, roflumilast, a
selective PDE4 inhibitor, is also recommended
for those who have poor pulmonary function
or chronic bronchitis that remains uncontrolled
with triple (LAMA/LABA/ICS) inhaled therapy
[11], given the evidence that roflumilast can
reduce the rate of exacerbation of moderate or
severe COPD and increase FEV1 by 48 mL
compared with placebo. [12, 35]. More im-
portantly, the principal action of this selective
PDE4 inhibitor in reducing exacerbation is be-
lieved to be associated with reducing airway in-
flammation by inhibiting the breakdown of in-
tracellular cAMP [36]. In our study, TH, a non-
selective PDE inhibitor, which is more widely
used worldwide probably because of its lower
price, demonstrated its inhibitory effect on CS-
induced airway inflammation via regulating the
cAMP level. Furthermore, we have shown that
the cAMP-AC-PKA pathway plays a key role
in airway inflammation.

The cAMP-AC-PKA pathway is tradition-

ally thought of as the main pathophysiology
for airway smooth muscle cells relaxation and
bronchodilatation [37]. Emerging evidence, in-
cluding our study, shows that activation of the
cAMP-AC-PKA pathway can contribute to a
reduced level of inflammatory cytokines in vi-
tro [10, 38, 39]. 8-Br-cAMP, an agonist analog
to PKA, caused a small but significant decrease
in swine barn dust-stimulated IL-8 in an alveo-
lar epithelial cell line [38]. Another study also
showed that 8-Br-cAMP decreased hog dust
extract (HDE)-stimulated IL-6, IL-8, and tumor
necrosis factor (TNF)-a released in airway epi-
thelial cells. The author also demonstrated that
8-Br-cAMP blocked HDE-stimulated IL-6 and
keratinocyte-derived chemokine release in pre-
cision-cut mouse lung slices [39]. These studies
also supported our findings that activation of
the cAMP-AC-PKA pathway via IND and TH
can inhibit CS-induced airway inflammation in
vivo and in vitro.

Although the synergistic effect of adding
TH to IND did not reach statistical significance,
there was still a trend toward decreased total
cell counts, especially macrophages, in the
BALF (Fig. 1 and 2). Macrophages play essen-
tial roles in phagocytosis, innate and adaptive
immunity, and surfactant homeostasis. Prior
classification schemes proposed the existence
of 2 phenotypes, namely classically activated
M1 macrophages that arise in response to inter-
feron (IFN)-y, IL-6, IL-1p and TNF-a to initiate
phagocytosis; and alternatively, activated M2
macrophages that arise in response to stimu-
lation with IL-4, IL-10, IL-13, and TGF-B1,
which is associated with tissue repair [40-41].
De Cunto G and colleagues found that a large
population of M1 macrophages predominates
in the lung using an emphysema murine model
after chronic CSE [42]. A recent study also

Thorac Med 2022. Vol. 37 No. 1



10 Yu-Jung Lin, Kang-Cheng Su, et al.

showed that increased cAMP alone can increase
IL-4-dependent M2 marker expression through
a PKA/C/EBPB/CREB-dependent pathway in
murine macrophages [43]. Taken together, com-
bining IND and TH might inhibit CS-induced
M1 macrophage accumulation via activating
the cAMP-PKA pathway.

There are several limitations to our study.
First, although the study has demonstrated the
anti-inflammatory effect of IND and TH in vitro
and in vivo, the clinical evidence is still lacking.
Still, our study has provided further information
about the possible mechanism of pharmaco-
logical intervention in reducing exacerbation.
Another limitation is that the CS-exposed mice
received daily treatment with IND and/or TH
from day 1 in this study, which differs from a
clinical scenario in which patients would have a
long smoking history before using medication.
While we recognize this difference, still, our
results are in good agreement with the clinical
benefits of IND or TH used in addition to bron-
chodilator action. Third, CS induces multiple
cytokines and causes persistent inflammatory
cells accumulation and tissue damage [5]. We
did not measure cytokines other than IL-8, yet
it remains a key cytokine induced by CS that is
deeply involved in the COPD pathogenesis and
has a strong association with COPD exacerba-
tion [44]. Fourth, we did not investigate wheth-
er adding TH to IND in a cell study had a syn-
ergistic effect, since the murine model showed
a trend only, without statistical significance.

Conclusion
In conclusion, both IND and TH inhibited

CS-induced airway inflammation through regu-
lating cAMP and the AC-PKA pathway.

Thorac Med 2022. Vol. 37 No. 1
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Clinical Application of High-Flow Nasal Cannula
Oxygen Therapy for Patients with Blunt Chest Injury:
A Prospective Study

Yin-Chi Lee"*", Chun-Fu Chang®**", Chien-Ho Tsai’, Shih-Chieh Chang®*®
Hsin-Yi Chang®®, Yi-Chun Lai**®

Introduction: Blunt chest injury (BCI) is associated with a high risk of mortality. High-
flow nasal cannula (HFNC) oxygen therapy can be used to reduce the risk of respiratory
failure due to hypoxemia, and can significantly reduce the need for intubation compared with
general oxygen therapy and the use of a non-invasive positive pressure breathing apparatus.
However, it is not widely known whether HFNC can be used in trauma-related hypoxemia.

Methods: We performed a cross-sectional study of patients with BCI but without
hypercapnia, and compared HFNC therapy with standard oxygen therapy (control group).
The primary outcome was the ratio of the proportion of patients intubated in each group;
secondary outcomes included mortality in the intensive care unit (ICU), duration of hospital
and ICU stay, and other complications.

Results: A total of 74 patients fulfilled the BCI criteria and were divided into the HFNC
and control groups, with 24 and 50 patients, respectively. Findings revealed a lower
respiratory failure rate requiring intubation in the HFNC group (4.2% vs. 10%, p=0.657). A
trend toward a shorter length of ICU and hospital stay in the HFNC group was noted, as well
as lower incidence of pneumonia (25% vs. 40%, p=0.206). Hemodynamic changes in the
control group revealed an increased heart rate and respiratory rate 48 hours later, and an
increased respiratory rate after 72 hours.

Conclusion: This is the first study in Taiwan to investigate initial HFNC use in patients
with BCI. Usage of HFNC for 48 hours exhibited beneficial hemodynamic changes with a
lower respiratory and heart rate, and a trend toward a lower rate of intubation, less pneumonia
risk, a shorter hospital and ICU stay, and a lower 30-day mortality rate. (Thorac Med 2022;
37: 13-20)

Key words: Blunt chest injury, chest trauma, high-flow nasal cannula, respiratory failure, ventilation
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Introduction

Blunt chest injury (BCI) has varied mortal-
ity rates (4-36%) and morbidity, as reported in
different studies [1-3]. BCI involves bony and
non-bony structure injuries, including those
from direct impact, thoracic compression, rapid
deceleration, and blast injury [4]. There are
several types of mechanisms that result in rib
fracture, flail chest, pneumothorax, hemotho-
rax, lung contusion, soft tissue contusion, and
sternal fracture in BCI [5-7]. The American
Association for the Surgery of Trauma (AAST)
has created a grading system to identify the se-
verity of chest wall injuries. Patients with BCI
are complicated with respiratory issues, such as
pain and immobilization, leading to pneumonia,
poor ventilation, decreased respiratory volume,
and atelectasis [8]. Thus, BCI often results in
an increase in hospital stay, intensive care unit
(ICU) stay, use of mechanical ventilation (MV),
and mortality [9-12]. Some studies have re-
ported that every additional rib fracture in the
elderly increased the incidence of pneumonia
and mortality by 27% and 19%, respectively
[13-14]. Treatment for BCI includes adequate
pain control, surgical intervention, chest care,
respiratory care, and early mobilization [15-16].

Non-invasive ventilation (NIV) can im-
prove ventilation and gas exchange, and had
fewer complications, such as pneumonia or
barotrauma, compared with MV in a mixed
ICU (12% trauma patients) [17-18]. A random-
ized controlled study revealed that NIV with a
helmet increased oxygenation, improved toler-
ance, and decreased complications compared to
use of a face mask in patients with chest trauma
[19]. High-flow nasal cannula (HFNC) can of-
fer humidified oxygen, a higher flow rate of ap-
proximately 30-100 L/min, a higher fraction of

Thorac Med 2022. Vol. 37 No. 1

inspired oxygen (Fi0,), and positive end expira-
tory pressure to prevent alveoli collapse [20-22].
HFNC has demonstrated better tolerance in in-
creasing comfort and nasal prong use than NIV.
There are limited studies [23-24] discussing
HFNC in patients with BCI. Therefore, we de-
signed a prospective study to evaluate the clinical
application of HFNC in patients with BCI, and
its association with intubation rate and ICU stay.

Materials and Methods

Study design

This prospective study was conducted in a
regional hospital with a surgical ICU with 18
beds. We included BCI patients with (1) a stan-
dard definition of BCI, including chest wall in-
jury: chest contusion, hemothorax, rib fracture,
flail chest, hematoma, sternal fracture, clavicle
fracture; airway injury: bronchus tear, heart in-
jury, cardiac tamponade, heart contusion, peri-
cardial effusion; vascular injury: traumatic aor-
tic tear, thoracic aortic injury, aortic dissection;
esophageal injury; and diaphragm injury; (2)
written informed consent; (3) an age of more
than 20 years; (4) partial pressure of carbon di-
oxide (PaCO,) <50 mmHg, and (5) a Glasgow
Coma Scale (GCS) >12. Exclusion criteria were
(1) aged younger than 20 years, (2) unstable he-
modynamics, (3) PaCO, >50 mmHg, (4) GCS
<12, (5) intubation due to acute respiratory fail-
ure, (6) pulmonary edema, and (7) any contra-
indication for HFNC.

Once the patient was admitted to the surgi-
cal ICU, we followed the laboratory data, in-
cluding Acute Physiology and Chronic Health
Evaluation II (APACHE II), Injury Severity
Score (ISS), Thoracic Trauma Severity Score
(TTSS), body temperature, blood pressure,
respiratory rate, arterial blood gas (initial, 24
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hours after admission, 72 hours after admis-
sion), coma scale, PaO,/FiO, (arterial oxygen
partial pressure/fraction of inspired oxygen)
ratio (P/F ratio), chest radiography, chest com-
puterized tomography, and basic biochemistry
data.

The criteria for the decision to intubate in
the HFNC group included: (1) unstable he-
modynamics, (2) worsening coma scale, (3)
respiratory distress, such as rapid respiratory
rate >40/minute (min), increased secretions,
increased work of breathing, accessory muscle
use, and abnormal arterial blood gas data, (4)
the in-charge doctor’s decision to intubate. The
initial HFNC setting was a flow of 50 liters (L)/
min, FiO, of 50%, and pulse oximetry (SpO,)
higher than 95%.

The control group was gathered from Au-
gust 2018 to June 2019, and was given standard
care, except for HFNC. The HFNC group was
collected from July 2019 to August 2021.

The primary endpoint was the intubation
rate between HFNC and the other oxygen sup-
port systems. We also analyzed the outcomes
of ICU stay, pneumonia risk, mortality, and
changes in hemodynamic and vital signs at 48 h
and 72 h after admission.

