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Impact of High Eosinophil Counts on Clinical
Outcomes of COPD Patients Who Have Received
Inhaled Corticosteroids Therapy

Tsu-Chuan Li', Chen-Chuan Hsu', Shih-Wei Huang', Bing-Chen Wu',
Hao-Ming Wu', Shu-Min Lin"*%*"

Introduction: COPD patients on inhaled corticosteroids (ICS)-based therapy typically
have more severe profiles. Although ICS is recommended for those with high blood
eosinophils, its effectiveness in reducing exacerbations is uncertain. This study evaluated
clinical outcomes of COPD patients on ICS, focusing on an absolute eosinophil count (AEC)
2300 cells/pL.

Methods: A retrospective study was conducted at Linkou Chang Gung Memorial Hospital
(2014-2020) using GOLD criteria. Patients underwent tests including a 6-minute walk test,
echocardiography, pulmonary function tests, and blood analyses. They were divided into ICS
(+) and ICS (-) groups, with the ICS group further stratified by AEC. Outcomes measured
over 3 years included acute exacerbations (AEs), emergency visits, hospitalizations, and
mortality. Logistic regression identified risk factors for AEs.

Results: Among the 142 patients, the ICS (+) group (n = 48) had worse clinical profiles
than the ICS (-) group (n = 94), including higher mMRC scores, elevated AEC and BODE
indices, poorer lung function, and greater FEV1 decline. Within the ICS-treated group, patients
with AEC 2300 cells/yL (n = 24) experienced more AEs. Multivariate analysis identified high
AEC (OR 16.074, p = 0.004) and lower FEV1 (OR 0.923, p = 0.005) as independent predictors
of AEs.

Conclusion: An elevated AEC (=300 cells/pL) independently predicts higher AE risk in
COPD patients on ICS, suggesting that ICS-based therapy may be insufficient for high-risk
patients and that personalized treatments are needed. (Thorac Med 2026; 41: 95-104)

Key words: eosinophil, COPD, inhaled corticosteroids, outcomes
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Introduction

Chronic obstructive pulmonary disease
(COPD) is a progressive and debilitating respi-
ratory disorder that remains one of the leading
causes of morbidity and mortality worldwide
[1]. Its impact on public health is profound,
not only because of the chronic deterioration
in lung function and quality of life [2], but also
due to the significant socioeconomic burden
associated with frequent hospitalizations and
long-term care [3-4]. Acute exacerbations (AE)
of COPD (AECOPDs) are pivotal events that
accelerate disease progression, further impair
lung function, and substantially increase the
risks of emergency department visits, hospi-
talizations, and mortality. Among the various
factors that predispose patients to AECOPDs, a
prior history of exacerbation stands out as one
of the most reliable predictors of future adverse
events and overall prognosis [5-6].

While neutrophilic inflammation has tradi-
tionally been viewed as the hallmark of COPD,
approximately 20%—40% of COPD patients
exhibit an eosinophilic phenotype [7-8]. This
subgroup is characterized by a type-2 inflam-
matory response, which shares similarities with
the inflammatory processes observed in asthma
[9]. Elevated blood eosinophil counts have been
proposed as a biomarker not only for predicting
the risk of AECOPDs, but also for identifying
patients who may benefit from inhaled cortico-
steroid (ICS) therapy [10-12]. However, despite
the current guideline recommendations that
favor ICS use in patients with higher eosinophil
levels [13-15], there remains a lack of consen-
sus regarding the association between elevated
eosinophils and other clinical outcomes, such as
emergency visits, hospitalization, and mortality.

Previous studies have produced conflicting

Thorac Med 2026. Vol. 41 No. 3

results regarding the prognostic implications
of elevated blood eosinophils in COPD. Some
investigations suggest that higher eosinophil
levels may predict an increased risk of exac-
erbation and even mortality, while others have
reported more modest or even inverse relation-
ships [16-17]. Many of these discrepancies
could be attributed to study designs that rely
heavily on population-based data or insurance
claims, which often lack detailed clinical in-
formation such as baseline characteristics, lung
function measurements, and exercise capacity
assessments.

To address these gaps, our study retrospec-
tively examined a cohort of COPD patients who
underwent comprehensive evaluations—includ-
ing 6-minute walk tests (6MWTs), echocar-
diography, pulmonary function tests, and blood
tests—over a 3-year period at a single tertiary
care center in Taiwan. By integrating detailed
clinical parameters with longitudinal outcome
data, we aimed to elucidate the impact of an
elevated absolute eosinophil count (AEC) >300
cells/uL on a spectrum of outcomes, includ-
ing AECOPDs, emergency room (ER) visits,
hospitalizations, and mortality, among patients
receiving ICS therapy.

Methods

Study Design and Cohort

This single-center retrospective cohort study
included patients with COPD who underwent
comprehensive evaluations—including 6MWTs,
echocardiography, and blood tests—over a
3-year period at Linkou Chang Gung Memo-
rial Hospital, Taiwan, from January 2014 to
December 2020. COPD was diagnosed by pul-
monologists according to the Global Initiative
for Chronic Obstructive Lung Disease (GOLD)



Eosinophil Count and Outcomes of COPD Patients on Inhaled Corticosteroids 97

criteria, defined as a post-bronchodilator FEV1/
FVC ratio of <0.70, the presence of respiratory
symptoms (e.g., persistent dyspnea, chronic
cough, or sputum production), and a smoking
history of >10 pack-years or exposure to other
risk factors (such as occupational dust) [18]. Pa-
tients with a current or prior diagnosis of asthma
or those lacking AEC data were excluded.

Data Collection

Data was collected from the patients’ elec-
tronic medical records. The variables included
baseline characteristics; comorbidities (e.g., hy-
pertension, coronary artery disease, heart failure,
atrial fibrillation, diabetes mellitus, and chronic
kidney disease); and pulmonary function test re-
sults (FVC, FEV1, and FEV1/FVC) at baseline
(enrollment) and at the 3-year follow-up. Ex-
ercise capacity was assessed using the 6MWT,
with measurements recorded for the 6-min walk
distance (6MWD), resting oxygen saturation,
nadir oxygen saturation, and the presence of ex-
ercise-induced dyspnea. Clinical scores such as
the modified Medical Research Council (mMRC)
dyspnea scale and the BODE index (body mass
index, airflow obstruction, dyspnea, and exercise
capacity) were also documented. Information
regarding maintenance medications prescribed
for at least 3 months—including ICSs—was re-
corded. The 3-year follow-up period was count-
ed from the time of COPD diagnosis. ICS use
was determined at the patient's initial enrollment
visit during the study period, rather than based
on whether the patient ever used ICS during the
entire follow-up. An eosinophilic phenotype was
defined as having a peripheral blood AEC of
>300 cells/pL at any time within the preceding
year [19].

