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Clinician and Pharmacist Participation in a
Multidisciplinary Team-Care Model to Improve the Rate
of Correct Inhaler Usage and Medication Adherence in

COPD Patients

Pei-Chia Mai', Chia-Chen Huang', Ho-Shen Lee', Yu-Feng Wei**,
Jung-Yueh Chen'?

Introduction: Inhaler therapy is a cornerstone of treatment for patients with chronic
obstructive pulmonary disease (COPD), and symptomatic patients always need long-term
inhaler usage. However, poor therapeutic adherence and poor inhaler usage techniques are
challenges to treatment efficacy. The participation of a clinician and a pharmacist in COPD
management has been discussed in recent years. Some previous studies have provided
evidence that such models could have positive effects on medication adherence and correct
inhaler usage.

Methods: This was a single-center study conducted in southern Taiwan. The COPD care
service was provided by a multidisciplinary team, including a clinician, a pharmacist and a
case manager as the core members. Patients with COPD (group B, C or D) were enrolled
into the intervention group (clinician and pharmacist care service model) or the control group
(standard care). We evaluated the patients’ inhaler use technique and medication adherence
by assessing the percentage of inhalation steps performed correctly and using the Morisky
Medication Adherence Scale (MMAS-8), respectively, at both baseline and 12 months after
study enrollment.

Results: A total of 692 patients with stable COPD were recruited for our study; 118
patients (17%) were enrolled into the intervention group and 574 patients (83%) into the
standard care group. The intervention group showed significant improvement in their inhaler
technique total score compared with the standard care group (92.7+10.4 vs 88.5£13.4,
P<0.01). Medication adherence was also improved in the intervention group (percentage of
high adherence patients increased from 22 (18.6%) to 26 (22%)). However, there was no
significant improvement in the rate of correct inhaler usage after a 12-month interval in both
groups.

Conclusion: The multidisciplinary team-care model, with clinician and pharmacist
participation, may result in improvement in inhaler usage and medication adherence in
patients with COPD. In the intervention group, there was similar correct inhaler usage with all
of the different devices. (Thorac Med 2022; 37: 154-165)

Key words: Chronic obstructive pulmonary disease; multidisciplinary team-care model; inhaler
technique; inhaler adherence

Thorac Med 2022. Vol. 37No. 3
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Introduction

Chronic obstructive pulmonary disease
(COPD), a systemic inflammatory disease that
presents with chronic airway obstruction, is
the 4th leading cause of death worldwide [1].
In Taiwan, the trend line of COPD-associated
death is decreasing, but it remains the 8th lead-
ing cause of death [2]. It has not only been a
major global public health problem but also car-
ries a high economic burden for all countries.

Inhaler therapy is a cornerstone of treat-
ment for patients with COPD [3]. Compared
with systemic therapy, inhaler therapy has ad-
vantages such as rapid onset of action, higher
local concentrations in the lung tissue, and a
lower rate of adverse events [3]. Inhaler therapy
is not only for symptom control, it also reduces
the risk of complications, prevents exacerba-
tions, improves quality of life, and slows dis-
ease progression [4-5].

However, adherence to inhaler therapy by
patients with COPD is a real challenge in clini-
cal practice [6]. Many previous studies have
reported associations between low adherence
to inhaler therapy and poor patient outcomes
(mortality, hospitalization rate), and an in-
creased economic impact (higher healthcare
costs) [7]. Only 40-60% of patients with COPD
adhere to the prescribed regimen and only 1 out
of every 10 patients with a metered dose inhaler
performs all essential steps correctly [8-9].

Pharmacists play a critical role in educating

COPD patients on appropriate inhaler use and
ensuring correct medication adherence [10]. A
previous meta-analysis revealed that pharma-
cist-led interventions had a positive effect on
medication adherence and inhaler technique
among COPD patients [11].

Therefore, the aim of this study was to
evaluate whether a multidisciplinary team-care
model, with clinician and pharmacist coopera-
tion, improved inhaler usage and medication
adherence among COPD patients, compared
with standard care.

Methods

Patient eligibility and recruitment

A total of 881 subjects with stable COPD
were recruited from E-Da Hospital (Kaohsiung
City, Taiwan) between January 1, 2019 and
December 31, 2020. All recruited patients were
from the outpatient department or general ward.
Pulmonary medicine specialists assessed and
confirmed the diagnosis of COPD, based on the
clinical symptoms and pulmonary function test
criteria of a post-bronchodilator ratio of forced
expiratory volume in 1 second to forced vital
capacity (FEV /FVC) lower than 0.70.

These clinically diagnosed COPD patients
were enrolled in the study if they fulfilled the
following inclusion criteria: (1) age >40 years,
and (2) COPD classification in group B, C, or D.
The classification of COPD was based on the
Global Initiative for Chronic Obstructive Lung

'Department of Internal Medicine, E-Da Hospital, Kaohsiung, Taiwan, *College of Medicine, I-Shou University,
Kaohsiung, Taiwan, *Department of Internal Medicine, E-Da Cancer Hospital, Kaohsiung, Taiwan, ‘School of
Medicine for International Students, College of Medicine, and Institute of Biotechnology and Chemical Engineering,
I-Shou University, Kaohsiung, Taiwan, *Department of Pharmacy, E-Da Hospital, Kaohsiung, Taiwan.

Address reprint requests to: Dr. Jung-Yueh Chen, Department of Internal Medicine, E-Da Hospital, No. 1, E-Da road,

Kaohsiung 824, Taiwan
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Disease (GOLD) 2021 guidelines [1]. A total of
110 patients did not meet the above inclusion
criteria and were excluded from the study. An
additional 79 patients were excluded from the
study for the following reasons: (1) unable to
use inhalers independently, (2) long-term bed-
ridden status, and (3) impaired cognitive func-
tion. Following an explanation by the pulmo-
nary medicine specialists, 118 patients accepted
the multidisciplinary team-care model, while
the remaining 574 patients chose to receive
standard care (Figure 1).

Multidisciplinary team-care model
The core members of the multidisciplinary
team-care model included the pulmonary medi-

cine specialist, the COPD case manager and the
pharmacist. Other team-care members included
dietitians, nurses, respiratory therapists, physi-
cal therapists, and clinical psychologists, all of
whom actively participated in the team opera-
tion as required. This 1-year service consisted
of a face-to-face meeting every 3 months for 9
months after the patient was enrolled (at base-
line, and at 3 and 6 months post-baseline) and 1
annual assessment (at 12 months post-baseline).

The initial action was led by the pulmonary
medicine specialist, the pharmacist and the
COPD case manager at the first meeting (base-
line). The pharmacist assessed the patient’s
inhaler device technique and medication adher-
ence, and reviewed current medication usage

881 assessed for eligibility

Did not meet inclusion criteria

A 4

v

(n=110)

771 assessed for eligibility

Met exclusion criteria (n=79)

Cannot use inhalers independently (n=41)

692 assessed for eligibility

Long-term bedridden status (n=21)
Impaired cognitive function (n=17)

Declined to participate (n=574)

Standard care_group
(n=574)

|

574 completed

Fig. 1. Flow chart for COPD patients multidisciplinary care model enrollment

Thorac Med 2022. Vol. 37 No. 3
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Intervention Provider Content
Y
. _ 4 N . .
Inhaler device technique Demonstrate standard protocol for inhaler device usage to the
patient. Total scores for each device, including pre- and post-test
Pharmaco- h rlismonologst Include subjective (patient questionnaires) and objective (record
logical inten- Medication adherence d dose count for each device) evaluation of adherence at each
ventions an meeting and return to clinic.
Pharmacists . . . .
) o Introduce each inhaler device to the patient. Analyze the patient’s
Review of medication lifestyle based on shared decision-making (SDM).
. . / N Establish personal medical and medication profile. Regularly
‘ Idhiezition gaid g LOWD follow up the patient by phone or face-to-face meeting.
[ Smoking status ] Clinician, Provide education andresources for cessation by the case manager
Non-
pharmacolog L case manager, o P .
cal infen- T Aeng—— Ecourage vaccination by clinician at every meeting.
ventions and other
o Rehabilitation evaluation and education. Rehabilitation physician
Pulmonary rehabilitation participants referral if needed for moderate to severe cases.
[ Nutrition consultation ] _ ) Active intervention by nutritionist when BMI < 21

Fig. 2. COPD multidisciplinary team-care model.

based on individual pharmacological needs.
COPD case managers recorded the patient’s
demographic characteristics, including smoking
status, vaccination status, pulmonary rehabilita-
tion attendance, and medical and medication
profile (pulmonary function test, chest radiog-
raphy and laboratory tests). Other non-pharma-
cologic interventions, including smoking ces-
sation, nutritional consultation, and pulmonary
and physical rehabilitation, were also evaluated
and performed by other team members (Figure
2).

Education on inhaler device usage for
COPD patients was different in the 2 groups. In
the standard care group, a pharmacists’ referral
was only required for patients newly diagnosed
with COPD or for those changing inhaler medi-
cations as directed by their pulmonary medicine
specialist. Such referrals occurred periodically

and without regular monitoring of the patient's
condition. In the intervention group, patient
education was provided by the new multidisci-
plinary team. Pharmacists were highly involved
in this service model and cooperated with the
other team members. The pharmacists actively
analyzed and demonstrated the advantages and
disadvantages of each available inhaler device
to the COPD patients. Patient decision aids
were then used to help the patient choose an
appropriate inhaler device via shared decision-
making. The results of this education were fed
back through computerized communication
systems. To improve the patient’s medication
adherence, instruction manuals (including im-
portant disease information, common questions
and answers, public resources, and social and
psychological support) were provided. The
pharmacists also aggressively followed up the

Thorac Med 2022. Vol. 37 No. 3
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patients’ inhaler technique and adherence dur-
ing each regular pulmonary outpatient depart-
ment Vvisit.

Measurements

Assessments of the patients' demographic
characteristics, including age, gender, body
mass index (BMI), smoking status, comorbidi-
ties (including cardiovascular diseases, lung
cancer, gastroesophageal reflux [GERD], os-
teoporosis, and depression/anxiety — the most
common comorbidities of COPD [1]), blood
eosinophil count, inhaler usage number, and in-
haler medications and devices, were conducted.
Disease severity, including COPD grouping,
and pulmonary function tests as measured
by spirometry (including FVC predicted and
FEV,% predicted) were also measured and re-
corded. Scores on the COPD Assessment Test
(CAT) and Modified Medical Research Council
(mMRC) dyspnea scale self-assessment ques-
tionnaires were used to assess the symptom
severity of COPD [1]. The CAT score was
established using 8 different items, including
cough, sputum amount of phlegm, chest tight-
ness, shortness of breath, limited activities at
home, confidence leaving home, sleep quality,
and personal vitality. Each item had a score
ranging from 0 to 5, with the total score ranging
from 0 to 40 [1]. Higher total CAT scores cor-
related with more severe COPD symptoms. The
mMRC consisted of grades 0 to 4 (5 grades).
Higher mMRC grades indicated more severe
dyspnea.

Medication adherence was evaluated us-
ing the Morisky Medication Adherence Scale
(MMAS-8) in the multidisciplinary team-care
model group. MMAS-8 is one of the most wide-
ly used tools for assessing medication adher-
ence in patients with COPD [12]. It is an 8-item

Thorac Med 2022. Vol. 37 No. 3

self-report questionnaire, where each item
describes a reason for low adherence. The total
score ranges from 0 to 8. Higher total scores
reflect higher medication adherence. MMAS-
8 total scores of 8 indicate high adherence, 7 or
6 means medium adherence, and scores lower
than 6 indicate low adherence.

Four types of inhalers were used in this
study, including the Breezhaler®, Ellipta®,
Evohaler® and Respimat®. Each inhaler device
has its own standard number of steps which
should be completed (Breezhaler® and Ellip-
ta®: 8 steps, Evohaler®: 9 steps, Respimat®:
11 steps). The patients' inhalation technique
was evaluated for their respective inhaler.

In the intervention group, the pharmacist
showed the patient the correct step-by-step
inhalation technique, based on the standard
protocol for their inhaler, in their first meeting
(baseline). Patients then needed to demonstrate
the inhalation technique for their devices. The
pharmacist scored the percentage of total cor-
rect steps using a checklist. After 12 months of
follow-up (end of study), the pharmacist again
scored the percentage of total correct steps.

For study consistency, experienced pharma-
cists were necessary. The pharmacists partici-
pating in this study needed to have more than
2 years of clinical work experience, or, they
needed to complete inhaler therapy education
and other conscientious face-to-face training
courses offered by COPD experts. To minimize
the impact of subjective bias, only 2 pharma-
cists were recruited based on their years of
clinical practice experience.

Based on previous studies [13] [14] [15],
we assumed that 50% of recruited COPD pa-
tients used inhaler devices correctly and that the
intervention would enhance this to at least 80%.
So, using a significance level of 0.05, a power
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of 90%, and assuming a 20% dropout rate, at
least 25 patients were required to participate in
the study.

Statistical analysis

All data were recorded on and analyzed
using Statistical Product and Service Solu-
tions (SPSS, version 28). Nominal or ordinal
variables were presented as numbers (N) and
percentages (%). Continuous variables were
presented as the mean + standard deviation (SD).
Before statistical analysis, the data were tested
for normality. A chi-squared test or Fisher's
exact test was used for comparisons of categori-
cal variables. A t-test or analysis of variance
(ANOVA) was used for continuous variables
with a normal distribution, and a Mann—Whit-
ney U-test or Kruskal-Wallis test was used for
continuous variables without a normal distribu-
tion. Regression analysis was adopted to deter-
mine factors that affected the correct inhaler use
rate and medication adherence. All tests were
2-tailed, and a p-value <0.05 was considered to
indicate a significant difference.

Results

A total of 692 patients with stable COPD
were enrolled in the current study. After com-
pleting prescreening, 118 patients (17%) were
enrolled into the multidisciplinary team-care
(intervention) group. A total of 574 patients
(83%) were enrolled into the standard care
group because they declined to participate in
the team-care project. Table 1 details the base-
line characteristics of the enrolled COPD pa-
tients. Most patients were elderly males. The
mean age of the study population was 74.6+7.9
years in the standard care group and 75.2+7.1
years in the intervention group. The mean BMI

was 23.2 kg/m’ in the standard care group and
21.9 kg/m’ in the intervention group. Most of
the participants in this study were moderate
COPD cases, with a mean FEV, of 61.8% in the
standard care group and 62.5% in the interven-
tion group. Most cases were in COPD group
B or group C, and most were current smokers
(75.8% in the standard care group; 68.6% in the
intervention group). As for baseline characteris-
tics, there was no significant difference between
the 2 groups.

The most-used devices were Ellipta®
(32.8%) and Evohaler® (31.2%). The least-used
device was Breezhaler® (5.9%). Most patients
used 2 inhalers (57.3%) (average: 1.62+0.53).
The most common inhaler medication com-
binations were inhaled corticosteroids (ICS)
+ long-acting beta-agonists (LABA) (32.4%),
and LABA + long-acting muscarinic antagonist
(LAMA) (31.9%).

The number of operation steps in the check-
list and the rate of correct inhaler usage for dif-
ferent devices are shown in Table 2. Respimat®
had the greatest number of operation steps
compared with other devices. The lowest rate of
correct usage for a device was with Evohaler®
in the standard care group (85.7%). The high-
est rate of correct usage for a device was with
Breezhaler® in the intervention group (94.6%).
The most common patient "critical error" steps
among all inhaler devices were (1) insufficient
complete exhalation before use of the inhaler
and (2) an inability to hold their breath for 5 to
10 seconds after use of the inhaler.

Table 3 shows a comparison of the overall
rate of correct inhaler usage between the stan-
dard care and intervention groups. The inter-
vention group had a significantly higher rate of
correct inhaler usage than the standard group
(92.7% vs. 88.5%, p<0.001).

Thorac Med 2022. Vol. 37 No. 3
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Table 1. Baseline Characteristics of the Enrolled COPD Patients

Standard care group Intervention group

(n=574) (n=118) Pralue
Age (years), mean (SD) 74.6 (7.9) 75.2(7.1) 0.439
Gender, N (%) 0.455
Male 545 (94.9) 114 (96.6)
Female 29 (5.1) 4 (3.4
Mean BMI (kg/m2), mean (SD) 23.2(9.1) 21.9(3.9) 0.114
BMI <21, N (%) 232 (40) 49 (41.9)
BMI>21, N (%) 342 (60) 68 (58.1)
mMRC, N (%) 0.439
0-1 141 (24.6) 31 (26.3)
2-4 433 (45.4) 87 (73.7)
Lung function testing, mean (SD)
FVC% predicted (%) 80.4 79.5 0.532
FEV % predicted (%) 61.8 62.5 0.200
ABCD group, N (%) 0.824
B 310 (54.0) 63 (53.4)
C 229 (39.9) 46 (38.9)
D 35 (6.1) 9 (7.7)
Smoking status, N (%) 0.229
Current smoker 435 (75.8) 81 (68.6)
Ever-smoker 61 (10.6) 18 (22.2)
Never-smoker 78 (13.6) 19 (23.5)
Comorbidities, N (%) 450 (78.4%) 99 (83.4%) 0.179
Blood eosinophil count (cells/pL) 0.680
<300 374 (65.3) 80 (69.6)
>300 35 (6.1) 6 (5.2)
no data 164 (28.6) 30 (25.4)
Inhaler numbers, N (%) 0.946
1 235 (40.9) 46 (39.0)
2 325 (56.7) 71 (60.2)
>3 14 (2.4) 1 (0.8)
Inhaler medication, N (%) 0.070
LABA 94 (16.4) 13 (11.0)
LAMA 94 (16.4) 23 (19.5)
LABA+LAMA 173 (30.1) 48 (40.7)
ICS+LABA 195 (34.0) 29 (24.6)
ICS+LABA+LAMA 18 (3.1) 5 (4.2)
Inhaler device, N (%) 0.111
Breezhaler® 30 (5.3) 7 (5.9)
Ellipta® 190 (33.1) 37 (31.4)
Evohaler® 193 (33.6) 23 (19.5)
Respimat® 161 (28.0) 51(43.2)

Acronyms: BMI: body mass index; COPD: chronic obstructive pulmonary disease; mMRC: Modified Medical Research Council Dyspnea scale;
FEV,: forced expiratory volume in 1 second; FVC: forced vital capacity; LABA: long-acting beta-agonists; LAMA: long-acting muscarinic
antagonist; ICS: inhaled corticosteroid.

Thorac Med 2022. Vol. 37 No. 3
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Table 2. Mean Correct Rate for Different Inhaler Devices after 12 Months of Follow-up

Inhaler device  Device type Operating Standard care groupe Intervention group
Steps
n (%) Mean (%) n (%) Mean (%)
Breezhaler® DPI 30 (5.3%) 92.5 7 (5.9%) 94.6
Ellipta® DPI 190 (33.1%) 90.5 37 (31.4%) 92.3
Evohaler® MDI 9 193 (33.6%) 85.7 23 (19.5%) 923
Respimat® SMI 11 161 (28.0%) 88.1 51 (43.2%) 93.0
Acronyms: DPI: dry powder inhaler; MDI: metered dose inhaler; SMI: soft mist inhaler
Table 3. Comparison of Overall Correct Inhaler Usage Rates (mean (%)) Between the Standard Care and Intervention Groups
Standard care group Intervention group Pvalue

n 574 118

Mean (%) 88.5 92.7 <0.001

SD 13.4 10.4

Minimum 25 60

Maximum 100 100

Table 4. Improvement in the Inhaler Usage Rate (mean (%)) from Baseline to end of Study (12 months) Between the Standard Care and

Intervention Groups

Baseline End of study (12 months)
Group mean SD S:::iiz‘lﬁt;i::lnz‘;: § mean SD s;reii::ic(i)t:ln(t‘;: § Pvalue
Intervention 91.4% 11.4 12.5 93.0% 115 12.4 0.538
group
Standard care oo 00 5 14.4 89.7%  12.7 14.2 0.720

group

Improvement in the rate of correct inhaler
usage was determined by comparing baseline
and end-of-study (12 months) findings among
both the standard care and intervention groups.
Even though the trend line of correct usage im-
proved in both groups, there was no statistically
significant increase in the rate of correct inhaler
usage in either group (p=0.720 in the standard
care group; p=0.538 in the intervention group)
(Table 4).

Medication adherence was improved in the
intervention group. The number of patients with
high adherence (MMAS-8 score = 8) increased
from 22 (18.6%) to 26 (22%) (Table 5). Paired
t-test analysis revealed that the MMAS score in-
creased significantly after intervention (p=0.045,
<0.05). However, there was no meaningful im-
provement in the low adherence group (baseline
MMAS-8 score <6). The most common reasons
for low adherence included: symptoms seemed
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Table 5. Morisky Medication Adherence Scale (MMAS-8) Scores in the Intervention Group

Before intervention

After intervention

(n=118) (%) (0=118) (%) Pvalue
High adherence (score 8) n (%) 22 (18.6) 26 (22.0) 0.045*
Medium adherence (score 7 or 6) n (%) 88 (74.6) 84 (71.2)
Low adherence (score <6) n (%) 8 (6.8) 8(6.8)

* P<0.05

to improve, so the patient stopped taking medi-
cation by themselves, and the patients forgot to
take their medications.

Finally, the correlation between the overall
rate of correct inhaler usage and all categori-
cal variables is shown in Supplementary Table
1. No patient demographic characteristics (in-
cluding age, gender, BMI, smoking status or
comorbidities) influenced the overall rate of
correct inhaler usage. Even though the overall
rate was lower in the older patient group (age
>65 years) than in the younger patient group (age
<65 years) (mean 89.6% vs 90.34%), there was
no significant difference. Disease characteris-
tics (including CAT severity, mMRC severity,
and COPD group), number of inhalers used and
inhaler device types were not factors that influ-
enced the overall rate of correct usage of inhal-
ers.

Discussion

This study assessed the effectiveness of
a multidisciplinary team-care model, includ-
ing clinician and pharmacist participation, for
patients with COPD. The results of this study
showed that clinician and pharmacist participa-
tion significantly improved COPD patients' in-
haler technique and medication adherence.

The intervention group showed a signifi-
cant improvement in the overall rate of correct
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inhaler usage compared with the standard care
group. However, the rate of correct usage for
different inhaler devices in previous studies
had great variability. One study in Australia
found that the mean proportion of “correctly
demonstrated steps” across different inhalers
ranged between 55% and 97% [15]. This vari-
ability may be related to the small sample in the
study (35 patients using 58 inhalers). Our data
revealed that the correct usage rate for Evo-
haler® was relatively low in the standard care
group (85.7%), but the correct usage rate for all
devices in the intervention group was >90%.
The better and similar rates of correct usage
between different devices in the intervention
group revealed that the multidisciplinary team-
care model provided better efficacy, regardless
of the inhaler devices used.

Previous studies indicated that the num-
ber of inhalers used may decrease medication
adherence in COPD patients [16]. A previous
retrospective study showed that users of mul-
tiple inhalers had a significantly higher discon-
tinuation rate than single-inhaler users [17]. In
our study, most patients used either 2 inhalers
(57.3%) or 1 inhaler (40.5%). Patients who used
more than 3 inhalers were rare (2.2%). Number
of inhalers used was not shown to have a nega-
tive influence on medication adherence in our
study.

In this study, independent variables includ-
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ing age, BMI, CAT score, mMRC score, FEV,,
FVC, FEV,/FVC, eosinophil count, and device
number were shown to have no influence on
COPD patients’ rate of correct inhaler usage or
medication adherence. Previous literature found
that age was associated with COPD treatment
adherence, especially among older patients (age
>60 years) [5, 19]. In our study, the overall av-
erage patient age was 74.7+7.9 years. Although
the average age was older in the intervention
group (75.2+7.1 years) than in the standard care
group (74.6+7.9 years), the intervention group
(92.7£10.4%) still had a better rate of correct
usage for inhaler devices than the standard care
group (88.5+13.4%). The negative influence of
old age on COPD medication adherence was
not observed in our study. This result suggests
that good education and guidance among elder-
ly patients can provide a similar correct usage
rate.

Medication adherence improved significant-
ly in the intervention group, as did the MMAS
score after intervention (p=0.045, <0.05). How-
ever, such benefits were not seen in the low
adherence patient group (MMAS-8 score <6).
How to increase the motivation of patients to
improve inhaler adherence in this group is an
important issue that requires further investiga-
tion.

Adherence to inhaled medication use in
the real world varies, and there are currently
no standardized instruments for its evaluation.
Many studies use the Test of Adherence to In-
halers (TAI) questionnaire to assess adherence.
A systematic review analyzed 25 articles rep-
resenting 29 countries (27,660 COPD patients)
and found that 46.3% of patients had a moder-
ately good level of adherence to inhaled therapy
[16]. However, a high level of adherence at
baseline was noted in this study. In the interven-

tion group, 93.2% of patients had an MMAS-8
score >6 before the intervention. This may also
explain the “ceiling effect” phenomenon seen in
the results of the rate of correct inhaler usage.
The high baseline for the rate of correct inhaler
usage (91.4% in the standard care group; 88.9%
in the intervention group) may have limited
the level of improvement that can be seen at
the end of the study (93% in the standard care
group; 89.7% in the intervention group).