Statistical analysis

SPSS (version 22; IBM Corporation, Ar-
monk, NY, USA) was used for statistical analy-
sis of the clinical data. Data were calculated
as frequencies for categorical variables, and
median (standard deviation) for continuous
variables. Categorical variables were compared
using the chi-square test or Fisher’s exact test,
and continuous variables were compared using
an independent unpaired t-test.

Results

Data on trauma patients admitted to the sur-
gical ICU in our hospital was collected between
August 2018 and August 2021 (Figure 1). There
was a total of 746 patients, 528 of which were
excluded due to lack of BCI. Of the remaining
218 patients, 88 were excluded due to missing
data, and 56 because they had an endotracheal
tube inserted in the ER. Finally, a total of 74
patients fulfilled the BCI criteria; we divided
these into the control group and HFNC group,
with 50 and 24 patients, respectively.

During the enrolled period for the control
group (August 2018-June 2019), a total of 708

Admission to SICU due to
trauma
(n=746)

L

528 patients were
excluded for non-BCI
trauma (n=218)

Excluded

56 patients received endoiracheal
intubation atthe ER

88 patients had missing data

Eligible criteria
(n=74)

COT Group HFNC Group
(n=50) (n=24)

Fig. 1. Blunt chest injury flow chart.
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patients were admitted to ICU for traumatic in-
jury. We excluded 526 of these patients due to
a lack of BSI, 54 who had had an endotracheal
tube in the ER and 78 with missing data. There
were a total of 50 cases remaining in the control
group. During the HFNC group study period
(July 2019 to August 2021), there were 38 pa-

tients with HFNC use. We excluded 2 patients
without BSI, 2 with endotracheal tube insertion
in the ER, and 10 patients with missing data.
There was a total of 24 patients in the HFNC
group.

The demographic characteristics are pre-
sented in Table 1. Gender, age, APACHE II,

Table 1. Demographics of the Patients with Blunt Chest Injury Under high-flow Nasal Cannula or Standard Oxygen Therapy

HFNC (n=24)
Characteristic
Male sex, °n° (%) 15 (62.5%)
Age (years old) 63.6+17.6
Height (cm) 163.8+7.3
Body Weight (kg) 62.2+12.4
Body mass index (kg/m?) 24.2+7.4
APACHE I 7.7+4.1
ISS 16.6+£7.5
TTSS 942.6
Mechanism of injury, °n° (%)
Traffic accident 16 (66.7%)
Fall 8(33.3%)
Arterial blood gas
pH 7.38+0.04
PaO, (mmHg) 103.7+£29.1
PaCO, (mmHg) 39.1+4.9
PaO,/FiO, (mmHg) 338.1491
Chest Injury, °n° (%)
Lung contusion 8 (33.3%)
Rib fracture
1-3 ribs 5(20%)
3-6 ribs 7 (29%)
>6 ribs 12 (50%)
Flail chest 3 (12.5%)
Pneumothorax 9 (37.5%)
Hemothorax 12 (50%)
Hemopneumothorax 5(20.8%)
Comorbidities
Pulmonary Disease, n° (%) 2 (8.3%)
Cancer, n° (%) 3 (12.5%)
Stroke, n° (%) 0 (0%)
Hypertension, n° (%) 11 (45%)
Cardiovascular, n° (%) 2 (8.3%)
Diabetes mellitus, n° (%) 7 (29%)

Control (n=50) P value
32 (64%) 0.9
59.7£23.3 0.425
162.8+8.7 0.635
67.7+16.4 0.116

33+14.3 0.01
7.5+4.4 0.861
21.7£7 0.06
9.4+2.9 0.62
42 (84%) 0.09
8 (16%) 0.09
7.36+0.04 0.058
111.4£53.6 0.517
43.347.6 0.017
318.1+124.9 0.486
28 (56%) 0.068
3 (12%) 0.702
10 (45%) 0.253
9 (40%) 0.536
7 (14%) 1
31 (62%) 0.048
31 (62%) 0.327
21 (42%) 0.074
5 (10%) 1
4 (8%) 0.675
4 (8%) 0.297
21 (42%) 0.755
11 (22%) 0.2
9 (18%) 0.275

Acronyms: n, number; HFNC, high-flow nasal cannula; cm, centimeter; kg, kilogram; APACHE II, Acute Physiology and Chronic Health
Evaluation II; ISS, Injury Severity Score; TTSS, Thoracic Trauma Severity Score; mean + SD, mean + standard deviation; FiO,, fraction of

inspired oxygen; PaO,, arterial oxygen partial pressure; SpO,, pulse oximetry; PaCO,, partial pressure of carbon dioxide; IQR, interquartile range.
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ISS, and TTSS were not significantly differ-
ent between the control and HFNC groups.
However, a lower body mass index (BMI) was
found in the HFNC group (24.2+7.4 kg/m? vs.
33+14.3 kg/m?, p=0.01). The mechanism of in-
jury was mostly related to traffic accidents (84%
in the control group and 66.7% in the HFNC
group, p=0.09). A lower partial pressure of car-
bon dioxide (PaCO,) was noted in the HFNC
group (39.1+4.9 mmHg vs. 43.3+7.6 mmHg,
p=0.017). The most common chest injuries in
the control group were pneumothorax (62%),
hemothorax (62%), and lung contusion (56%),
and in the HFNC group, hemothorax (50%), >6
rib fractures (50%), and pneumothorax (37.5%).
More pneumothorax patients were found in the
control group than in the HFNC group (62% vs.
37.5%, p=0.048). Comorbidities did not differ
between the 2 groups.

There was only 1 case of death within 30
days in the control group and none in the HFNC
group (Table 2). The patient was an 89-year-old
man with hypertension, type 2 diabetes melli-
tus, and chronic obstructive pulmonary disease.
He had a right second to eleventh rib fracture
with hemothorax status-pigtail drainage first

Table 2. Outcome of Blunt Chest Injury Patients

(APACHE II: 18, ISS: 16, TTSS: 9). We were
unable to resuscitate him after 7 days of admis-
sion, and he died of pneumonia with multiple
organ failure. The intubation rate for respiratory
failure and NIPPV use, ICU stay, and hospital
days tended to increase in the control group;
however, the difference was not significant. In
the HFNC group, there was a trend toward a
lower respiratory failure rate requiring intuba-
tion (4.2% vs. 10%, p=0.657), a shorter hospital
and ICU length of stay, and a lower occurrence
of pneumonia (25% vs. 40%, p=0.206).

Arterial blood gas after 48 h (Table 3) and
72 h (Table 4) showed no significant change
between the control and HFNC groups, in terms
of pH, Pa0O,, Sp0O,, FiO,, and PaO,/FiO,. Hemo-
dynamic changes showed an increase in heart
rate and respiratory rate in the control group at
48 h (Table 5) and an increased respiratory rate
in the control group at 72 h (Table 6).

Discussion

This is the first study to report the clinical
application of HFNC in patients with BCIs in
Taiwan. The outcomes of patients with BCI in

HENC (n=24)

Reason for intubation, °n° (%)

Operation 2 (8.3%)

Respiratory failure 1 (4.2%)
NIPPV use, n (%) 0 (0%)
MYV use >20 day, n (%) 0 (0%)
ICU LOS (days) 5.84+6.2
Hospital LOS (days) 13+8.8
Pneumonia, n (%) 6 (25%)
30 days mortality, n (%) 0 (0%)

Control (n=50) P value
9 (18%) 0.486
5(10%) 0.657
2 (4%) 1
2 (4%) 1

6.7+6 0.578
16£9.9 0.359

20 (40%) 0.206
1 (2%) 1

Acronyms: HFNC, high-flow nasal cannula; n, number; NIPPV, non-invasive positive pressure ventilator; MV, mechanical ventilator; ICU,

intensive care unit; LOS, length of stay.

Thorac Med 2022. Vol. 37 No. 1
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Table 3. The Arterial Blood gas Data After HFNC and Standard Treatment After 48 Hours Later

HENC (n°=23) Control (n°=36) P value
pH 7.39+0.04 7.37+0.05 0.111
Pa0O, (mmHg) 107.5+£26.8 100.8+36.5 0.456
SpO: (%) 97+1.8 96+3.2 0.051
FiO, (%) 35.6£7 37.7+8.5 0.345
PaO,/FiO, (mmHg) 306+82 282.6+£96 0.321

Acronyms: HFNC, high-flow nasal cannula; n, number; FiO,, fraction of inspired oxygen; °PaO,, arterial oxygen partial pressure; SpO,, pulse
oximetry.

Table 4. Arterial Blood gas Data After HFNC and Standard Treatment 72 Hours Later

HFNC (n°=22) Control (n°=34) P value
pH 7.40+0.02 7.37+0.78 0.145
PaO, (mmHg) 100.0+£24.0 102.0+£30.0 0.837
SpO; (%) 97+1.8 96+2.2 0.456
FiOs (%) 36.1£8.4 36.6+9.4 0.855
Pa0,/FiO, (mmHg) 291.0493.5 298.3+£102.4 0.801

Acronyms: HFNC, high-flow nasal cannula; n, number; FiO,, fraction of inspired oxygen; PaO,, arterial oxygen partial pressure; SpO,, pulse
oximetry.

Table 5. The Vital Signs After HFNC and Standard Treatment 48 Hours Later

HFNC (n°=20) Control (n°=50) P value
Heart rate (beat/min) 79+13 88+2 0.038%*
Respiratory rate (breaths/min) 17+4 21+£5 0.001**
Arterial pressure (mmHg)
Systolic 133£27 132+19 0.869
Diastolic 69+10 70£10 0.742

Acronyms: HFNC, high-flow nasal cannula; n, number.

Table 6. Vital Signs After HFNC and Standard Treatment 72 Hours Later

HFNC (n°=24) Control (n°=50) P value
Heart rate (beat/min) 83+16 86+15 0.472
Respiratory rate (breaths/min) 16£3 2044 0.002%*
Arterial pressure (mmHg)
Systolic 132+20 133+16 0.768
Diastolic 73£10 69+10 0.069

Acronyms: HFNC, high-flow nasal cannula; n, number.

Thorac Med 2022. Vol. 37 No. 1
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the HFNC group showed no significant differ-
ence from those in the control group; however,
there was a trend toward a lower intubation rate
and pneumonia risk, a shorter hospital and ICU
stay, and lower 30-day mortality in the HFNC
group. After HFNC use, hemodynamic stabil-
ity improved with a lower respiratory rate after
48 h and 72 h, and a lower heart rate after 48 h,
compared to the control group. These findings
suggest that HFNC is an optimal respiratory
support for patients with BCI.

The indication for HFNC is acute hypox-
emic respiratory failure (mainly pneumonia)
[25-26], and post-extubation with a low risk of
reintubation [27] . There have been few studies
on the use of HFNC in BCI. MV has been used
with 50% of trauma-related chest injury pa-
tients [28]. NIV is also a common oxygen sup-
port strategy in BCI to decrease morbidity and
mortality [29]; it can decrease the rate of intu-
bation and respiratory failure [30], and shorten
ICU length of stay [31]. A review article found
that NIV may be suitable for patients with BCI,
but only those without neurologic defects, with
stable hemodynamics, and with no respiratory
distress [32]. HFNC is considered more com-
fortable for patients using only nasal prongs,
compared to mask use. Nasal prongs are better
tolerated by patients and help in quickly stabi-
lizing their respiratory pattern and heart rate [24].