Covariates and Outcomes

The primary clinical outcomes assessed
during the 3-year follow-up included AECO-
PDs, ER visits, hospitalization episodes, and
mortality. AECOPD was defined as an event re-
quiring the prescription of systemic corticoste-
roids at an outpatient visit, an ER visit related
to exacerbation, or hospital admission. ER vis-
its and hospitalizations were considered COPD-
related events. However, mortality was reported
as all-cause mortality. In addition, data on ICS
treatment was collected.

Statistical Analysis

Continuous variables are presented as mean
+ standard deviation (SD) and were compared
between groups using Student’s t-test. Categori-
cal variables were analyzed using the chi-square
test. Logistic regression analysis was initially
performed for each clinical outcome (AECO-
PDs, ER visits, hospitalization, and mortality)
to identify potential risk factors. Since only the
AECOPD outcome reached statistical signifi-
cance, further analyses were focused on AE-
COPDs. Univariate logistic regression was per-
formed to identify factors associated with AE-
COPDs, and variables with a p-value <0.1 were
subsequently included in multivariate logistic
regression models. The results are reported as
odds ratios (ORs) with 95% confidence inter-
vals (CIs), and a p-value <0.05 was considered
statistically significant. All statistical analyses
were conducted using IBM SPSS Statistics ver-
sion 26.0 (SPSS Inc., Chicago, IL, USA).

Results
A total of 156 COPD patients who com-
pleted the 6MWT were enrolled. We excluded

14 patients because of missing AEC data. The
remaining 142 COPD patients were eligible for

Thorac Med 2026. Vol. 41 No. 3
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who completed 6MWT

156 Adult patients with COPD

No AEC data
N=14

A4

who completed 6MWT

142 Adult patients with COPD

Fig. 1. Flow-chart of patient selection

analysis. Figure 1 provides the study flowchart.
Based on ICS use, patients were divided into
2 groups: the ICS(+) group (n = 48) and the
ICS(-) group (n = 94) (Table 1). Both groups
were similar in age, gender, and BMI, and in
smoking status and most comorbidities. How-
ever, the ICS(+) group had significantly higher
mMRC scores (1.7 £ 0.8 vs. 1.0 £ 0.6, p =
0.001), AEC (323.7£296.0 vs. 172.9£153.5,
p<0.001) and BODE indices (3.4 = 1.8 vs. 2.3
+ 1.7, p = 0.001), along with poorer lung func-
tion, as demonstrated by lower FVC (%) (66.8
+ 15.6 vs. 74.0 £ 18.6, p = 0.017), lower FEV1
(L) (1.15 +£ 0.49 vs. 1.39 = 0.56, p = 0.010),
lower FEV1 (%) (45.9 = 16.9 vs. 56.2 + 18.1,
p = 0.001), and lower FEV1/FVC ratio (69.5 +
16.1 vs. 78.4 £ 14.1, p = 0.002). In addition, the
ICS(+) group exhibited a marked decrease in
FEV1, which was observed 3 years later (1.12 +
0.48 L vs. 1.40 £ 0.60 L, p = 0.003). Clinically,
ICS(+) patients had significantly more AE epi-
sodes (4.2 + 7.1 vs. 2.2 £3.3, p =0.019), more
ER visits (1.9 = 3.4 vs. 0.6 £ 1.6, p = 0.003),

Thorac Med 2026. Vol. 41 No. 3

more hospitalizations (1.4 £2.2 vs. 0.5+ 1.2, p
=0.004), and higher all-cause mortality (20.8%
vs. 6.4%, p = 0.010).

Further stratification by AEC was per-
formed for the ICS(+) patients (Table 2). Pa-
tients with an AEC >300 cells/uL (n = 24) and
those with an AEC <300 cells/uL (n = 24) were
similar in terms of age, gender, BMI, most co-
morbidities, and lung function. A notable differ-
ence was observed in prior smoking status (p =
0.043). Regarding clinical outcomes (Table 3),
the AEC >300 cells/uL subgroup experienced
significantly more AE episodes (6.5 + 9.0 vs. 1.9
+ 3.2, p =0.023), while differences in ER visits,
hospitalizations, and all-cause mortality were
not statistically significant.

Univariate logistic regression analysis for
AE among ICS(+) patients identified active
smoking (OR 4.250, p = 0.049), AEC >300
cells/uL (OR 7.000, p = 0.009), a higher BODE
index (OR 1.620, p = 0.044), lower FEV1 (%)
(OR 0.945, p = 0.011), and lower FEV1 (3
years) (OR 0.153, p = 0.014) as significant fac-
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Table 1. Baseline characteristics of patients with COPD stratified by the ICS.

99

Total ICS(-)

ICS(+)

n=142 N=94 N=48 Palue

Age, yr 69.849.2 69.9+9.7 69.6+8.4 0.843
Male gender 132 (93.0%) 87 (92.6%) 45 (93.8%) 0.792
Body mass index 24.0+4.0 23.7£3.7 24.74+4.5 0.192
Active smoker 56 (39.4%) 36 (38.3%) 20 (41.7%) 0.698
Prior smoker 74 (52.1%) 49 (52.1%) 25 (52.1%) 0.996
Comorbidities

Hypertension 74 (52.1%) 52 (55.3%) 22 (45.8%) 0.284
Coronary artery disease (CAD) 16 (11.3%) 12 (12.8%) 4 (8.3%) 0.429
Heart failure (HF) 21 (14.8%) 14 (14.9%) 7 (14.6%) 0.961
Atrial fibrillation (Af) 16 (11.3%) 11 (11.7%) 5(10.4%) 0.819
Diabetes mellitus 29 (20.4%) 21 (22.3%) 8 (16.7%) 0.428
Chronic kidney disease” 33 (23.2%) 24 (25.5%) 9 (18.8%) 0.365
AEC, cells/uL 223.94223.3 172.9+153.5 323.7+£296.0 <0.001
mMRC 1.2+0.7 1.0£0.6 1.7+0.8 0.001
BODE 2.7+1.6 2.3+1.7 3.4+1.8 0.001
FVC,L 2.2940.71 2.36+0.76 2.1540.60 0.078
FVC, % 71.6x17.9 74.0+18.6 66.8+15.6 0.017
FEVI1, L 1.31+0.54 1.39+0.56 1.15+0.49 0.010
FEV1, % 52.7+18.3 56.2+18.1 45.9£16.9 0.001
FEVI/FVC, % 75.4+15.4 78.4+14.1 69.5+16.1 0.002
FEV1 (3 years after), L 1.30+0.57 1.40+0.60 1.12+0.48 0.003
FEV1 decline in 3 years, L 0.06+0.17 0.05+0.16 0.08+0.03 0.429
6MWD, meters 429.6+106.8 438.8+108.2 411.5+£102.8 0.144
Resting heart rate (/min) 83.8+14.6 83.5+14.6 84.2+14.8 0.784
Resting O2 saturation, % 94.242.7 94.7+2.6 93.3£3.2 0.009
Nadir O2 saturation, % 88.4+6.1 89.5+5.3 86.5+6.9 0.011
Exercise-induced dyspnea 59 (41.5%) 35 (37.2%) 24 (50%) 0.144
Clinical Outcomes