In our study, no correlation was observed
between the overall rate of correct inhaler usage
and patients' demographic characteristics. Dis-
ease severity, the type of inhaler device and the
number of inhalers, and non-pharmacological
intervention attendance also did not influence
the overall rate of correct inhaler usage. No
matter the type of patient, health care provid-
ers always need to help patients understand the
care setting and to influence the patients' behav-
iors, attitudes and skills needed to consistently
improve their health.

The current study has several limitations.
First, the 2 comparison groups were not ran-
domized. Even if the baseline characteristics
were similar, selection bias was possible. Due
to the limitation of the geographical location,
the patients’ living area may have influenced
their willingness to participate in the study.
People who live a longer distance from the hos-
pital may have reduced motivation to enroll in
the intervention group due to the higher number
of visits required. The main participants in this
study were primarily from the region surround-
ing the E-Da Hospital, including north Kaoh-
siung City and North Pingtung County. Their
population characteristics may be different
from those of other communities. In addition,
the duration of this study was only 12 months.
Some indicators, such as the duration of smok-
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ing cessation and keeping good medication
adherence, may need longer before they can be
fully observed. Our study focused on inhaled
medications for COPD patients. However, some
COPD npatients still need oral medications for
disease control. The role of, and association be-
tween oral and inhaled medications still needs
exploration in future studies.

Pharmacist participation has been proven to
be effective for inhaler adherence and technique
in numerous studies, however, the management
and definition of adherence and technique varies
between different studies. Different countries
and reimbursement systems also affect ongoing
management by clinicians and pharmacists.

Conclusion

The use of a multidisciplinary team-care
model, involving clinicians and pharmacists,
may result in improved inhaler technique and
medication adherence in patients with COPD.
In the intervention group, there was similar cor-
rect inhaler usage across all different devices.
However, there was non-significant improve-
ment in the rate of correct inhaler usage after a
12-month interval in both the standard care and
intervention group, which may be due to a ceil-
ing effect. Further randomized controlled trials
are needed to prove the applicability of the mul-
tidisciplinary team-care model in Taiwan.
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Effect of ALK Fusion Variants on ALK Inhibitor
Treatment in Patients with Non-small Cell Lung
Cancer: A Systematic Review and Meta-analysis
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Background: Echinoderm microtubule-associated protein-like 4 (EML)-anaplastic
lymphoma kinase (ALK) rearrangement variants have been shown to influence the treatment
outcomes of tyrosine kinase inhibitors (TK/). However, due to small sample sizes and
differences in methodology between previous studies, the results are still inconclusive.
Therefore, the aim of this study was to investigate the association between EML4-ALK fusion
variants and ALK inhibitor treatment outcomes using a meta-analysis approach.

Methods: We systematically searched 5 electronic databases, including PubMed, the
Cochrane Library, Embase, Medline, and ClinicalTrials.gov, for clinical trial publications.
EML4-ALK fusion variants were categorized into 2 subtypes: (1) ALK variant 1 carriers and
non-variant 1 carriers; and (2) long form and short form. Clinical efficacy outcomes including
objective response rate (ORR), disease control rate (DCR) and progression-free survival
(PFS) were analyzed. A random-effects model was applied to aggregate risk ratios. Sensitivity
and funnel plot analyses were also conducted to clarify possible bias in the meta-analysis
process.

Results: No significant results were observed in the association between variants and
ORR. There was no significant difference in DCR, except for a trend toward the long form
group. However, there was a significant improvement in PFS in the ALK variant 1 carriers and
in the long form group. Overall, no obvious bias was derived from a single study or publication
process.

Conclusion: The current study suggests that EML4-ALK variants affect PFS with ALK
inhibitor treatment. Future TKI therapeutic strategies with a focus on personalized medicine
should be developed. (Thorac Med 2022; 37: 166-179)
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Introduction

Lung cancer is the most prevalent and fatal
cancer worldwide [1]. Approximately 1.8 mil-
lion people were diagnosed with lung cancer
and 3.4 million died of the disease globally in
2018 [2]. Non-small cell lung cancer (NSCLC)
and small cell lung cancer (SCLC) are the
2 dominant types of lung cancer, of which
NSCLC is more common (80-85% of cases).
The overall 5-year survival rate of patients with
stage IV NSCLC is around 5% [3]. Tyrosine
kinase inhibitor (TKI) therapy has been devel-
oped in the recent decades, and has been shown
to be a more efficient treatment for NSCLC.

ALK is one of the most important driver
mutations, accounting for 3-5% of all NSCLC
patients [4]. It was first reported in anaplastic
large cell lymphomas [5]. Soda et al. later re-
ported genetic rearrangements with the echi-
noderm microtubule-associated protein-like
4 (EMLA4) fusion gene as a driver mutation in
NSCLC [6]. To date, over 20 ALK fusions have
been identified, and EML4-ALK fusions contin-
ue to be the dominant type (80%). Most EML4-
ALK variants contain the entire intracellular
kinase domain of ALK, encoded by exons 20
through 29. The breakpoint lies in the amount
of tandem atypical B-propeller (TAPE) domain
in EML4. Variant 1 (E13:A20) and variant 2
(E20:A20) have various lengths of TAPE do-
main, while variant 3a/b (E6: A20) and variant
S5a (E2:A20) express no TAPE domain. There-
fore, EML4-ALK variants are further classified
into 2 subtypes: short form (variant 3a/b and 5a/
b), and long form (variant 1 and variant 2) [3].

Patients with stage IV ALK-positive
NSCLC have prolonged overall survival (OS);
previous studies have suggested a 5-year sur-
vival rate ranging from 36% [7] to 60% [8].

EML-ALK variants may influence the response
to ALK inhibitors. However, the results of pre-
vious studies have been highly heterogeneous.
Most studies have included patients treated
with ALK inhibitors. For example, Yoshida
et al [9] examined 35 ALK-positive patients
treated with the first-generation ALK inhibitor,
crizotinib, and suggested a significantly longer
progression-free survival (PFS) in patients with
variant 1 compared to those with non-variant
1. In addition, Woo et al [10] reported that in
54 patients who received crizotinib, ceritinib or
alectinib (second-generation ALK inhibitors),
variant 1/variant 2 carriers had a longer PFS,
although there was no significant difference
in OS. Several other studies have reported no
significant difference in treatment response be-
tween patients with variant 1 and non-variant
1, and between those with long form and short
form variants [11-15]. To date, the results of
previous studies remain inconclusive.

The inconclusive results with regard to the
effect of EML-ALK variants on the outcomes
of TKI therapy are mainly due to differences
between studies, including different categories
of variant subtypes, the type of ALK inhibitor
used, and the endpoint of treatment response.
The technique used to detect the variants and
the small sample sizes are also factors. How-
ever, no prior study has comprehensively ag-
gregated the existing evidence. The aim of
this study was to conduct a meta-analysis to
summarize previous studies and clarify the rela-
tionship between EML4-ALK variants and TKI
treatment response.

Methods

Data sources and literature searches
This systematic review and meta-analysis
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was conducted according to the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement guidelines
[16]. We systematically conducted an electronic
search of PubMed, the Cochrane Library, Em-
base, Medline, and ClinicalTrials.gov from the
earliest available date to February 2019. The lit-
erature search was conducted by 2 researchers
(Y, C. C. and H, P. C.), and employed the fol-
lowing sets of key terms: (“non-small cell lung
cancer” OR “lung cancer” OR “NSCLC”) AND
(“ALK variants” OR “ALK fusion variants” OR
“anaplastic lymphoma kinase”) AND (“ALK
inhibitors” OR “crizotinib” OR “alectinib” OR
“ceritinib” OR “brigatinib” OR “loratinib” OR
“ensartinib” OR “entrectinib” OR “belizatinib
(TSR-011) OR “ASP3026”). These terms were
used to search keywords, text, titles, and sub-
ject headings, as appropriate for each database.
The full articles for titles meeting the inclusion
criteria were retrieved and reviewed. Additional
eligible studies were sought by searching the
reference lists of the primary articles and rel-
evant reviews.

Inclusion and exclusion criteria

Eligibility criteria for the current review
were: 1) randomized controlled trials, case-con-
trol studies, or cohort studies focusing on the
association between EML4-ALK variants and
response to ALK inhibitor treatment; 2) articles
written in English; 3) patients diagnosed with
NSCLC; and 4) articles reporting the carrier
status of ALK variants. Patients were classified
as being ALK variant 1 carriers if they had 1 or
more copies of the variant 1 allele, and as ALK
non-variant 1 carriers if they had no copies of
the variant 1 allele. They were further catego-
rized into short and long form variant groups
according to the classification mentioned above.

Thorac Med 2022. Vol. 37 No. 3

The following types of studies were excluded:
republished data, those with incomplete inclu-
sion criteria data, other meta-analyses, reviews,
letters and editorial articles.

Data extraction and quality assessment (PRISMA)

Two investigators (Y, C. C. and H, P. C.)
independently extracted relevant information
from the included studies and evaluated the
methodological quality of the eligible trials us-
ing the Newcastle-Ottawa Quality Assessment
Scale (NOS) [17]. The following information
was collected from the selected articles: last
name of the authors, date of publication, study
design, region and population, study character-
istics (e.g., age, sex), types of ALK inhibitors,
number of participants, duration of follow-
up and assessment of treatment effectiveness.
The NOS is a freely available 8-item scale
with a version for assessing the quality of non-
randomized studies in meta-analyses. This scale
evaluates the domains of selection, comparabil-
ity and outcome or exposure. One star is allo-
cated when a quality feature is present, up to a
maximum of 9 stars (the comparability domain
can be scored up to 2 stars); studies awarded 7
or more stars are considered to be high-quality
studies. Disagreements between the 2 investiga-
tors were resolved through discussion.

Efficacy outcomes

The primary efficacy outcome was objec-
tive response rate (ORR), which was calculated
as the total percentage of patients with a com-
plete response or partial response. Other sec-
ondary efficacy outcomes included: (1) disease
control rate (DCR), defined as the total per-
centage of patients with a complete response,
partial response, or stable disease; and (2) PFS,
defined as the length of time from medication
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until RECIST 1.1 progressive disease. The best
tumor response was evaluated with computed-
tomography (CT) assessment using RECIST 1.1.

Data synthesis and statistical analysis

Data were pooled statistically using event
rates calculated for the primary endpoint. Di-
chotomous analyses were conducted using risk
ratios (RRs). Continuous data were analyzed
using standardized mean difference (SMD),
which accounted for the varied and non-
standardized outcomes across studies. Possible
sources of heterogeneity or inconsistencies in
the magnitude or direction of effects in trials
were investigated. Heterogeneity was assessed
using the /7 test [18]. A random-effects model
was used to estimate methodological variation
between studies. Leave-1-study-out sensitivity
analysis was performed by excluding 1 trial at
a time and examining whether the pooled ef-
fects remained robust. Due to the presence of
heterogeneity, we conducted subgroup analyses
to assess the source of heterogeneity based on

suspected variables. Publication bias was ex-
amined using a funnel plot of effect size against
the standard error for asymmetry. Egger’s re-
gression test was also used to assess publication
bias [19]. All meta-analytic computations were
performed using R software (with meta package
version 3.5.1).

Results

Baseline characteristics of the included studies

Of the 1725 original studies screened, 14
met the inclusion criteria. A summary of the
included studies and their results are presented
in Table 1. Most of the studies (13 out of 14)
focused on crizotinib treatment. All studies
isolated variant 1 from other variants, and 8
of the 14 studies detected ALK fusions using a
sequencing technique. Eleven of the 14 studies
with detailed data were extracted for quantita-
tive synthesis. The NOS scores of the included
studies ranged from 6 to 8. The treatment du-
ration ranged from 3 to 24 months. Figure 1

1999 Record identified through PubMed, Embase and
MEDLINE

3 additional records identified through other sources

1

| 2002 Records found |

k.

————» 277 Excluded duplicated records

| 1725 Records screened

1012 Records excluded
789 Excluded at title screening
223 Excluded at abstract screening

| 713 Full-text articles assessed for eligibility

‘

699 Full-text articles excluded
671 Did not meetinclusion criteria
28 Lack of control

14 Studies included in

qualitative synthesis

3 Data cannot be extracted

3 Insufficient data

11 Studies included in quantitative synthesis

Fig. 1. PRISMA Flow Chart of the Current Meta-analysis
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Table 2. Meta-analysis Results for All Studies
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Suiyofa] e LU B e Ty
ORR
Variant 1 vs Non-variant 1 10 166/174 RR 0.99 (0.88; 1.11) 0.80 27.5%
Subgroup by Crizotinib 7 124/160 RR 0.95 (0.84; 1.08) 0.46 0%
Long form vs Short form 10 191/124 RR 0.99 (0.89; 1.10) 0.82 0%
Subgroup by Crizotinib 6 117/78 RR 0.96 (0.83; 1.09) 0.53 0%
DCR
Variant 1 vs Non-variant 1 7 120/153 RR 1.03 (0.95; 1.11) 0.52 0.0%
Subgroup by Crizotinib 6 116/149 RR 1.03 (0.94; 1.13) 0.53 0.0%
Long form vs Short form 7 131/100 RR 1.07 (0.99; 1.15) 0.08 0.0%
Subgroup by Crizotinib 5 99/74 RR 1.04 (0.96; 1.14) 0.30 0.0%
PFS
Variant 1 vs Non-variant 1 6 158/158 SMD 0.24 (0.01; 0.46) 0.04 0.0%
Subgroup by Crizotinib 5 139/139 SMD 0.20 (-0.04; 0.44) 0.10 0.0%
Long vs Short 5 135/134 SMD 0.32 (0.07; 0.56) 0.01 0.0%
Subgroup by Crizotinib 4 116/115 SMD 0.29 (0.03; 0.55) 0.03 0.0%

DCR, disease control rate; ORR, objective response rate; PFS, progression-free survival, RR, risk ratios, SMD, standardized mean difference.

summarizes the review flowchart in accordance
with the PRISMA statement [20].

ORR with ALK inhibitors

Binary data assessing the association be-
tween ALK variant 1 carrier status and ORR
with ALK inhibitors were available in 10 stud-
ies. There was no significant difference in ORR
between ALK variant 1 carriers and non-variant
1 carriers (RR = 0.99, 95% CI [0.88; 1.11], p =
0.80, I’ = 28%) (Table 2) (Figure 2a), and also
no significant difference in subgroup analysis
of crizotinib (RR = 0.95, 95% CI [0.84; 1.08],
p =0.45, I’ = 0%). Ten studies assessed the as-
sociation between long/short form variants and
treatment effect, but no significant difference
was found (RR = 0.99, 95% CI [0.89; 1.10], p

=0.82, I’ = 0%) (Figure 2b). There was also no
significant difference in the subgroup analysis
of crizotinib (RR = 0.96, 95% CI [0.84; 1.10], p
=0.53,1° = 0%).
DCR with ALK inhibitors

Seven studies assessed the association be-
tween ALK variant 1 carriers and DCR with
ALK inhibitors. There was no significant dif-
ference in DCR between ALK variant 1 carriers
and non-variant 1 carriers (RR = 1.03, 95% CI
[0.95; 1.11], p = 0.52, I’ = 0%) (Table 2) (Figure
3a). There was also no significant difference in
the subgroup analysis of patients treated with
crizotinib (RR = 1.03, 95% CI1 [0.94; 1.13], p =
0.53, I° = 0%).

Seven studies assessed the association be-
tween long/short form variants and DCR. A

Thorac Med 2022. Vol. 37 No. 3
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V1 variant Non-V1 variant Weight Weight
(A) Study Events Total Events Total ORR RR 95%-Cl (common) (random)
Chaetal. 2016 3 10 4 8 — 060 [0.19; 1.94] 44% 1.0%
Cha et al. 2016 2 5 2 3 R 060 [0.16; 2.29] 25% 0.8%
Linetal. 2019 9 23 1M1 18 — 064 [0.34; 1.20] 123% 35%
Lietal. 2018 6 14 22 35 —- 068 [0.35 1.31) 125% 32%
Mitiushkina et al. 2018 7 12 7 N 092 [048; 1.76) 73% 3.2%
Mitiushkina et al. 2018 17 20 17 19 095 [0.75; 1.21] 173%  238%
Noh et al. 2017 22 24 17 18 097 [0.82 1.14] 193% 507%
Yoshida etal. 2016 14 19 10 16 1.18 [0.74; 1.88) 10.8% 6.4%
Leietal 2016 16 22 17 39 - 167 [1.08, 2.59] 12.2% 71%
Horn et al. 2019 9 17 1 7 —T—=— 371 [057,24.02] 14% 04%
Common effect model 166 174 i 1.01 [0.86; 1.18] 100.0% -
Random effects model 0.9% [0.88; 1.11] - 100.0%
Heterogeneity: P = 28%, < < 0.0001
0.1 051 2 10
FavorNon-V1 variant Favor V1 variant
Short Long Weight Weight
(B) Study Events Total Events Total ORR RR 95%-Cl (common) (random)
Chaetal 2016 3 6 2 3 075 [0.24; 2.33] 26% 09%
Lietal. 2018 15 29 13 20 0.80 [0.49; 1.28) 14.9% 5.1%
Mitiushkina et al. 2018 M1 18 3 4 081 [041; 160] 438% 26%
Chaetal 2016 5 12 4 8 0.83 [0.32; 2.18] 47% 13%
Noh et al. 2017 25 28 17 18 095 [0.80; 1.12) 201%  403%
Mitiushkina et al. 2018 21 24 1M 12 095 [0.76; 1.20] 142%  225%
McLeer-Florin et al. 2018 4 6 5 8 1.07 [049; 2.33] 42% 18%
Woo et al. 2017 20 24 15 20 111 [082; 151] 159%  122%
Woo et al. 2017 23 27 17 24 1.20 [0.89; 163] 174% 12.9%
Horn et al. 2019 9 17 1 7 3.71 [057,24.02) 14% 03%
Common effect model 191 124 1.02 [0.89; 1.17] 100.0% -
Random effects model 0.99 [0.89; 1.10] - 100.0%
Heterogeneity; 1* = 0%, * < 0.0001
0.1 051 2 10
Favor Long Favor Short

Fig. 2. Objective Response Rate, (a)Comparison between variant 1 and non-variant 1 carriers; (b)Comparison between long form and short form
carriers.

V1 varianNon-V1 variant Weight Weight

(A) Study Events Total Events Total RR 95%-Cl (common) (random)
Lin etal. 2019 17 23 25 31 0.92 [0.68; 1.23] 19.6% 7.2%

Noh et al. 2017 26 28 17 18 0.98 [0.84; 1.14] 19.1% 27.6%

Li etal. 2018 13 14 33 35 0.98 [0.83; 1.16] 17.4% 23.0%

Cha et al. 2016 4 4 4 4 1.00 [0.63; 1.59] 4.1% 3.0%

Lei etal. 2016 21 22 35 39 1.06 [0.92; 1.22] 23.3% 32.6%

Cha et al. 2016 8 10 7 10 1.14 [0.69; 1.90] 6.5% 24%

Yoshida et al. 2016 18 19 10 16 ——8—— 1.52 [1.02; 2.25] 10.0% 4.1%
Common effect model 120 153 1.05 [0.96; 1.16] 100.0% -

Random effects model
Heterogeneity: 12=0%,12=0 f
0.5 1 2
Favor Non-V1 variant Favor V1 variant

1.03 [0.95; 1.11] - 100.0%

(B) Long Short'

Study Events Total Events Total DCR RR 95%-Cl Weight
McLeer-Florin et al. 2018 5 6 7 7 0.85 [0.61;1.17] 4.8%
Noh et al. 2017 26 28 17 18 0.98 [0.84;1.14] 22.4%
Cha et al. 2016 5 5 3 3 1.00 [0.60;1.65] 2.1%
Lietal. 2018 28 29 18 20 1.07 [0.91;1.26] 19.9%
Woo et al. 2017 24 24 18 20 = 1.11 [0.96;1.28] 25.6%
Woo et al. 2017 27 27 21 24 N 1.14 [0.98;1.32] 23.7%
Cha et al. 2016 10 12 5 8 — 1.33 [0.74;241] 1.5%
Random effects model 131 100 > 1.07 [0.99; 1.15] 100.0%
Heterogeneity: /2 = 0%, ©° = 0 I 1

0.5 1 2

Favor Short Favor Long

Fig. 3. Disease Control Rate, (a)Comparison between variant 1 and non-variant 1 carriers; (b)Comparison between long form and short form

carriers.
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( A) V1 variant  Non-V1 variant Weight Weight
Study Total Mean SD Total Mean SD PFS SMD 95%-Cl (common) (random)
Lin et al. 2019 23 6.10 11.01 24 825 9.56 —a— -0.21 [-0.78; 0.37] 15.3% 15.3%
Lei et al. 2016 22 11.00 13.16 39 9.01 10.26 ——q— 0.17 [-0.35;0.70] 18.4% 18.4%
Yoshida et al. 2016 16 11.00 40.59 16 4.20 8.78 —_— 0.23 [-0.47;0.92] 10.4% 10.4%
Su et al. 2019 54 11.30 9.81 42 8.60 9.81 i 0.27 [-0.13; 0.68] 30.7% 30.7%
Christopoulos et al. 2019 19 16.00 2440 19 7.00 8.89 = 0.48 [-0.17;1.13] 12.1% 12.1%
Noh et al. 2017 24 11.50 5.80 18 8.70 3.60 L 0.55 [-0.07; 1.17] 13.0% 13.0%
Common effect model 158 158 <~ 0.24 [0.01;0.46]  100.0% -
Random effects model < 0.24 [0.01; 0.46] - 100.0%
Heterogeneity: 1? = 0%, 12 =0 I T T !

-1 -0.5 0 0.5 1
Favor Non-V1 variant Favor V1 variant

(B) Long Short
Study Total Mean SD Total Mean SD PFS SMD 95%-Cl Weight
Lei et al. 2016 22 11.00 13.16 39 9.01 10.26 — 0.17 [-0.35; 0.70] 21.7%
Yoshida et al. 2016 16 11.00 4059 16 4.20 8.78 . 0.23 [-0.47;0.92] 12.3%
Su et al. 2019 54 11.30 9.81 42 860 9.81 —— 0.27 [-0.13; 0.68] 36.3%
Christopoulos etal. 2019 19 16.00 2440 19 7.00 8.89 ——&— 048 [-0.17; 1.13] 14.3%
Noh et al. 2017 24 1150 580 18 8.70 3.60 +——&— 0.55 [-0.07; 1.17] 15.3%
Random effects model 135 134 e 0.32 [0.07; 0.56] 100.0%
Heterogeneity: 12 = 0%, 12 = 0 f T T

-1 -05 0 0.5 1
Favor Short Favor Long

Fig. 4. Progression-free Survival, (a)Comparison between variant 1 and non-variant 1 carriers; (b)Comparison between long form and short form.

trend was found between long/short form vari-
ants and DCR (RR =1.07, 95% CI [0.99; 1.15],
p =0.08, I’ = 0%) (Figure 3b); however, when
focusing solely on crizotinib treatment, the re-
sults were not significant (RR = 1.04, 95% CI
[(0.96; 1.14], p = 0.30, I’ = 0%).

PFS with ALK inhibitors

Six studies assessed the association between
ALK variant 1 carrier status and PFS with ALK
inhibitors. The results showed a significant im-
provement in PFS in the ALK variant 1 carriers
(standardized mean difference = 0.24, 95% CI
[0.01; 0.46], p = 0.04, I’ = 0%) (Table 2) (Figure
4a). However, in the subgroup analysis of crizo-
tinib treatment, the results were not significant
(SMD = 0.20, 95% CI [-0.04; 0.44], p = 0.10, I*
=0%).

Five studies assessed the association be-
tween long/short form variants and PFS. The

results showed an improvement in PFS in the
long form carriers (SMD = 0.32, 95% CI [0.07,
0.56], p =0.01, I’ = 0%) (Figure 4b). Moreover,
in the crizotinib subgroup analysis, the results
remained significant (SMD = 0.29, 95% CI
[0.03; 0.55], p = 0.03, I’ = 0%).

Sensitivity analysis

We conducted leave-1-out sensitivity analy-
sis for every random-effect model. The results
are presented in Table 3. Overall, sensitivity
analysis revealed no major influence of a single
article on the overall effect in ORR. A trend ob-
served in DCR reached significance if the stud-
ies by Noh KW, et a/ [13] and McLeer-Florin A,
et al [21] were omitted. When focusing on PFS
in variant 1 carriers and long/short form carri-
ers, omitting the studies by Noh KW, et al [13]
and Su Y, et al [22] resulted in non-significant
results.