There are several limitations to our study.
First, this was a single-hospital study with a
small number of cases. Second, the study de-
sign was not blinded to the patient group or
treatment teams.

Conclusion

This is the first study in Taiwan to discuss
initial HFNC use in patients with BCI. After

48 hours of HFNC use, there was a favorable
hemodynamic change with a lower respiratory
and heart rate. Our findings showed a benefi-
cial trend with a lessened need for intubation,
a lower risk of pneumonia, a shorter ICU and
hospital stay, and lower 30-day mortality.
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Initiation of Systemic Corticosteroid Treatment in a
Patient with Avian Influenza A (H7N9) Pneumonia, Guided
by Blood CD4 Lymphocyte Count and Viral Load

Wei-Hsin Hung', Diahn-Warng Perng®®, Hsin-Kuo Ko**

Avian influenza A (H7N9) is a novel influenza A virus that has caused severe human
illnesses in China since 2013. Neuraminidase inhibitor (NI) treatment, systemic steroid use,
and intensive respiratory care have been used to manage severe avian influenza infection.
The timing for initiation of steroid treatment remains uncertain, and the harmful effects of
immune suppression and the potential for prolonging viral replication have been reported in
the literature. Here, we reported a case of H7N9 influenza infection in a patient with acute
respiratory distress syndrome who was supported with extracorporeal membrane oxygenation
and given NIs and systemic steroid in accordance with the viral load and the blood CD4

lymphocyte count. (Thorac Med 2022; 37: 21-26)

Key words: influenza, influenza A, H7N9, CD4 lymphocyte count, corticosteroid

Introduction

Avian influenza A (H7N9) is a novel influ-
enza A virus that has caused severe illnesses in
people in China since 2013. Systemic steroids
are proposed as a valid therapeutic option due
to their potential role in controlling the host
inflammatory response, inhibiting pro-inflam-
matory cytokine production and restoring the
inappropriately low endogenous cortisol levels,
and compensating for critical illness-related
corticosteroid insufficiency [1]. In the cellular
response to influenza virus infection, CD4+ T

lymphocytes provide help to B cells for produc-
tion of antibodies to hemagglutinin and neur-
aminidase [2], and also promote the generation
of virus-specific CD8+ cytotoxic T lympho-
cytes [3]. Clinically, influenza virus infection
of peripheral blood mononuclear cells can lead
to leukopenia and defects in cellular function.
The administration of systemic steroid poten-
tially suppresses the cellular immune response
to influenza virus, and delays viral clearance.
To our knowledge, the effect and the timing of
systemic steroid use in influenza pneumonia are
still controversial.
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Here, we report a case of H7N9 infection
in a patient with acute respiratory distress syn-
drome (ARDS) who was supported with extra-
corporeal membrane oxygenation (ECMO) and
given neuraminidase inhibitors (NIs) for anti-
viral treatment. The systemic steroid treatment
was used in accordance with the peripheral
blood CD4 lymphocyte count and influenza vi-
ral load.

Case Report

A 45-year-old woman had a high fever and
myalgia for 7 days before she traveled from
Nanjing, China, to Taiwan on April 17, 2014.
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Influenza was suspected and the NI oseltamivir
75 mg twice per day was administered. Howev-
er, pneumonia with ARDS developed quickly.
Intubation with mechanical ventilator support
was begun on April 21, 2014, and peramivir
600 mg per day was prescribed beginning April
22, 2014. The broad-spectrum antibiotics levo-
floxacin and imipenem were also prescribed.
H7N9 infection was confirmed using quan-
titative real-time polymerase chain reaction
(qPCR), and an exposure history in a poultry
market was mentioned by the patient’s husband.
Chest X-ray revealed diffuse white-out at the
left lung and an increased alveolar process at
the right middle lobe (Figure 1A).

L 85

;\ \ A. CXR on April 22; B. CXR on April 23; C. CXR
\ on May 2; D. CXR on May 22, after extubation;
R E. CXR on May 27; F. Chest CT on August 11,

| 2014

Fig. 1. A. Chest X-ray (CXR) on April 22, the day after intubation; B. CXR on April 23, the day ECMO began; C. CXR on May 2, the day
ECMO was removed; D. CXR on May 22, after removal of the endotracheal tube; E. CXR on May 27, the day before discharge; F. Chest CT on

August 11, 2014.
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Chart 1: CD4 count and H7N9 realtime RT-PCR Ct value
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Chart. 1. CD4 count and H7N9 real-time RT-PCR Ct value (M gene)

Ct value of the H7N9 real-time PCR was negative if over 35.

Oseltamivir 75 mg twice per day from April 20 to April 25, and April 30 to May 5, 2014

Peramivir 600 mg once per day from April 22 to May 7, 2014

Methylprednisolone 1 mg/kg from April 21 to April 23, 2014, 2 mg/kg from May 3 to May 6, 2014, 0.5 mg/kg from May 6 to May 9,

2014

Ventilator management with a lung recruit-
ment maneuver (RM) for severe hypoxemia
(PaO,/Fi0O, = 58 mm Hg) was initiated on April
22, 2014. ECMO was started because of rapid
progression of pneumonia with persistent hy-
poxemia after RM. Chest X-ray revealed an
alveolar process progression, even under dual
NIs use as initial treatment and with the use of
ECMO (Figure 1B). We frequently obtained a
nasopharyngeal swab for H7N9 qPCR to moni-
tor the patient’s viral load (Chart 1). The Ct
value of the M gene qPCR was collected and
revealed a fluctuation initially. A systemic ste-
roid with methylprednisolone 1 mg/kg was pre-
scribed for the early phase of ARDS, but was
discontinued twice, on April 23 and April 28,
because of the high viral load and a low CD4
count. An undetectable (Ct value of >35) viral

load of H7NO after 15 days’ treatment with NIs
was observed on May 2, 2017, and the CD4
count increased gradually with the decreased
viral load. We restarted systemic steroid use
with methylprednisolone 2 mg/kg, then tapered
to 0.5 mg/kg to reduce the risk of ARDS-related
pulmonary fibrosis; however, the patient’s chest
X-ray still revealed unresolved pneumonia
(Figure 1C). ECMO and invasive mechanical
ventilation were used for 10 and 31 days, re-
spectively. The NI treatment was discontinued
5 days after confirmation of the undetectable (Ct
value of >35) viral load of H7NO9. Chest X-ray
after removal of the endotracheal tube revealed
resolved infiltration at the right middle lobe and
severe left lung fibrosis (Figure 1D and 1E).
Non-invasive ventilator was then used for mild
respiratory distress. The patient had a low oxy-

Thorac Med 2022. Vol. 37 No. 1
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gen demand and was discharged successfully on
May 31, 2014. The follow-up chest CT revealed
persistent left lung fibrosis (Figure 1F).

Discussion

Steroids are not recommended for patients
with viral infection. In this case, we used the
increase in the number of CD4 lymphocytes to
detect restoration of the immune system, and
used steroids when the CD4 lymphocytes count
was close to 200/cumm. This result implied that
the CD4 T lymphocyte count could be a guide
for steroid treatment in patients with influenza
pneumonia and ARDS.

Early use of steroid in patients affected by
influenza A infection was associated with an in-
creased risk of superinfection [4]. Brun-Buisson
et al. evaluated 208 patients with severe HINI
infections and ARDS in a multicenter study in
France. Early steroid therapy (less than 3 days
of mechanical ventilator use) was associated
with increased mortality. Steroid use was also
associated with bacterial pneumonia and pro-
longed mechanical ventilation [5]. Yang, J. W.
et al. conducted a meta-analysis that indicated
early steroid use was strongly associated with
mortality, compared to no steroid use. It is pos-
sible that very early corticosteroid administra-
tion enhances persistent viral replication and
limits host defenses against future infections
[6]. Persistence of viral shedding, as a predis-
posing factor and a complication of influenza
infection, has recently been associated with a
poorer outcome and longer hospital stay [7].
In an animal study, the use of corticosteroids
was associated with slow decreases in viral
load and poor outcomes [8]. However, no com-
pleted randomized controlled trials of adjunc-
tive corticosteroid therapy for the treatment of

Thorac Med 2022. Vol. 37 No. 1

influenza were found. Data specific to mortality
are of a very low quality. As a result, there was
insufficient evidence in the Cochrane review to
determine the effectiveness of corticosteroids
for patients with influenza [9]. Delaney, J. W.
et al. conducted an observational cohort study
that revealed no significant association between
corticosteroids and mortality, after adjusting for
time-dependent differences [10].

In the cellular response to influenza virus
infection, recall of memory CD4 T cells offers
considerable advantages in immune responses.
Seasonal influenza provides memory CD4 T
cells that can cross-reactively recognize H7
hemagglutinin (HA)—derived peptides. Rich-
ards, K. A. et al. suggested that previous ex-
posure of humans to seasonal influenza can
position them to respond to avian H7N9 [11].
Cross-reactive CD8+ T lymphocytes memory-
generated after a prior encounter with seasonal
or pandemic influenza A virus, or by a CD8+
T lymphocytes-directed vaccine, could poten-
tially limit the severity of an H7N9 pandemic
[12]. Infection outcomes in known H7NO cases
revealed some of the differences that were in-
fluenced by the extent of cross-reactive CD8+
T lymphocytes memory [12]. T-cell exhaustion
in chronic infection such as human immunode-
ficiency virus, hepatitis B virus, and hepatitis
C virus has been found before. In acute infec-
tion, the immune response will be dampened
and the development of memory T cells will
be found after pathogen clearance [13]. Recent
studies on the Zika virus found CD4+ T cells
were required to induce a humoral response and
local control of the Zika virus burden in mice
infected intravaginally [14]. This phenomenon
may exist in other virus infections and can be
used in vaccine development. Systemic steroid
treatment in the early phase of influenza virus
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infection potentially suppresses the immune
response to influenza virus in peripheral blood
mononuclear cells (polymorphonuclear leuko-
cytes, lymphocytes, and monocytes), and has
the potential to delay viral clearance.

In our case, the gradually increased CD4
T lymphocyte count accompanied with the
slowly decreasing H7NO viral load may indicate
that the immune system has been restored. Al-
though there is no strong evidence of the anti-
inflammatory effects of steroid use in influenza
infection, early use of steroid may increase the
mortality rate and the incidence of hospital-ac-
quired infection. The CD4 T lymphocyte count
may be a guide to steroid treatment in critically
ill patients.

There is no clear benefit to late steroid use
in patients with ARDS. In a meta-analysis, Yang
JW et al. found that early corticosteroid use was
associated with more mortality than no cortico-
steroid use. However, subgroup analysis of the
corticosteroid effect based on early and late use
could not be performed due to insufficient data
[7]. Late steroid use may enhance the resolution
of lung consolidation caused by virus infection-
induced organizing pneumonia.