AE episodes 2.9+5.0 2.243.3 4.2+7.1 0.019
ER visits 1.1£2.5 0.6+1.6 1.943.4 0.003
Hospitalizations 0.8£1.6 0.5+1.2 1.4+2.2 0.004
Mortality 16 (11.3%) 6 (6.4%) 10 (20.8%) 0.010

Acronyms: AEC, absolute eosinophil count; CVD, cardiovascular diseases; mMRC, modified Medical Research Council; BODE, Body

mass index, Airflow Obstruction, Dyspnea, and Exercise capacity; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 sec-

ond; 6MWD, six-minute walk distance; AE, acute exacerbation; ER, emergency room
# Chronic kidney disease (CKD) was defined as CKD stage 3 or higher.
* FEV1 (3 years after) represents the median FEV1 measured after 3 years of follow-up.

Thorac Med 2026. Vol. 41 No. 3
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Table 2. Baseline Characteristics of COPD Patients Receiving Inhaled Corticosteroids Stratified by Absolute Eosinophil Count.

Total AEC <300/uLL AEC >300uLL

n=48 N=24 N=24 Pvalue

Age, yr 69.6+8.4 71.2+£7.9 68.1£8.7 0.205
Male gender 45 (93.8%) 23 (95.8%) 22 (91.7%) 0.551
Body mass index 24.6%4.5 24.9+4.7 24.444.5 0.726
Active smoker 20 (41.7%) 7 (29.2%) 13 (54.2%) 0.079
Prior smoker 25 (52.1%) 16 (66.7%) 9 (37.5%) 0.043
Comorbidities

Hypertension 22 (45.8%) 14 (58.3%) 8 (33.3%) 0.082
Coronary artery disease (CAD) 4 (8.3%) 2 (8.3%) 2 (8.3%) 1.000
Heart failure (HF) 7 (14.6%) 2 (8.3%) 5(20.8%) 0.220
Atrial fibrillation (Af) 5(10.4%) 4 (16.7%) 1 (4.2%) 0.156
Diabetes mellitus 8 (16.7%) 4 (16.7%) 4 (16.7%) 1.000
Chronic kidney disease” 9 (18.8%) 4 (16.7%) 5(20.8%) 0.712
mMRC 1.5+0.8 1.3+0.7 1.6+0.8 0.266
BODE 3.4+1.8 3.3+1.6 3.442.0 0.938
FVC,L 2.15+0.60 2.19+0.72 2.10+0.46 0.604
FVC, % 66.8+15.6 65.8+17.7 67.9+13.5 0.636
FEVI, L 1.15+0.49 1.16+0.54 1.14+0.44 0.872
FEVI1, % 45.9+16.9 44.9+16.5 46.9£17.6 0.686
FEVI/FVC, % 69.5+16.1 70.3£15.5 68.8+17.1 0.738
FEV1 (3 years after)”, L 1.12+0.48 1.15+0.56 1.09+0.38 0.704
FEV1 decline in 3 years, L 0.08+0.18 0.06+0.17 0.09+0.18 0.677
6MWD, meters 411.5+£102.8 412.5+117.8 410.4+87.8 0.944
Resting heart rate (/min) 84.2+14.8 82.1+12.1 86.4+17.0 0.320
Resting O2 saturation, % 93.3+3.2 92.8+3.8 93.8+£2.5 0.290
Nadir O2 saturation, % 86.5+6.9 86.8+6.8 86.2+7.3 0.759
Exercise-induced dyspnea 24 (50.0%) 14 (58.3%) 10 (41.7%) 0.248

Acronyms: AEC, absolute eosinophil count; CVD, cardiovascular diseases; mMRC, modified Medical Research Council; BODE, Body
mass index, Airflow Obstruction, Dyspnea, and Exercise capacity; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 sec-
ond; 6MWD, six-minute walk distance

# Chronic kidney disease (CKD) was defined as CKD stage 3 or higher.

*"FEV1 (3 years after)" represents the median FEV1 measured after 3 years of follow-up.

tors (Table 4). In multivariate analysis, only remained independently associated with AE oc-
an AEC >300 cells/uL (OR 16.074; 95% CI: currence.
2.409-107.247; p = 0.004) and lower FEV1 (%) Kaplan—Meier analysis (Fig. 2) demonstrat-

(OR 0.923; 95% CI: 0.873-0.975; p = 0.005) ed that among ICS(+) patients, those with an

Thorac Med 2026. Vol. 41 No. 3
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Table 3. The Relationship Between Clinical Outcomes and Absolute Eosinophil Count in COPD Patients Receiving Inhaled Corticosteroid
Treatment.

< >
Clinical Outcomes I:tlasl AEC ;0=02:ells/uL AEC _;(i()z:ells/uL P value
AE episodes 4.2+7.1 1.9+3.2 6.5+9.0 0.023
ER visits 1.9+3.4 1.243.3 2.6+3.5 0.156
Hospitalizations 1.4+£2.2 0.8+1.8 1.9£2.4 0.097
Mortality 10 (20.8%) 4 (16.7%) 6 (25.0%) 0.477

Acronyms: AE, acute exacerbation; ER, emergency room.

Table 4. Key Factors Associated with Acute Exacerbation in Patients with Chronic Obstructive Pulmonary Disease Receiving Inhaled

Corticosteroids Treatment.

Univariate Multivariate
OR 95% CI p value OR 95% CI p value
Active smoker 4.250 1.009-17.895 0.049
AEC =300 cells/uL 7.000 1.641-29.854 0.009 16.074 2.409-107.247 0.004
BODE 1.620 1.013-2.592 0.044
FVC, % 0.959 0.916-1.004 0.075
FEV1, % 0.945 0.904-0.987 0.011 0.923 0.873-0.975 0.005
FEV1, Liter (3 years after)’ 0.153 0.034-0.681 0.014
Lowest O2 saturation <94% 0.328 0.092-1.170 0.086

Acronyms: CVD, cardiovascular disease; AEC, absolute eosinophil count; FVC, forced vital capacity; FEV1, forced expiratory volume in
1 second; mMRC, modified Medical Research Council; 6MWD, six-minute walk distance
*"FEVI, Liter (3 years after)" represents the median FEV 1 measured after 3 years of follow-up.

e — AEC<300
[}
r — AEC=z=300
8_ 0.8
o
S
o
[
2 o0.6-
Y=
s — Fig. 2. Time to first exacerbation over the 3-year
g 0.4 follow-up period.
E The analysis was performed using a multivariate Cox
‘; proportional-hazards model. Hazard ratio: 2.52; 95%
g 027 confidence interval: 1.23-5.15; p = 0.012. Acronym:
§ AEC, absolute eosinophil count. Use “exacerbation-
< .0 free” below.