Thorac Med 2022. Vol. 37 No. 3
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Table 3. Sensitivity Analyses for the Meta-analysis using a Leave-1-out Approach

Number Effect sizes Effect size  Heterogeneity
Outcomes . 2
of studies (95% CI) p value 1" (%)
DCR Long form vs Short form
7 1.07 (0.99; 1.15) 0.08 0.0%
Leave one study out
Noh et al. 2017 6 1.09 (1.01; 1.18) 0.04 0.0%
McLeer-Florina 2018 1.08 (1.00; 1.16) 0.05 0.0%
PFS Variant 1 vs Non-variant 6 0.24 (0.01; 0.46) 0.04 0.0%
Leave 1 study out
Noh et al. 2017 5 0.19 (-0.05; 0.43) 0.12 0.0%
Su et al. 2019 5 0.22 (-0.05; 0.49) 0.11 0.0%
PFS Variant 1 vs Non-variant (subgroup by crizotinib)
5 0.20 (-0.04; 0.44) 0.08 0.0%
Leave one study out
Lin et al. 2019 0.29 (0.03; 0.55) 0.04 0.0%
PFS Long form vs Short form (subgroup by crizotinib) 4 0.29 (0.03; 0.55) 0.03 0.0%
Leave 1 study out
Noh et al. 2017 3 0.23 (-0.06; 0.52) 0.12 0.0%
Su et al. 2019 3 0.30 (-0.04; 0.65) 0.09 0.0%

DCR, disease control rate; PFS, progression-free survival, CI, confidence interval.

Funnel plot for publication bias assessment

The overall funnel plot (Figure 5a) sug-
gested symmetry between publications with
regard to significant and non-significant re-
sults. However, when comparing DCR among
the variant 1 and non-variant 1 carriers, more
non-significant reports were noted (Figure 5b).
Other funnel plots within the analysis suggested
that there was no publication bias.

Discussion

In this meta-analysis, we explored the ef-
fect of EML4-ALK variants on the treatment
response to ALK inhibitors. The results showed
no significant difference in primary endpoint
ORR between the EML4-ALK variant 1/non-
variant 1 groups or between the long/short form
variant groups. A trend of greater DCR in the
long form group was observed, and a better PFS
was observed in the variant 1 carriers and long

Thorac Med 2022. Vol. 37 No. 3

form group. These results suggest that patients
with variant 1 or long form variants may have a
better treatment effect with ALK inhibitors.
There are several important findings
in this study. First, the heterogeneity was rela-
tively small in this study. The meta-analysis
within ORR exhibited /° = 27.5%, while the 12
values of other analyses were mostly 0%. This
suggests that the effect of using different ALK
inhibitors and treatment lines, and the tech-
niques used to detect the variants may have had
a limited influence on the results. Second, in the
sensitivity analysis, omitting the studies by Su Y,
et al [22] and Noh KW, ef al [13] affected the
significance of PFS in the variant 1 and non-
variant 1 carriers. The study by Su 'Y, et al [22]
had the largest sample size, accounting for 1/3
of the whole sample. This revealed insufficient
statistical power to detect the real difference
due to the limited sample size. Additional stud-
ies with larger sample sizes are needed to vali-
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Fig. 5. Funnel Plot, (a)Overall funnel plot; (b)Funnel plot for DCR-related studies comparing variant 1 and non-variant 1 carriers.

date the PFS among EML4-ALK variants.
Another important finding of this study is
the longer PFS in the variant 1 and long form
groups. This could be supported by several fac-
tors. From the aspect of ALK inhibitor sensitivi-
ty, different degrees of protein instability caused
by EML4-ALK variants have been reported to
result in different sensitivities to ALK inhibi-
tors [23-24]. Heuckmann JM, et al reported that
variant 2 carriers had the greatest sensitivity to
crizotinib, variant 1 and variant 3b carriers had
intermediate sensitivity, and variant 3a carriers
had the lowest sensitivity [23]. Another study
reported that the half-maximal inhibition con-
centration (IC50) value required for crizotinib
was at least 10-fold higher in short form carriers

than in long form carriers, and that this further
suggested that the lack of a HELP domain in
EMLA4 resulted in less sensitivity to short form
variants [10, 25]. Therefore, greater sensitivity
to variant 1 and long form variants may have
contributed to the longer PFS.

From the aspect of metastasis, previous
studies have shown that patients with short
form variants have more metastatic sites in the
advanced stage [13] and a trend toward a higher
clinical stage at diagnosis [26]. Another study
reported that variant 3 was associated with cell
migration and metastasis by promoting micro-
tubule stabilization [27]. Hence, the lower dis-
ease volume at diagnosis in those with variant 1
and long form variants may also have led to the

Thorac Med 2022. Vol. 37 No. 3
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longer PFS.

From the aspect of resistance mutations,
emerging evidence has shown an association
between ALK variants and kinase domain re-
sistance mutations in patients receiving ALK
inhibitor treatment. ALK G1202R is located in
the solvent front of ALK kinase and plays an
essential role in treatment failure with second-
generation TKI therapy [28]. Lin JJ, ef al re-
ported that more refractory ALK G1202R mu-
tations developed in variant 3 carriers than in
variant 1 carriers. In addition, pre-clinical data
have shown the diverse cellular IC50 potency
of ALK inhibitors in variant 1 and variant 3
carriers in certain crizotinib-resistant mutations
[29]. The lower probability of variant 1 carriers
developing resistance mutations may also ex-
plain the longer PFS in variant 1 carriers. Taken
together, this evidence supports the findings of
the current study.

To our knowledge, this is the first meta-
analysis to examine the association between the
treatment effect of ALK TKIs and EML4-ALK
variants. However, there are several limitations
to this study. First, most studies in the meta-
analysis were restricted to crizotinib treatment.
Hence, the current results may not be generaliz-
able to second- or third-generation therapies.
Second, the limited number of studies and small
sample sizes resulted in insufficient power to
detect differences between EML4-ALK variants
in subgroup analysis or sensitivity analysis.
Third, most patients underwent multiple addi-
tive treatments concurrently. Hence, the main
effect of the EML4-ALK variants may have
been confounded by sequential treatments.

In conclusion, the current study shows the
importance of EML4-ALK variants when con-
sidering the treatment effect of ALK inhibitors.
Although more evidence is urgently needed,

Thorac Med 2022. Vol. 37 No. 3

treatment plans based on an individual’s
EEML4-ALK variants will lead to personalized
medicine in the future.
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Inhaled Nitric Oxide in the Management of Severe
COVID-19 Pneumonia-related Hypoxemic Respiratory
Failure

Jenn-Yu Wu'?, Chien-Ting Pan®, Sheng-Nan Chang*®, Chi-Ying Lin*, Yen-Fu Chen'?,
Chung-Yu Chen'?, Juey-Jen Hwang*®

Previous experience with the 2003 Severe Acute Respiratory Syndrome Coronavirus
(SARS-CoV) infection suggested the potential role of inhaled nitric oxide (NO) as a supportive
measure for patients with respiratory failure. Treatment with inhaled NO reversed pulmonary
hypertension, improved severe hypoxemia, and shortened the length of ventilator support in
severe SARS patients. Inhaled NO can reduce inflammatory cell-mediated lung injury and
lower pulmonary vascular resistance. Clinical use of inhaled NO may become an alternate
treatment before extracorporeal membrane oxygenation for the management of acute
respiratory distress syndrome in patients with COVID-19. Two patients with severe COVID-19
pneumonia-related hypoxemic respiratory failure were intubated with mechanical ventilator
support and were treated with inhaled NO in our hospital. The patients showed improvement
in oxygenation and were weaned successfully from the mechanical ventilator. (Thorac Med

2022; 37: 180-185)

Key words: COVID-19; respiratory failure; inhaled nitric oxide; critical care

Introduction

2019-new Coronavirus (2019-nCoV) infec-
tion (COVID-19) is highly contagious and has
caused hundreds of thousands of deaths world-
wide. The clinical presentation of symptomatic
patients ranges from mild upper airway syn-

dromes to severe pneumonia resulting in multi-
organ dysfunction, leading to death [1]. Around
25% of hospitalized patients with COVID-19
required intensive care. Of these, over 60% pro-
gressed to acute respiratory distress syndrome
(ARDS) [2-3].

The previous Severe Acute Respiratory
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Syndrome Coronavirus (SARS-CoV) epidemic
broke out in 2003. Treatment with inhaled nitric
oxide (NO) reversed pulmonary hypertension,
improved severe hypoxemia and shortened
the length of ventilator support, compared to
matched control patients [4]. While no effec-
tive treatment for 2019-nCoV virus infection is
available to date, inhaled NO may have the pos-
sible benefit of antiviral activity against coro-
navirus [5]. The coronavirus responsible for
SARS-CoV shares most of the genome of CO-
VID-19, which suggests the potential effective-
ness of inhaled NO therapy in these patients.

Because of the potential harm from inhaled
NO and the absence of a clear mortality benefit,
the Society of Critical Care Medicine recom-
mends against the routine use of inhaled NO in
patients with COVID-19 ARDS [6]. Gattinoni
L, et al. [7] found that the severe hypoxemia
occurring in the compliant lungs of 16 patients
with COVID-19 pneumonia-related ARDS
resulted from the loss of lung perfusion regula-
tion and hypoxemic vasoconstriction. There are
no studies that describe the utility of pulmonary
vasodilators in severe COVID-19 pneumonia
patients, and no study has assessed the use of
inhaled NO as a possible rescue therapy. Here,
we report the use of inhaled NO as a rescue
therapy in the treatment of severe COVID-19
pneumonia patients with hypoxemic respiratory
failure.

Case Report

We report 2 patients who traveled abroad
together, and came back to Taiwan on 15 March
2020. Patient 1 was a 51-year-old woman with
a medical history of hypertension. She was
found to have fever upon arriving in Taiwan,
and was taken to our hospital for treatment. The

COVID-19 polymerase chain reaction (PCR)
test was positive. Chest radiography (CXR)
revealed increased infiltration and consolida-
tion in the right lung field. However, gradual
deterioration of O, saturation was noticed on
17 March 2020. Follow-up CXR on 18 March
2020 showed progression of bilateral lung in-
filtration. On the same day, elective tracheal
intubation was performed and the patient was
transferred to our ICU.

Patient 2 was the mother of Patient 1. She
was a 74-year-old woman with diabetes melli-
tus and hypertension. Patient 2 was also admit-
ted to our hospital on 15 March 2020 for quar-
antine. Fever was noticed on 16 March 2020,
and CXR showed increased reticular infiltration
in bilateral lungs. The COVID-19 PCR test was
positive. The patient experienced on-and-off
fever during the first week of admission. How-
ever, rapid desaturation was noted on 22 March
2020. Intubation was performed due to hypox-
emic respiratory failure, and she was transferred
to our ICU for further management.

Both patients were considered to be at high
risk of mortality from COVID 19 ARDS, be-
cause of age, obesity (body mass index, Patient
1: 34.89 and Patient 2: 29.96, respectively), and
underlying comorbidities [8]. Lopinavir/ritona-
vir, hydroxychloroquine and azithromycin were
administered to both patients after they were
admitted to our hospital. Empirical anti-bacteri-
al agents were also used, based on the attending
physicians’ clinical judgment.

We used the following strategies for both of
our mechanically-ventilated patients with COV-
ID-19 ARDS: low tidal volume (Vt) ventilation
(Vt 4 to 8 mL/kg of predicted body weight),
targeting plateau pressures (Pplat) of <30 cm
H,0, a higher positive end-expiratory pressure
(PEEP) strategy, a conservative fluid strategy
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over a liberal fluid strategy, and neuromuscu-
lar blocking and sedative agents, to facilitate
protective lung ventilation. Pulmonary static
compliance (Cst) was calculated based on the
following formula: Cst=V/(Pplat-PEEP). In-
haled NO (iNO) was connected to the tubing by
the adaptor, and was delivered at 10 parts per
million (ppm) at initiation. The iNO treatment
was started after we had discussed this with
the family and they agreed to its use. The iNO
dosage was adjusted every 8 hours. iNO was
tapered when the oxygenation level of the pa-

(A). iNO (ppm)

10 Bl e

o

-

N

=)

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10D11D12D13D14D15D16 D17 D18 D19 D20 D21 D22

—+—Patient 1 -#Patient 2

P/F ratio

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10D11D12D13 D14D15D16 D17 D18 D19 D20 D21 D22

—+—Patient 1 -#-Patient 2

Cst (ml/cmH20)

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10D11D12 D13 D14 D15D16 D17 D18 D19 D20 D21 D22
ICU Days

—+—Patient 1 -#-Patient 2

ICU Days

ICU Days

tients improved to a PaO,/FiO, (P/F) ratio >200
mmHg for more than 24 hours. To monitor the
toxicity of iNO, CXR was performed every day
to evaluate pulmonary edema, and blood met-
hemoglobin levels were checked every 2 days.
Physicians in our ICU followed the weaning
protocols.

The PaO,/FiO, (P/F) ratio of Patient 1 was
below 100 on ICU day 3, which indicated se-
vere ARDS. iNO 10 ppm was administered and
the P/F ratio elevated (Figure 1). The hypox-
emia improved after initiation of iNO, and the
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Fig. 1. Mechanical ventilator settings and change in pulmonary physiology parameters. (A). Parts per million (ppm) of inhaled nitric oxide
(NO); (B). Oxyhemoglobin saturation by pulse oximetry (SpO2); (C). PaO2/FiO2 (P/F) ratio; (D). Positive end-expiratory pressure (PEEP); (E).

Pulmonary static compliance (Cst). (ICU: intensive care unit).
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P/F ratio could be kept above 100. On ICU day
14, the P/F ratio was over 200, and the iNO was
tapered down. Patient 1 was extubated on ICU
day 23. Patient 2 used iNO at the beginning
of mechanical ventilator support because the
initial P/F ratio was below 100. The P/F ratio
could be maintained at 100 to 200 after iNO
treatment was initiated. After 15 days, the iNO
was withdrawn, and extubation of Patient 2 was
performed on ICU day 23. Figure 1 illustrates
the adjustment of the mechanical ventilator set-
ting, and the change in the P/F ratio and static
lung compliance (Cst).

CXR of Patient 1 revealed prominent right
filtration initially, which then progressed to
bilateral lungs 3 days later. CXR showed im-
proved findings after 2 weeks of treatment (ICU
day 14) (Figure 2A). In Patient 2, the initial
CXR revealed no obvious patch. However,
infiltration progressed 7 days after admission.

ICU Day 10

CXR revealed progression of pneumonia on
ICU day 4. After 10 days of medical treatment
and mechanical ventilator support, the CXR
finding was stationary (Figure 2B), but oxygen-
ation had improved.

Discussion

Herein, we described an empirical thera-
peutic use of iNO in 2 patients with severe
COVID-19 pneumonia-related hypoxemic
respiratory failure. Severe hypoxemia occur-
ring in COVID-19 ARDS may be due to a lung
ventilation-perfusion (V/Q) mismatch. iNO
will decrease the intrapulmonary shunt frac-
tion and appear to improve oxygenation. On
the basis of current data, it appears feasible to
consider the use of 10 ppm iNO as an option
for supportive treatment in severe COVID-19
pneumonia patients with hypoxemic respira-

ICU Day 20

ICU Day 1

ICU Day 10

ICU Day 20

Fig. 2. Chest radiography of (A). Patient 1, and (B). Patient 2 during intensive care unit (ICU) stay.
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tory failure. No solid evidence is available to
support the use of iNO to improve the survival
of patients with ARDS. Despite the initial oxy-
genation improvement, iNO does not appear to
shorten the duration of mechanical ventilation.
Both of our patients with severe COVID-19
pneumonia used iNO, and had improvement in
oxygenation. Though the durations of mechani-
cal ventilation were long (23 days, respectively,
for each patient), both patients were weaned
from the mechanical ventilator successfully and
survived.

Besides a lung-protective strategy that in-
corporates low tidal volume ventilation and low
airway plateau pressure (Pplat), higher PEEP
has been used to improve oxygenation in pa-
tients with ARDS. Several studies reported that
early prone positioning reduced mortality in pa-
tients with severe ARDS. A study of 12 patients
with COVID-19-related ARDS suggested that
prone positioning may improve lung recruit-
ability [9]. Prone ventilation for 12 to 16 hours
and recruitment maneuvers are not strongly rec-
ommended for mechanically ventilated adults
with COVID-19 and moderate-to-severe ARDS
[6]. However, neither prone ventilation nor re-
cruitment maneuvers were performed for our
patients. Prone positioning of patients with rela-
tively high compliance may result in less ben-
efit. Besides, a high demand for stressed human
resources may also increase exposure and the
risk of virus infection in health care workers.

iNO may improve oxygenation and pro-
vide a rescue treatment for ARDS patients with
severe hypoxemia [4]. Compared with prone
positioning and ECMO, iNO therapy requires
less loading of medical staff and is less invasive
to patients. Besides, NO has potential anti-viral
and immunomodulatory effects [5, 10]. The
coronavirus responsible for SARS-CoV shares

Thorac Med 2022. Vol. 37 No. 3

most of the genome of COVID-19, indicating
the potential effectiveness of iNO therapy in
these patients. Since there is no solid and ef-
fective treatment for 2019-nCoV virus to date,
iNO may be considered as a possible useful
treatment option for COVID-19-related ARDS
[10].

The treatment course of our 2 patients pro-
vided interesting findings. They had traveled
abroad in the same tour group. They received
similar drug treatment, they used the same ven-
tilator setting and weaning protocols, and both
were provided iNO support. Both of them sur-
vived severe COVID-19 ARDS and benefited
from iNO use, and the ventilation duration was
the same (23 days). Patient 1, the daughter, had
an earlier pneumonia and ARDS onset, about
4 days earlier than Patient 2. This difference in
the disease course may be due to different viral
transmission orders.

In conclusion, treatment with 10 ppm iNO
in patients with severe COVID-19 pneumonia
may improve oxygenation without adverse ef-
fects such as organ function impairment, and
helps to liberate the patients from mechanical
ventilation. As a supportive maneuver, iNO
could decrease the work load of ICU personnel
and lessen the possibility of contamination with
viral infection, compared to prone ventilation or
recruitment. We look forward to seeing the final
results from the NOSARSCOVID trial to evalu-
ate the efficacy of NO gas inhalation for SARS
in COVID-19 (NCT04290871) patients.
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Positive Correlation between Pendelluft and Breathing
Effort in a Case of Severe Acute Respiratory Distress
Syndrome

Chien-Ming Chiang’, Chien-Yu Lin?, Chang-Wen Chen®

Sedation and paralysis are often required for patients with moderate to severe acute
respiratory distress syndrome. Daily interruption of sedation and paralysis is a standard
of care in the current concept. However, physicians may be concerned that the excessive
breathing effort generated by the patients themselves following discontinuation of a muscle
relaxant could be harmful. The phenomenon of pendelluft is hypothesized to be associated
with such hazards, but the association of pendelluft and breathing effort has not been well
established. Here, we report a patient with severe acute respiratory distress syndrome who
underwent an electrical impedance tomography recording with simultaneous esophageal
manometry monitoring during daily interruption of sedation and paralysis. A positive
correlation between the volume of pendelluft, the global inhomogeneity index and breathing
effort was noted. (Thorac Med 2022; 37: 186-191)

Key words: pendelluft, acute respiratory distress syndrome (ARDS), electrical impedance tomography

(EIT)

Background

Patients with moderate to severe acute re-
spiratory distress syndrome (ARDS) may ben-
efit from early use of neuromuscular blocking
agents during mechanical ventilation [1]. Daily
interruption of sedative and paralyzing agents
is a widely accepted practice, and may result
in a shorter duration of mechanical ventilation
and shorter length of stay in the intensive care

unit (ICU) [2]. One undesirable consequence of
such a practice is an excessive breathing effort,
which may be disadvantageous to the injured
lung as excessive pendelluft may occur [3-4].
Pendelluft is a phenomenon described as re-
gional gas movement from the mostly ventral
(non-dependent) part to the dorsal (dependent)
part of the lung, without changing the tidal vol-
ume. Therefore, regional over-distension may
result, despite the application of a low tidal vol-
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ume strategy.

Electrical impedance tomography (EIT) is
a real-time, non-invasive, bedside monitoring
technique that allows quantitative changes in
regional lung volume to be measured without
radiation exposure [5]. Pendelluft can be ob-
served via EIT as the time course of regional
ventilation is continuously monitored.

There is limited human data on the rela-
tionship between the extent of pendelluft and
breathing effort in ARDS patients. Here, we re-
port a patient with severe ARDS in whom pen-
delluft was detected with both EIT and esopha-
geal manometry monitoring during transient
discontinuation of paralysis.

Case Presentation

Clinical Course:

The patient was a 68-years-old gentle-
man with esophageal squamous cell carcinoma
who had undergone radiotherapy for around 4
months.

On the day of admission to National Cheng
Kung University Hospital (March 10, 2020),
the patient had symptoms with spiking fever up
to 40.5°C and progressive dyspnea for 2 days.
Severe hypoxemia was noticed via arterial
blood gas analysis, with PaO, 81 mmHg under
oxygen supplementation with a non-rebreathing
mask, so the patient subsequently underwent
endotracheal intubation with mechanical venti-
lation. Arterial blood gas under positive end-ex-
piratory pressure (PEEP) of 10 cmH,O revealed
a PaO,/Fi0, ratio of 131.

Chest radiograph with an anterior-posterior
view ( Figure 1.) and computed tomography of
the chest disclosed diffuse, ill-defined mixed
alveolar and interstitial pattern opacities in
bilateral lungs, with reticulonodular pattern

densities centrally distributed in the upper lung
field. Bronchoalveolar lavage was positive for
Pneumocystic jirovecii, using polymerase chain
reaction.

Under the tentative diagnosis of pneumonia
with moderate -to severe ARDS superimposed
with radiation pneumonitis, the patient was
admitted to our medical ICU and treated with
sulfamethoxazole/trimethoprim and intravenous
methylprednisolone.

On March 12, 2020 (admission day 3), the
patient showed improvement following sedation
and paralysis and low tidal volume ventilation,
with PEEP 10 cmH,0 and FiO, to 35%. Arterial
blood gas analysis revealed a PaO,/FiO, ratio
of 165.7. The patient was placed under low
tidal volume ventilation of approximately 6 ml/
kg of ideal body weight and a constant flow of
40L/min. Infusion of the neuromuscular block-
ing agent with cisatracurium was discontinued,
and we started the EIT and esophageal pressure
recording for 60 minutes. Cisatracurium was
resumed as clinically significant breathing ef-
fort developed with elevated airway occlusion

AP PORTABLE

Fig. 1. Chest radiograph anterior-posterior view taken on March
10th, 2020, the day the patient was intubated.
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pressure at 100ms (P0.1) as -9.6 cmH,O prior
to completion of the 60 minutes. A total of 873
breaths were recorded.

Air flow was measured with a pneumotach-
ograph (Hamilton AG, or Hans Rudolf) con-
nected to a differential pressure transducer (MP
45, Validyne Corp., Northridge, CA). Airway
pressure and esophageal pressure were mea-
sured using differential pressure transducers
(P300D, Validyne Corp., Northridge, CA.). An
appropriate esophageal pressure signal was con-
firmed according to the standard guideline [6].
A commercial EIT monitor (PulmoVista 500,
Drager Medical GmbH, Liibeck, Germany) was
used for recording and monitoring regional lung
ventilation. EIT data were registered at 20 Hz,
and then low-pass filtered (35 per minute) and
stored for offline analysis. The National Cheng
Kung University Hospital Ethics Committee
approved this study. The patient’s next of kin
gave informed consent.

The presence of pendelluft was defined as
the presence of an opposite impedance change
(AZ) between dependent and independent zones
during a breathing effort. The breathing could
occur in an inspiration phase, expiratory phase
or in transition. Estimation of the volume of
the pendelluft was determined by the integrated
volume and corresponding impedance change
[7]. For calculation of the global inhomogene-
ity (GI) index, the cut-off value for the region
of interest (ROI, lung area) boundary was set as
20% of the global linear regression coefficient
change within the area throughout the record-
ing course (5). The GI index was calculated as
the sum of the difference between median im-
pedance values of the tidal images (in absolute
values) divided by the sum of the impedance
values of the lung area, which was introduced
by Zhao et al with the following equation:

Thorac Med 2022. Vol. 37 No. 3

Gl = Zx,yelunnglxy - Median(DIlung)l

Zx,yelung DIy

with DI representing values of differential
impedance in differential images; DIxy as the
DI of the pixel in a certain lung region over co-
ordinates (X,y); DIlung representing pixels we
observe in the lung regions [8]. The peak and
plateau airway pressure, total PEEP, flow, and
esophageal pressure were recorded in the mean-
time.

Findings:

During the recording, the occurrence of
pendelluft gradually became obvious along
with the increase in breathing effort, as illus-
trated in Figure 2. At baseline, when spontane-
ous breathing had just started (Figure 2A), the
peak and trough impedance changes over the
4 layers (L1 to L4, nondependent to depen-
dent parts of the lung) occurred at nearly the
same time, indicating minimal occurrence of
pendelluft. Pendelluft became evident as APes
became greater than 15 cmH,O. Further analy-
sis of the pendelluft volume and the breathing
effort revealed a positive correlation that fit in
an exponential growth equation (Figure 3) with
an acceptable goodness of fit (R’ = 0.8419). The
GI index was highly positively correlated with
the breathing effort in linear regression (Figure
4, R* =0.9700, p<0.0001). Serial EELI values
revealed the decrease in EELI as breathing ef-
fort developed: mean 7030 AU at baseline;
2969 AU when mean APes was 11.3 cmH,O
(ranging from 9.1 to 14.7 cmH,0); mean 1073
AU when mean APes was 23.4 cmH,0O (ranging
from 21.3 to 24.8 cmH,0); mean 732 AU when
mean APes was 26 cmH,0O (ranging from 22.3
to 31 cmH,0).