The current strategy and timing of systemic
corticosteroid use in the treatment of severe
influenza pneumonia are controversial. In the
case of H7N9, we discontinued systemic ste-
roid use in the early phase of ARDS to avoid
delaying viral clearance by the immune system
in patients presenting with lymphopenia and a
high viral load. After restoration of the immune
system and completion of viral clearance, sys-
temic steroid treatment was restarted based on
the increased CD4 lymphocyte count and unde-
tectable H7NO viral load.

We suggest that the CD4 T lymphocyte
count could be a guide for steroid treatment in

patients with influenza pneumonia and ARDS.
The findings in our study might help intensiv-
ists formulate a timely therapeutic strategy for
systemic corticosteroid use in similarly severe
patients with influenza infection and emerging
viral infections.

H7NO virus infection continues to have a
high mortality rate (34%) [15], which is asso-
ciated with severe pneumonia and multiorgan
dysfunction. In our case, severe pulmonary
fibrosis was found on the chest X-ray and chest
CT (Figure 1F) after disease control. The timing
of steroid use so as to avoid ARDS-related pul-
monary fibrosis is still undetermined, as seen in
previous studies. Further prospective studies are
needed to determine the best timing for steroid
use in patient with ARDS.

Disclosure Statement
Appropriate written informed consent was
obtained for publication of this case report and

accompanying images.
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Huge Chest Wall and Intrathoracic Desmoid Tumor: A
Case Report and Literature Review

Lai-Man Mok’, Yu-Chao Yu', Mei-Lin Chan', Wen-Chien Huang'

A desmoid tumor of the chest wall is rare. It is a slow-growing soft-tissue tumor, but
also has an infiltrative growth tendency, which leads to a higher risk of local recurrence.
However, it seldom metastasizes due to its benign nature. Surgical excision is the mainstay
of treatment for the disease. Chest wall reconstruction would be necessary when a huge
defect or loss of stability result from resection. Thus, a large tumor size and some specific
locations would increase surgical complexity, which might lead to morbidity and mortality. We
reported a 52-year-old female with a huge intrathoracic tumor. The patient underwent surgery
for tumor removal via a sternotomy. The wound was extended to the left lower neck since the
tumor was located at the left apex and close to the great vessels. Final pathology proved the
diagnosis of a desmoid tumor of the chest wall and thoracic cavity. We presented the clinical
features of the desmoid tumor and a discussion on management options and considerations.

(Thorac Med 2022; 37: 27-32)

Key words: desmoid tumor, fibromatosis, intrathoracic tumor, chest wall tumor, surgical treatment

Introduction

Desmoid tumors (DTs), also known as des-
moids-type fibromatosis or aggressive fibroma-
tosis, are a slow-growing fibroblastic prolifera-
tion that develops in the deep soft tissues. They
are characterized by infiltrative growth and a
tendency towards local recurrence but thye do
not metastasize. These benign tumors account
for approximately 0.03 % of all neoplasms [1].
DTs can develop anywhere in the body, but
usually arise from the abdomen [4]. DTs of the
chest wall are rare and represent only 10% to
20% of all fibromatoses, while intrathoracic

locations are even rarer. There is no recom-
mended standard approach for DTs currently,
and surgical excision remains the first-line treat-
ment [5-6]. In this case, a 52-year-old woman
presented with chest wall and intrathoracic DT,
and underwent surgical resection at our hospi-
tal. No local regional recurrence was noted dur-
ing the OPD follow-up.

Case Report

A 52-year-old female presented to the
emergency room due to left chest pain for 1
hour, which radiated to her back and was ag-
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gravated by breathing. Chest X-ray (CXR with
a posteroanterior view) revealed a large opacity
at the left upper lung field and blunting of the
left costophrenic angle (Figure 1). A computed
tomography (CT) scan of the thorax with con-
trast showed an iso-dense and inhomogeneous
mass, about 17 cm x 15 cm x 9 cm in size, in
the left thoracic cavity, with close contact to the
mediastinum and left upper lung but no obvious
vessel or rib invasion (Figure 2). CT-guided bi-
opsy of the mass reported a spindle cell tumor.
Follow-up CT at 3 months showed that the tu-
mor size remained the same. Later, the patient
underwent tumor excision using a median ster-
notomy approach, with the incision extending
to the lower neck and left sternocleidomastoid

Fig. 1. CXR showed a left upper lung opacity and blunting of the
costophrenic angle.

Fig. 2. A CT scan of the thorax with contrast, (A)(B )axial view and (C)(D) coronal view, showing an inhomogeneous soft tissue density mass,
about 17 cm x 15 cm x 9 c¢m in size, in the left thoracic cavity, with close contact with the mediastinum and left upper lung, but no obvious vessel

or rib invasion. The red arrow shows that the tumor invaded the 1st intercostal muscle.

Thorac Med 2022. Vol. 37 No. 1
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Fig. 3. A large, elastic, and homogenous tumor about 20 cm x 12cm x 10cm in size, arising from the left 1st intercostal muscle.

muscle — intraoperative findings confirmed a
large, elastic, and homogenous tumor about 20
cm x 12cm x 10cm in size, arising from the left
Ist intercostal muscle (Figure 3). We resected
the tumor and the intercostal muscle beneath it.
The phrenic nerve was encased and was resect-
ed along with the tumor. The adjacent vessels,
lungs, and ribs were well preserved without
injury. The patient was discharged home under
stable condition on postoperative day 10.

Pathology(Figure 4) was compatible
with desmoid-type fibromatosis, and the im-
munohistochemical (ICH) stain showed spindle
cells with beta-catenin(patchy+), SMA(focal+),
desmin(-), CD34(-), STAT-6(equivocal),
MUCA4(-) and S100(-). The patient was general-
ly well and had a regular follow-up at the OPD.
Left diaphragm eventration could be seen from
the post-operative CXR (Figure 5). A CT scan
at 4 months after surgery reported no evidence
of local-regional recurrence (Figure 6).

Discussion

Desmoid tumors (DTs) are benign, deep-
seated monoclonal myofibroblastic neoplasms
that grow slowly in an infiltrative manner, and

arise from musculoaponeurotic stromal ele-
ments. While most DTs arise sporadically, a
minority of DTs is associated with Gardner
syndrome. These tumors develop slightly more
commonly in women than in men, with a peak
age during their 30s. On the molecular level,
DTs are characterized by mutations in the
B-catenin gene, CTNNBI, or the adenomatous
polyposis coli gene, APC [1-2], which result in
an accumulation of B-catenin [4]. The etiology
of these tumors is still unclear but likely multi-
factorial. Genetic factors, endocrine system, and
trauma all play a role [1]. The ICH stain of our
patient’s tumor was positive for beta-catenin,
indicating that the patient had gene mutations in
CTNNBI1 or APC. According to previous stud-
ies, DTs often arise from the abdominal wall of
a pregnant woman, a post-surgical scar, or the
site of previous trauma [1, 4]. Our patient was
not pregnant at the moment but could have suf-
fered a chest trauma before. We supposed that
both genetic factors and trauma led to the oc-
currence of the desmoid tumor in the chest wall
of our patient.

The clinical course of DTs varies — spon-
taneous regression, long-lasting stable disease
or disease progression can occur [1-4]. DTs

Thorac Med 2022. Vol. 37 No. 1
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Fig. 4. Histologic patterns of the desmoid tumor (A, H&E x100). The tumor is composed of elongated, slender, spindle-shaped cells, forming long
bundles, set in a collagenous stroma (B, H&E x200). The IHC stain showed positive for beta-catenin (C) and SMA(D, brownish area).

PA " L.

Fig. 5. Postoperative CXR showing left diaphragm eventration (red
arrow).

Thorac Med 2022. Vol. 37 No. 1

are usually asymptomatic. However, pain and
symptoms resulting from direct compression of
local anatomical structures may occur when the
DTs grow large [2, 4].

Both CT and magnetic resonance imaging
(MRI) are valuable modalities for the diagnosis
and assessment of DT. The image presented
in the CT scan of our patient was compatible
with previous reports [2], and showed a tumor
with iso-dense to skeletal muscle and inhomo-
geneous foci corresponding to collagenous or
myxoid areas. Other studies have mentioned
that MRI is considered the gold standard ra-
diological tool for diagnosing, assessing, and
monitoring, since specific MRI features have
been described and have been correlated to
disease status. During disease progression,
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Fig. 6. CT at 4 months after surgery, (A)(B) axial view, and (C)(D) coronal view, showed no local recurrence, but revealed left diaphragm

eventration (Red star: stomach).

DTs are heterogeneously hyperintense (corre-
sponding to high cellularity) on T2W images,
with bands of low signal (corresponding to the
dense assemblies of collagen bundles) in all
sequences. Spontaneous regression and dimen-
sional response to treatment are often predicted
by altered characteristics (compared with the
baseline image) on MRI, such as — increased
T2 hypo-intensity and decreased enhancement
[2, 4]. We did not arrange MRI for tumor evalu-
ation before the operation, but we can use MRI
sensitivity to detect disease progression, regres-
sion, or recurrence. The choice of modality of
can be made during follow — up [4].

At present, there is no standard treatment
protocol for DTs. For asymptomatic diseases,
close observation (watchful waiting) is an ac-

ceptable strategy because of the benign behav-
ior of the tumors, including long term disease
stabilization and spontaneous regression. For
symptomatic diseases, several treatment mo-
dalities have been used by clinicians, including
surgical resection, radiotherapy(RT), hormone
therapy, non-steroidal anti-inflammatory drugs,
chemotherapy, and targeted agents [1- 2, 4].
If technically feasible, surgical resection is the
main treatment for resectable tumors. Some
studies have indicated that a negative margin
might be significant in terms of a lower local
recurrence rate but not in terms of overall sur-
vival [11]. A 2 to 4 cm margin generally is ac-
cepted, according to a previous study [5].

DTs of the chest wall usually present in
the form of a tumor of various sizes, but often

Thorac Med 2022. Vol. 37 No. 1
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are large. In the literature, the average tumor
size was 8.75cm (varying from 2 to 21 cm) [5-
6, 11]. Because of the propensity of the tumor
to invade vital structures, managing large DTs
involving the chest region is always a challenge
for thoracic surgeons [8]. Patients may still
have functional loss or cosmetic deformity even
after reconstruction for large chest wall defects.
Vital organs and great vessels may be invaded
or be adjacent to the tumor making the opera-
tion more complicated. A complex procedure
carries a complication rate of up to 25%. Pneu-
monia or wound infection may occur and cause
subsequent morbidity or mortality [11]. Meticu-
lous considerations about the benefits and risks
of a complex surgery must be taken. The overall
surgical strategy should be to attempt complete
removal using function-preserving approaches
to minimize major morbidity [8-11]. In this
case, we did remove the huge tumor, including
the tumor itself and the appressed Ist intercos-
tal muscle, without a chest wall resection. This
was possibly an RO/R1 resection, although the
pathologist reported that the resection margin
could not be evaluated due to fragmented tissue.