: T T T T T 1

0 200 400 600 800 1000 1200 Separate: AEC <300, AEC >300.
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AEC >300 cells/uL had a significantly shorter
time to first AE compared with those with an
AEC <300 cells/uL (HR 2.52; 95% CI: 1.23—
5.15; p=0.012).

Discussion

This study found that COPD patients re-
ceiving ICS-based therapy represent a high-risk
group. Compared with non-ICS patients, those
on ICS exhibited more severe clinical profiles—
with higher mMRC scores, elevated BODE
indices, poorer lung function, and a greater
decline in FEV: over 3 years—and experienced
more frequent AEs, hospitalizations, and higher
mortality. In the ICS-treated subgroup, a higher
proportion of patients had blood eosinophil
counts >300 cells/uL, which is consistent with
current GOLD guideline recommendations that
favor ICS use in patients with elevated eosino-
phils [2]. Higher FEV: values were significantly
associated with a lower risk of AE.

Within the ICS-treated cohort, our results
show that patients with an AEC >300 cells/uL.
continue to experience a significantly higher
rate of exacerbations. This suggests that even
though ICS therapy is intended to modulate
type 2 inflammatory pathways [15, 20], it
may not fully mitigate the risk in patients with
persistently high eosinophil levels. Addition-
ally, the variability in functional capacity—as
measured by the 6MWT—indicates that these
patients often have a more severe disease phe-
notype, which further contributes to adverse
outcomes, including mortality.

However, our findings must be interpreted
in the context of contrasting evidence. For ex-
ample, the pooled analysis by Singh et al. [16]
did not identify a strong or clinically significant
relationship between baseline blood eosinophil
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counts and exacerbation rates; while patients
with <150 cells/uL tended to have the lowest
exacerbation rates, the increases observed in
higher eosinophil subgroups were modest (rate
ratios ranging from 0.97 to 1.17). Similarly, a
review by Pradeesh er al. [17] underscores that
although elevated eosinophil levels may predict
a better response to ICS treatment in some pa-
tients, they do not uniformly confer protection
against exacerbations. These discrepancies may
be partly attributable to the inherent variability
of blood eosinophil levels over time and dif-
ferences in study designs, suggesting that eo-
sinophil counts should be considered alongside
other clinical parameters to more accurately
predict treatment response and exacerbation
risk.

Clinically, our results reinforce the impor-
tance of integrating blood eosinophil measure-
ments with other clinical indicators—such
as exacerbation history, lung function, and
6MWD—to refine risk stratification and opti-
mize treatment decisions in COPD. Although
the GOLD guidelines advocate for ICS in pa-
tients with higher eosinophil counts, our find-
ings indicate that even within this subgroup, an
AEC >300 cells/uL independently predicts a
higher risk of exacerbations. This observation
highlights a potential gap in current manage-
ment, suggesting that ICS-based therapy may
be insufficient for some high-risk patients [20].

Our study found that a lower FEV: is an
independent risk factor for AE in COPD pa-
tients receiving ICS-based therapy. Notably, the
3-year rate of FEV: decline did not differ sig-
nificantly between ICS and non-ICS patients.
This finding is consistent with previous litera-
ture, which indicates that while ICS treatment
may provide a modest short-term improvement
in FEVi—typically increasing by 45 to 96 ml
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within the first 1 to 6 months—this benefit di-
minishes over longer periods, with the rate of
decline eventually resembling that of non-ICS
patients [21, [21]. These results suggest that al-
though short-term gains in FEV1 are achievable,
maintaining a higher FEV. is crucial for reduc-
ing the risk of AE, and additional therapeutic
strategies may be necessary to sustain long-
term lung function.

Given these findings, further large-scale
prospective studies are warranted to better
define the eosinophilic COPD phenotype and
to evaluate whether intensive monitoring and
tailored treatment strategies—possibly incorpo-
rating additional anti-inflammatory or targeted
therapies—can improve outcomes. Such studies
should also address whether repeated blood eo-
sinophil measurements can overcome the limi-
tations posed by their inherent variability and
thereby better predict treatment response and
long-term prognosis.

Our study has several limitations. The retro-
spective design introduces potential biases and
limits causal inference. Moreover, our analysis
was confined to patients capable of completing
the 6MWT, which may not be representative
of the broader COPD population, particularly
those with severe functional impairment. Fi-
nally, the variability of blood eosinophil counts
over time could lead to misclassification when
relying on a single measurement.

Conclusion

In conclusion, our study demonstrates that
COPD patients receiving [CS-based therapy
represent a high-risk group, characterized by
more severe clinical profiles, diminished lung
function, and increased rates of AEs, hospi-

talizations, and mortality compared with non-
ICS patients. Within the ICS-treated cohort,
those with blood eosinophil counts >300 cells/
pL experienced a higher rate of exacerbations,
indicating that ICS therapy alone may not fully
mitigate risk in this subgroup. Additionally, a
lower FEV: was identified as an independent
risk factor for AEs. These findings highlight the
need for tailored treatment strategies and further
large-scale prospective studies to better define
high-risk COPD phenotypes and improve long-
term outcomes.
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Asthma Control Test (ACT) as a Predictive Tool for
Asthma Control Defined by GINA Guidelines:
A Retrospective Study
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Introduction: Both the Asthma Control Test (ACT) and the Global Initiative for Asthma
(GINA)-based assessment are widely used tools for monitoring treatment outcomes, yet they
have been found to yield differing assessments of asthma control. This study aims to correct
the discrepancies between the ACT score and GINA classification.

Methods: This retrospective study enrolled adult patients diagnosed with asthma
who visited the chest OPD in Tri-Service General Hospital from February 2024 to October
2024. The GINA classification served as the reference standard to evaluate asthma control,
while the ACT score was considered the predictive measure. We used receiver operating
characteristic (ROC) curve analysis and Youden's index to find the optimal ACT cut-off point
for prediction of well-controlled asthma.

Results: A total of 967 patients with asthma were included in our study. When using the
cut-off point of 220 for ACT well-controlled asthma, the ACT score predicted GINA to be “well
controlled” and showed sensitivity of 100% and specificity of 35.4%, while Youden's index
was 0.354. When using the cut-off point of 224 for ACT well-controlled asthma, the ACT score
showed sensitivity of 87.4% and specificity of 87.2%, while Youden's index was 0.747.