Positive Correlation between Pendelluft and Breathing Effort 189

emav Ay
’g ’g
oAy arau
g 'g

]

i

P
r

Pesemio

ETAY ETAu ETay

erau

i
235

aray

Pes cmit;0

|
z‘

@]
o

u

[t

()

an an

1
Errgnu
/g

Pes. Pos

r

" &
) l

Fig. 2. Electrical impedance tomography recording while gradually tapering down sedation. Impedance curves were scaled in arbitrary units (AU).
Pendelluft could be noticed as breathing effort developed; breathing effort was presented as Pes swing (APes). Layer 1(L1) represented the non-
dependent parts of the lung, with layer 4 (L4) the most dependent ones. Electrical impedance tomography was recorded (A) as baseline (B) when
mean APes was 11.3 cmH,O (ranging from 9.1 to 14.7 cmH,0) (C) mean APes 23.4 cmH,O (ranging from 21.3 to 24.8 cmH,0) (D) mean APes 26

c¢cmH,O (ranging from 22.3 to 31 cmH,0).
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Fig. 3. The relationship of breathing effort (presented as Pes swing)

over pendelluft volume. The positive correlation is presented as an
exponential growth equation with R* = 0.8673.
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Fig. 4. The relationship of breathing effort (presented as Pes swing)
over GI indices presented in linear regression, R* = 0.9700, p <
0.0001. The baseline GI index was around 0.5 when there was little
breathing effort.
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Discussion

In this case we observed a significant cor-
relation between breathing effort and volume
of pendelluft in an ARDS patient during dis-
continuation of neuromuscular blocking agent
infusion. To the best of our knowledge, this is
the first case report revealing the relationship
between spontaneous effort and pendelluft in an
ARDS patient with esophageal pressure moni-
toring.

Pendelluft was first observed by Yoshida et
al in a postoperative ARDS patient following
EIT monitoring. The mechanism was postulated
to be non-uniform transmission of pleural pres-
sure generated by diaphragmatic contraction;
this theory was supported in an animal model
study [4]. Greenblatt et al suggested that the
degree of pendelluft may be higher in diseases
that cause more heterogeneous changes in lung
compliance [9]. Quantitation of pendelluft was
recently reported in a study by Coppadoro et
al on weaning patients during pressure support
ventilation [7]. In this study, patients were di-
vided into a high-pendelluft group and a low-
pendelluft group, with a cut-off pendelluft vol-
ume of 6 ml. The high-pendelluft group com-
prised 40% of the cases. However, esophageal
pressure monitoring was not used in that study.
In our patient, we noticed that once the esopha-
geal pressure swing exceeded 15 cmH,0, a
very significant volume of pendelluft would be
generated, which suggested that an excessive
breathing effort might be hazardous for our pa-
tient.

The GI index, uniquely derived from EIT
monitoring, has been used to quantitate appro-
priateness of ventilation. The GI index has been
shown to be a reliable index for ventilation
distribution [8]. A lower GI index implies bet-
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ter distribution of ventilation. The GI index was
used to determine the “best PEEP” when at its
lowest value for post-cardiac surgery patients
[10]. There is little description of the associa-
tion between GI indices and breathing effort.
Based on our observation, it can be speculated
that vigorous spontaneous breathing is closely
linked with the heterogeneity of ventilation
distribution of the ARDS lung, which is consid-
ered unfavorable for maintenance of effective
ventilation.

As breathing effort increased, the absolute
values of global impedance decreased. Resum-
ing sedation and paralysis resulted in eleva-
tion of the global impedance curve. Kassis et
al demonstrated with a Campbell diagram that
excessive expiratory effort could reduce the
end-expiratory lung volume even more than
the estimated lung volume at relaxation, which
could promote derecruitment of the lungs [11].
In our patient, the findings of both a decreased
global impedance level and an increasing GI in-
dex could support the hypothesis that excessive
breathing effort can potentially lead to atelec-
trauma.

Conclusion

We found a positive correlation between
pendelluft and breathing effort in a patient with
severe ARDS during the daily discontinuation
of the neuromuscular blocking agent. This ob-
servation might be helpful in raising physician
awareness of excessive spontaneous effort in an
ARDS patient.
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Pulmonary Cryptococcosis Presenting with Multiple
Cavitary Nodules in an Inmunocompetent Patient: a
Case Report

Sheng-Wei Gao', Erh-Lun Chen'

Pulmonary cryptococcosis can occur in immunocompetent individuals, and most are
asymptomatic. We report a 48-year-old male without significant underlying risk factors who
presented with multiple nodules scattered in the lung parenchyma and several eccentric
cavities with an irregular wall in the bilateral upper lobes and right lower lobe. Broncho-
alveolar lavage culture yielded Cryptococcus grubii. High-risk patients, including patients with
diabetes, immunosuppressed patients, and patients with T lymphocyte deficiency, leukemia,
AIDS or other immunodeficiencies, are the most common groups to develop pulmonary
cryptococcosis infection. Similar to our patient, immunocompetent hosts with pulmonary
cryptococcosis may present a wide variety of radiographic abnormalities, including nodules

and cavitation. (Thorac Med 2022; 37: 192-197)

Key words: immunocompetent patient, pulmonary cryptococcosis

Introduction

Cryptococcosis is a fungal infection that
can lead to pulmonary involvement after the in-
halation of Cryptococcus spores. In the natural
environment, cryptococci can be isolated from
avian species, especially pigeons, and decayed
wood and soil contaminated with avian excreta
[1,8]. Pulmonary infection is often asymptom-
atic. Exposure to this fungus often results in

subacute disease. Pulmonary cryptococcosis
is known to occur in people with acquired im-
munodeficiency syndrome (AIDS) and in those
in immunocompromised states, such as patients
with diabetes mellitus, liver cirrhosis, leukemia,
and T-cell immunodeficiency diseases, includ-
ing severe combined immunodeficiencies, and
in patients undergoing organ transplantation or
those on immunosuppressive regimens. Pulmo-
nary cryptococcosis presents a broad spectrum
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of abnormal chest image appearances, including
both single or multiple nodules, segmental con-
solidation, cavitation, bilateral bronchopneumo-
nia, a diffuse miliary pattern, mass-like appear-
ances, or mixed patterns [2]. CT appearances
of cavitation and halo signs are more typically
seen in immunocompromised patients than in
non-compromised patients. Immunocompetent
patients more often appear with solitary and
well-defined nodules [3].

Case Presentation

In January 2020, a 48-year-old Taiwanese
male who had a past medical history of hyper-
tension with medication for 20 years presented
at our department. He was a non-smoker, with
a height of 168 cm, a weight of 120 kg and a
body mass index of 42.5 kg/m*. He consumed
alcohol socially only. He had had a chronic
cough with whitish sputum for 4 to 5 months.
During this period, he did not have symptoms
such as fever, dyspnea, hemoptysis or body
weight loss. Therefore, he underwent a self-
paid, complete health examination. Laboratory
data revealed a white blood cell count of 10.8
k/pL, with 58.8% neutrophils, 31.2% lym-

phocytes, 7.9% monocytes, 1.5% eosinophils,
and 0.6% basophils. HIV, HBsAg, anti-HCV,
VDRL, TPHA, rheumatic factor, ANA and
tumor marker were all negative. He also under-
went an esophagogastroduodenoscopy, colo-
noscopy, sonography (abdomen, thyroid and
prostate), brain MRI and angiography of the
coronary artery, but all without significant find-
ings. However, chest high resolution computed
tomography showed multiple nodules scattered
in the lung parenchyma, as well as several ec-
centric cavities with irregular walls in the bilat-
eral upper lobes and right lower lobe (Figure 1).
The largest cavity was 1.7 cm and was located
in the right upper lobe.

The patient had been referred by his phy-
sician to our thoracic outpatient department.
Physical examination was unremarkable. His
HbA1C was 5.6%, and in the normal range.
Serum aspergillus antigen was negative, but
serum cryptococcal antigen showed 1:32(+).
Lumbar puncture and blood culture were nega-
tive. Bronchoscopy was arranged under a suspi-
cion of subacute infection such as tuberculosis,
cryptococcosis or aspergillosis. The cytologic
examination of the broncho-alveolar lavage re-
vealed no findings, but the fungus culture of the

Fig. 1. The regions with cavities (diameter: a 17 mm cavity at the right upper lobe and a 12 mm cavity at the left upper lobe) and nodules were

seen in the chest computed tomography series in the axial view before treatment.
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Fig. 2. Resolution of cavities and nodules after 6 months of antifungal therapy.

broncho-alveolar lavage yielded Cryptococcus
grubii. The patient was treated with fluconazole
600 mg/day, based on his body weight, for 6
months. Repeated imaging 6 months later re-
vealed resolution of most of the cavitary lesions
and nodules (Figure 2).

Discussion

Cryptococcosis occurs in various parts of
the world. Cryptococcus neoformans var. gru-
bii (serotype A) and Cryptococcus neoformans
var. neoformans (serotype D) were previously
classified as neoformans species. However,
it has been recommended that the serotype A
Cryptococci be considered as a single variety
based upon genotypic differences [4-5]. Mean-
while, these 2 serotypes differ in geographic
prevalence and dermatotropism. Cryptococcus
neoformans var. grubii (serotype A) is a wide-
spread saprobic yeast throughout the world and
accounts for over 70% of the world's crypto-
coccosis. It is found in the feces of pigeons or
other birds such as sparrows and parrots. The
overwhelming majority of isolates recovered
from AIDS patients throughout the world are
serotype A. It is an opportunistic pathogen of
immunocompromised patients, with HIV in-
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fection, corticosteroid therapy, hematological
malignancies, and solid organ transplantation
identified as major risk factors [6]. Infections
caused by Cryptococcus var. neoformans (sero-
type D) in such individuals are more prevalent
in isolated geographic areas, especially northern
Europe, Denmark, France and Italy. Serotype D
is more strongly correlated with older patients,
skin infections, and use of corticosteroids. Se-
rotype D is more acute in its clinical course and
patients are more likely to develop fever, and
cutaneous and systemic infection [7]. In the
natural environment, Cryptococcus neoformans
species can be isolated from avian species, es-
pecially from pigeons, decayed wood and soil
contaminated with avian excreta [1,8]. Mam-
malian infection with Cryptococcus neoformans
species is usually acquired by the inhalation of
airborne spores or yeasts. The yeast cells may
disseminate to any part of the body, but Crypto-
coccus neoformans species is more neurotropic;
the typical, life-threatening clinical manifesta-
tion of cryptococcosis is meningoencephalitis
[9]. Cryptococcal disease occurs primarily in
people with impaired immunity, but individu-
als with normal host defenses may also develop
grave infections [10].

In immunocompetent hosts, single or mul-
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tiple pulmonary nodules are the most common
findings [11-12]. This patient was a 48-year-old
male with no apparent underlying conditions
that could lead to an immunocompromised
state, such as diabetes mellitus, liver cirrho-
sis, AIDS, or being under immunosuppressive
medication. An inquiry into his medical history
revealed that the patient had fed pigeons in his
garden every morning and evening during the
past 5 years. Though the causal relationship be-
tween pulmonary cryptococcus and exposure to
birds in this case was not well-established, this
exposure, and the effect of the patient’s obesity
on his immunity, could be considered as risk
factors. A previous study revealed that cavita-
tion within nodules was significantly less com-
mon in immunocompetent patients than in im-
munocompromised patients [13]; however, this
immunocompetent individual presented with
both multiple nodules and cavitations.
Pulmonary cryptococcosis is known to oc-
cur in patients with AIDS and in those with an
immunocompromised status, such as patients
on immunosuppressive regimens or those un-
dergoing organ transplantation. However, it can
also occur in immunocompetent subjects [14].
Radiographic image studies reveal that single
or multiple pulmonary nodules are the most
common findings in immunocompetent hosts,
though immunocompromised hosts have a wide
variety of radiographic abnormalities, includ-
ing single or multiple nodules that progress to
cavitation, segmental consolidation or a bron-
chopneumonia pattern [1]. A previous study
found that cavitation within nodules and paren-
chymal consolidations were significantly less
common in immunocompetent patients than in
immunocompromised patients [15]. In another
retrospective evaluation of 136 patients with
pulmonary cryptococcosis, including 94 im-

munocompromised and 42 immunocompetent
patients, cavitation was significantly more com-
mon among the immunocompromised patients
(31 patients) than among the immunocompetent
patients (4 patients) [16].

The medication of choice for cryptococco-
sis without central nervous system involvement
is fluconazole. In both symptomatic and asymp-
tomatic immunocompetent patients, fluconazole
400 mg/day orally for 6 to 12 months is sug-
gested [12,16]. Antifungal therapy can prevent
or diminish the risk of disease progression. Oral
itraconazole or voriconazole 200 mg twice dai-
ly may be the alternative choice if fluconazole
is not available or is contraindicated. In cryp-
tococcal meningitis or severe pulmonary cryp-
tococcosis, flucytosine is used in combination
therapy with amphotericin B deoxycholate as
first-line therapy at a dosage of 100 mg/kg/day
[17]. Mortality was associated with underlying
diseases including malignancy, chronic hepatitis
and diabetes. These observations suggest that,
as in many other invasive fungal infections,
host immunity plays a major role in determining
the outcome and prognosis [3]. A recent study
of pulmonary cryptococcosis in both immuno-
compromised and non-compromised patients
showed that 70.3% (n = 71) were successfully
treated [18]. However, another study showed
the mortality rate of pulmonary cryptococcosis
in HIV patients was 74% after the first year
post-diagnosis [19]. Fungemia is an important
manifestation of cryptococcosis, and it can pre-
dict a poorer prognosis; therefore, every patient
with cryptococcosis should have blood cultures
performed for fungal isolation [20].

Most of the previous case reports related to
C. neoformans var. grubii involved HIV patients
and patients in immumocompromised states
[16]. Our patient was not an immunocompro-
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mised patient, but still developed a progressive
pattern of pulmonary cryptococcosis, including
cavitation lesions within nodules. According to
previous reports, pulmonary cryptococcosis in
non-immunocompromised and immunocom-
petent subjects might be related to fungus-con-
taminated environmental exposure, hormonal
influences, or a genetic predisposition, all of
which have been suggested as contributing fac-
tors [16-17].

Although the long-term exposure of this
patient to wild pigeons could not be confirmed
as the cause of the disease, it drew our attention
to the importance of environmental exposure.
It reminded us that pulmonary cryptococcosis
is not just confined to immunocompromised
patients, and that a substantial proportion of
patients who are apparently immunocompetent
could develop a more aggressive presentation
like cavitary lesions within multiple nodules
[21]. Clinical presentations and outcomes of
cryptococcal infections are related to host im-
mune status; nevertheless, long-term treatment
is required to achieve patient improvement.

Conclusion

Pulmonary cryptococcosis continues to
cause significant morbidity and mortality in
immunocompromised as well as immunocom-
petent patients. Cryptococcus neoformans var.
grubii is the usual cause of disease among im-
munocompetent patients worldwide. Clinical
presentations and outcomes of cryptococcal in-
fections are affected by host immune status, and
the major choices of treatment are antifungal
drugs. Above all, clinicians should keep in mind
that pulmonary cryptococcosis can not only
present as regions of nodules, but also progress
to cavitary lesions in immunocompetent pa-

Thorac Med 2022. Vol. 37 No. 3

tients. Early diagnosis based on symptoms and
special imaging findings may help improve the
prognosis.

References

1. Kwon-Chung KJ, Fraser JA, Doering TL, ef al. Bahn
Cryptococcus neoformans and Cryptococcus gattii, the
etiologic agents of cryptococcosis. Cold Spring Harb
Perspect Med 2014; 4: a019760.

2.Skolnik K, Huston S, Mody CH. Cryptococcal lung
infections. Clin Chest Med 2017 Sep; 38(3): 451-464.

3. Setianingrum F, Rautemaa-Richardson R, Denning DW.
Pulmonary cryptococcosis: a review of pathobiology and
clinical aspects. Med Mycol 2019 Feb 1; 57(2): 133-150.

4. Hiremath SS, Chowdhary A, Kowshik T, ez al. Long-
distance dispersal and recombination in environmental
populations of Cryptococcus neoformans var. grubii from
India. Microbiology 2008; 154: 1513-1524.

5.Franzot SP, Salkin IF, Casadevall A. Cryptococcus
neoformans var. grubii: separate varietal status for
Cryptococcus neoformans serotype A isolates. J Clin
Microbiol 1999; 37: 838.

6.Baston Paz N, Hernandez Betancor A, Esparza Morera
R, et al. Pulmonary nodules: an unusual onset of HIV
infection belatedly diagnosed. Rev Iberoam Micol 2019
Jul-Sep; 36(3): 151-154.

7.Dromer F, Mathoulin S, Dupont B, et a/. Individual
and environmental factors associated with infection
due to Cryptococcus neoformans serotype D. French
Cryptococcosis Study Group. Clin Infect Dis 1996 Jul;
23(1): 91-6.

8.Gugnani, HC, Mitchell TG, Litvintseva AP, et al.
Isolation of Cryptococcus gattii and Cryptococcus
neoformans var. grubii from the flowers and bark of
eucalyptus trees in India. Med Mycol 2005; 43: 565-569.

e Vu K, Garcia JA, Gelli A. Cryptococcal meningitis and
anti-virulence therapeutic strategies. Front Microbiol
2019 Feb 26; 10: 353.

9.Srikanta D, Santiago-Tirado FH, Doering TL.
Cryptococcus neoformans: historical curiosity to modern
pathogen. Yeast 2014 Feb; 31(2): 47-60.

10.Morita S, Shirai T, Asada K, et a/. Pulmonary

cryptococcosis presenting with a large cavity. Respirol



Pulmonary Cryptococcosis in an Immunocompetent Patient 197

Case Rep 2014 Jun; 2(2): 61-3.

11. Fisher JF, Valencia-Rey PA, Davis WB. Pulmonary
cryptococcosis in the immunocompetent patient — many
questions, some answers. Open Forum Infect Dis 2016;
3(3): 1-6.

12.Chang WC, Tzao C, Hsu HH, ef a/. Pulmonary
cryptococcosis: comparison of clinical and
radiographic characteristics in immunocompetent and
immunocompromised patients. Chest 2006; 129: 333-
340.

13.Xie LX, Chen YS, Liu SY, ef al. Pulmonary
cryptococcosis: comparison of CT findings in
immunocompetent and immunocompromised patients.
Acta Radiol 2015 Apr; 56(4): 447-53.

14.Qu J, Zhang X, Lu Y, et al. Clinical analysis in
immunocompetent and immunocompromised patients
with pulmonary cryptococcosis in western China. Sci Rep
2020 Jun 10; 10(1): 9387.

15. Xie X, Xu B, Yu C, et al. Clinical analysis of pulmonary

cryptococcosis in non-HIV patients in south China. Int J
Clin Exp Med 2015 Mar 15; 8(3): 3114-9.

16. Maziarz EK, Perfect JR. Cryptococcosis. Infect Dis Clin
North Am 2016 Mar; 30(1):179-206.

17.Huang J, Lan C, Li H, et al. Retrospective analysis of 117
Chinese patients with pulmonary cryptococcosis. Chest
2016; 149: A124.

18.Meyohas MC, Roux P, Bollens D, et al. Pulmonary
cryptococcosis: localized and disseminated infections in
27 patients with AIDS. Clin Infect Dis 1995 Sep; 21(3):
628-33.

19. Pasqualotto AC, Bittencourt Severo C, de Mattos Oliveira
F, et al. An analysis of 28 cases with emphasis on the
clinical outcome and its etiologic agent. Rev Iberoam
Micol 2004 Sep; 21(3): 143-6.

20.Lui G, Lee N, Ip M, et al. Cryptococcosis in apparently
immunocompetent patients. QJM 2006 Mar; 99(3): 143-
51.

Thorac Med 2022. Vol. 37 No. 3



198

Acute Eosinophilic Pneumonia after Use of E-cigarettes:
A Case Report

Po-Wei Hu', Fang-Chi Lin'

Use of electronic cigarettes (e-cigarettes) can have serious adverse effects on the
respiratory tract. This is termed e-cigarette or vaping product use associated lung injury
(EVALI). EVALI involves more than 1 mechanism, and reflects a spectrum of disease
processes. Acute eosinophilic pneumonitis (AEP) is a relatively uncommon pattern of EVALIL.
Here, we reported a previously healthy young man who developed AEP following vaping for 4

months. (Thorac Med 2022; 37: 198-204)

Key words: e-cigarette, vape, e-cigarette or vaping product use associated lung injury (EVALI), acute

eosinophilic pneumonia (AEP)

Introduction

Electronic cigarettes (e-cigarettes) are bat-
tery-operated devices that heat to aerosolize lig-
uids, mixtures of nicotine, and flavorings for in-
halation [1-2]. Since their invention in China in
2003 and introduction to Europe and the United
States (US) in 2006 and 2007, respectively [1],
the numbers of e-cigarette users have continued
to skyrocket, with the most dramatic rise in ad-
olescents in the US [1-3]. In addition to aiding
in smoking cessation [2, 4], e-cigarettes have
been regarded as a safer substitute for the con-
ventional cigarette because of the absence of
combustion, which generates various harmful
substances [2-4]. However, reports from animal
models suggested that exposure to e-cigarettes

might be directly toxic to lung tissues and im-
pair the host defense against pathogens [2]. In
2019, the US Centers for Disease Control and
Prevention (CDC) reported an epidemic of a
newly identified lung disease caused by vaping,
termed e-cigarette or vaping product use associ-
ated lung injury (EVALI). EVALI has received
a lot of attention because the CDC reported
more than 2,800 cases of lung injuries requir-
ing hospitalization and 68 deaths across all 50
states by mid-February 2020 [5-6].

EVALI is a heterogeneous collection of
pneumonitis patterns, including lipoid pneumo-
nitis, hypersensitivity pneumonia, organizing
pneumonia, eosinophilic pneumonia (EP), and
others. [7]. An association was found between
inhalational exposures and acute eosinophilic
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pneumonia (AEP) [8-9], which is not a com-
mon pattern in EVALI [10]. Here, we present
the case of a graduate student who developed
AEP following the use of e-cigarettes.

Case Report

A previously healthy 23-year-old male
graduate student presented to the emergency
department (ED) of our hospital with a 3-day
history of intermittent fever and chills. One
week prior to this presentation, he experienced
intractable cough with increased sputum, for
which he visited a general practitioner. His con-
dition did not improve despite antitussive and
antibiotic treatment.

He denied any respiratory disease such as
asthma, sinusitis, or chronic pulmonary dis-
ease. There were no preceding common cold-
like symptoms. He denied any travel history to
areas with confirmed cases of coronavirus dis-
ease 2019 (COVID-19) or any contact with ill
individuals. He denied illicit drug use, alcohol
consumption, or traditional cigarette smoking;
however, he had been vaping 30 minutes per
day (disclosure of the brand was refused) for 4
months, and did not quit until 1 to 2 weeks be-
fore this presentation, when there was a foreign
body sensation in the throat.

In the ED, he was afebrile with body tem-
perature of 37.2 degrees Celsius, blood pres-
sure of 152/118 mmHg, respiratory rate of 20
breaths per minute, and heart rate of 90 beats
per minute. His oxygen saturation was 98%
while breathing ambient air. On physical exam-
ination, he revealed no respiratory distress and
his breathing sound was unremarkable.

Laboratory examination disclosed leuko-
cytosis (18,200 per mm®) with a high percent-
age of eosinophils (37.7%), and an elevated C-

reactive protein level (2.08 mg/dL, reference
range: <0.5 mg/dL). The tests for renal and
hepatic function were within normal limits.
The BIOFIRE® FILMARRAY" Respiratory°2
plusPanel (bioMérieux, Inc., Marcy—l’Etoile,
France) qualitative multiplexed nucleic acid-
based diagnostic method was used for the rapid
test, which revealed negative results for influ-
enza virus, human metapneumovirus, parainflu-
enza virus, respiratory syncytial virus, Bordetel-
la pertussis, Chlamydophila pneumoniae, and
Mycoplasma pneumoniae on nasopharyngeal
swab. Compared with the results of the previ-
ous chest radiography, which showed no active
lung lesion (Figure 1A), there were newly-
developed alveolar processes in bilateral apical
lung areas (Figure 1B). Blood and sputum were
obtained for bacterial, fungal, and mycobacte-
rial cultures. He was discharged from the ED
and amoxicillin/clavulanate was prescribed as
empirical treatment under the tentative diagno-
sis of community-acquired pneumonia.