The overall local recurrence rate of chest
wall DTs after surgical excision is reported to
be from 16% to 75% in different studies [5-6,
8-11]. RT as an adjuvant therapy after surgery
can lower local recurrence, especially in pa-
tients with positive margins. It can also be used
as a neoadjuvant treatment to increase the re-
spectability rate. However, the use of RT alone
to control a gross disease is not feasible because
of the high rates of radiation-related complica-
tions [1-4, 6-8, 10]. Some studies reported that
other pharmacology treatments can also be ben-
efit of patients as an adjuvant treatment after the
surgery or for those who are unfit for surgery.
[1-4, 9, 11]. For our patient, adjuvant RT or

Thorac Med 2022. Vol. 37 No. 1

other pharmacology treatments could be consid-
ered if there was a concern about an inadequate
resection margin or a high risk of local recur-
rence. Otherwise, postoperative close follow-up
is also appropriate.
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Intralobar Pulmonary Sequestration with an Aberrant
Feeding Artery Arising from the Celiac Trunk
— A Case Report and Literature Review

Cheng-Hao Chuang’, Chih-Hung Cheng’, Yu-Chen Tsai', Ming-Ju Tsai'?,
Jen-Yu Hung'?

Pulmonary sequestration is an uncommon hereditary pulmonary anomaly that is classified
into intralobar and extralobar types, based on whether it is coated with an independent
visceral pleura. In patients with the intralobar type, there is abnormal communication with
the normal respiratory tract, which easily leads to bacterial infection with clinical symptoms.
We report a 25-year-old man who presented with pneumonia in the left lower lung. Tracing
back his history, no systemic disease or risk factor for immunodeficiency was present,
but he had repeatedly developed pneumonia in the left lower lung. Although his condition
improved with antibiotic treatment, the follow-up chest radiograph showed slow improvement
of the consolidation in the left lower lung. Computed tomography of the chest with contrast
enhancement disclosed intralobar pulmonary sequestration with an aberrant feeding artery
arising from the celiac trunk. The patient was treated surgically and had an uneventful
recovery without further infection. Our case highlights the importance of an awareness of the
presence of anatomical anomalies when physicians treat patients with recurrent pneumonia.

33

(Thorac Med 2022; 37: 33-37)

Key words: pulmonary sequestration; celiac trunk; intralobar type

Introduction

Pulmonary sequestration is a cause of respi-
ratory distress and recurrent lower respiratory
tract infection in children. It also affects adults,
although rarely. Lack of familiarity often leads
to this potentially treatable disease not being
recognized. In our case, a 25-year-old man who

had suffered from repeated episodes of left
lower lobe pneumonia for many years presented
with pulmonary sequestration and an aberrant
feeding artery arising from the celiac trunk.

Case Report

A 25-year-old man with no known systemic
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disease had had several episodes of pneumonia
since childhood (Figure 1A). He presented to
the emergency department due to intermittent
spiking fever with copious sputum for 3 days.
Mild chest tightness with pleuritic chest pain
aggravated by deep inspiration was also noted.
Physical examination disclosed coarse crackles
in the bilateral lower lung fields, especially on
the left side. Chest radiograph (Figure 1B, C)
revealed a consolidated lesion in the left lower
lung field with an elevated left hemidiaphragm.
Leukocytosis with a left shift (12,580 leuko-

cytes/uL with 15% band forms) and a markedly
increased C-reactive protein level (377 mg/
L) were noted. Computed tomography (CT)
of the chest without contrast enhancement re-
vealed consolidation with air-bronchogram and
multiple scattered tiny calcifications in the left
lower lobe, while bronchoscopy showed muco-
sal swelling with a narrowed orifice of the su-
perior segment of the left lower lobe bronchus.
The clinical condition improved with antibiotic
treatment; however, while the patient was being
followed up with chest radiographs in the out-

: Al

Fig. 1. Chest radiographs revealed repeated pneumonia in the left lower lobe (LLL) (arrows). (A) Chest radiograph on the occasion of LLL
pneumonia 10 years prior to this admission. (B,C) The posteroanterior (B) and lateral (C) chest radiographs taken on the most recent admission
showed LLL pneumonia.

Fig. 2. Computed tomography (CT) of the chest with contrast enhancement disclosed intralobar pulmonary sequestration in the left lower lobe
(arrows) with an aberrant feeding artery (arrowheads) arising from the celiac trunk. (A) Coronal view; (B) sagittal view; (C) reconstruction CT

angiography.

Thorac Med 2022. Vol. 37 No. 1
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Fig. 3. Feeding artery (arrows) from the celiac trunk is identified
and isolated intraoperatively.

patient department, slow resolution of the pul-
monary consolidation was noted. The follow-up
CT with contrast enhancement (Figure 2) dis-
closed pulmonary sequestration in the left lower
lobe with an aberrant feeding artery originating
from the celiac trunk. Surgical intervention was
performed successfully, and a feeding artery
from the celiac trunk was identified intra-op-
eratively (Figure 3). Pathological examination
confirmed the diagnosis of an intralobar type of
sequestration (Figure 4). The patient had an un-
eventful recovery and no recurrent pneumonia
was noted after the surgery.

Discussion

Pulmonary sequestration is a rare congeni-
tal broncho-pulmonary malformation compris-
ing 0.15~6.4% of all congenital lung diseases,
and is usually diagnosed during a prenatal
evaluation or the perinatal period [1]. The main
characteristics of pulmonary sequestration in-
clude a non-functioning lung mass without nor-
mal connection to the bronchopulmonary tree

and eosin stain ((A) magnification x 20; (B) magnification x 40;
(C) magnification x 200) revealed: (A) No separating visceral

pleura between the normal alveoli and the diseased sequestration
part, which was compatible with an intralobar type of pulmonary
sequestration. (B) Enlarged air-space with cystic dilatation (arrows)
and mucus plugging (arrowheads). (C) Retention of mucus and
calcification (arrows) in the enlarged air-spaces.

Thorac Med 2022. Vol. 37 No. 1
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and an aberrant arterial supply from systemic
circulation. The condition was first described
by Huber in 1777, and the term “sequestration”
was introduced by Price in 1946 [2]. An embry-
onic developmental error is the most acceptable
mechanism to explain the spectrum of patho-
logical findings in pulmonary sequestration. At
3 to 8 weeks of gestation, the normal primitive
bronchial tree begins to develop and then bi-
furcates into right and left lung buds, followed
by branching of the bronchial trees and the
differentiation of epithelial cells into ciliated,
goblet, and basal cells. Then, definitive lobes
form and continue to mature. Meanwhile, if a
supernumerary lung bud emerges during this
period, arising caudal to the normal lung bud
and migrating caudally, pulmonary sequestra-
tion develops [3].

Pulmonary sequestration is classified into
2 types: an intralobar type, which is embed-
ded in the normal lung tissue without its own
visceral pleura, and an extralobar type, which
is surrounded by its own visceral pleura and
is separated from the normal lung completely.
Detailed history-taking including the perinatal
condition and associated congenital anomalies
plus a physical examination are always the cor-
nerstones of a correct diagnosis [4]. In adults,
the most common symptom of pulmonary se-
questration is coughing, followed by recurrent
respiratory tract infection, hemoptysis, chest
discomfort, and dyspnea. Though rare, chronic
high-output heart failure related to left-to-right
shunt may be a presenting complication. An
anomalous connection to normal ventilated
bronchi or the lung parenchyma usually ex-
ists in the intralobar type, and this serves as
an entry for bacteria, resulting in a higher risk
of pulmonary infection than for the extralobar
type. Recurrent pneumonia in the affected lobe

Thorac Med 2022. Vol. 37 No. 1

since childhood, as in our case, is therefore the
typical manifestation leading to the diagnosis
of an intralobar type. Pulmonary sequestration
might have several manifestations on chest CT,
including consolidation with or without cyst,
bronchiectasis, and cavitation. The intralobar
type may also show focal hyperlucency, related
to gas entrance from the normal lung and air-
trapping, whereas the extralobar type does not.
In our case, the chest CT revealed focal con-
solidation due to an active infectious process
and multiple calcifications related to previously
repeated infections. On pathological examina-
tion, the diseased part was sharply demarcated
from normal lung tissue by abnormal parenchy-
ma with an enlarged airspace, wall thickening,
dilated airway structure, mucus plugging, and
even microcystic changes. Absence of its own
visceral pleura under microscopy confirmed the
diagnosis of an intralobar type [5-6].

The posterior basal segment of the left
lower lobe is the predominant site of intralo-
bar pulmonary sequestration, and accounts for
56-73% of cases, as reported in several retro-
spective case series. The arterial supply of the
sequestration comes mostly from the thoracic
(54%) and abdominal (23%) aortas, and only a
minor proportion of cases have a feeding artery
originating from the celiac trunk (11%). In our
case, a feeding artery from the celiac trunk was
identified on the CT image pre-operatively and
confirmed intra-operatively. The venous return
pathway is hard to define in about half of the
cases, as in our patient, but drainage to the pul-
monary vein (30%), azygos vein (8%), and left
atrium (8%) has been identified in other cases
[5-6].

Definitive treatment is strongly recom-
mended for symptomatic patients, and surgical
excision serves as the first choice. Angiography
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with embolization can be considered in cases of
small-sized sequestration supplied by a single
artery. Emerging evidence supports treatment
via trans-arterial embolization (TAE) with oc-
cluding material or a mechanical device. This
shows great potential in terms of treatment ef-
ficacy and has a low risk of procedure-related
complications, compared to surgical interven-
tion. However, several problems related to
TAE should be addressed, including inadequate
embolization, a high recurrence rate (25~47%),
risk of embolization material migration, con-
trast exposure, and local hematoma that might
lead to limb ischemia. The lack of a tissue
specimen for pathological confirmation and the
exclusion of a superimposed malignancy are
major concerns. After considering these issues,
our patient choose surgical intervention. The
optimal treatment modality for asymptomatic
patients remains controversial. Surgical inter-
vention is generally accepted due to its curative
efficacy and low complication rate. However,
whether asymptomatic pulmonary sequestration
in an adult really carries a higher risk of devel-
oping pulmonary infection is debatable [7].

In our case, the history of recurrent pneu-
monia in an otherwise healthy young male at-
tracted our attention. He had no known under-
lying disease that might have contributed to his
recurrent pneumonia, such as respiratory system
diseases, immune insufficiency, malignancy,
gastrointestinal diseases, or malfunctioning of
the cardiovascular or neurological systems. The
repeated pneumonia involving his left lower
lung suggested a possible anatomical anomaly.

CT without enhancement revealed only a con-
solidated lesion without obvious connection
to the bronchial tree. The enhanced CT, which
disclosed a feeding artery originating from the
celiac trunk, confirmed the definitive diagnosis.