Conclusion: Based on the ROC curve and Youden's index, the optimal ACT cut-off point
defining “well-controlled” was =24. The discrepancy underscores the importance of using both
ACT and GINA criteria in conjunction to achieve optimal asthma management. (Thorac Med
2026; 41: 105-114)
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Introduction

Asthma is a heterogeneous disease char-
acterized by chronic airway inflammation. It
affects approximately 300 million people glob-
ally, and has significant impacts on morbidity,
mortality, and healthcare systems worldwide
[1]. Achieving good asthma control through
treatment is the most effective strategy to re-
duce acute exacerbations, hospitalizations, and
mortality, and improve patients' quality of life.
To monitor treatment outcomes effectively,
various tools are employed in clinical practice,
including the Asthma Control Test (ACT) and
the Global Initiative for Asthma (GINA)-based
assessment [2].

The GINA guidelines provide a comprehen-
sive framework for assessing asthma control us-
ing both subjective patient-reported symptoms
and objective clinical measures. According to
current guidelines, well-controlled asthma is
defined by the following criteria: no limitations
in daily activities, absence of nocturnal symp-
toms, minimal or no daytime symptoms, and
minimal or no reliance on rescue medication.

The ACT is a validated patient-completed
questionnaire designed for simplicity and ease
of use in clinical settings. It includes 5 ques-
tions that evaluate daily activity limitations,
shortness of breath, nocturnal symptoms, use
of rescue medications, and the patient’s overall
perception of asthma control over the preceding
4 weeks. According to GINA guidelines, ACT
scores ranging from 20 to 25 are classified as
indicating "well-controlled" asthma [1].

While both tools are widely used, dis-
crepancies often arise in their classification of
asthma control levels, which can lead to incon-
sistent treatment decisions. Such discrepancies
are clinically significant as they may result in

Thorac Med 2026. Vol. 41 No. 3

under- or over-treatment of patients. Chao et al.
reported that the ACT demonstrates a good cor-
relation (complete agreement was 71.7%, kappa
agreement = 0.524) with GINA-based criteria in
assessing asthma control, highlighting that ACT
is a convenient tool to evaluate asthma control
rapidly. However, discrepancies between the 2
methods, including overestimation (15.5%) or
underestimation (12.9%) of asthma control in
this patient population, highlight the need for
cautious interpretation in clinical practice [22].

Panettieri et al suggested that specialists
commonly overestimated the level of asthma
control relative to ACT scores in patients with
severe asthma [23]. A single measurement of
the ACT could be used for assessing asthma
control and predicting risk of exacerbation, and
as an adjunct to treatment decisions in asth-
matic patients in Hong Kong [5]. Previous stud-
ies have shown that optimal ACT cut-off points
vary across populations with differences in
demographics, healthcare access, and cultural
factors. However, only limited research has ex-
plored how these thresholds align with GINA-
defined asthma control in Taiwan.

To address this gap, our study aimed to
evaluate the relationship between ACT scores
and GINA-defined asthma control in a Taiwan-
ese population. Using receiver operating char-
acteristic (ROC) curve analysis and Youden's
index, we sought to identify an optimal ACT
cut-off point that maximizes sensitivity and
specificity for predicting well-controlled asthma
according to GINA criteria.

Methods

Study design
This retrospective study was conducted at
the Chest Clinic of Tri-Service General Hospi-
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tal in Taiwan. Patient data were retrospectively
collected from medical records of individuals
aged 18 years or older who visited the clinic
between February 2024 and October 2024. This
study was approved by the Tri-Service General
Hospital Institutional Review Board (TSGHIRB
No.: A202405141). All patients included in the
study had a prior diagnosis of asthma, which
was established based on documented clinical
symptoms (e.g., wheezing, shortness of breath,
cough, or chest tightness) and lung function as-
sessments recorded in their medical charts. Each
asthma patient underwent an evaluation of their
GINA asthma control level and ACT score con-
ducted by our asthma case manager and a chest
physician, with the results documented in the
outpatient medical records. In addition to clini-
cal data, demographic information such as sex,
smoking status, and use of inhaled medications
was also collected from the medical records.
Data on ACT scores and GINA classification
were extracted during the retrospective review.
These variables were analyzed to evaluate the
correlation between ACT scores and GINA-
defined asthma control and to determine the
optimal ACT cutoff values for well-controlled
asthma.

Statistical analysis

The objective of this study was to evaluate
the predictive validity of the ACT score in iden-
tifying GINA-defined well-controlled asthma.
The GINA classification served as the reference
standard, while the ACT score was considered
the predictive measure. The analysis focused on
distinguishing GINA-defined well-controlled
asthma from partly controlled or uncontrolled
asthma using an optimal ACT score cut-off.

To determine the optimal ACT score cut-
off, we calculated the sensitivity, specificity, and

overall classification accuracy at different cut-
off points. A sensitivity analysis was conducted
to refine the selection of the most appropriate
cut-off value, highlighting the reclassification of
asthma control categories at different thresholds.

The relationship between the ACT score
thresholds and GINA classification was assessed
using ROC curve analysis. Key performance
metrics, including sensitivity, specificity, and
Youden’s Index, were summarized to evalu-
ate the predictive performance of ACT scores.
Youden’s Index was calculated as the sum of
sensitivity and specificity minus 1, which is a
common simplification, though it is more ac-
curately represented as a measure of the differ-
ence between the true positive and false positive
rates.

Results

A total of 967 asthma patients who met the
inclusion criteria were enrolled in the study;
their demographic and clinical characteristics
are summarized in Table 1. The mean age of
the participants was 54.6 years, with a predomi-
nance of females, accounting for approximately
66.5% of the cohort. Most patients visited our
chest clinic at a frequency of 1-3 times (89%),
reflecting the frequency of follow-up required
for asthma management. The majority of pa-
tients were prescribed inhaled corticosteroids
(ICS) combined with long-acting beta-agonists
(LABA) (ICS + LABA, 82.1%), which are con-
sidered the cornerstone of asthma treatment,
while 5.8% received biologic agents, indicating
a subset with severe asthma. These data provide
a comprehensive overview of the patient popu-
lation and highlight the variability in disease
severity and treatment approaches within the
cohort. Using the GINA-recommended asthma
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Table 1. Demographic Data of the Patients (n=967).

Variable Value
Age Average: 54.6 years
Female: 643 (66.5%)
Gender
Male: 324 (33.5%)
Current: 115 (11.9%)
Smoking Quit: 67 (6.9%)

Never: 785 (81.1%)

Number of medical visits in 9 months

1-3 times: 862 (89%)
4-9 times: 99 (11.4%)
>9 times: 6 (0.6%)

Inhaled medicines

ICS: 4 (0.4%)

ICS+LABA: 794 (82.1%)
ICS+LABA+LAMA: 168(17.4%)
LAMA: 1(0.1%)

Biologic treatments

Underwent biologic treatments: 56 (5.8%)
Did not undergo biologic treatments: 911 (94.2%)

809

m Well control

446

GINA

u partial control and uncontrol

Fig. 1. Histogram showing the distribution of study participants based on ACT scores (cut-off point: >20) and GINA classification. Use “well

controlled”, “partially controlled and uncontrolled” in the figure below.

control tool, 521 patients (53.9%) were clas-
sified as having well-controlled asthma, while
446 patients (46.1%) were classified as having
partly or uncontrolled asthma (Fig. 1).