He then sought medical attention at the
pulmonology outpatient department because
there was no symptomatic improvement after a
5-day course of empirical antibiotics. Follow-
up chest radiography revealed no regression.
The bacterial and fungal cultures of the blood
and sputum, the sputum acid-fast stain, and se-
rologic tests for Chlamydophila pneumoniae,
Mycoplasma pneumoniae, Cryptococcal an-
tigen, and Aspergillus galactomannan antigen
were all negative. Computed tomography (CT)
of the chest disclosed patchy consolidation and
ground-glass opacities (GGO) in the bilateral
upper lung fields, with a peripheral predomi-
nance, and enlarged lymph nodes in paratra-
cheal and paraaortic areas (Figure 2). Non-in-
fectious diseases such as autoimmune disease-
related interstitial lung disease or allergic lung
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Fig. 1. Serial Changes in Chest Radiography.(1A). Chest radiography taken 3 months before presentation showed no active lung lesion.(1B).
Chest radiography taken on the day of presentation showed airspace lesions in bilateral apical areas; (1C). Chest radiography taken 10 days after
steroid treatment showed marked regression of the apical lesions.

Fig. 2. Computed Tomography of the Chest before Treatment.
2A. Consolidation in bilateral apical regions.
2B. Ground-glass opacity in bilateral upper lobes with a peripheral predominance.
2C. Airspace lesions showing an upper zone predominance.
2D. Enlarged mediastinal lymph nodes in the right paratracheal region (arrow).

Thorac Med 2022. Vol. 37 No. 3
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Fig. 3. Significant Increases in Eosinophils in Bronchoalveolar Lavage Fluid (Liu’s Stain 400X).

disease were considered, but no autoantibodies
or associated signs were detected. However,
there was a marked increase in the serum total
IgE level (1198 kU/I, reference range: <200 kU/
D).

Diagnostic bronchoalveolar lavage (BAL)
was recommended because of persistent symp-
toms and unresolved pulmonary lesions. How-
ever, no remarkable abnormality was observed
within visible range during the bronchoscopic
examination. Significant increases in the per-
centage of eosinophils (40%) were observed in
the BAL fluid (Figure 3). There were no malig-
nant cells or parasites in the BAL cytological
examinations and cultures of BAL fluid were
negative for bacteria, viruses, and fungi. No

other infectious etiologies, including Tuberculo-
sis, Legionella, Strongyloides, and Pneumocys-
tis jirovecii, were identified.

Owing to remarkable eosinophilia in the
BAL fluid and that no infectious etiologies
were found, he was started on prednisolone 40
mg/day orally under the diagnosis of AEP. He
became afebrile within 24 hours, and his cough
abated during the following 3 days. Another
chest radiography performed 10 days after pred-
nisolone treatment showed marked regression
of the air-space lesions in the bilateral apical re-
gion (Figure 1C); the serum total IgE levels (159
kU/1) and eosinophil percentage (0.8%) had
decreased to normal limits, as well. As of this
writing, he is on a tapering dose of prednisolone

Thorac Med 2022. Vol. 37 No. 3



202 Po-Wei Hu, Fang-Chi Lin

and doing well 4 months after the diagnosis.
Oral prednisolone will be discontinued soon.

Discussion

Eosinophilic pneumonia (EP) comprises a
broad range of infectious and

noninfectious pulmonary conditions that
involve accumulations of eosinophils in the
alveolar space and the interstitium [8-9]. AEP
was first described in 1989 as an acute febrile
illness, with diffuse bilateral lung opacities
and eosinophilia in BAL, and potentially rapid
progression to acute respiratory failure [8-10].
AEP is also characterized by prompt clinical
improvement after treatment, with no relapses,
and improvement of radiographic abnormalities
without fibrosis [8-11].

The first 4 reported cases of AEP had un-
known etiologies; however, further investiga-
tions suggested that AEP can be idiopathic or
have identifiable causes, including tobacco
smoke, environmental or occupational dust
exposures, toxin inhalations, infection, and
medications [8-10]. Moreover, several studies
highlighted the association between AEP and
smoking. A newly initiated smoking habit, al-
terations in an existing smoking habit (including
restarting smoking and increasing the number
of cigarettes smoked), and short-term exposure
to passive smoking can probably result in AEP
[8-9, 11].

To the best of our knowledge, the English-
language literature linking e-cigarettes with
AEP is scarce. Only 3 cases of e-cigarette-asso-
ciated AEP were reported in PubMed [12-14].
They were 1 female and 2 male vapers aged
from 18 to 23 years old. The symptoms includ-
ed cough, shortness of breath, chest pain, facial
flushing, nausea, vomiting, and fever, with

Thorac Med 2022. Vol. 37 No. 3

a duration of 1 day to 2 weeks. At the initial
presentation, none of them had an elevated eo-
sinophil count in the peripheral blood, but there
was significant eosinophilia in the BAL fluid.
Serum IgE level with a mild elevation (279 kU/1)
was available in 1 case. The intervals between
vaping initiation and onset of symptoms were 1
hour in the first case and 2 months in the latter
2 cases. Intensive care unit care was needed in
the latter 2 cases, and 1 of the patients was intu-
bated. Nevertheless, the effect of corticosteroid
treatment was dramatic, in that the symptoms
showed improvement within 12 hours to 5
days. All of the 3 patients survived. Compared
to the previously reported patients, our patient
had a longer duration of vaping (4 months), but
there was no significant desaturation at the ini-
tial presentation. In addition, he had significant
peripheral blood eosinophilia and serum IgE el-
evation, which are more common in chronic EP
(CEP). CEP and AEP share some pathophysi-
ological features, such as significant eosinophil
infiltrations in the pulmonary parenchyma and
a favorable response to corticosteroid treatment
[9]. Unlike AEP, CEP is not linked to smoking,
but closely associated with allergic diseases,
such as bronchial asthma, atopic dermatitis, and
allergic rhinitis [9]. Since this patient denied
asthma or sinusitis, CEP and Churg-Strauss
syndrome were less likely [15].

Diagnosing AEP is a challenge, because
it may be indistinguishable from community-
acquired pneumonia at first, potentially lead-
ing to a misdiagnosis or delayed diagnosis [9].
The current diagnostic criteria for AEP were
modified from those proposed by Philit et al.
in 2002, and include the following: (1) acute
respiratory illness of <1-month duration before
presentation; (2) pulmonary infiltrates on chest
radiography or CT scan; (3) pulmonary eosino-
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philia as demonstrated by >25% eosinophils in
the BAL differential cell count or EP on lung
biopsy findings (transbronchial or surgical);
and (4) absence of other specific pulmonary
eosinophilic diseases, including eosinophilic
granulomatosis with polyangiitis (Churg-Strauss
syndrome), hypereosinophilic syndrome, and
allergic bronchopulmonary aspergillosis. Pa-
tients with peripheral eosinophilia (total eosino-
phil count >500 cells/mL) and who satisfied di-
agnostic criteria 1, 2, and 4 were also included
when patients did not undergo BAL or lung
biopsy and the illness could not be explained by
other potential diagnoses [9]. The current diag-
nostic criteria for CEP are quite similar to those
for AEP, except the symptoms have to last more
than 2 weeks [16].

Characteristic chest radiography findings of
AEP were described as bilateral airspace opac-
ity, interlobular septal thickening, and pleural
effusions with no cardiomegaly [11]. The im-
age presentation we reported here did not show
characteristic findings of AEP; however, most
of these referenced studies were based on only
a small number of AEP patients [11]. The chest
CT of our patient revealed mixed consolida-
tion/GGO with peripheral and upper lung zone
predominance, without significant interlobular
septal thickening or pleural effusion. Actually,
the CT patterns of AEP are diverse. A study on
the CT findings of 29 AEP cases [11] showed
that all the patients had bilateral GGO. One-
third of the patients had centrilobular nodules.
Interlobular septal thickening could be seen in
90% of the patients, and bilateral pleural effu-
sion was common. The distribution of the infil-
trates was mainly random (>50%); otherwise,
peripheral was more common than central, and
lower was more common than upper. Intratho-
racic lymphadenopathy in EP is very rare, and

is probably due to a hypersensitivity reaction
[17-18]. Repeated chest CT was recommended
for this patient for confirmation of the regres-
sion of mediastinal lymphadenopathy.

Determining the treatment strategy for
AEP is dependent on whether the underlying
cause is identifiable. Cessation of exposure to
the offending agent is mandatory when AEP is
caused by exogenous exposure [10]. Systemic
corticosteroid is the mainstay therapy for AEP
[8]. Spontaneous regression without cortico-
steroid treatment has been reported in patients
with mild AEP [10]. There is no consensus on
the optimal dose and duration of corticosteroid
treatment. In clinical practice, the initial dose is
determined by disease severity. In patients with
severe hypoxemic respiratory failure requiring
mechanical ventilation, intravenous methyl-
prednisolone with doses ranging from 60 to 125
mg every 6 hours or equivalent is recommend-
ed. For those without respiratory failure at pre-
sentation, oral prednisone 40 to 60 mg daily or
equivalent is started and then progressively ta-
pered over 2 to 6 weeks, depending on the pace
of improvement in symptoms and radiologic
findings [8, 10, 19]. An earlier study showed
no significant differences in symptomatic or
radiographic resolution between a 2-week and a
4-week course of steroid therapy [19]. Relapse
of AEP is rare and most patients had complete
recovery [20].

Conclusion

Recent studies have shown that the mecha-
nism of inflammation and that of cytokine
stimulation were similar in both those who used
e-cigarettes and those who smoked cigarettes
[12-13]. AEP, an uncommon acute respiratory
illness of varying severity, may be life-threaten-

Thorac Med 2022. Vol. 37 No. 3



204 Po-Wei Hu, Fang-Chi Lin

ing if not promptly diagnosed and appropriately
treated [8-10]. The patient’s e-cigarette use
history should be obtained and the physician
should take AEP into consideration when ap-
proaching a patient with respiratory symptoms
and pulmonary infiltrates with a recent history
of e-cigarette use.
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Endobronchial Actinomycosis — a Case Report

Ko-Ling Chien', Chi-Li Chung'?, Chi-Long Chen®

Endobronchial actinomycosis is a rare manifestation of thoracic actinomycotic infection
that can mimic malignancy, tuberculosis, fungal infection or lung abscess, and thus
usually leads to a misdiagnosis. Here, we reported an unusual case of actinomycosis with
endobronchial involvement that was initially misdiagnosed as a lung abscess with organizing
pneumonia. Endobronchial actinomycosis was confirmed by bronchial pathology, and the
patient was treated successfully with a 6-month course of antibiotics, showing both marked
symptomatic and image improvement. The follow-up bronchoscopic image revealed nearly
total resolution of the endobronchial nodule and no evidence of obscure abnormalities. This
case highlights the critical role of bronchoscopy, rather than conventional chest computed
tomography only, in the definite diagnosis of endobronchial actinomycosis. Repeated
bronchoscopy following treatment is mandatory, given the close association of endobronchial
actinomycosis with a broncholith, inhaled foreign body and lung cancer. (Thorac Med 2022;

37: 205-210)

Key words: pulmonary actinomycosis, endobronchial actinomycosis, bronchoscopy

Introduction

Pulmonary actinomycosis, an unusual
thoracic infection caused by Actinomyces, ac-
counts for only 15% of human actinomycosis
cases [1-2]. As both clinical presentations and
radiological findings are not specific and vary
widely among individuals, pulmonary actino-
mycosis is frequently misdiagnosed as malig-
nancy, tuberculosis, fungal infection or lung
abscess [3]. Moreover, endobronchial involve-
ment is a rare manifestation of actinomycosis,

and is often associated with a broncholith [4-5],
inhaled foreign body [6], or lung cancer [7-8].
We herein reported a patient with endobronchial
actinomycosis who presented with intermittent
hemoptysis for the past 3 years and a right hilar
mass lesion. He was initially misdiagnosed as
having a lung abscess with organizing pneumo-
nia.

Case Report

This 62-year-old male patient had a history
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of type 2 diabetes mellitus (DM) under treat-
ment with metformin for many years, and L4/
L5 spondylolisthesis status post-transforaminal
lumbar interbody fusion surgery 7 years prior
to this admission. He suffered from intermittent
hemoptysis with a small amount of bright red
blood in the sputum for the past 3 years. He re-
ported no fever or other respiratory symptoms.
He had no history of a dental hygiene problem
or foreign body aspiration. He denied smoking,
alcohol abuse or a betel nut chewing habit. His
temperature was 36.9°C, pulse, 81 beats per
minute, blood pressure, 131/90 mm Hg, and
respiratory rate, 18 breaths per minute; oxygen
saturation was 99% under room air, and did not
decrease with exertion. There was no palpable
cervical lymphadenopathy and chest ausculta-
tion revealed neither crackles nor a wheezing
sound. Laboratory test results showed a white
blood cell count of 9860/uL, with neutrophils
at 61.9%, lymphocytes 18.9% and monocytes
8.0%. Hemoglobin was 12.7g/dl, platelet count
272000/uL, C-reactive protein 0.97mg/dl, and
HbA1C: 9.6%. Chest radiograph showed a right
hilar mass (Figure 1A), and chest computed
tomography (CT) revealed a lobulated hetero-

geneously enhancing mass, about 5.24 x 3.07
cm in diameter and 3.37 cm in length, at the
anterior segment of the right upper lung (Figure
1B). According to the image study report, lung
cancer or an infectious process was highly sus-
pected. However, the serial axial CT images did
not reveal visible endobronchial lesions.

The patient refused bronchoscopy inter-
vention to identify the potential endobronchial
obstructive lesion, but he agreed to undergo
CT-guided lung biopsy of the mass. The pathol-
ogy report showed diffuse inflammatory cell
infiltration with granulation tissue formations
in the bronchial and alveolar spaces (Masson-
bodies), compatible with the features of or-
ganizing pneumonia. Neither malignancy nor
granulomatous infection was found. Moreover,
the sputum bacterial culture grew Klebsiella
pneumoniae, while sputum acid-fast stain and
culture for Mycobacterium tuberculosis were
negative. Accordingly, with the presumptive
diagnosis of bacterial lung abscess with orga-
nizing pneumonia, based on the microbiology
results and the antibiogram, moxifloxacin 400
mg was administered.

After the antibiotics therapy, the patient still

Fig. 1. The initial chest radiograph showed a right hilar mass (arrowhead) (A), and chest computed tomography (CT) revealed a lobulated

heterogeneously enhancing mass (arrowhead) at the anterior segment of the right upper lung (B).
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Fig. 2. Bronchoscopic examination showed a yellowish friable
glossy nodule at the orifice of sub-segmental b of the anterior
bronchus of the right upper lobe (RB3b).

experienced intermittent hemoptysis, and the
follow-up chest x-ray 1 month later revealed no
resolution of the mass lesion. Repeated sputum
cultures showed negative results. Therefore,
in order to seek out the obscure etiology and
possible endobronchial lesions, he underwent
fiberoptic bronchoscopy, which disclosed a yel-
lowish friable glossy nodule at the orifice of the
sub-segmental branch of the anterior bronchus
of the right upper lobe (RB3b), with partial
obstruction of the lumen (Figure 2). Neither
a foreign body nor a broncholith was identi-
fied. Bronchial biopsy was performed and the

Fig. 3. Histopathologic examination of the endobronchial

glossy nodule showed chronically inflamed bronchial tissue with
granulation (arrow), and some Actinomyces bacterial clumps
(sulfur granules) with basophilic radiating filaments (arrowhead).
(Hematoxylin & Eosin stained, 100X magnification).

histological examination revealed some ab-
scess formations with actinomyces-like “sulfur
granules”, and Gram staining disclosed Gram-
positive bacterial clumps with basophilic radiat-
ing filaments (Figure 3). The diagnosis of endo-
bronchial actinomycosis finally was confirmed.
The antibiotic regimen was shifted to oral
amoxicillin-clavulanate, after which, the patient
reported no further hemoptysis. The antibiotic
treatment was continued for a total duration of
6 months, and the follow-up chest x-ray and
chest CT revealed marked regression of the
right upper lung mass lesion (Figures 4A and

Fig. 4. Follow-up chest radiograph (A), and chest CT (B), following a 6-month amoxicillin-clavulanate treatment course revealed resolution of

the right hilar mass.
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Fig. 5. Follow-up bronchoscopic examination showed complete
resolution of the previous endobronchial nodule at the orifice of sub-
segmental b of the anterior bronchus of the right upper lobe (RB3b).

4B). Moreover, follow-up bronchoscopy was
performed and showed complete resolution of
the previous endobronchial nodule at the RB3
orifice and no residual abnormality (Figure 5).

Discussion

Actinomyces are a group of filamentous,
anaerobic, Gram-positive bacteria. They are
commensal flora of the pharynx and gastro-
intestinal and urogenital tract in humans, and
rarely cause a chronic suppurative infection
[1]. The infection site frequency is as follows:
cervicofacial (55%), abdominopelvic (20%),
and thoracopulmonic (15%). Endobronchial
actinomycosis is an infrequent thoracopul-
monic infection [2]. Pulmonary actinomycosis
is acquired mainly through microaspiration of
oropharyngeal materials; poor oral hygiene,
preexisting dental disease and facial trauma
are also important risk factors [9]. Moreover,
underlying pulmonary disorders and chronic
debilitating diseases prone to aspiration, includ-
ing emphysema, chronic bronchitis, bronchiec-
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tasis, DM, alcoholism and neurologic diseases,
may also increase the infection hazard [3]. The
main symptoms include cough, productive spu-
tum, chest pain, dyspnea, and hemoptysis [3].
The chest radiological findings are very diverse
and have large-scale variations, ranging from
peripheral lung infiltrates, multiple nodules,
pleural effusions, and hilar and/or mediastinal
lymphadenopathies to a cavitating mass involv-
ing the pleura, chest wall or even the spinal ver-
tebrae [3,10].

In general, pulmonary actinomycosis exhib-
its a peripheral and lower lobe predominance,
reflecting the role of aspiration in its pathogen-
esis [11]. As both clinical manifestations and
radiological findings are non-specific and vary
widely with time and among individuals [3],
pulmonary actinomycosis is likely to be mis-
diagnosed as malignancy, tuberculosis, fungal
infection or lung abscess, and there is often a
delay in diagnosis [12]. A positive culture from
an adequate specimen and the histopathologi-
cal demonstration of sulfur granules in infected
tissue are required for a definite diagnosis [3].
As it is difficult to isolate Actinomyces with
bronchial brushing or washing for a distal air-
way lesion, fiberoptic bronchoscopy is usually
not diagnostic unless there is an endobronchial
lesion on which biopsy can be performed [13].
Therefore, a more invasive diagnostic proce-
dure such as ultrasound- or CT-guided biopsy,
or even surgical excision is usually needed for
peripheral lesions [3].

Endobronchial actinomycosis is a rare man-
ifestation of actinomycosis with infections lo-
cated in the proximal airways [14]. It has been
reported to be associated with an Actinomyces-
contaminated broncholith or inhaled foreign
body, often presenting as a proximal obstruc-
tive endobronchial nodule with distal post-ob-
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structive pneumonia or atelectasis [4-6], which
usually simulates lung cancer clinically [15].
Accordingly, bronchoscopy may not very use-
ful for confirming parenchymal actinomycosis
[16], but bronchial biopsy is mandatory for the
diagnosis of endobronchial actinomycosis. The
bronchial lesion often presents as a friable, exo-
phytic necrotic nodule with purulent exudate [3,
16], and should be differentiated from broncho-
genic carcinoma. Previous studies found that
endobronchial actinomycosis had a favorable
prognosis if recognized early and treated with
antibiotics for a period of 3 to 12 months [3,
6, 14]. In addition, bronchoscopic removal of
the broncholith or foreign body may facilitate a
shorter duration of antibiotic treatment for en-
dobronchial actinomycosis [17]. Further stud-
ies on using cryobiopsy or electrocautery as an
adjunctive treatment are needed, given the risk
of critical airway obstruction by endobronchial
actinomycosis [6].

The initial CT-guided lung biopsy of our
patient revealed a pattern of organizing pneu-
monia, and the preliminary sputum culture grew
Klebsiella pneumoniae, which led to the misdi-
agnosis of lung abscess with a common patho-
gen. Organizing pneumonia has been depicted
to be associated with various bacterial infec-
tions and, to the best of our knowledge, rarely
with actinomycosis [18-19]. Moreover, previous
studies found that co-infection with other bac-
teria, especially Gram-negative bacteria such as
Eikenella corrodens and Actinobacillus actino-
mycetemcomitans, is not uncommon in thoracic
actinomycosis [3, 20, 21], which might suggest
the potential contribution of accompanying mi-
croorganisms to actinomycotic infection [22].
Although bacteria growth in the sputum culture
may merely indicate colonization, co-infection
with Klebsiella pneumoniae has seldom been

reported. The current case indicates that actino-
mycosis is usually a mixed infection and that
the histological finding of organizing pneumo-
nia or the culturing of common pathogens does
not suffice to exclude actinomycosis, and may
lead to a misdiagnosis of organizing pneumonia
or lung abscess.

In contrast to previous reports [4-6], the
bronchoscopy for this patient did not reveal a
broncholith or foreign body, but an endobron-
chial tumor with partial occlusion of the bron-
chi. The pathogenic process of endobronchial
actinomycotic infection remains unknown.
Nevertheless, a foreign body might not be iden-
tified at the initial bronchoscopy [6], and acti-
nomycosis has been reported, not infrequently,
to co-exist with lung cancer [7-8]. It thus seems
essential to perform follow-up bronchoscopy
after antibiotic treatment to exclude the pres-
ence of an associated foreign body or concealed
bronchogenic carcinoma. Fortunately, after a
6-month antibiotic treatment course, our pa-
tient had obvious improvement in both respi-
ratory symptoms and chest imaging, and the
subsequent bronchoscopy showed nearly total
resolution of the endobronchial nodule and no
evidence of obscure abnormalities.

In conclusion, we have reported a rare
case of endobronchial actinomycosis not linked
with foreign body aspiration, that mimicked
lung cancer, and that was misdiagnosed as a
lung abscess with organizing pneumonia. Bron-
choscopy is the key procedure for diagnosis
of endobronchial actinomycosis, and repeated
bronchoscopy following treatment response is
mandatory, given the close relationship between
endobronchial actinomycosis and other bacte-
rial co-infections, a broncholith, inhaled foreign
body and lung cancer.

Thorac Med 2022. Vol. 37 No. 3
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Successful Management of Tracheobronchial Injury
with Endobronchial Stenting in an Adult with Thoracic
Trauma

Tse-Bin Yang', Hsiu-Ling Cheng’, Yun-Hsiang Chan', Shuenn-Wen Kuo®

Tracheobronchial injury (TBI) is a serious condition caused by blunt or penetrating
trauma. Prompt diagnosis after the initial insult can sometimes be difficult due to subtle air-
leakage. The management of TBI includes conservative treatment, endobronchial stenting
and surgical repair. Here, we describe the case of a 27-year-old man who suffered from
thoracic trauma with TBI and who was successfully managed with endobronchial stenting.

(Thorac Med 2022; 37: 211-216)

Key words: tracheobronchial injury, pneumothorax, pneumomediastinum, endobronchial stenting

Introduction

Tracheobronchial injury (TBI) is a rare but
potentially life-threatening clinical scenario
consequent to cervical and thoracic trauma.
Clinical manifestations of TBI can be obscure
initially, or present with delayed or refractory
signs of air-leakage. Early detection of any
airway defect is important. The treatment plan
should be made individually for TBI patients
based on underlying conditions and injury se-
verity. Here, we present the case of an adult
male who had suffered from TBI in a severe car
accident.

Case Report

The patient was a 27-year-old male. He was
a college student with no underlying disease.
He was involved in a serious car accident and
suffered contusion injury of the neck, right-side
chest wall, and hip, and was sent to Taipei City
Hospital Renai Branch. The patient’s body tem-
perature was 36°C, heart rate: 88 beats per min-
ute, and respiratory rate: 20 breaths per min-
ute. His blood pressure was 86/54mmHg and
saturation by pulse oximetry was 97% under a
nasal cannula at 3L/min. Physical examination
showed right-side decreased breathing sounds.
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Fig. 1. Chest CT showed right pneumothorax with a collapsed right lung.

Chest radiograph and computed tomography
(CT) at the emergency department revealed
right 2nd and 3rd rib fractures, right C5 and
C6 transverse process fractures, and right-side
pneumothorax with a collapsed lung (Figure 1,
Figure 2). Due to the right-side pneumothorax,
a 28 French chest tube was inserted via the right
4th intercostal space.

However, persistent air-leakage from the
chest tube and poor expansion of the lung
were detected. Follow-up CT scan the next day
showed that right-side pneumothorax and the
collapsed right lung still remained. Pneumo-
mediastinum with extension to the neck, and
pneumopericardium were also noticed (Figure
3). Bronchoscopy showed laceration at the right
vestibular fold and a large laceration at the right
main bronchus (Figure 4). The right main bron-
chus laceration was about 0.7cm in length, and
was located between the carina and the right
secondary carina, near the right upper lobe ori-
fice. It was covered by some blood and tissue
debris. Due to tracheobronchial injury with con-
tinued air-leakage, the patient was transferred
to National Taiwan University Hospital and
another bronchoscopy was arranged for wound
assessment.

Thorac Med 2022. Vol. 37 No. 3

Fig. 2. Chest radiograph showed multiple rib fractures, right

pneumothorax and a chest tube inserted via the right 4th intercostal
space.