In summary, we reported an uncommon
case of intralobar pulmonary sequestration with
an aberrant feeding artery arising from the ce-
liac trunk presenting with recurrent pneumonia.
Physicians should consider the possible pres-
ence of anatomical anomalies when treating
patients with recurrent pneumonia.
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Diagnosing Mediastinal Metastatic Cholangiocarcinoma
Using Eendobronchial Ultrasound-guided Transbronchial
Needle Aspiration: A Case Report

Yi-Luen Shen', Ming-Huang Chen?, Heng-Sheng Chao'

The diagnosis of a neoplasm in the gastrointestinal tract is usually based on pathologic
examination via endoscopic biopsy or endoscopic ultrasound-guided fine-needle aspiration.
However, tumor obstruction hinders the detailed tumor assessment and accuracy of
endoscopic biopsies or endoscopic ultrasound-guided fine-needle aspiration. We report a rare
case with an esophageal mass. While the obstruction prevented successful biopsy via the
esophagus, endobronchial ultrasound-guided transbronchial fine-needle aspiration (EBUS-
TBNA) was able to obtain adequate tissue samples by puncturing the tracheobronchial
wall to the mass lesion outside the subcarinal area. Pathology disclosed adenocarcinoma
that was CK7 positive. Based on the pathology and positron emission tomography findings,
metastatic cholangiocarcinoma with esophageal metastasis was favored during the cancer
multidisciplinary team discussion. EBUS-TBNA would be an effective method to obtain tissues

in such situations. (Thorac Med 2022; 37: 38-42)

Key words: endobronchial ultrasound; metastatic cholangiocarcinoma; esophageal neoplasm

Introduction

Real-time endobronchial ultrasound-guid-
ed transbronchial needle aspiration (EBUS-
TBNA) provides simultaneous visualization
and sampling accuracy. Compared with medi-
astinoscopy, video-assisted thoracoscopy and
thoracotomy, EBUS-TBNA is safe and mini-
mally invasive, and is the procedure of choice

for mediastinal and lung tumors adjacent to
the tracheobronchial trees. However, there are
few available reports on the efficacy of EBUS-
TBNA with regard to mediastinal lesions in pa-
tients with previous extra-pulmonary malignan-
cies.

The mainstream diagnostic method for
esophageal neoplasm is upper gastrointestinal
endoscopy (UGIE) with biopsy, or alternatively,
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biopsy guided by endoscopic ultrasound (EUS).
However, this could be technically challenging
in the presence of tumor obstruction or external
compression that hinders the detailed tumor as-
sessment and accuracy of endoscopic biopsies.
The risk of perforation is increased when per-
forming EUS. In such circumstances, EBUS-
TBNA via bronchoscopy could be an alternative
tool to confirm the diagnosis when the lesion
is adjacent to tracheobronchial trees. Here, we
introduce a case with a mediastinal mass that
was biopsied by EBUS-TBNA, after EUS had
failed.

Case Report

A 66-year-old woman was admitted to our
hospital because of a 3-month history of pro-
gressive swallowing difficulty. The symptom
worsened with time, regardless of whether she
was swallowing liquid or solid food. Her medi-
cal history was positive for hepatolithiasis, and
she underwent cholecystectomy and hepatic
segmentectomy 2 years ago. The patient had
undergone percutaneous transhepatic cholangi-
ography and drainage for unexplained obstruc-
tive jaundice about 4 months prior to this pre-
sentation.

On this occasion, computed tomography of
the chest showed marked wall thickening of the
esophagus, around 3.4 cm in length, at the level
of the aortopulmonary window to the subcari-
nal area, with proximal esophageal dilatation.
Increased soft tissue at the aortocaval space at
the level of the celiac trunk and intrahepatic
duct dilatation were still found with tube drain-
age. Upper gastrointestinal endoscopy revealed
2 submucosal nodules, 0.6-0.8 cm in diameter,
at 27 cm from the incisor. Since the endoscope
failed to pass through the esophageal stricture at

the middle-third esophagus, EUS was applied,
and disclosed an infiltrating lesion extending
from the mucosa layer beyond the esophageal
wall.

Biopsies of the mucosa were taken sev-
eral times on. Endoscopic ultrasound-guided
fine-needle aspiration (EUS-FNA) was not
performed because of the proximity of the le-
sions to the descending aorta. The pathology
of the esophageal ulceration disclosed atypical
glands only. Whole-body positron emission
tomography showed a hypermetabolic tumor
with esophageal obstruction (SUV: 6.8), lymph-
adenopathy on the retroperitoneum and gastro-
hepatic ligament (SUV: 5.6), and several sites
with focally increased uptake on the liver, com-
patible with cholangiocarcinoma (SUV: 15.1)
(Figure 1A-B).

Intervention pulmonologists were consulted
for further tissue biopsy. Flexible bronchos-
copy revealed no endobronchial lesions. En-
dobronchial ultrasound (EBUS Convex Probe
BF-UC260FS; Olympus; ultrasound processor
EU-ME2; Olympus) showed lesions in the
subcarinal area close to the proximal left main
bronchus. The subcarinal mass was punctured
3 times with a 22-gauge dedicated needle
(Vizishot NA-201SX-4022; Olympus) under
real-time EBUS-TBNA guidance. Rapid on-
site adequacy assessment (ROSE) by a cytol-
ogy technician was performed. The duration of
the procedure was 19 minutes. (Figure 1 C-D).
The pathologic findings revealed blood clots
mixed with clusters of well-differentiated tall
columnar mucinous glandular cells, compat-
ible with adenocarcinoma (immunoreactive
for CK7+, and non-reactive for CK20, CDX-
2, and TTF-1) (Figure 2A-B). We reviewed the
clinical data and discussed this in a meeting of
the cancer multidisciplinary team. The team
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Fig. 1. F-18 FDG whole-body positron emission tomography/computed tomography imaging of endobronchial ultrasound and endobronchial
ultrasound-guided transbronchial biopsy.
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1A: Marked thickening of the esophageal wall, about 3.4 cm in length, from the aortopulmonary window to the subcarinal level with increased
uptake. (SUV: 6.8) 1B: Several sites of focally increased uptake (SUV: 15.1) are noted on the liver. | C&D: Mass-like lesion with submucosal
infiltration that was detected at the subcarinal level, confluent with the esophagus. Intralesional blood vessels were detected with color Doppler.

came to the conclusion that this was cholangio-
carcinoma with multiple metastasis, including
the esophagus, instead of primary esophageal
cancer or lung cancer. The patient subsequently
was referred to a medical oncologist. She re-
ceived chemotherapy for advanced cholangio-
carcinoma, and esophageal stenosis stenting for
palliative purposes.

Discussion

Since its emergence, the use of EBUS has
become a trend in minimally invasive mediasti-
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nal staging because of its range and safety, and
that its outcomes and yield rate are comparable
to those of other staging methods. Yasufuku et
al. demonstrated that EBUS achieves similar
outcomes with fewer complications in mediasti-
nal staging of lung cancer than mediastinoscopy
[1]. The concept of combined EBUS-TBNA
and EUS-FNA in lung cancer staging is widely
accepted, and provides the best care for selected
patients [2-4]. Navani et al. reported that EBUS
reduces the time to treatment decisions com-
pared with conventional diagnosis and staging
techniques. The post-hoc analysis also revealed
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Fig. 2. Endobronchial ultrasound-guided transbronchial biopsy pathology findings.

2A: Blood clots admixed with clusters of well-differentiated tall columnar mucinous glandular cells. 2B: These glandular cells were

immunoreactive for CK7.

superior survival rates in the EBUS group [5].
EBUS-TBNA for histopathological diag-
nosis of mediastinal extrapulmonary malig-
nancy is anatomically reasonable, but there are
few reports available concerning the efficacy
of EBUS-TBNA with mediastinal lesions in
patients with previous extrapulmonary malig-
nancies. As for esophageal cancer, EBUS has
played a secondary role to EUS in confirming
local tumor extension (T stage) and lymph node
status (N stage) in past studies. EBUS provides
better accuracy for determining the depth and
extent of tumor invasion into the airway wall,
compared to conventional bronchoscopy [6].
The gold standard for diagnosing esophageal
lesions is UGIE with biopsy, or alternatively,
biopsy guided by EUS. But this is technically
difficult when there is tumor obstruction or ex-
ternal compression obliterating the esophageal
lumen. EBUS-TBNA can approach esophageal
lesions above the subcarinal level in such cases,
and collect representative specimens for di-

agnosis. It can be an alternative tool for those
patients who failed to undergo UGIE or EUS-
FNA. EBUS-TBNA for peritumoral lymph
nodes is also helpful with regard to specimen
contamination secondary to piercing the pri-
mary tumor. The combined EBUS-EUS staging
procedure would improve precision in staging
and can change the treatment plan in patients
with esophageal cancer [7].
Cholangiocarcinoma arises from the epi-
thelial cells of the intrahepatic and extrahepatic
bile ducts. The clinical symptoms of extrahepat-
ic or intrahepatic cholangiocarcinoma are usu-
ally different. Extrahepatic cholangiocarcinoma
is prone to be symptomatic with biliary tract
obstruction. Intrahepatic cholangiocarcinoma
might be asymptomatic, or present right upper
quadrant pain or constitutional symptoms. The
liver is a common site of metastases, but this is
rare compared to extra-abdominal metastasis.
There are few reports on cholangiocarcinoma
with esophageal metastasis. The possible mech-
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anism of esophageal metastasis is lymphatic
spreading. Tumor cells pass through efferent
lymphatics retrogradely into the lamina propria
of the esophagus, causing submucosal metasta-
sis. [8] Histopathologic examination remains a
gold standard for differentiating primary esoph-
ageal cancer from metastatic neoplasm.

To sum up, we reported a rare case of chol-
angiocarcinoma with esophageal metastasis
that failed to be approached by EUS-FNA and
endoscopic biopsies, and finally was diagnosed
by EBUS-TBNA. This was a remarkable col-
laboration between gastroenterologists and pul-
monologists. EBUS-TBNA via bronchoscopy
can approach a lesion adjacent to tracheobron-
chial trees and confirm the diagnosis, even if
the tumor originated from the gastrointestinal
tract. Crosstalk between specialties, including
thoracic surgeons, should be realized in the era
of precision and personalized medicine.
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Occult Parathyroid Carcinoma Presenting with Right
Hilar Lymph Node Metastasis — A Case Report

Yi-An Hsieh', Yi-Chen Yeh? Yong-Yang Liu®

Parathyroid carcinoma is the rarest endocrine malignancy, and treatment options
are limited. In some cases, treatment may be postponed due to misdiagnosis or delayed
diagnosis. Most patients present with insidious symptoms of hypercalcemia only. We report
a 74-year-old woman with parathyroid carcinoma who had an atypical presentation on a
sestamibi (MIBI) parathyroid scan, which showed negative uptake in the primary parathyroid
lesion but positive uptake in the metastasized right hilar lymph node. The definitive diagnosis
was reached with the assistance of endobronchial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA) of the right hilar lymphadenopathy. This case report may serve
to remind clinicians of the challenges and pitfalls in the diagnosis of occult parathyroid
carcinoma and present an alternative approach to reaching a definite diagnosis via EBUS-

TBNA. (Thorac Med 2022; 37: 43-50)

Key words: parathyroid carcinoma, hypercalcemia, sestamibi (MIBI) parathyroid scan

Introduction

Parathyroid carcinoma is the rarest en-
docrine malignancy, and represents 1% of all
cases of primary hyperparathyroidism [1]. It
can be a genetic syndrome or, more commonly,
exist as sporadic cases. Parathyroid cancer usu-
ally occurs in patients over 40 years old, with
no predilection for sex or race [2]. It presents
with a range of biochemical and clinical char-

acteristics, but overall is considered to have an
indolent evolution. Patients often present with
hypercalcemia (>14 mg/dl) and related skeletal
and renal complications [2-3]. Biochemical
and clinical presentations are similar to benign
parathyroid disease, and the definitive diagno-
sis is usually not recognized before surgery.
Clues including local invasion or the presence
of lymph node or distant organ metastases may
prompt the suspicion of malignancy [4-5].
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We report a patient who suffered from
symptomatic hypercalcemia and enlargement
of the right hilar lymph node that was proved to
be metastatic carcinoma lymphadenopathy by
endobronchial ultrasound-guided transbronchial
needle aspiration (EBUS-TBNA). Parathyroid
carcinoma was further identified by right sub-
total parathyroidectomy and thyroid lobectomy.
We present this case due to its rarity and chal-
lenges in diagnosis, and present an alternative
approach to diagnosis via EBUS-TBNA of the
intrathoracic lymphadenopathy.