When using an ACT cut-off point score >
20 to identify well-controlled asthma, 809 pa-
tients (83.6%) were classified as having well-
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controlled asthma, and 158 patients (16.3%)
were classified as having partly controlled or
uncontrolled asthma. At this cut-off point, the
ACT score achieved a sensitivity of 100%, in-
dicating that all patients classified as well-con-
trolled by GINA criteria were correctly identi-
fied. However, the specificity was only 35.4%,



Correlation Between ACT Scores and GINA-Defined Asthma Control 109

reflecting a high rate of false positives where
patients with partly controlled or uncontrolled
asthma were misclassified as well-controlled
(Table 2). This discrepancy highlights the limi-
tations of using an ACT cut-off of 20 in accu-
rately distinguishing between GINA-defined
asthma control categories.

The Sankey diagram in Fig. 2 further il-
lustrates the reclassification of asthma control
groups when applying an ACT cut-off of 20
compared to GINA-defined categories. A sig-
nificant proportion of patients classified as
“partly controlled” or “uncontrolled” by GINA
were misclassified as “well-controlled” under

this ACT threshold, underscoring the potential
overestimation of asthma control. While an
ACT cut-off score of > 20 ensures high sensi-
tivity for identifying well-controlled asthma,
its low specificity limits its ability to accurately
differentiate between GINA-defined asthma
control levels. These findings suggest that rely-
ing solely on this threshold may lead to overes-
timation of asthma control in clinical practice,
emphasizing the need for a more stringent cut-
off point to improve classification accuracy.

To address the limitations of using an ACT
cut-off score of 20, we performed ROC curve
analysis to identify the optimal ACT score

Table 2. Distribution of ACT Scores vs GINA Scores with Correlation Statistics (ACT cut-off point: > 20).

GINA
Well controlled Partially controlled & uncontrolled
ACT  Well controlled 521 288
Partially controlled & uncontrolled 0 158

ACT

16.3%(158)

GINA

46.1%(446)

Fig. 2. Sankey diagram showing reclassification of asthma control groups when 2 different methods (ACT cut-off point > 20 vs GINA) were used.

Separate the percentages and numbers below (53.9% (521)).
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for predicting GINA-defined well-controlled
asthma (Fig. 3). The ROC curve demonstrated
excellent discriminatory ability, with an area
under the curve (AUC) of 0.91, indicating that

the ACT score is a reliable predictor of asthma
control as defined by GINA guidelines. Table
3 summarizes the sensitivity, specificity, and
Youden’s index for each ACT score cut-off

ROC curve

0.9

0.8

0.7

sensitivity

0.6
05
04 |
0.3
0.2

0.1

) 0.1 0.2 0.3 0.4

0.5 0.6 0.7 0.8 0.9 1

1-specificity

Fig. 3. Receiver operating characteristics (ROC) curves for the Asthma Control Test score predicting the Global Initiative for Asthma control

classification for the 967 patients included in the survey.

Table 3. Performance of the ACT Score at Different cut-off Points in Predicting GINA Categories of well-Controlled Asthma for all Patients

(n=967).
Sensitivity Specificity Youden’s Index
>15 1 0.103 0.103
>16 1 0.141 0.141
>17 1 0.177 0.177
>18 1 0.226 0.226
>19 1 0.285 0.285
>20 1 0.354 0.354
>21 0.998 0.466 0.464
>22 0.992 0.594 0.586
>23 0.967 0.749 0.716
>24 0.875 0.872 0.747
=25 0.167 0.989 0.156

Thorac Med 2026. Vol. 41 No. 3
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Table 4. Distribution of ACT Scores vs GINA Scores with Correlation Statistics (ACT cut-off point: > 24).

GINA

Well controlled

Partially controlled & uncontrolled

ACT  Well controlled 456 57
Partially controlled & uncontrolled 65 389
ACT GINA
53%(513) 53.9%(521)

47%(454)

46.1%(446)

Fig. 4. Sankey diagram showing reclassification of asthma control groups when 2 different methods (ACT cut-off point > 24 vs GINA) were used.

Separate the percentages and numbers below.

point. Among the tested cut-off points, an ACT
score of 24 was identified as the optimal thresh-
old based on the highest Youden’s index (0.747).
At this cut-off point, the ACT score achieved a
sensitivity of 87.4% and a specificity of 87.2%,
reflecting a balanced performance in correctly
identifying well-controlled asthma while mini-
mizing false positives and negatives. The ROC
curve analysis confirmed that an ACT score of
24 provides the optimal balance between sen-
sitivity and specificity for predicting GINA-
defined well-controlled asthma. This threshold
improves upon the limitations observed with a
cut-off score of 20 and offers a more accurate
tool for clinical decision-making in asthma
management.

Based on the ROC curve analysis and the
maximum Youden’s index, we chose an ACT
score of 24 as the optimal cut-off point for
distinguishing GINA-defined well-controlled
asthma. Fig. 4 illustrates the Sankey diagram,
which visualizes the reclassification of asthma
control categories when applying this ACT cut-
off compared to GINA-defined control levels.
The diagram highlights that an ACT score of 24
achieves a better alignment with GINA-defined
well-controlled asthma, reducing the overes-
timation observed at lower cut-off points such
as 20. Specifically, fewer patients classified as
“partly controlled” or “uncontrolled” by GINA
were misclassified as “well-controlled” under
this threshold.

Thorac Med 2026. Vol. 41 No. 3
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The Sankey diagram also demonstrates the
distribution of patients across different asthma
control categories, providing insights into how
the ACT score reclassifies patients relative to
GINA standards. This visualization underscores
the improved accuracy of using an ACT score
of 24, as it minimizes both false positives (pa-
tients incorrectly classified as well-controlled)
and false negatives (patients incorrectly classi-
fied as not well-controlled).

Discussion

In this study, we analyzed data from 967
asthma patients to evaluate the accuracy of the
ACT score in predicting GINA-defined well-
controlled asthma. When using an ACT score
cut-off of >20, the sensitivity was 100%, but
the specificity was only 35.4%, resulting in a
substantial overestimation of well-controlled
asthma cases. To address this limitation, we
performed an ROC curve analysis to identify
the optimal ACT cut-off point. The analysis
revealed that an ACT score of 24 provided the
highest Youden’s index (0.747), achieving a
sensitivity of 87.4% and a specificity of 87.2%,
indicating a more balanced performance in dis-
tinguishing well-controlled asthma from partly
controlled or uncontrolled asthma.