Under intravenous general anesthesia,
flexible bronchoscopy was performed and a
12mm x 2cm endobronchial stent was deployed
(Figure 5). The stent’s location was modified
using grasping forceps to ensure the laceration
wound was fully covered without overlapping
the carina or occluding the left main bronchus.
After endobronchial stenting, the pneumothorax
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Fig. 3. Chest radiograph showed right pneumothorax. CT showed right pneumothorax, pneumomediastinum, pneumopericardium and a bronchial

wall defect.

Fig. 4. Bronchoscopy showed laceration at the right vestibular fold and a large laceration at the right main bronchus.

Thorac Med 2022. Vol. 37 No. 3
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Carina

Fig. 5. Deployment of an endobronchial stent in the right main bronchus.

A

Fig. 6. The laceration healed and the endobronchial stent was
removed 2 weeks later.

and pneumomediastinum gradually resolved,
as seen on chest x-ray. After removal of the
chest tube, no further sign of air-leakage was
detected. The patient was discharged under a
stable condition. Follow-up bronchoscopy 2
weeks later showed that the right main bron-
chus laceration had healed successfully (Figure
6), without development of stenosis, so the en-
dobronchial stent was also removed.

Discussion

We presented a case with chest blunt
trauma and right main bronchial injury, which
was detected due to unresolved pneumothorax
and persistent air leakage from the chest tube.

Thorac Med 2022. Vol. 37 No. 3

TBI can be caused by neck or thoracic trauma,
as well as iatrogenic injury. The incidence of
traumatic TBIs is reported to be about 2~3%,
although this was thought to be underestimated
due to the fact that many victims had died be-
fore reaching the hospital [1,2]. latrogenic TBI
can result from surgery or endotracheal intu-
bation. The incidence of routine endotracheal
intubation-induced TBI is very low -- about
0.005% for a single-lumen tube and 0.05% for a
double-lumen tube [3]. However, the incidence
of TBI in emergency intubation can reach up
to 15% [4]. Surgical intervention involving the
middle and lower esophagus has the highest
incidence — approximately 0.4~1.8% among
surgery-related TBIs [5,6]. With endobronchial
ultrasound (EBUS)-guided transbronchial bi-
opsy, the incidence of TBI is extremely low [7]
More than 75% of TBIs occur within 2.5
cm from the carina, and most of them are lo-
cated in the main stem bronchus [8]. The mech-
anisms of TBI include penetrating and high-
energy blunting injuries. Penetrating injuries re-
sulting from stab wounds are usually located in
the cervical trachea, whereas gunshot wounds
can involve either the cervical or intrathoracic
airways [9]. High-energy TBIs can be caused
by rapid deceleration and shearing forces of the
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cervical trachea, a surge in airway pressure, and
compression between the sternum and vertebral
bodies. These mechanisms frequently produce
bone fractures, spinal cord injuries and lacera-
tion of the esophagus, blood vessels and lung
parenchyma.

The typical manifestations of TBIs are
subcutaneous emphysema, pneumothorax and
pneumomediastinum [10]. Clinically, the patient
may have dyspnea, hoarseness, stridor, hemop-
tysis, respiratory failure or even shock. Physical
examinations can reveal subcutaneous crepita-
tion on palpation, diminished breathing sound
or a precordial crunching sound that occurs in
synchrony with heartbeats (Hamman's sign).
CT scans may reveal gas dispersion around the
leakage site, bronchial lumen displacement and
discontinuity of the tracheal wall. However,
CT imaging has limitations in detecting a mi-
nor tear. It is important to know that symptoms
and signs of TBIs are sometimes subtle at first,
and that the correct diagnosis can be difficult to
make. A delayed presentation may be encoun-
tered when the tracheal tear is tiny, or when the
air leakage site was previously covered by the
endotracheal tube cuff in intubated patients.
It is crucial to include TBI in the differential
diagnosis when dealing with pneumothorax or
pneumomediastinum refractory to chest drain-
age.

The definite diagnosis of TBI is made by di-
rect visualization of the injury in bronchoscopy
or surgery. Both interventions have diagnostic
and therapeutic value. The management of TBIs
starts with establishing a secure airway. When
intubation is needed, flexible bronchoscopy can
guide and place the cuff of the endotracheal
tube beyond the injury site or into the unharmed
bronchus. In cases of severe trauma, direct
intubation through an open wound into the

transected airway and emergency tracheostomy
may be required. After securing the airway,
patients who can breathe spontaneously, those
who require minimal ventilator support, have
a superficial or small tracheal tear (<2cm), or
have no evidence of a persistent air leak can be
treated non-operatively [11,12]. Non-operative
treatment includes the use of broad-spectrum
prophylactic antibiotics for 1 week, setting the
ventilator with a minimal acceptable airway
pressure, and avoiding oral intake or insertion
of a nasogastric tube if there is concomitant
esophageal injury [13].

The introduction of endobronchial stent
placement, particularly self-expanding metallic
stent (SEMS), brings more therapeutic options
to TBI patients [14]. This is a minimally inva-
sive technique, and better suits patients at high
surgical risk. Deploying the stent can provide
mechanical obstruction of the tracheal defect.
As the granulation tissue over the covered stent
grows, it can structurally strengthen the closure
of the tracheobronchial defect. Usually the stent
can be removed after 4~6 weeks of adequate
healing. Prolonged stent placement may cause
complications like tracheal stenosis, stent mi-
gration, mucus plugging and infection [15].

Surgical interventions for TBIs generally
include exposure of the injury site, conservative
debridement, creating a tension-free anastomo-
sis and autologous tissue repair or reconstruc-
tion. Sometimes sleeve resection, lobectomy or
even pneumonectomy may be needed [16]. A
transthoracic or trans-sternal approach to repair
depends on the location of the injury. Once the
surgery is finished, bronchoscopy should be
performed to ensure proper repair of the injury.
Follow-up bronchoscopies for assessment of
granulation tissue or stenosis formation during
the healing process may also be needed. The

Thorac Med 2022. Vol. 37 No. 3
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prognosis of TBI is affected by the severity
of trauma and the patient’s underlying status.
Early detection of air-leakage, accurate location
of the defect site and prompt establishment of
a patent airway can lead to a better outcome,
although this is quite challenging in clinical set-
tings.

In conclusion, TBI should be considered in
cervical or thoracic trauma patients, especially
those presenting with a delayed or refractory
sign of air leakage. Non-operative treatment in
TBI includes securing airway patency, the use
of broad-spectrum prophylactic antibiotic ther-
apy, and avoiding excessive airway pressure.
Apart from traditional open surgery, endobron-
chial stenting provides an effective and mini-
mally invasive approach to managing TBIs. Our
case demonstrates the classic clinical signs of
TBI, and once more emphasizes the importance
of a correct diagnosis and appropriate treatment
for these patients.
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Pulmonary Amyloidosis Mimicking Multiple Lung
Metastasis — A Case Report

Cheng-Hsiang Chu', Lu-Jen Chen?, Yen-Hsiang Huang', Tsung-Ying Yang'

Pulmonary amyloidosis was previously recognized as a benign disorder. However, both
its clinical and its radiologic presentations could mimic malignancies. We reported the case
of a 76-year-old woman with the initial presentation of a tongue tumor 8 years ago, and who
developed progressive dyspnea on exertion 2 years previous to this evaluation. The chest
X-ray and computed tomography (CT) scan of the chest showed multiple lung nodules. The
patient was told she likely had stage IV tongue cancer with lung metastasis, but she declined
any biopsy. However, massive hemoptysis occurred, complicated with respiratory failure,
so she was referred for further surveillance and treatment. The follow-up CT of the chest
revealed increasing numbers and sizes of calcifications, consolidations, cystic lesions and
slow-growing nodules. Pulmonary amyloidosis was highly suspected, so tissue proof was
strongly suggested. The patient finally agreed to undergo tissue biopsy, and the pathologic
report confirmed the diagnosis of amyloidosis. (Thorac Med 2022; 37: 217-222)

Key words: Pulmonary amyloidosis; hemoptysis

Introduction

Amyloidosis is a group of disorders with an
extracellular deposition of insoluble misfolding
amyloid fibrils in tissues and organs, leading
to organ dysfunction and ultimately death [1].
Amyloidosis with respiratory tract involvement
was once recognized as a benign disorder. Al-
though pulmonary amyloidosis is rarely symp-

tomatic, its clinical and radiologic presentations
could mimic malignancies [2-3, 6-7]. Some
elderly persons in Taiwan tend to decline under-
going an invasive procedure, such as a biopsy.
However, a delayed diagnosis would alter their
management and prognoses. We present a case
of pulmonary amyloidosis mimicking multiple
lung metastases, and review the available litera-
ture.
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Case Report

A 76-year-old woman was transferred to
our hospital due to massive hemoptysis, com-
plicated with respiratory failure. Her medical
history revealed hypertension, which was kept
under control with an angiotensin receptor
blocker. The woman was a retired hair stylist,
with no history of tobacco smoking, alcohol
drinking, or betel nut consumption. There were
no remarkable findings in her family history.

Eight years ago, she reported a painless
tongue mass and visited our ear, nose and throat
outpatient clinic, where a firm nodular lesion
approximately 1.5 centimeters (cm) in size was
noted at the right side of the posterior lateral
tongue border. She was told that she most likely
had tongue cancer, but declined to receive ei-
ther surgical intervention or punch biopsy, and
was lost before any follow-up.

Two years prior to this admission, the
patient was referred to our chest medicine
outpatient clinic for reasons of a
progressive shortness of breath
on exertion, as well as having an
intermittent dry cough for nearly 1
year. The tumor at the right tongue
border had enlarged to 2 cm in
size; furthermore, another newly
formed 1-cm nodular lesion was
noted at the left side of the tongue
base. Radiographs of the chest
showed multiple lung nodules at
the bilateral lung zones (Figure
1A). Computed tomography (CT)
of the chest revealed multiple cys-
tic lesions in both lungs, bilateral
basal consolidations, and diffuse
lung nodules, some of which had

Fig. 1. (A) Chest radiography revealed bilateral lung nodules 2 years
before this visit; (B) Follow-up chest radiography while in admission

revealed bilateral lung nodules with calcification. The size of the
lung nodules enlarged slowly.

Fig. 2. (A) (B) and (C) Two years before this admission, a computed tomography scan of the
chest revealed bilateral basal consolidations, cystic lesions, and diffuse lung nodules, some of
which were partially calcified. (D) (E) (F) (G) and (H) Unenhanced and enhanced chest CT

scans at this admission revealed enlarged nodules, calcifications, consolidations and cystic lung

partial calcification (Figures 2A,

Thorac Med 2022. Vol. 37 No. 3

lesions. (I) An endotracheal lesion (arrow).
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2B, 2C). Both a tongue biopsy and a broncho-
scopic biopsy were suggested, but once again
the patient refused.

Two months before this evaluation, the pa-
tient’s exertional dyspnea had become worse,
and she had to take a short break after climbing
2 flights of stairs. She began having a frequent
cough with blood-tinged sputum, a poor ap-
petite, dry mouth, easy drooling and a husky
voice.

On the day prior to being transferred to our
hospital, a sudden onset of massive hemopty-
sis was noted without any prodrome or other
specific symptom. Oral endotracheal intubation
was performed due to hypoxic respiratory fail-
ure.

During the initial presentation at our hos-
pital, dark red sputum could still be sucked out
from the endotracheal tube. The patient’s body
temperature was 36.5 degrees Celsius; pulse
was 80 beats per minute; blood pressure was
142/71 millimeters of mercury (mmHg), and
oxygen saturation was 98% under mechanical
ventilation with a 40% fraction of inspiration
oxygen at 5 cm of water (cmH,0) of positive
end expiratory pressure (PEEP). Physical exam-
ination showed pale conjunctivae and bilateral
rales, with a further examination showing other-
wise normal findings. The patient’s hemoglobu-
lin was 10.8 grams per deciliter (g/dL). Ad-
ditional blood routine studies, blood chemistry
values, and coagulopathy profiles were within
normal range, except for the reverse albumin-
globulin ratio, where the albumin and total pro-
tein were 2.8 and 6.3 milligrams per deciliter
(mg/dL), respectively. A CT-pulmonary angi-
ography demonstrated no extravasation, but did
reveal an endotracheal lesion (Figure 2I), with
increasing numbers and sizes of calcifications,
consolidations, cystic lesions and slow-growing

Fig. 3. At this admission, 2 tumors (arrows) were seen at the bilateral
tongue base.

nodules (Figures 2D-2H), compared with the
prior chest CT.

On hospital Day 2, the patient’s hemop-
tysis stopped after epinephrine inhalation and
tranexamic acid administration. Extubation was
performed after the patient passed a spontane-
ous breathing trial on Day 4. Macroglossia with
tongue tumors was noted (Figure 3). The fol-
lowing chest radiogram showed bilateral lung
nodules, as in the previous plain film (Figure
1B).

Based on the clinical manifestations and
chest CT findings, pulmonary amyloidosis and
lymphocytic interstitial pneumonia, which is
most commonly seen in Sjogren’s syndrome,
were highly suspected. Serum rheumatologic
profiles revealed positive findings of antinuclear
antibodies (ANA, titer 1:2560) in a fine speck-
led pattern, anti-Sjégren’s-syndrome-related
antigen A (anti-SSA, > 240 EliA U/ml, positive:
> 10 EliA U/ml), and anti-Sjogren’s-syndrome-
related antigen B (anti-SSB, > 240 EliA U/ml,
positive: > 10 EliA U/ml). Upon discussion
with the patient and her family after extubation,

Thorac Med 2022. Vol. 37 No. 3
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substances deposited in the stroma, with inflammatory cell
infiltration. (hematoxylin and eosin stain, 20X and 200X). (C)
Congo red staining (200X) revealed orange-red amyloid deposition
in the submucosa under bright field microscopy, and (D) apple-
green birefringence under polarized microscopy (400X). (E)

Immunohistochemistry stain revealed an increased expression of
immunoglobulin light chain kappa (200X).

she agreed to undergo a tongue biopsy, while re-
fusing a bronchoscopic biopsy. The pathologic
diagnosis of the tongue biopsy was amyloidosis
(Figures 4A and 4B), with orange-red amyloid
depositions infiltrating the submucosa seen
through bright field microscopy (Figure 4C),
and apple-green birefringence under polarized
light on Congo red stain (Figure 4D). Increased
expressions of immunoglobulin light chain kap-
pa (Figure 4E) over lambda in the immunohis-
tochemistry (IHC) stains were also seen. Both
serum and urine immunologic studies showed
polyclonal hypergammaglobulinemia (IgG,
2424 mg/dL, reference range 635 to 1741), with
increased levels of immunoglobulin kappa (735
mg/dL, reference range 170 to 379) and lambda
(288 mg/dL, reference range 90 to 210). After
hematologic and rheumatologic consultation,
immunoglobulin light-chain amyloidosis, and
Sjogren’s syndrome with positive findings on
a Schirmer’s test and sialoscintigraphy, were
respectively diagnosed. The patient was subse-

Thorac Med 2022. Vol. 37 No. 3

quently discharged on Day 9. She is currently
regularly followed up at our hematologic outpa-
tient clinic where she receives supportive care,
but still refuses further invasive surveillance.

Discussion

The estimated incidence of systemic amy-
loidosis is 0.4 to 1.2 cases per 100,000 persons
per year [8-9], while there is no available data
on the incidence of pulmonary amyloidosis.
Amyloidosis could be classified into more than
36 subtypes, based on various precursor pro-
teins [1]. Different subtypes of amyloidosis
have different tendencies with regard to the
main organs involved. Baumgart JV, et al. [4]
and Ussavarungsi K, et al. [6] reported that
amyloidosis with respiratory tract involvement
is most commonly caused by immunoglobulin
light-chain amyloidosis (AL, 76-88.3%), fol-
lowed by transthyretin-derived amyloidosis
(ATTR, 9.8-22%), and lastly amyloid A (AA,
1-1.5%). Patients with amyloidosis of the re-
spiratory system were diagnosed at around the
median age of 70 years [4, 10], with men being
more susceptible than women [2-6].

Most patients with respiratory amyloidosis
were asymptomatic [2-6, 10]; otherwise, pa-
tients may present symptoms of dyspnea, chest
pain, cough, hemoptysis, hoarseness, pleural
effusion, pulmonary hypertension, and even dif-
fuse alveolar hemorrhage [2-4, 6, 10, 11]. Simi-
lar to systemic amyloidosis, lung amyloidosis is
associated with comorbidities, including mono-
clonal gammopathy of uncertain significance,
Waldenstrom macroglobulinemia, multiple
myeloma, and mucosa-associated lymphoid tis-
sue lymphoma [2-3, 10]. Nevertheless, Milani
P, et al. [2] and Yamada M, et al. [10] reported
that Sjogren’s syndrome was the most com-
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mon connective tissue disease associated with
pulmonary amyloidosis, rather than rheumatoid
arthritis, in systemic amyloidosis [12].

Pulmonary amyloidosis is difficult to di-
agnose and may be underdiagnosed due to as-
ymptomatic or nonspecific manifestations [2-7,
10]. In an analysis of 76 autopsy-derived cases
during a 7-year period, Ussavarungsi K, et al.
showed that only 1 patient with pulmonary
amyloidosis was diagnosed ante-mortem [6].
The diagnosis of amyloidosis rests upon confir-
mation of amyloid deposits through a tissue bi-
opsy involving apple-green birefringence under
polarized light on Congo red staining. Tissue
sampling could also be approached via a nonin-
vasive biopsy, such as abdominal fat aspiration,
or through an invasive biopsy of the affected
organ [12].

Amyloidosis with respiratory system in-
volvement is classified pathologically using 3
manifestations: nodular pulmonary amyloido-
sis, diffuse alveolar-septal amyloidosis, or tra-
cheobronchial amyloidosis [2-3, 13-14].

Chest radiography can reveal the follow-
ing: single or multiple pulmonary nodules, con-
solidations, calcifications of noduli or pleural
lesions and pleural effusions [2-6, 10]. Based
on a review of chest CT images, Czeyda-Pom-
mersheim F, ef al. [13] and de Almeida RR,
et al. [14] described nodular pulmonary amy-
loidosis as being commonly characterized by
multiple pulmonary nodules with slow growth,
a peripheral or subpleural location, and having
smooth, lobulated, or spiculated margins with
or without calcification or lung cysts. Chest CT
findings in diffuse alveolar-septal amyloidosis
consist of interlobar septal thickening, well-de-
fined micronodules with ground glass opacities,
and confluent consolidations with a basal and
peripheral predominance. In tracheobronchial

amyloidosis, chest CT can reveal tumor-like
nodules, or circumferential thickening involv-
ing the trachea, main bronchus and lobar or
segmental bronchi [2-6, 10, 13, 14]. Baumgart
JV, et al. [4], in a retrospective study of 32 pa-
tients with proven lung amyloidosis, found that
69% of patients had a nodular pattern, 6% had
a diffuse alveolar septal pattern, 13% had a tra-
cheobronchial pattern, and 13% of patients had
a mixed pattern. Of note, the most common pat-
terns of pulmonary amyloidosis on chest CT are
lung nodules (78%), followed by consolidations
(50%), and calcifications of noduli or pleural
lesions (44%). In their study, de Almeida RR, et
al. [14] found that calcifications were seen on
HRCT in approximately 50% of patients. Lung
cysts can have the appearance of Sjogren’s syn-
drome with lymphocytic interstitial pneumonia,
as well as that of pulmonary amyloidosis. Baqir
M, et al. [15] reported 8 patients with Sjogren’s
syndrome manifesting cystic lung lesions who
were diagnosed with pulmonary amyloidosis, as
confirmed by lung biopsies at the Mayo Clinic
from 1997 to 2010. However, the above find-
ings involving chest radiography or CT were
nonspecific, and may have mimicked other dis-
eases, such as malignancies, infections, colla-
gen vascular diseases, interstitial lung diseases,
or granulomatous diseases [13-14].

Although different types of amyloidosis
share similar clinical presentations, treatments
differ based on the various amyloid precur-
sor proteins involved. Hence, identification of
amyloid fibril types and evaluation of under-
lying amyloidogenic diseases are important.
For instance, therapies targeting clonal plasma
cells, including chemotherapy, monoclonal
antibodies, proteasome inhibitors, and autolo-
gous stem cell transplants, are all aimed at AL
amyloidosis. Treatments for AA amyloidosis

Thorac Med 2022. Vol. 37 No. 3
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focus on any underlying infectious or inflam-
matory diseases. The exact treatment for ATTR
amyloidosis remains uncertain, but the primary
management for it is transplantation of the fail-
ing organ [12].

In conclusion, amyloidosis has been rec-
ognized as a benign disorder, but the clinical
manifestations of pulmonary amyloidosis can
mimic multiple lung metastases. A combination
of signs, comparing the findings from a series
of chest CT scans, and most importantly, en-
couraging the patient to undergo a tissue biopsy,
are the keys to patient diagnosis in the future.
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Interstitial lung Disease in Systemic Sclerosis and
Dermatomyositis Overlap Syndrome: A Case Report

Pi-Hung Tung', Chen-Yiu Hung', Ning-Hung Chen'**, Shu-Min Lin"**

Connective tissue diseases (CTDs) are frequently associated with interstitial lung
disease (ILD), which significantly impacts morbidity and mortality. Organizing pneumonia is a
clinical, radiological and histological entity that is classified as an ILD. We report a 68-year-
old woman who presented bilateral lower lung consolidation on radiologic imaging, that
later progressed to respiratory failure. The lung tissue biopsy pathology showed organizing
pneumonia. In addition, the patient had progressive muscle weakness in all 4 limbs. Further
investigation revealed a high antinuclear antibodies titer and a positive finding on the myositis
panel. Steroid and immunosuppressive agents were used to treat the CTD-ILD; extubation
was performed after the patient’s clinical condition improved. This report focused on the
characteristics of radiological findings and our experience in treating CTD-ILD. (Thorac Med

2022; 37: 223-229)

Key words: Connective tissue disease, interstitial lung disease, systemic sclerosis, dermatomyositis

Introduction

Connective tissue diseases (CTDs) are
systemic disorders typically characterized by
circulating autoantibodies and varying degrees
of autoimmune-mediated multiple organ dam-
age [1]. Interstitial lung disease (ILD) is one
of the most serious complications associated
with CTDs, and results in significant morbidity

and mortality [2]. Although ILD often occurs
in patients with a known CTD, it can also be
the first and only manifestation of a previously
unrecognized CTD [3]. The management of
CTD-ILD is challenging, largely due to signifi-
cant heterogeneity in disease behavior between
CTD-ILD subtypes, and the lack of a standard
management guideline [4].
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Case Report

A 68-year-old female had a history of
subarachnoid hemorrhage that occurred 23
years ago. This time, she presented to the chest
medicine outpatient department (OPD) with
shortness of breath and non-productive cough
for 3 months. On examination, the patient ap-
peared chronically ill with mildly labored
breathing, and bilateral coarse breathing sounds
were heard on auscultation. Chest radiogra-
phy showed increased infiltration in bilateral
lung fields with left pleural effusion (Figure 1).
Physical examination showed she had a body
temperature of 37°C, a heart rate of 90 beats per

Fig. 1. Chest radiograph reveals left lower lung patchy consolidation
and pleural effusion.

(Autoi ne survey)
Positive ANA and
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minute, a respiratory rate of 20 breaths per min-
ute, and blood pressure of 107/65 mmHg. Labo-
ratory data revealed a white blood cell count of
8400/uL, a high C-reactive protein level of 65.4
mg/dl, and normal renal and liver functioning.
The pleural fluid study results were exudative
in nature with lymphocytes predominant (neu-
trophils 17%, lymphocytes 63%). The clinical
course of the case is presented in Figure 2.
After admission, empirical antibiotic treat-
ment with moxifloxacin was administered for
infection control. Although the patient had per-
sistent dyspnea on exertion and delayed resolu-
tion of the bilateral lung consolidation (Figure
3), she had no more fever and had a negative
sputum bacterial culture. She then underwent
video-assisted thoracoscopic wedge resec-
tion of the left upper lung for tissue proof. The
pathological report of the left upper lung biopsy
revealed multiple nodular lesions exhibiting in-
terstitial fibrosis with mild infiltration of plasma
cells and lymphocytes, which was compatible
with organizing pneumonia (Figure 4). At this
time, the patient had progressive muscle weak-
ness, especially of the proximal limb muscles
associated with arthralgia, as well as hand joints
stiffness, puffy fingers, and skin thickness of
both hands. The electromyography and motor
and sensory nerve conduction velocity showed
a small amplitude and a short duration of motor

myositis panel

LUL wedge resection presented as table

Adrnissiorﬂ

(VATS) ‘

Start Steroid
therapy

| Intubation ‘ ‘

Start Mycophenolate
mofetil (MMF) =
/ l Discharge

Day1 Day 3 Day8 Day22 Day23 Day25

(LUL biopsy)
Organizing pneumonia

(NCV/EMG)
Decrease sensory and

Consolidation on bilateral
lung fields, mediastinal

(CT of chest)
lymphadenopathy

Muscle weakness +

motor nerve conduction

Day27 Day33 Day89

Appearance of skin rash
on bilateral hand and
lower legs.

Skin biopsy: vasculitis .