Case Report

A 74-year-old female with a history of hy-
pertension, hyperlipidemia, and type 2 diabetes
mellitus was admitted for body weight loss of
about 8 kgs in the most recent 2 weeks. She
presented with polyuria, polydipsia, nausea,
constipation, loss of appetite, muscle weak-
ness, and severe fatigue. She denied dyspha-
gia, abdominal pain, tarry stool, cough, night
sweats, or fever. Before this admission, she
could perform daily work independently. She
was a non-smoker and denied a family history
of multiple endocrine neoplasia (MEN) or other
hereditary diseases. On physical examination,
she was alert, but was clinically dehydrated
with dry mucous membranes and reduced skin
turgor. There was no palpable mass in her neck
or abdomen. A chest X-ray showed right hilar
enlargement (Figure 1). Laboratory investiga-
tions revealed severe hypercalcemia with a se-
rum calcium level of 15.3 mg/dl (normal range,
8.4-10.6 mg/dl) and a decreased creatinine
clearance of 8.9 ml/min (normal, >120 ml/min).
The patient was admitted for further evaluation
and treatment.

After admission, treatment with intensive

Thorac Med 2022. Vol. 37 No. 1

Fig. 1. CXR showing normal lung parenchyma with right hilar
enlargement (arrow).

hydration and calcitonin for hypercalcemia was
begun. Malignancies prone to lung metastasis
were surveyed, including thyroid, breast, and
liver cancer, but there was nothing specific.
However, an abnormality, a hypoechoic nodule
1.60 x 0.95 cm in size in the right retrothyroid
region, was detected by neck ultrasound. Chest
CT scanning showed enlarged lymph nodes
in the right lower paratracheal space and right
pulmonary hilum (Figure 2). The serum intact
parathyroid hormone (iPTH) concentration
was elevated to 431.3 pg/ml (normal range,
15.0-68.3 pg/ml). A 24-hour urine measure-
ment showed an elevated total calcium level,
and fractional excretion of calcium was 8.3%
(normal, <2%)).

These findings suggested a diagnosis of pri-
mary hyperparathyroidism. A further sestamibi
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Fig. 2. Chest CT showing an enlarged lymph node at the right pulmonary hilum (a, arrow) and right lower paratracheal area (b, arrow head).
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Fig. 3. MIBI scan showing negative uptake in the parathyroid region,

(MIBI) scan showed negative uptake in the
parathyroid region, but a focally positive uptake
around the right hilar area (Figure 3). Ecto-
pic parathyroid adenoma was considered first,
based on the disease prevalence. The differen-
tial diagnoses included parathyroid malignancy,
tertiary hyperparathyroidism, and, though less
likely, other malignancy.

EBUS-TBNA was performed on the en-
larged right hilar lymph node at station 10R.
Pathology indicated metastatic carcinoma,

but focally positive uptake around the right hilar area (arrow).

which mucicarmine staining and immunostains
revealed to be positive for CK, GATA3, and
PTH, and negative for CK7, CK20, TTF-1, ER,
PR, and HER2. Further additional immunos-
tains for chromogranin A and synaptophysin
were diffusely positive, while SSTR2A and
SSTRS stains were negative. The Ki-67 index
of the tumor cells was 15% (Figure 4).

The immunohistochemical profile favored
a parathyroid tumor origin. However, whether
it was a metastatic tumor from a parathyroid

Thorac Med 2022. Vol. 37 No. 1



46 Yi-An Hsieh, Yi-Chen Yeh, et al.

carcinoma cells with pleomorphic nuclei and clear-to-pink cytoplasm (a). The tumor cells were positive for chromogranin A (b), GATA3 (c), and
PTH (d). (200X).
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Fig. 5. Whole body PET/CT showed a 7 mm nodular lesion in the RUL (a) and an enlarged lymph node around 1.8 cm at station 10R (b).

Thorac Med 2022. Vol. 37 No. 1
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neoplasm or ectopic parathyroid tissue could
not be determined with this limited specimen.
A whole-body PET/CT for further assessment
showed an enlarged lymph node, around 1.8
cm, at station 10R, and a 7 mm nodular lesion
in the right upper lobe (RUL) (Figure 5). After
a combined conference with the general and
chest surgeons, a right subtotal parathyroidecto-
my and thyroid lobectomy were performed. The
pathology of the parathyroid tissue showed a
high Ki67 labeling index (>30% at the most ac-
tive area) and focal coagulative necrosis, which
was compatible with the malignant nature of
parathyroid tumors (Figure 6).

She subsequently underwent thoracoscopic
wedge resection of the RUL nodule and radical
mediastinal lymph node dissection. The pathol-
ogy of the RUL nodule also showed metastatic
parathyroid carcinoma. However, despite the
almost complete removal of the primary tumor
and metastatic lesions, the follow-up serum
calcium level was still high. Therefore, the
patient received combined chemotherapy with
dacarbazine plus fluorouracil. The regimen was
later shifted to etoposide plus cisplatin because
of persistent progressive disease. The cancer
status was still out of control and her condition
deteriorated. Further palliative radiation therapy

Fig. 5. Histopathologic examination of the resected right parathyroid tissue showing parathyroid carcinoma composed of clusters of polygonal
carcinoma cells with pleomorphic nuclei and clear-to-pink cytoplasm (a). Tumor necrosis can be seen (b). The tumor cells were positive for PTH
immunostain (c). A high Ki-67 labeling index is revealed by Ki-67 immunostaining (d). (200X).
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was added. However, the patient died of tumor
progression, severe hypercalcemia, and mul-
tiple organ failure.

Discussion

Parathyroid carcinoma is a rare endocri-
nologic malignancy, and the criteria for a de-
finitive diagnostic are lacking. It may occur
sporadically or in conjunction with familial
hyperparathyroidism, hyperparathyroidism—jaw
tumor syndrome, or multiple endocrine neopla-
sia (MEN) type 1 or 2A. It is usually silent and
the only clues are a palpable neck mass (30—
76%) and signs and symptoms of hypercalce-
mia [1, 3, 6]. Most patients present with severe
hypercalcemia with total serum calcium levels
greater than 13 mg/dL. Other clinical manifes-
tations of parathyroid carcinoma include symp-
toms related to hypercalcemia, such as bone
pain, weakness, pancreatitis, malaise, polyuria,
polydipsia, nausea, and vomiting. In addition
to hypercalcemia, the biochemical profile of a
high PTH level might be another clue. Obscure
symptoms, even in patients with moderate to
severe hypercalcemia, are an obstacle to the di-
agnosis of parathyroid carcinoma.

Parathyroid carcinoma should be suspected
in a patient with hypercalcemia and hyperpara-
thyroidism or a neck mass. Serum calcium and
PTH levels, neck ultrasonography and MIBI
scan are required to reach a diagnosis. How-
ever, both neck ultrasonography and MIBI scan
have low sensitivity in identifying parathyroid
lesions. In contrast, MIBI scanning combined
with sestamibi single-photon emission comput-
ed tomography (SPECT) carries greater sensi-
tivity for localization of the lesions. The clinical
presentations of parathyroid carcinoma are the
same as those of parathyroid adenoma and para-
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thyroid hyperplasia. Therefore, it is difficult to
differentiate clinically between a benign and a
malignant parathyroid tumor without pathologi-
cal proof or image evidence of local invasion
and distant metastasis. Moreover, parathyroid
biopsy is of no value in establishing the diag-
nosis and should be avoided, as it poses a risk
of tumor seeding into surrounding tissues, and
parathyroid carcinoma is hard to distinguish
from adenomas histologically. As such, para-
thyroid carcinoma is hard to diagnose before
surgery.

The interesting aspect of the atypical pre-
sentation of our case is that the small parathy-
roid lesion detected by neck ultrasound showed
a negative uptake on the MIBI scan, but focal
MIBI uptake was obvious in the enlarged right
hilar lymph node. Though the lung is a common
site for metastases from parathyroid carcinoma
[7-9], there has been only 1 case report with
a similar presentation [10]. There are many
factors that contribute to false-negative MIBI
scans, including cell type [11] and increased
expression of P-glycoprotein [12], though the
evidence is weak.

We performed EBUS-TBNA of the station
10R lymphadenopathy which provided tissue
proof of metastatic carcinoma from a parathy-
roid origin. EBUS-TBNA has emerged as a
minimally invasive technique for the diagnosis
of benign and malignant thoracic diseases, and
is used mostly in lung cancer staging [13-14].
In our current case, we used this new and safe
modality before operation as an effective diag-
nostic approach. Therefore, EBUS-TBNA may
offer more information than parathyroid biopsy
and render a diagnosis of parathyroid carcinoma
prior to surgery.

The most effective treatment for parathy-
roid carcinoma is radical surgery with en bloc
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resection of the lesion together with the ipsi-
lateral thyroid, thyroid isthmus, lymph nodes,
thymus, some of the neck muscles, and in some
instances, the recurrent laryngeal nerve [1, 15].
Because patients with parathyroid cancer often
suffer from hypercalcemia, preoperative medi-
cal intervention to control hypercalcemia is of-
ten required.

There are limited options for treatment if
complete tumor removal cannot be performed
[1, 16]. As recurrence and systemic metastases
develop in up to 52% of patients with parathy-
roid carcinoma [17], total calcium and iPTH
levels should be monitored frequently. Hyper-
calcemia may recur 3 months following surgery,
so further systemic treatment may be required.
However, treatment options for metastasis or
refractory disease are limited. Dacarbazine
has been proved to be effective for parathy-
roid carcinoma as single use or in combination
with other chemotherapy regimens [18-19].
However, most chemotherapy and radiotherapy
failed to show a significant positive effect on
the course of the disease [1, 20].