Furthermore, the Sankey diagram dem-
onstrated how applying an ACT cut-off of 24
reclassified patients into GINA-defined asthma
control categories. This threshold significantly
reduced misclassification compared to lower
cut-off points, aligning ACT-based assessments
more closely with GINA criteria. These find-
ings suggest that an ACT score of 24 is a more
accurate and reliable tool for clinical decision-
making in asthma management, offering im-
proved precision in evaluating asthma control

Thorac Med 2026. Vol. 41 No. 3

levels.

In the early guidelines, the GINA classified
asthma severity into 4 levels: intermittent asth-
ma, mild persistent asthma, moderate persistent
asthma, and severe persistent asthma. The as-
sessment criteria included the frequency of day-
time and nighttime symptoms, lung function,
and the occurrence of exacerbations [9, 12].
After 2006, GINA shifted its focus from asthma
severity to asthma control, categorizing it into
3 classifications: well-controlled, partly con-
trolled, and uncontrolled asthma. The assess-
ment criteria for control included the frequency
of daytime symptoms, nighttime awakenings,
activity limitations, the need for reliever medi-
cation, lung function, and exacerbations. This
paradigm shift emphasized a more dynamic
and patient-centered approach, aiming to guide
treatment adjustments based on current disease
control rather than static severity classification
[10, 12, 18].

After 2014, GINA introduced a 2-compo-
nent approach to asthma control, comprising
symptom control and future risk assessment.
The criteria for evaluating symptom control
included daytime symptoms, nighttime awak-
enings, activity limitations, and the need for
reliever medication. Meanwhile, lung function
was considered a key metric in assessing the
risk of future exacerbations [13-14, 19].

The ACT was a validated tool designed to
assess the level of asthma control in patients.
It was a simple, patient-based questionnaire
that helped quantify asthma control, providing
insights into the effectiveness of treatment and
guiding therapeutic decisions [11, 20]. The ACT
was widely used due to its ease of administra-
tion and ability to provide a quick assessment of
asthma control, which was crucial for managing
this chronic condition effectively [15]. Both the
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ACT and GINA symptom control assessment
were notable for their roles in guiding treatment
decisions and improving patient outcomes, yet
they had been found to yield differing assess-
ments of asthma control.

The optimal cut-off point for the ACT var-
ied across different populations and settings, as
evidenced by several studies. In adult popula-
tions, according to GINA guidelines, an ACT
score of >20 was the optimal cut-off point de-
fining well-controlled asthma [1, 21]. However,
it might not have been universally applicable, as
GINA's stricter criteria often highlighted a low-
er overall control rating among patients, leading
to potential discrepancies in treatment strategies
[8]. Such differences were crucial as they could
have significantly affected management plans
and patient adherence to therapy, underscoring
the importance of selecting appropriate evalua-
tion tools.

Research suggested that the ACT cut-off
point should have been adjusted based on geo-
graphical and ethnic differences to improve
the accuracy of asthma control assessments [4,
5, 16, 17]. Some studies found that ACT and
GINA scores had only a weak positive corre-
lation or a negative correlation if the optimal
ACT cut-off point defining well-controlled
asthma was >20 [2, 3]. In a previous study, Ko
et al. showed that the ACT cut-off for uncon-
trolled asthma was <19 and for partly controlled
asthma was <22 in a Hong Kong population
[5]. Thomas et al. showed that an ACT score of
<19 correctly predicted GINA-defined partly
controlled and uncontrolled asthma 94% of the
time, while an ACT score of >20 predicted GI-
NA-defined well-controlled asthma only 51%
of the time. The study also found that for asth-
ma subjects aged >12 years, the median (inter-
quartile range) ACT scores for GINA categories

were 14 (11-17), 20 (17-22), and 23 (21-25)
for uncontrolled, partly controlled, and well-
controlled asthma in European and U.S. popula-
tions [4]. In another study, Ko et al. found that
the optimal ACT cut-off points for adults were
<19 for uncontrolled asthma (sensitivity 0.73,
specificity 0.67) and <22 for partly controlled
asthma [6].

Asthma educators worked with patients
to create personalized asthma management
plans that incorporated both the ACT findings
and the GINA recommendations. These plans
detailed medication adherence, strategies for
avoiding triggers, and mechanisms for tracking
symptoms [7]. By individualizing care, educa-
tors empowered patients to take an active role
in their asthma management, thereby enhanc-
ing treatment adherence and improving overall
asthma control.

Our study has several limitations. First,
its retrospective design may introduce selec-
tion bias and limit the ability to establish causal
relationships. Second, the study did not apply
specific exclusion criteria, which could affect
the generalizability of the findings. Third, the
analysis was conducted in a single-center set-
ting, potentially limiting the applicability of
results to broader populations.

Conclusion

Our research highlights that the traditional
ACT cut-off of >20 may lead to an overestima-
tion of asthma control, potentially compromis-
ing treatment efficacy. By adopting a more
stringent threshold of >24, clinicians can better
align ACT assessments with GINA-defined
well-controlled asthma, thereby enhancing the
precision of treatment decisions and ultimately
improving patient care.
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Challenges in Using the Mandarin Term for
“Nontuberculous Mycobacteria” in Taiwan: A Survey
of Healthcare Providers’ Perspectives

Yu-Hsun Chiang', Sheng-Wei Pan', Jia-Yih Feng'

Introduction: The Mandarin term for “nontuberculous mycobacteria” (NTM, FE#&E#& 0%
12H) often confuses Taiwanese patients, as it is easily mistaken for tuberculosis. This study
explored whether alternative Mandarin terms would be preferred by healthcare providers for
patient communication.

Methods: An online questionnaire was sent to 571 clinical trainees in the Department
of Chest Medicine at our hospital (2022—-2024), assessing their opinions and preferences
regarding alternative Mandarin terms for NTM, including “environmental mycobacteria”(3&
B FHRE), “atypical mycobacteria” (FEHEIAHF4EE), and “mycobacteria other than
tuberculosis” (#5#%LLIM 48 HE). Participants completed pre- and post-tests following a brief
introduction.

Results: Of the 70 respondents, 51.4% had cared for NTM patients. Over 85% believed
the current Mandarin term causes confusion with tuberculosis. Only 7% found “environmental
mycobacteria” potentially confusing, compared to 20% for “atypical mycobacteria” and 71%
for “mycobacteria other than tuberculosis” (p = 0.039 and p = 0.001). In the single-choice
question, 64.3% selected “environmental mycobacteria” as the most intuitive option, this
increased to 77.1% after an educational introduction (p = 0.035). Overall, 75.7% favored it for
its clarity and accuracy.