Day35 D ay§37

‘ Extubation

Admission day/ Ventilator support Day27/MV day1

Day31/MV day5

Day 35/MV day9 Day37/ MV Day 11 ( before extubation)

PaO2/FiO2 236/0.6

112/0.35

117/0.35 124/0.35

P/F ratio 393

320 334

354

Airway resistance/Compliance 11/44.8

6/36

6/46 6/63

Fig. 2. Timeline (clinical course) of the case.
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Fig. 4. Histologic section of specimens obtained from a left upper lung wedge resection shows multiple nodular lesions exhibiting interstitial
fibrosis with mild infiltration of plasma cells and lymphocytes (hematoxylin and eosin stain).

unit potential with asymmetric motor- and axo-
nal-predominant polyneuropathy. The autoim-
mune survey showed a high titer of antinuclear
antibodies and a positive myositis panel (posi-
tive PM-Scl 75 and PM-Scl 100), in association
with idiopathic inflammatory myositis, includ-
ing systemic sclerosis overlap syndrome (OS)
(Table 1). There were also elevated muscle
enzymes. Scleroderma and inflammatory myo-
sitis OS were diagnosed based on the clinical

(skin and musculoskeletal manifestation) and
laboratory features (positive myositis panel and
elevated muscle enzymes). At that point, intra-
venous methylprednisolone 2 mg/kg/day was
used as a bridging therapy.

Unfortunately, the patient developed fever
with progressive dyspnea, and arterial blood
gas showed respiratory acidosis with carbon di-
oxide retention under a non-rebreathing mask,
with an oxygen flow of 15 L/minute (pH 7.29,

Thorac Med 2022. Vol. 37 No. 3
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Table 1. Results of the Serological Autoimmune Marker and Myositis Panel

Laboratory Data
Autoimmune survey

ANA 1:120 nucleolar pattern

A-DsDNA Negative 28.9
RF <9.69 IU/ml
C3 127 mg/ml
C4 24.3 mg/ml
Myoglobin 172 ng/ml
CPK 224 TU/L
Myositis panel

Anti-CCP <4.6AU/ml
Ro-52 -

oJ -

EJ -

PL-12 -

PL-7 -

SRP -

Jo-1 -

Ku -

PM-Scl75 ++
PM-Scl100 4+

SAE1 -

NXP2 -

MDAS5 -

TIF1ly -

Mi-23 +-

Mi-2a

Anti-Scl-70 31 AU/ml

Normal reference value
<1:80
<92.6WHOunit/ml

<15 1U/ml

90-180 mg/dl

20-50 mg/dl

25-72 ng/ml

26-192 U/L

<20 CU

<100 AU/ml

ANA: Antinuclear antibodies; A-DsDNA: Anti-double stranded DNA; Anti-CCP: Anti-cyclic citrullinated peptides; RF: Rheumatoid factor; CPK:

Creatinine phosphokinase.

pCO, 65.1, pO, 236.7, HCO, 31, Sa0, 99) on
admission day 28. Endotracheal intubation was
performed for acute respiratory failure, and
the patient was subsequently admitted to the
medical intensive care unit. Bronchoalveolar
lavage (BAL) was performed from the right
upper bronchus (RB2). The BAL fluid was lym-
phocyte-predominant (CD4/CDS: 0.9), but no
microorganism was isolated from the BAL fluid
culture. On day 6 of intubation (during ICU
admission), multiple erythematous wheal-like
plaques with a central dusky red hue or viola-
ceous lesions appeared on the patient’s back,
bilateral thighs and knees (Figure 5). The skin

Thorac Med 2022. Vol. 37 No. 3

e
Fig. 5. Multiple erythematous wheal-like plaque lesions on the
bilateral lower limbs.
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Fig. 6. Histology of a specimen obtained from a lower leg skin biopsy showed scanty necrotic keratinocytes and superficial perivascular

lymphocytic infiltrates with some neutrophils and focally extravasated erythrocytes, compatible with urticarial vasculitis.

biopsy showed basal cell vacuolization with
scanty necrotic keratinocytes and superficial
perivascular lymphocytic infiltrates with some
neutrophils and focally extravasated erythro-
cytes, which was compatible with urticarial
vasculitis (Figure 6).

We continued steroid therapy. The clinical
symptoms and chest X-ray showed improve-
ment under treatment. Thereafter, self-paid my-
cophenolate mofetil (MMF) 750 mg twice a day
was added. As her clinical condition had im-
proved, the patient was extubated on admission
day 37 (post-intubation day 10). The patient’s
post-extubation arterial blood gas showed no
hypoxemia or hypercapnia (pH 7.46, pCO»49.1,
pO2 144.8, HCO3 34, Sa0, 98). Nevertheless,
muscle weakness, especially of the bilateral
lower limbs, persisted, and myopathic changes
with polyneuropathy were shown in the follow-
up electromyography. A rehabilitation program
was arranged for the myopathy, and the patient
was then discharged with an OPD follow-up
plan.

Discussion

All patients with CTD have the risk of de-
veloping ILD, and those with systemic sclerosis
(SSc), polymyositis/dermatomyositis (PM/DM),
or theumatoid arthritis are at particularly high
risk [5]. In this report, we described a 68-year-
old female who presented with dyspnea with
dry cough for 2 months. Imaging and pathology
revealed organizing pneumonia, but no evi-
dence of interstitial lung fibrosis at first. Even
though the high-resolution computed tomogra-
phy (HRCT) pattern was atypical, the diagnosis
of scleroderma and inflammatory myositis OS
was made, as there was a cutaneous sclero-
derma manifestation together with sufficient
clinical skeletal manifestations and laboratory
features.

HRCT is a valuable diagnostic test and is
used to evaluate patients with possible CTD-
ILD [3]. Up to 90% of CTD patients will have
some degree of ILD when they are screened
randomly with HRCT [1]. The HRCT pattern
of ILD in scleroderma is generally nonspecific
interstitial pneumonia (NSIP), and the second

Thorac Med 2022. Vol. 37 No. 3
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most common pattern is usual interstitial pneu-
monia [7], which yields a worse prognosis than
NSIP [8]. The most common CT finding in lung
disease associated with inflammatory myositis
is organizing pneumonia, which has irregular
linear opacities with areas of consolidation
and ground-glass attenuation [10]. Organizing
pneumonia is a common pattern of ILD found
on lung biopsy in patients with inflammatory
myositis [3].

Patients with SSc/PM had an anti-PM/Scl
antibody in 33.1% of cases [17]. However, this
antibody is not disease-specific, and may be
associated with another CTD or OS in 17% of
cases [17]. The diagnosis of CTD-ILD is based
mainly on clinical findings, including history
and physical examination, pulmonary func-
tion testing, and data from lung imaging and
lung biopsy, along with histopathologic studies
[1,16]. Lung biopsy may be obtained in some
ILD cases, especially those without a clear diag-
nosis of CTD or atypical features on clinical or
radiologic presentation [11]. The distinguishing
features in the clinical, radiographic, and his-
topathologic findings of CTD-ILD subsets can
predict prognosis and treatment response [12].

Corticosteroid remains the mainstay treat-
ment for inflammatory myositis. Corticoste-
roid monotherapy is generally avoided due to
a lack of consistency in the data available for
efficacy. Caution is required with scleroderma
patients and doses of prednisolone of more than
10-15 mg are avoided due to an increased risk
of a scleroderma renal crisis. For scleroderma
ILD, MMF and cyclophosphamide are most
commonly used as first-line therapy. The ef-
ficacy of mycophenolate is comparable to that
of cyclophosphamide, but with a better toler-
ability profile and fewer side effects [13]. In
our case, MMF was prescribed for respiratory

Thorac Med 2022. Vol. 37 No. 3

failure and urticaria vasculitis. Previous studies
reported that immunosuppressant drugs such
as cyclophosphamide, MMF, azathioprine and
intravenous immunoglobulin improved the sta-
bilization of lung function when combined with
steroid [4, 14]. However, there is no published
data to guide clinical decision-making regard-
ing how long to continue immunomodulatory
therapy in patients with CTD-ILD.

Lung transplant remains an option and
should be considered for patients who do not
respond to conventional medical management
[15]. The proportion of lung transplant recipi-
ents among patients with ILD has increased in
recent years. Also, pulmonary rehabilitation
in patients with ILD has yielded significant
improvement in 6-minute walking distance,
dyspnea, muscle strength, and health-related
quality of life. It is unclear whether patients
with CTD-ILD benefit as much as those with
idiopathic pulmonary fibrosis or other forms of
ILD, due to comorbid conditions and therapy
(such as corticosteroids), musculoskeletal pain
and weakness, or other factors [16]. Because of
the challenges in the diagnosis and management
of patients with CTD-ILDs, a multidisciplinary
approach involving relevant specialties, includ-
ing pulmonology, rheumatology, radiology,
pathology, and rehabilitation is necessary for
optimal care [11].

However, our report has some limitations.
First, we did not perform muscle biopsy or a
pulmonary function test due to the patient’s
critical illness with ventilator use and a poor
performance status. Second, we need to observe
the influence of OS on a patient’s long-term
outcome (decline of lung function and quality
of life). Nevertheless, we now are more expe-
rienced in seeking ILD in OS of CTDs in the
future.
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Conclusion

AILD is one of the most serious complica-
tions of CTD, and HRCT plays an important
role in the diagnosis of CTD-ILD. In this case,
we found that the diagnosis of OS was chal-
lenging if there were atypical features on clini-
cal or HRCT imaging of CTD. The manage-
ment of CTD-ILD is complex due to the het-
erogeneity of CTDs, the lack of recommended
management guidelines, and the requirement of
long-term follow-up.
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Primary Lung Cancer Presenting as Diffuse Tiny
Pulmonary Nodules: A Case Report

Ming-Hung Chang’, Kuo-Hwa Chiang’

Primary lung cancer seldom appears as a radiologic pattern with diffuse tiny pulmonary
nodules, which may mimic miliary tuberculosis or other malignancies of hematogenous
metastatic origin. We report the case of a 57-year-old female patient who was a non-
smoker. The initial radiologic image study showed diffuse tiny pulmonary nodules, and the
final pathologic study revealed primary lung adenocarcinoma with an epidermal growth
factor receptor mutation. This unique radiologic pattern is a diagnostic challenge and further
histologic evidence is important for the definitive diagnosis. (Thorac Med 2022; 37: 230-235)

Key words: Lung cancer, adenocarcinoma, miliary metastasis, miliary intrapulmonary carcinomatosis

Background

Diffuse tiny pulmonary nodules with a
chronic clinical course usually arise from
atypical infections such as miliary tuberculosis,
pneumoconiosis, sarcoidosis, malignancy, or
other interstitial lung disease [1]. Primary lung
cancer seldom appears with this unique radio-
logic pattern, which may mimic miliary tuber-
culosis or other malignancies of hematogenous
metastatic origin. Histologic and microbiologic
evidence that we acquired through further inter-
vention played an important role in the defini-
tive diagnosis.

Case Report

This 57-year-old female patient without

systemic disease suffered from chronic cough
with blood-tinged sputum for 1 month. She
complained of dyspnea on exertion, lasting for
weeks, but denied fever, chest pain, nausea,
poor appetite or body weight loss. She was a re-
tired teacher and denied a smoking history. Due
to a poor response to treatment in a local medi-
cal department, she came to our chest outpa-
tient department. Physical examination showed
bilateral diffuse rhonchi, and pulse oximetry re-
vealed oxyhemoglobin saturation of 93 percent.
Chest X-ray showed diffuse tiny nodules in bi-
lateral lung fields, with a nodular opacity at the
left retro-cardiac area (Figure 1). She then was
admitted for further evaluation. Laboratory data
showed leukocytosis with neutrophil predomi-
nance, and an elevation of tumor markers, such
as carbohydrate antigen 19-9 (CA 19-9) and

'Department of Internal Medicine, Division of Chest Medicine, Chi Mei Hospital, Tainan City, Taiwan.
Address reprint requests to: Dr. Kuo-Hwa Chiang, Division of Chest Medicine, Department of Internal Medicine, Chi
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carcinoembryonic antigen (CEA). Chest com-
puted tomography (CT) showed multiple bi-
lateral lung nodules and ground glass opacities
(Figure 2a, b, ¢), 2.2 cm in size and more domi-
nant in the left lower lobe (Figure 2d, e), as
well as a small amount of bilateral pleural effu-
sion and pericardial effusion, lymphadenopathy
at the mediastinum and bilateral hilar area, and
expansile and osteolytic change at the right 9th
rib. Multiple hypovascular tumors at the right
lobe of the liver and right adrenal nodule were
also found on chest CT. A gynecologist was
consulted for an evaluation of the origin of the
multiple metastases; however, no gynecological

Fig. 1. Chest radiography at the initial presentation showed diffuse
tiny nodules with ground glass opacities in bilateral lung fields and a
nodular opacity at the left retro-cardiac area.e.

Fig. 2. Chest CT scan at the initial diagnosis showed multiple bilateral lung nodules and ground glass opacities (a,b,c), relatively dominant in the left

lower lobe and 2.2 cm in size, with a small amount of bilateral pleural effusion (d,e); lymphadenopathy was also seen at the mediastinum and bilateral

hilar area.

Thorac Med 2022. Vol. 37 No. 3
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Fig. 3. Bronchoscopy showed no endobronchial lesion, lumen stenosis or mucosal change within visible range (a), but endobronchial

ultrasonography revealed an atypical bronchus sign with partial consolidation at a 3 cm depth from the orifice of LB10a (b).

tumor was detected. Sputum cytology revealed
atypical epithelial cells with a high nuclear-
to-cytoplasmic ratio, coarse granular nuclear
chromatin, and prominent nucleoli, which were
suspicious of malignancy. Left-side diagnostic
thoracentesis was also performed, and cytology
of the pleural effusion showed malignant cells,
similar to the result of the sputum cytology
(Figure 4). Bronchoscopy was arranged later
and revealed no endobronchial lesion, lumen
stenosis or mucosal change within visible range
(Figure 3a). However, endobronchial ultraso-
nography showed an atypical bronchus sign
with partial consolidation at a 3-cm depth from
the orifice of LB10a (Figure 3b).
Transbronchial biopsy was performed via
LB10a, and pathology showed adenocarcinoma
with hyperchromatic tumor cells in glandular
structures and micropapillary groups, which
were immunoreactive to thyroid transcription
factor-1 (TTF-1) stain (Figure 5). Brain mag-
netic resonance imaging and bone scan showed
diffuse brain and bony metastasis. Later, epi-
dermal growth factor receptor (EGFR) was

Thorac Med 2022. Vol. 37 No. 3
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Fig. 4. Cytology of sputum (a) and pleural effusion (b) revealed
some ball-like or glandular clusters of atypical epithelial cells with a
high nuclear-to-cytoplasmic ratio, coarse granular nuclear chromatin
and prominent nucleoli, all of which favored malignancy.
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Fig. 5. Histological examination of the transbronchial biopsy via
LB10a showed lung tissue infiltrated by hyperchromatic tumor cells
arranged in glandular structures and micropapillary groups (a,b),
which were immunoreactive to TTF-1 stain (c)

&

Fig. 6. Chest radiography after a 1-month TKI treatment showed
interval regression of lung metastasis compared with the previous
image.

found to be positive for an exon 21 L858R
mutation. With the diagnosis of lung adenocar-
cinoma with multiple lung-to-lung, liver, brain
and bony metastases, cT4N3Mlc, stage [VB,
the tyrosine kinase inhibitor (TKI) afatinib was
prescribed. Spectacular improvement in the
follow-up radiologic image was found 1 month
later (Figure 6).

Discussion

Lung cancer is the most common cause of
cancer-related deaths, accounting for 19% of
all cancer deaths in Taiwan [2]. The lung is fre-
quently a metastatic source of cancer, and chest
radiography presents several different patterns,
including multiple pulmonary nodules, inter-
lobular septal thickening, pleural effusions and
enlarged lymph nodes [3-4]. In some cases, nu-

Thorac Med 2022. Vol. 37 No. 3
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merous diffuse tiny nodules appear in the pat-
tern, and some investigators have termed this
miliary intrapulmonary carcinomatosis (MIPC).
The micronodules (<5 millimeter in size) seen
on chest CT with diffuse distribution through-
out the bilateral lungs, also known as a snow-
storm sign, indicate a hematogenous dissemina-
tion of malignancy, and differ from cannonball
metastases [5]. About 2 percent of patients with
stage IV non-small cell lung cancer presented
with an MIPC pattern at initial diagnosis [6].
Hematogenous dissemination as miliary intra-
pulmonary carcinomatosis also presents a high
likelihood of distant organ metastasis, with the
most frequent sites being bone (64%), brain
(37%) and liver (27%) [6]. The most common
lung cancer presenting this radiologic pattern
was adenocarcinoma, and it was highly associ-
ated with an EGFR mutation [6-8]. Compared
with wild-type EGFR, more cases (about 70-
80%) with a pattern of miliary pulmonary
metastasis revealed mutated EGFR [6-7]. Our
case's EGFR showed an exon 21 L858R muta-
tion, while the most frequent EGFR mutation
reported in other studies was a deletion in exon
19 [6,9,10-11]. Some studies reported a somatic
complex heterozygous EGFR mutation [12].
A high rate of adenocarcinoma and an EGFR
mutation imply that a TKI is a better choice
of treatment than chemotherapy [6,13-14]. A
common mutation of EGFR such as an exon 19
deletion and L858R point mutation, and other
rare mutations, such as an exon 19 insertion and
point mutations of S768I, L861Q and G719X,
are associated with responsiveness to EGFR-
TKI therapy. Otherwise, some EGFR mutations,
including an exon 20 insertion and T790M
mutation, predict a lack of responsiveness [15].
Response to TKI in mutated EGFR metastatic
lung adenocarcinoma was associated with a

Thorac Med 2022. Vol. 37 No. 3

maximum standardized uptake value (SUVmax)
of the primary tumor in an 18F-fluorodeoxyglu-
cose positron emission tomography (18F-FDG-
PET) exam, the serum CEA level, gender and
smoking history [16]. Hsu et al. found that the
presence of miliary metastases did not predict a
poor overall survival [8]. However, other stud-
ies reported a poorer prognosis in patients with
miliary pulmonary dissemination, especially in
those harboring EGFR mutations, under first-
generation TKI (gefitinib, erlotinib) treatment.
Progression-free survival was 8-9 months and
13-14 months in patients with and without mili-
ary pulmonary metastases [9,17-18]. Some
studies reported a second-generation TKI (afa-
tinib) prescription, but there were inadequate
data for analysis [9,13]. Yang Fu et al. reported
that a switch to a third-generation TKI (osimi-
tinib) after treatment failure with first-gener-
ation TKIs yielded a shorter progression-free
survival in a diffuse intrapulmonary metastases
group than in a non-diffuse group (5.2 versus
14.6 months) [18]. There is a lack of data on the
outcome of EGFR-mutated non-small cell lung
cancer with miliary carcinomatosis with the use
of different generations of TKIs. In conclusion,
lung cancer with diffuse tiny nodular metasta-
sis in both lungs is an uncommon phenomenon
and deserves more attention in clinical practice.
Diagnostic tissue proof with molecular and bio-
marker analysis in the early period is important
in determining further treatment and predicting
the prognosis.
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Rapid Pulmonary Fibrosis Induced by Oxaliplatin:
An Unexpected but Serious Side Effect in Treating
Colorectal Cancer

Chieh-Lung Chen', Wei-Chih Liao"*®, Shinn-Jye Liang’, Chih-Yu Chen’,
Chih-Yen Tu"®, Wu-Huei Hsu'

Drug-induced pulmonary fibrosis is a rare but serious side effect caused by chronic
administration of certain drugs, and its actual incidence is unknown. There is an increasing
number of reports in the literature on the association of oxaliplatin with pulmonary toxicity.
Discontinuation of oxaliplatin often results in clinical and radiological improvement of mild
disease. However, most cases of oxaliplatin-induced pulmonary fibrosis had a rapid and
fatal course. The efficacy of systemic corticosteroids, antioxidant agents, or anti-fibrotic
agents remains unclear. Herein, we present a rare case of rapid pulmonary fibrosis induced
by oxaliplatin in a patient who received 11 courses of chemotherapy with 5-fluorouracil,
leucovorin, and oxaliplatin (FOLFOX) as adjuvant treatment for resected colorectal cancer,
and review the literatureis. (Thorac Med 2022; 37: 236-241)

Key words: Pulmonary fibrosis, oxaliplatin, FOLFOX, colorectal cancer

Introduction

Pulmonary fibrosis is a chronic progres-
sive interstitial lung disease characterized by
repeated injury to the alveolar epithelium and
dysregulated repair [1]. Although most cases of
pulmonary fibrosis are idiopathic [2], a compre-
hensive medical history that includes comor-
bidities, medications, environmental exposure,
and occupational and family history should be
considered to identify a secondary etiology [3].

The most common symptoms on examination
include dyspnea, nonproductive cough, and
crackles. The diagnosis is reached through com-
bination of clinical features, chest radiography,
pulmonary function testing, high-resolution
computed tomography, and histopathology in
selected cases.

Drug-induced pulmonary fibrosis can be
caused by chronic administration of certain
drugs such as bleomycin, amiodarone, and
cyclophosphamide [4]. The true incidence of
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drug-induced pulmonary fibrosis is unknown.
In a systematic review evaluating drug-induced
interstitial lung disease, anti-neoplastic agents
were the leading cause of the disease in most
studies, accounting for 23-51% of cases, fol-
lowed by disease-modifying anti-rheumatic
drugs (6-72%), antibiotics (6—26%), non-steroi-
dal anti-inflammatory agents (0-23%), psychi-
atric medications (0-9%), and anti-arrhythmic
agents (0-9%) [5].

The combination of 5-fluorouracil (5-FU),
leucovorin, and oxaliplatin, the so-called FOLF-
OX regimen, has become a well-established
treatment for patients with advanced colorectal
cancer [6]. The major side effects of oxaliplatin
generally include gastrointestinal, hematologic,
hepatic, and neurologic toxicities. Although
there is an increasing number of reports in the
literature on the association of oxaliplatin with
pulmonary toxicity, there have been few reports

on oxaliplatin-induced pulmonary fibrosis.
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Case Report

A 58-year-old non-smoking male computer
engineer presented with a 2-week history of
dyspnea on exertion. Six months prior to this,
he underwent laparoscopic anterior resection for
colorectal adenocarcinoma with surgical stage
T3N2MO. He subsequently received 11 cycles
of FOLFOX chemotherapy with bi-weekly
leucovorin (400 mg/m2), 5-FU (2400 mg/m2),
and oxaliplatin (85 mg/m2). During treatment,
no complaints were noted, and he receive no
follow-up chest radiographs. Unfortunately, the
12th cycle of chemotherapy was postponed due
to dyspnea.

Chest radiograph and computed tomogra-
phy revealed reticulation, traction bronchiec-
tasis, and volume loss in the upper lobes and
perihilar regions (Figure 1), which were sug-
gestive of pulmonary fibrosis. The serological
markers of autoimmune disease were all nega-

Fig. 1. (A) Chest radiography showing a radiopaque are with volume reduction of upper lungs. (B) Computed tomography of the chest showing

reticulation, traction bronchiectasis and volume loss in the upper lobes and perihilar regions, suggestive of pulmonary fibrosis.
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tive. Transbronchial lung biopsy via a flexible
bronchoscope revealed chronic inflammation
with focally increased lymphocytic infiltration,
and no microorganisms (e.g., bacteria, myco-
bacteria, fungi, viruses, Pneumocystis jiroveci
polymerase chain reaction, or aspergillus ga-
lactomannan antigen) were detected by bron-
choalveolar lavage. We discontinued FOLFOX
chemotherapy due to a suspicion of oxaliplatin-
induced pulmonary fibrosis, and intravenous
methylprednisolone (20 mg every 8 hours) was
begun. With improvement in his symptoms
and radiological abnormalities after treatment,
he was discharged on the 20th admission day.
However, the patient experienced progressive
respiratory distress 2 weeks after discharge and
presented to our clinic with acute respiratory
failure. The patient died due to refractory respi-
ratory deficiency 2 weeks later.

Discussion

Pulmonary toxicity in conjunction with
FOLFOX therapy is uncommon (<1.5%) [7]. It
occurs late in the course of therapy [8-9], at a
median of 8 cycles of FOLFOX therapy (ranging
from 1 to 22 cycles) [10]. FOLFOX therapy-
related pulmonary toxicity reportedly includes
acute interstitial pneumonia [11], bronchiolitis
obliterans organizing pneumonia, cryptogenic
organizing pneumonitis, diffuse alveolar dam-
age, eosinophilic pneumonia [10], and pulmo-
nary fibrosis (Table 1).

An important consideration is determining
oxaliplatin as the culprit of pulmonary toxic-
ity. There has only been 1 report of pulmonary
toxicity accompanying the administration of
5-FU as monotherapy [12]. In other reports, re-
spiratory symptoms presented during FOLFOX
therapy did not recur after re-challenging with

Thorac Med 2022. Vol. 37 No. 3

a chemotherapy regimen containing 5-FU and
leucovorin, but without oxaliplatin [9, 11, 13-
15].