Conclusion

In summary, parathyroid carcinoma is rare
and poses a diagnostic challenge. Parathyroid
carcinoma should always be kept in mind as a
differential diagnosis of malignancy with hy-
percalcemia. Our case had the atypical presen-
tation of parathyroid carcinoma with no MIBI
uptake in the primary lesion and strong uptake
in the right hilar lymph node. EBUS-TBNA
might be a new and safe preoperative diagnos-
tic approach for parathyroid carcinoma patients
presenting with intrathoracic lymph node me-
tastasis.
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Good Steroid Response in a Patient with Atypical
Chronic Hypersensitivity Pneumonitis with Neutrophilia
in the Bronchoalveolar Lavage Fluid: A Case Report and

Literature Review

Shih-Yu Chen’, Ping-Hung Kuo'

Chronic hypersensitivity pneumonitis (CHP) is a granulomatous disorder. The typical
features of CHP include fibrotic changes in the upper or middle lungs on high resolution
computed tomography (HRCT) and lymphocyte predominance in the bronchoalveolar
lavage (BAL) fluid. In this report, we describe a middle-aged woman presenting with a
chronic cough for 2 months. She had a history of exposure to ring-necked pheasants. HRCT
revealed reticular opacities and fibrotic change in the bilateral basal lungs. The percentage of
neutrophils in the BAL fluid was 75%. She underwent a video-assisted thoracoscopic surgery
biopsy and the pathology was consistent with the typical findings of CHP. The patient’s
symptoms and diffusion capacity responded well to low-dose oral prednisolone treatment,
and the follow-up HRCT revealed nearly total resolution of previous lesions. We also review
the literature regarding the diagnostic and prognostic impact of atypical presentations of CHP.
(Thorac Med 2022; 37: 51-57)

Key words: chronic hypersensitivity pneumonitis (CHP), bronchoalveolar lavage (BAL), high resolution
computed tomography (HRCT)
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Introduction

Chronic hypersensitivity pneumonitis
(CHP) is a granulomatous lung disease caused
by recurrent environmental irritants [1]. There
are currently no universal diagnostic criteria for
CHP. The diagnosis often relies mainly on the
incorporation of a history of symptoms, the re-
current clinical course, possible offending aller-

gens, a bronchoalveolar lavage (BAL) survey,
high-resolution computed tomography (HRCT)
and histopathology [2-4].

In patients with CHP, the typical features of
BAL are a high total cell yield with a lympho-
cyte predominance, a high ratio of CD8+/CD4+
T cells, and the presence of mast cells, plasma
cells and foamy macrophages [3, 5, 6]. The pat-
tern of upper lobe-predominant fibrotic changes
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or the combination of fine nodular opacities and
ground glass opacity are common HRCT find-
ings and important for differentiating CHP from
non-specific interstitial pneumonia or usual in-
terstitial pneumonia [2, 3, 7].

Nevertheless, the diagnosis of CHP is often
challenging because it may not always present
with typical clinical manifestations. Here, we
report a patient with steroid-responsive CHP
presenting with atypical BAL and HRCT find-
ings. We also review the literature on the di-
agnostic and prognostic impact of the atypical
presentations of CHP.

Case Report

A 65-year-old woman presented to our
chest outpatient clinic with a chronic cough
with whitish sputum for more than 2 months.
There was no associated hemoptysis, chest
tightness, abdominal pain, myalgia, arthralgia,
or skin eruptions. She had no previous systemic
disease. She was treated as having community-
acquired pneumonia at another hospital, but the
symptoms persisted. She then was referred to
this tertiary medical center for further survey.

On initial physical examination, her respi-
ratory rate was 24/min, blood pressure 138/84
mmHg, heart rate 71/min, and body tempera-
ture 360 Celsius. Chest auscultation disclosed
fine crackles in both lower lung fields. Other
examinations, including the cardiovascular, ab-
dominal, central nervous and musculoskeletal
systems, were unremarkable. The hemogram
and biochemistry and autoimmune profiles
were within normal limits, except for an el-
evated ESR level, at 45 mm/hr (reference <20).
The initial chest radiograph showed ill-defined
opacities in the bilateral lower lung fields (Fig-
ure 1). The pulmonary function test showed a

Thorac Med 2022. Vol. 37 No. 1

mildly impaired diffusion capacity (Table 1).
Chest HRCT disclosed multiple subpleural
patches and focal bronchiectasis in the bilateral
lower lungs (Figure 2). The differential cytol-
ogy of her BAL fluid revealed a neutrophil
predominance (neutrophils 75%, macrophages
22.2%, epithelial cells 1.8%, and lymphocytes
1.0%). Cultures of the BAL fluid did not yield
significant growth. She underwent a video-
assisted thoracic surgical biopsy and the pathol-
ogy from the right lower lung revealed centri-
lobular inflammation, peribronchiolar fibrosis
and loosely-formed granuloma (Figure 3), sug-
gesting a diagnosis of CHP.

A more detailed history-taking revealed that
the patient had had a long-term heavy exposure
history to ring-necked pheasants in her home
environment. Avoidance of trigger exposure
was suggested and prednisolone was adminis-

Fig. 1. Chest radiography showed ill-defined opacities in bilateral
lower lung fields.
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Table 1. Pulmonary Function Testing Before and After Steroid Therapy
At presentation 4 months later (after steroid therapy)

FVC L (% of predicted) 2.81L (133.1%) 3.1L (144.5%)
FEV, L (% of predicted) 2.41L (144.7%) 2.69L (159%)
FEV/FVC 85.8% 86.8%
FEF 25%-75% L/S (% of predicted) 2.91 (137.3%) 3.19 (152%)
DLCO (ml/min/mmHg) 11.0 (72.3%) 15.1 (95.7%)
VA 3.81 (101.5%) 4.09 (107%)
DLCO/VA 2.90 3.68

Hb 12.4 12.4
DLCOcorr (ml/min/mmHg) 11.8 (77.6%) 16.2 (102.7%)

FVC: forced vital capacity; FEV1: forced expiratory volume in 1 second; FEF 25%-75%: forced expiratory flow at 25-75%; DLCO: diffusion

capacity for carbon monoxide; VA: alveolar volume; Hb: hemoglobin; DLCOcorr: DLCO correction for hemoglobin;
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Fig. 4. Follow-up HRCT 4 months later revealed significant resolution of the previous lung lesions.

tered at an initial dose of 10 mg per day. Her
symptoms subsided and her breathing sounds
became clear. The follow-up pulmonary func-
tion test and HRCT were also significantly im-
proved (Table 1, Figure 4). The total duration of
steroid therapy was 3 months, and the patient is
currently asymptomatic.

Discussion

In this report, we described a steroid-
responsive patient with atypical manifestations
of CHP with lower lung fibrotic change and
neutrophilia in the BAL fluid. This case may
provide insight into the challenges in reaching
a diagnosis and prognosis of CHP based on cur-
rent practice.

In general, the BAL features of hypersen-
sitivity pneumonitis consist of high numbers of
lymphocytes with a CD8+ T cell predominance
[3, 6, 8-11]. In this patient, the lymphocyte
counts in the BAL fluid were low, which has
been reported previously and might result from

Thorac Med 2022. Vol. 37 No. 1

the chronicity of the disease course. Ohtani
and colleagues first reported a patient with bird
fancier’s lung disease whose disease progressed
from acute to chronic because of persistent an-
tigen exposure. The BAL lymphocyte counts
significantly decreased throughout the 4-year
follow-up (50% to 27.1%) [12]. Adams and col-
leagues also found that there were lower lym-
phocyte counts of total cellularity in fibrotic-
type hypersensitivity pneumonitis [11].
However, the abundant neutrophils in the
BAL fluid cellularity that we found in our pa-
tient are uncommon in CHP in the absence of
active pulmonary infections. A possible expla-
nation is that the patient still had intermittent
exposure to the offending antigen, which causes
an acute inflammatory response, even in the
chronic phase of hypersensitivity pneumonitis
[13]. Caillaud and colleagues found that among
41 patients with CHP, the shorter the time lapse
from antigen exposure, the greater the total
cell count and the greater the percentage of
neutrophils [5]. Inoue et al studied 19 patients
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with bird-related hypersensitivity pneumoni-
tis and found an increased proportion of BAL
neutrophils, similar to this report. And, there
were concomitant findings of significant eleva-
tions of G-CSF, IL-6, IL-8, IL-17 and CXCL-
2 in the BAL fluid and serum. An increase in
serum TNF-a and IL-10 were also noticed in
their study. It can be concluded that neutrophil
and Th1 responses would take place in the early
phase of recurrent antigen exposure in CHP [14].
This is well correlated with the intermittent
symptoms attack in the chronicity of the disease
course of this patient. Furthermore, this may
also explain why there was a good therapeutic
response only to low-dose steroids in this pa-
tient.

Table 2. Summary of the Differences between CHP and IPF >*%%!0131617.1819

The HRCT of this patient revealed multiple
subpleural patches and focal bronchiectasis
in the bilateral lower lungs. It was difficult to
differentiate between CHP and idiopathic pul-
monary fibrosis (IPF) purely from the image
studies for this patient. In fact, the discrepancy
between a pathology report and a multidisci-
plinary discussion is fairly common, especially
when atypical features occur (presence of
strong autoimmune features, a low lymphocyte
level in the BAL fluid, and the lack of a nodular
shadow or mosaic attenuation on HRCT) [15].
Table 2 summarizes the differences between
CHP and IPF. It is worth mentioning that the
presence of traction bronchiectasis or a hon-
eycomb appearance are not uncommon. In the

CHP

IPF

Age at diagnosis (years) Any

> 50

Gender Female = male
Bronchoalveolar lavage cel-
i 40-50%
lularity (lymph %)
e Often middle or upper lung zone
predominance
e Mosaic attenuation (air trappin,
HRCT features ( pping)

Histopathological features

e Centrilobular nodules

e Mixed reticular and ground glass
opacity

e Airway-centered interstitial fibrosis

e Chronic bronchiolocentric inflam-
mation

e Poorly formed non-necrotizing
granuloma

e Avoid antigen exposure

e Immunosuppression

Approved therapies e Nintedanib (by US FDA for pro-
gressive fibrosing phenotype)”
) e Varies (nonfibrotic >fibrotic CHP)
Survival

Predominantly male
7-13%

e Honeycombing with/without trac-
tion bronchiectasis

e Reticular abnormality

e Subpleural basal predominance

e Dense fibrosis with architectural

distortion
Fibroblast foci

Nintedanib and pirfenidone

e 2-5 years
3.8 years in US (>65y/0)

Thorac Med 2022. Vol. 37 No. 1



56 Shih-Yu Chen, Ping-Hung Kuo

study by Silva et al/, most patients with CHP
had traction bronchiectasis or traction bronchio-
lectasis [7]. Similar results were reported by
Walsh and colleagues, and the severity of trac-
tion bronchiectasis was even associated with
increased mortality [16].

Difterentiating CHP from IPF is a diagnos-
tic challenge, and a combination of exposure
history and even lung biopsy may be needed for
accurate results in some cases [2, 3, 7, 11, 17].
HRCT findings were also found to correlate
with survival among chronic hypersensitivity
patients. In general, those without the presence
of fibrosis (mosaic attenuation, air-trapping)
have a longer survival than those with fibrosis
(honeycombing, traction bronchiectasis, reticu-
lation) (>7.95 vs 2.76) [16, 18, 19]. The good
therapeutic response to low-dose steroid in our
patient may be explained by the minimal fi-
brotic change on HRCT and the lack of honey-
combing on lung biopsy.

In conclusion, this case report demonstrates
that in patients with CHP, recurrent exposure to
the causative antigen may induce transient neu-
trophilic alveolar inflammation. Differentiating
between CHP and IPF is a challenge. It is pru-
dent to combine exposure history with histopa-
thology for a definite diagnosis of CHP. Finally,
non-fibrotic CHP has a better prognosis than
fibrotic CHP, and the less fibrotic change there
is, the better the response to anti-inflammatory
treatment.
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