Pulmonary fibrosis is a rare but serious side
effect of oxaliplatin treatment and resulted in
patient death in most reported cases (Table 1).
However, it is believed that the actual incidence
of this side effect is probably higher. Cases
with mild symptoms remain unrecognized or
are under-reported. Most reported patient were
older than 60 years and the majority were male
(Table 1). The temporal evolution of interstitial
pneumonia after initiation of treatment var-
ies between studies. It may occur soon after
treatment initiation, or it may develop several
months after adjuvant treatment, as seen in our
patient. Early initiation of monitoring of pulmo-
nary toxicity is thus warranted.

The precise pathophysiological mechanism
of this phenomenon has not been clarified yet.
There are data suggesting that oxaliplatin may
cause the depletion of glutathione, a small an-
tioxidant molecule, which may be involved in
the pathogenesis of liver damage caused by
the drug [16]. In the lung, glutathione plays a
significant role as a protector against oxidative
damage. The depletion caused by oxaliplatin
may be the factor triggering the pulmonary in-
flammation, leading to interstitial pneumonitis
and subsequent pulmonary fibrosis [17].

Discontinuation of oxaliplatin often results
in clinical and radiological improvement in
patients with oxaliplatin-induced pulmonary
toxicity [18]. Most cases of oxaliplatin-induced
pulmonary fibrosis had a rapid and fatal course
and systemic corticosteroid is the most com-
monly used treatment, other than drug with-
draw (Table 1). However, the efficacy of sys-
temic corticosteroids with mild or more severe
disease, the optimal corticosteroids dose and
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treatment duration, and the role of anti-fibrotic
agents in oxaliplatin-induced pulmonary fibro-
sis remain to be further investigated. There are
no adequate data suggesting whether treatment
with antioxidant agents, such as N-acetylcyste-
ine, may be beneficial.

In conclusion, as a possible offending
agent, pulmonary fibrosis should be consid-
ered in patients receiving oxaliplatin. Regular
follow-up chest radiography is warranted, and
early recognition is of great importance because
it allows prompt cessation of chemotherapy and
initiation of systemic corticosteroids, which
may improve patient outcome.
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Total Laparoscopic Cruroplasty with Gastropexy Using
Unidirectional Barbed Suture for a Giant Hiatal Hernia

Xu-Heng Chiang’, Shun-Mao Yang?®, Huan-Jang Ko?

The interrupted knot-tying suture is conventionally used in formal hiatal hernia repair,
which consists of cruroplasty and gastropexy. The use of the unidirectional barbed suture
is still uncommon in this field. Despite the limited data, barbed suture has been reported as
safe and effective in cruroplasty. Here, we describe a case of giant hiatal hernia treated with
total laparoscopic reduction of the hiatal hernia, followed by cruroplasty and gastropexy using
unidirectional barbed suture. Use of a unidirectional barbed suture during the procedure is
completely feasible and time-efficient. (Thorac Med 2022; 37: 242-247)

Key words: Barbed suture, V-Loc, hiatal hernia, cruroplasty, gastropexy

Introduction

Hiatal hernia refers to a protrusion of ele-
ments other than the esophagus from the ab-
dominal cavity into the thoracic cavity through
an esophageal hiatus of the diaphragm. It is a
relatively common condition, with an incidence
rate of approximately 10-15% [1]. Most hia-
tal hernias are sliding hernias, or type I hiatal
hernias, which account for 95% of cases. The
remaining 5% of hiatal hernias are paraesopha-
geal hiatal hernias (PEHs). Many patients with

hiatal hernia show no symptom or only vague
symptoms, and usually need no further surgical
treatment. However, surgical intervention is in-
dicated for symptomatic patients [2].
Laparoscopic hernia reduction is generally
the surgical treatment of choice. Cruroplasty
after hernia sac reduction is traditionally per-
formed with an interrupted suture. Although ex-
perience is still limited, running barbed suture
for cruroplasty has been reported to be effec-
tive and safe, and allows surgeons to perform
more throws with better tissue approximation
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than does the interrupted suture [3]. Here, we
describe the case of a giant hiatal hernia treated
with total laparoscopic reduction, followed by
cruroplasty and gastropexy with unidirectional
barbed suture.

Case Presentation

The patient was an 85-year-old woman with
a medical history of hypertension and type II
diabetes mellitus for more than 20 years. Her
surgical history was a left inguinal herniorrha-
phy 1 year prior and left total knee arthroplasty
20 years prior. She presented to the emergency
department with right back pain with radia-
tion to the right chest for 3 days. She denied
dyspnea, abdominal pain, dysphagia, vomiting,
reflux, recent trauma history, or any similar epi-
sode before. The initial chest plain film showed
a shadow above the left diaphragm. Computed
tomography revealed a giant hiatal hernia, ap-
proximately 9.5 cm in diameter, with stomach
and bowel loop incarceration (Figure 1).

The patient then was referred to the chest
surgeon for advanced management. A barium
contrast upper gastrointestinal study (Figure 2)
was performed and also confirmed the diagno-
sis. Under the impression of type IV hiatal her-
nia, the chest surgeon successfully performed
laparoscopic hiatal hernia repair with biologic
mesh reinforcement 1 week after diagnosis. Ab-
dominal inspection during the operation showed
that the stomach, transverse colon, and omen-
tum were incarcerated in the hernia sac (Figure
3). A type IV hiatal hernia was diagnosed dur-
ing the operation, so the surgeon reduced the
transverse colon and omentum, and also dis-
sected the hernial sac. Then, the diaphragmatic
defect was repaired with running barbed suture
(V-Loc), after reduction of the contents in the

Fig. 1. Herniation of bowel loops in the thoracic cavity was revealed
on chest computed tomography.

| Figure 2.

Fig. 2. Preoperative barium contrast study showed hiatal hernia.

-

] AR o -
7 F Figure 3.
Fig. 3. The stomach, transverse colon, and greater omentum were

incarcerated in the hernia sac.
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hernial sac (Figure 4). Reinforcement with Bio-
design mesh was performed to minimize the
risks of recurrence (Figure 5). Finally, anterior
gastropexy was performed with running barbed
suture.

Another upper gastrointestinal barium study
was performed on postoperative day 10, which
revealed adequate reduction (Figure 6). The pa-
tient was discharged without an adverse event
on postoperative day 12. No recurrence was
observed during the 6-month outpatient follow-

up.
Discussion

Once a symptomatic hiatal hernia is diag-
nosed, surgical intervention is indicated. The
laparoscopic approach is currently the first
choice to treat hiatal hernias. A previous study
reported nearly comparable recurrence rates
in procedures using the laparoscopic approach
and the open approach [4]. Patients undergoing
open hiatal hernia repair had longer hospital
stay, longer surgical time, and higher postop-
erative ventilator dependence than those who
underwent laparoscopic hiatal hernia repair [4].
In addition, morbidities such as pneumonia,
thrombosis, hemorrhage, urinary tract infection,
and wound infection were reported to be more
frequent with the open approach. The only con-
cern with the laparoscopic approach is the high-
er recurrence rate than with the open approach
[5]. In the early 2000s, a case series of 94 pa-
tients who received PEH repair reported that
the symptomatic recurrence rate was 12% and
0% with the laparoscopic and open approach,
respectively [6]. Nevertheless, the recurrence
rate has decreased with improvement in instru-
ments, optimization of surgical techniques, and
mesh reinforcement. In 2011, a retrospective

Thorac Med 2022. Vol. 37 No. 3

| Figure 4.

Fig. 4. Unidirectional running barbed suture was performed for
cruroplasty.

Figure 6.

Fig. 6. Postoperative barium contrast study showed adequate reduction
of the hiatal hernia.
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cohort that included 73 patients showed no sig-
nificant difference in recurrence rates between
the laparoscopic and open approaches [4]. The
laparoscopic approach currently is considered
as the first option for hiatal hernia repair.

Whether gastropexy should be performed is
another issue in hiatal hernia repair. A prospec-
tive study series reported the use of gastropexy
to reduce the recurrence rate after laparoscopic
hiatal hernia repair. No recurrence was found
during the 2-year follow-up period in 28 pa-
tients who underwent hernia reduction, sac
excision, crural repair, an anti-reflux procedure,
and routine anterior gastropexy [7]. In the el-
derly or high-risk patients, hernia reduction and
gastropexy alone may be an effective option.
In a case series, 11 patients received laparo-
scopic hernia reduction and anterior gastropexy
without cruroplasty, and 8 of the 11 patients re-
mained asymptomatic during the follow-up pe-
riod (median, 10 months) [8]. Nevertheless, the
radiological recurrence rate is relatively high
in operations with gastropexy alone, compared
with the formal procedure. Thus, cruroplasty
combined with gastropexy is commonly recom-
mended in routine hiatal hernia repair.

Both cruroplasty and gastropexy are usually
performed with an interrupted knot-tying suture
instead of a running barbed suture. The barbed
suture was first applied for clinical use in the
1960s. As endoscopic surgery has become pop-
ular, these knotless sutures can make good use
of a shorter operating time, and have a smooth-
er training curve and perhaps a lower cost [9].
Although surgical knot-tying has been widely
accepted and is thought to be safe, it has some
disadvantages. The surgical knot is the weak-
est point throughout the suture line because of
increased tension, and there may be more of an
inflammatory reaction around the surgical knot

[10]. The tying of a solid surgical knot is also
more challenging to perform laparoscopically
than hand sewing. Furthermore, a continuous
barbed suture can attain a more even tension
distribution than a knot-tying suture. Previ-
ous studies also demonstrated tensile strength
equal to that of the traditional suture [9]. Many
studies have verified that the barbed suture is a
reliable, effective, and safe technique, even in
comparison with the conventional suture [9, 11-
12].

The barbed suture is commonly used in
gynecology and urology. Most gynecologists
and urologists have suggested that it requires
less operative time, is safe, and provides even
better anastomosis [11]. The barbed suture has
also been applied widely in the field of general
surgery. Laparoscopic gastrojejunostomy using
the barbed suture has been reported with fa-
vorable outcomes [9]. Gastropexy, jejunopexy
[12], esophagojejunostomy [13], and even re-
pair of the bile duct [14] have been reported to
be performed successfully with barbed suture.
However, despite the shorter operative time,
use of the barbed suture can still lead to surgical
outcomes and complication rates comparable to
those of the conventional suture.

The crural defect after reduction of a hiatal
hernia is conventionally repaired with inter-
rupted knot-tying sutures. A retrospective study
compared immediate postoperative outcomes
between running barbed and interrupted suture
cruroplasty. The rate of recurrence identified on
barium radiography was 16% in the interrupted
suture group, but no recurrence was found in
the running barbed suture group during a mean
follow-up period of 72.6 and 291.4 days, re-
spectively. The operative time per individual
stitch was significantly shorter with the running
barbed suture than with the interrupted suture.
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Thus, surgeons could do more throws within
the same operative period. Moreover, running
sutures provide a more even distribution of
tension between tissue approximations. Even
though barbed sutures are more expensive, the
reduced surgical time and other advantages can
compensate for this [4].

In our experience, the use of barbed sutures
in repairing crural defects and in gastropexy is
feasible. Under a laparoscopic view, we had no
difficulty in performing cruroplasty and gastro-
pexy with continuous barbed suture. The run-
ning barbed suture is indeed more time-efficient
than the knot-tying suture. Each throw should
be performed carefully because barbed sutures
cannot be removed once inserted. Only a few
authors have reported postoperative gastroin-
testinal complications, such as secondary bowel
obstruction, or torsion of the small bowels with
the barbed suture. Nevertheless, no complica-
tion associated with using the barbed suture for
cruroplasty has been reported.

Conclusion

The laparoscopic approach is effective and
safe for the management of symptomatic hiatal
hernia, and cruroplasty with gastropexy using

an intracorporeal running barbed suture is a fea-
sible and time-efficient technique.
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An Unusual Radiographic Pattern of Organizing
Pneumonia: A Case Report

Shu-Hung Kuo'?, Chen-Tu Wu®, Chao-Chi Ho'

Organizing pneumonia (OP) is classified as an interstitial lung disease characterized by
intra-alveolar granulation tissue. Common clinical presentations of OP include shortness of
breath, non-productive cough, fever, malaise, and other nonspecific symptoms, but some
cases of OP can be totally asymptomatic. Typical radiographic findings of OP on chest
radiographs and computed tomography (CT) scans are multifocal consolidations at the
bilateral and peripheral lungs, which are sometimes migratory. Distinguishing OP from other
differential diagnoses, such as malignancy or infection, is quite challenging.

We report the case of a 78-year-old man with productive cough for several months. His
chest radiograph showed patchy consolidations with a central distribution in the bilateral hilar
area. Chest CT demonstrated peribronchovascular consolidations in the bilateral central lungs
with enlarged mediastinal lymph nodes. Based on the imaging findings, the first impression
was lung cancer or lymphoma. The histopathologic diagnosis of OP was finally confirmed
using surgical biopsy. The patient was treated as having cryptogenic OP because no obvious
secondary cause was found. There was almost complete remission of the bilateral lesions
after corticosteroid therapy. (Thorac Med 2022; 37: 248-255)

Key words: Organizing pneumonia, bilateral patchy pulmonary consolidations, video-assisted
thoracoscopic surgery

Introduction

Organizing pneumonia (OP) is classified as
an interstitial lung disease, and is characterized
by polypoid granulation tissue in the alveolar
ducts and alveoli [1-3].

Approximately two-thirds of OP cases are
“cryptogenic”’(idiopathic form) [4-6]; the oth-
ers are considered to be “secondary” to various

etiologies, such as infections, aspiration, drug
toxicities, malignancies, and connective tissue
diseases [7]. Cryptogenic organizing pneumo-
nia (COP), which was previously known as
“bronchiolitis obliterans organizing pneumonia
(BOOP)”, was first described as a clinicopatho-
logical entity in the early 1980s [8]. However,
previous studies have shown there are no signif-
icant differences between COP and secondary
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OP [6-7, 9].

Typical clinical presentations of OP include
shortness of breath, non-productive cough,
weight loss, fever, malaise, and other nonspecif-
ic symptoms, but some cases can be totally as-
ymptomatic [6-7]. The diagnosis of OP depends
on the characteristic clinical history, imaging
findings, and histopathological examination,
which is necessary for some ambiguous cases.
Corticosteroids are the cornerstone of treatment
for OP, while underlying conditions should be
managed in case of secondary OP [6, 10].

Here, we describe a case of histopathologi-
cally confirmed OP, with an unusual radio-
graphic pattern (bilateral consolidation with a
central distribution in the bilateral hilar area
and multiple enlarged mediastinal lymph nodes)
that was initially considered a malignancy.

Case Presentation

A 78-year-old man with a past medical his-
tory of hypertension, chronic hepatitis B infec-
tion, and bilateral knee osteoarthritis presented
at another hospital with cough and a small
amount of whitish sputum for several months.
He also complained of shortness of breath and
unintentional weight loss (18 kg, or 22% in 6
months). There was no history of fever, chills,
hemoptysis, leg swelling, or chest pain. He was
a non-smoker and worked as a cementer. Chest
radiography showed patchy consolidations with
a central distribution in the bilateral hilar areas
(Figure 1). The main radiographic manifestation
on chest computed tomography (CT) was peri-
bronchovascular consolidations in the bilateral
central lungs with multiple enlarged mediastinal
lymph nodes (Figure 2A, B, C, D).

Based on the clinical and imaging findings,
the patient was referred to our pulmonology

clinic and was admitted to our hospital 3 weeks
later due to the differential diagnosis of lung
cancer or lymphoma.

During admission, a radial-probe endobron-
chial ultrasound (EBUS)-guided transbronchial
biopsy was performed for the peribronchial le-
sion in the left upper lobe (LUL), and EBUS-
guided transbronchial needle aspiration (TBNA)
was performed for the mediastinal lymph nodes
(groups 4R and 7). However, the pathology re-
ports of the transbronchial biopsy and EBUS-
TBNA showed no evidence of malignancy.
Later, the patient underwent video-assisted tho-
racoscopic surgery (VATS) for an LUL tumor
biopsy and group 5/6 lymph node biopsy.

The microscopic examination revealed OP
with multiple foci of fibroblast proliferation
filling airspaces, accompanied by dense lym-
phoplasma cell infiltration (Figure. 3A) and

Fig. 1. The first chest radiograph in our hospital showed patchy

consolidations with a central distribution in the bilateral hilar area.
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Fig. 2. (A)&(B) The initial chest CT demonstrated peribronchovascular consolidations of the bilateral central lungs. (C)&(D) The initial chest CT
showed multiple enlarged mediastinal lymph nodes (arrows). (E)&(F) The 6-month follow-up CT revealed that the bilateral lung parenchymal
lesions had resolved, and the mediastinal lymph nodes had become much smaller (arrow heads).

variable inflammation in fibroblast plugs (Figure
3B). IgG4-related disease was less likely based
on the inadequate number of IgG4-positive
plasma cells and the absence of storiform fibro-
sis. Special stains for infection demonstrated
negative results.

Thorac Med 2022. Vol. 37 No. 3

To survey the secondary etiologies of OP,
more laboratory tests were performed. The
patient’s hemogram, liver, and renal function
tests were within normal limits. The level of C-
reactive protein was low (0.44 mg/dL). Autoim-
mune profiles revealed an antinuclear antibody



Unusual Radiographic Pattern of Organizing Pneumonia 251

NERD AR %4?‘ 2

ylin and eosin (H&E)
airspaces and chronic inflammatory cell infiltration. (B) H&E stain of left upper lobe lung tissue from the surgical biopsy: Variable inflammation
in fibroblast plugs.

(ANA) 1:80 positive, with a homogeneous
nuclear pattern; however, other markers were
unremarkable. Cultures obtained from biopsy
tissue and bronchial washing yielded no growth
of microorganisms.

Corticosteroid therapy with intravenous
methylprednisolone (60 mg/day) was then ad-
ministered. The patient’s serial follow-up chest
radiographs demonstrated rapid improvement,
and then resolution of the bilateral consolida-
tions (Figure 4A, B, C) within 3 weeks there-
after. Afterwards, the dosage of corticosteroid
was tapered gradually, and was switched to
oral prednisolone (30 mg/day) 11 days after
treatment initiation. The dose of oral predniso-
lone was titrated during the months following
the patient’s discharge from the hospital. The
6-month follow-up CT revealed that the bilat-
eral lung parenchymal lesions had resolved,
and the mediastinal lymph nodes had regressed
in size. While the patient was maintained on a
very low dose of prednisolone (5 mg/day), his
chest radiograph findings remained stable at the
one-year follow-up (Figure 4D).

Discussion

OP is a rare lung disorder. A nationwide
retrospective study in Iceland for suspected or
proven OP during the period 1984-2003 re-
vealed that the mean incidence rate of OP was
1.97/100,000 people per year, and the mean age
at diagnosis was 67 (15-87) years [5]. Another
regional study from Minnesota, in the the Unit-
ed States of America, showed an age- and sex-
adjusted incidence rate of 0.85/100,000 people
per year [11]. There is currently no available
data on the incidence rate of OP (cryptogenic
or secondary) in Taiwan, but, we know the inci-
dence rate of idiopathic pulmonary fibrosis (IPF)
in Taiwan was 0.9-1.6/100,000 people per year
[12]. Meanwhile, several registries of interstitial
lung diseases indicated that the incidence rate
of IPF was approximately 3.6~7.6 times more
than that of COP [13]. Thus, we indirectly esti-
mate that the incidence rate of COP in Taiwan
could be less than 0.5/100,000 people per year.

The mean age at onset of OP is 50-60 years,
with no significant sex predominance [5, 6, 8].

Thorac Med 2022. Vol. 37 No. 3
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Fig. 4. Serial chest radiographs of this 78-year-old man showed a rapid response to corticosteroid therapy, with long-lasting effects. (A) On
day 1, a chest radiograph just prior to the corticosteroid therapy showed patchy consolidations with a central distribution in the bilateral hilar
area. (B) After completion of a 7-day course of intravenous methylprednisolone (60 mg/day), the chest radiograph showed rapid improvement.
(C) Three weeks after initiation of corticosteroid therapy, the chest radiograph revealed near complete resolution of bilateral central pulmonary
consolidations. (D) The one-year follow-up chest radiograph showed stable results with low-dose oral prednisolone (5 mg/day) treatment.

Thorac Med 2022. Vol. 37 No. 3
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According to recent data from the population-
based national cancer registration system in
Taiwan, the age-standardized incidence rate
for males during the period 2013-2016 was
44.23/100,000 people per year for lung cancer
(mean age: 68 years) and 8.47/100,000 people
per year for non-Hodgkin lymphoma (mean
age: 62 years), respectively.[14] Thus, the first
tentative diagnosis of pulmonary malignancy,
which was based on chronic cough, weight loss,
and an unusual radiographic pattern, including
consolidations with a central distribution and
enlarged mediastinal lymph nodes, was quite
reasonable for this elderly male patient.

For patients with OP, the classic findings
on chest radiographs are multifocal consoli-
dations in the bilateral and peripheral lungs;
migration or spontaneous regression of the con-
solidations within weeks are seldom noted [6-
7]. On CT scan, bilateral patchy consolidations
with a predominant subpleural or peribronchial
distribution in the middle and lower lung and
ground-glass opacities (GGO), and randomly
distributed small nodular opacities, are the most
common radiographic features of OP [15-17].
Ground-glass attenuation and nodules, which
are usually with a random distribution pattern,
are commonly seen in imaging [15-17]. Reticu-
lation, bronchiectasis, and interlobular septal
thickening are less common findings [16-17].
In our case, chest radiographs showed bilateral
patchy consolidations with a central distribu-
tion, mainly affecting the middle zone of the
lungs. Chest CT revealed peribronchovascular
consolidations of the bilateral central lungs.
Only minimal GGO were noted around the con-
solidations. These lesions persisted for at least 3
weeks without obvious regression or migration
before diagnosis and treatment.

Enlarged mediastinal lymph nodes were

also found on the CT scans of this patient (Figure
2C, D); thus, the differential diagnosis mainly
included lung cancer, lymphoma, sarcoidosis,
and pulmonary tuberculosis. However, the
sample obtained by TBNA showed no evidence
of malignant cells or infection. In addition to
the parenchymal lesions, the mediastinal lymph
nodes also showed a good response to corti-
costeroid therapy thereafter (Figure 2E, F).
Previous studies reported that mildly enlarged
mediastinal lymph nodes (1.0-1.5 cm in size)
associated with parenchymal infiltration were
a common finding on chest CT in patients with
cryptogenic OP [18-19].

Histopathological examination is critical for
OP patients with unusual clinical or radiograph-
ic presentations. To obtain adequate samples
and volumes of lung tissue for histopathologic
diagnosis, surgical lung biopsy using VATS is
preferred over conventional transbronchial bi-
opsy [10]. In recent years, transbronchial lung
cryobiopsy, a new technique, has become an
alternative in selected patients with interstitial
lung disease [20-21]. In our case, the radial-
probe EBUS-guided transbronchial biopsy
yielded inconclusive findings, which might be
due to the small sample size.

The complete review and examinations
showed no obvious cause of secondary OP, so
this case was regarded as COP and was treated
with corticosteroid therapy alone. The patient
showed clinical and radiographic improvements
within weeks and was discharged with oral
prednisolone therapy.

The majority of patients with OP have
a good and rapid response to corticosteroid
therapy, although relapse or recurrence is also
common, especially while tapering the dose
of corticosteroid or after cessation of cortico-
steroid therapy [6, 10, 22]. Nevertheless, the
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prognosis of patients with clinical relapses or
recurrences seems to be the same as for those
without relapse or recurrence [10, 22]. The ideal
duration of corticosteroid therapy has not been
established, but one year is often suggested [10,
22]. Several previous studies have tried to iden-
tify the potential predictive factors for relapse
of COP, such as an elevated serum KL-6 level
[23], a high neutrophil percentage in the bron-
choalveolar lavage (BAL) fluid and the amount
of fibrin deposition in lung biopsy specimens
[24], and a particular CT scan pattern (bilateral
shadow pattern, traction bronchiectasis) [25].
However, further studies with more cases are
needed to confirm these findings. In addition,
if the patient with OP had poor responses to
systemic corticosteroid therapy, some immu-
nosuppressive and anti-inflammatory agents,
such as macrolides, cyclophosphamide, and
cyclosporine, seem to be effective when used as
adjuvant therapy [26].

A large retrospective study of biopsy-
proven OP in a single center in China revealed
that about 15% of OP cases that were initially
identified as COP were subsequently found to
be secondary OP during the follow-up; thus,
long-term follow-up is essential to exclude sec-
ondary etiologies [27]. To date, this case has
been followed for approximately 1 year after
confirming the diagnosis of OP, and the serial
chest images showed a sustained response even
when the dose of oral prednisolone was tapered
to 5 mg/day.

As OP usually presents with non-specific
symptoms, it could be difficult to distinguish
OP from other diagnoses such as neoplasm,
fungal infection, or pulmonary tuberculosis [2],
particularly when the radiographic features are
not typical. Clinicians should be alert if the di-
agnosis cannot be made straightforwardly, and

Thorac Med 2022. Vol. 37 No. 3

surgical biopsy may be indicated to determine
the final diagnosis.
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