Conclusion: Based on the perspectives of healthcare providers, using the Mandarin term
for “nontuberculous mycobacteria” presented challenges due to its potential for confusion with
tuberculosis. “Environmental mycobacteria” was a clearer alternative that may better support
patient education and understanding. (Thorac Med 2026; 41: 115-123)

Key words: Environmental mycobacteria; Mandarin medical terminology; nontuberculous mycobacteria
(NTM); Taiwan

Introduction commonly found in water and soil. The major
NTM species associated with human disease

Nontuberculous mycobacteria (NTM) are include the Mycobacterium avium complex
widely distributed in the environment and are (MAC), the Mycobacterium abscessus group,

'Department of Chest Medicine, Taipei Veterans General Hospital.
Address reprint requests to: Dr. Sheng-Wei Pan, Department of Chest Medicine, Taipei Veterans General Hospital.
No. 201, Sec. 2, Shih-Pai Rd., Taipei, Taiwan.
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and Mycobacterium kansasii [1]. In individuals
with chronic lung diseases (such as bronchiec-
tasis) or compromised immune systems, NTM
can cause pulmonary infections, referred to as
NTM-lung disease (NTM-LD). The incidence
of NTM-related diseases has continued to rise
while the incidence of tuberculosis in Taiwan
has gradually declined [2]. A multicenter, longi-
tudinal study by Huang et al. in Taiwan report-
ed an incidence rate of 46.0 episodes of NTM-
LD per 100,000 hospital-based patient-years
from 2010 to 2014 [3].

In Taiwan, the Mandarin term for NTM, a
direct translation of “nontuberculous mycobac-
terium” (FEAERZ T FARE), is often misunder-
stood by patients and mistaken for pulmonary
tuberculosis. This confusion arises because the
Mandarin term for “non-tuberculosis” sounds
similar to the term “lung tuberculosis” in Man-
darin as spoken in Taiwan. This misunderstand-
ing in wording, combined with the stigma asso-
ciated with tuberculosis-related infectiousness
and fear of transmission, may lead to unneces-
sary worry and contribute to delays in further
investigation and to reduced cooperation with
anti-NTM treatment [4]. From a public health
perspective, this terminological confusion cre-
ates a communication barrier for clinicians
when explaining NTM-LD, often leading to
misconceptions about the disease’s infectious-
ness, treatment, and prognosis. Given the in-
creasing clinical relevance of NTM infections,
enhancing public awareness and improving
doctor-patient communication are crucial. This
is especially important for early-career medical
professionals, including medical students, post-
graduate year (PGY) doctors, and paramedical
staff, who may encounter patients with NTM-
LD in clinical settings. However, the extent to
which the confusing terminology acts as a com-
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munication barrier and contributes to the educa-
tional burden on clinicians remains unclear.

Several alternative terms for NTM are
currently available, including “atypical myco-
bacteria” (FEHLAEISFARE), “mycobacteria
other than tuberculosis” (f&f%LAYNTFARE),
and “environmental mycobacteria” (EziE 457
FARE)[5]. In Taiwan, the first 2 alternatives
are occasionally used in clinical conversations.
However, “atypical mycobacteria” is sometimes
misinterpreted as “atypical tuberculosis” (JEHE
TISERZER), while “mycobacteria other than tu-
berculosis” may unintentionally shift the focus
of patient education toward tuberculosis rather
than NTM. Although the term “environmental
mycobacteria” better represents the nature of
these organisms and avoids reference to tu-
berculosis, it is not commonly used in clinical
practice in Taiwan. To date, it is unclear which
of these alternative names for NTM is most ac-
ceptable or preferred by clinicians in Taiwan—
particularly among those involved in the care of
patients with NTM-LD—as practical terms for
explaining the condition. Understanding clini-
cians’ preferences could help guide professional
societies in pulmonary medicine and infectious
diseases to revise and standardize the Mandarin
terminology used in education, clinical practice,
and public health messaging.

This study aimed to assess how clinical per-
sonnel—including medical students, PGY doc-
tors, and respiratory therapists—perceive the
Mandarin term for NTM and its alternatives.
Using an online questionnaire, we evaluated
their baseline understanding of NTM, reactions
to various translated terms, and the potential for
confusion with tuberculosis. The goal was to
determine which alternative terminology was
more likely to help clinicians understand the na-
ture of NTM and communicate more effectively
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with patients.

Methods

Study design and participants

This study is a retrospective analysis of
survey data collected from routine post-course
questionnaires. At the Department of Chest
Medicine in Taipei Veterans General Hospital,
monthly NTM health education sessions are
held for rotating medical clerks, PGY doc-
tors, newly recruited respiratory therapists, and
nurses from specialized units. Following each
session, participants are invited to complete an
anonymous post-course feedback survey, which
is distributed via email and completed voluntari-
ly. During the course, an online questionnaire is
distributed via the following link: https://forms.
gle/aNAAnmdPTjNXjMCh7. For this study, it
was sent to 571 individuals who received clini-

cal training in the Department of Chest Medi-
cine at this hospital between 2022 and 2024.

Online questionnaire

The online questionnaire included both pre-
tests and post-tests, with an intervening remind-
er about the nature of NTM-LD. The pre-test
gathered basic demographic information, such
as participants’ clinical background, level of
training, and prior experience with NTM cases.
It also assessed their baseline understanding of
NTM and their impressions of various alterna-
tive Mandarin translations, including “environ-
mental mycobacteria” (FRIZ/THIREF), “atypi-
cal mycobacteria” (FEELHI /3R ), and “my-
cobacteria other than tuberculosis” (&% A4k
SIEERRER). After the pre-test, participants were
provided with a brief educational introduction
to NTM (Table 1), covering its epidemiology,
clinical significance, and how it differs from

Table 1. Educational Introduction Provided in the Online Questionnaire.

Original text

Nontuberculous mycobacteria (NTM) & B % 7 27 138 B KR 69 5 4 A%H » XF% &environmental mycobac-
teria GRFLHAFH) » LRI R RAE Go LA ETIRKE) R BT N EEH » NTMT & R AT 3R 5
PPNTM-lung disease © 1% & NTMAw &5 4% 1 AR B A 9 AT [ENTMIZ A AR AR » &1 FFadk > BT
A% &atypical mycobacteria (3F 378 54 4% 1) &mycobacteria other than tuberculosis (44% VA b 2 44T H) °
MEBANIM B E—RACHADAREREY > LEEWEBRBREERRF TR mNTMR R o5 £ £5
HE LS MREEERSEMIE -

English translation

Nontuberculous mycobacteria (NTM) are mycobacteria commonly found in soil and water, that are also known as
environmental mycobacteria (32 3% 54 4% 1 ). In individuals with chronic lung diseases (such as bronchiectasis) or
weakened immune systems, NTM can cause lung infections, referred to as NTM-lung disease. Although both NTM
and Mycobacterium tuberculosis belong to the same genus, NTM are not contagious and do not require isolation.
Therefore, they are also referred to as atypical mycobacteria (JE 3% 54 4% 1) or mycobacteria other than tuber-
culosis (44 VA 9 5 4% 4% 18). Unlike NTM, M. tuberculosis is generally not found in natural environments. While
the incidence of tuberculosis in Taiwan has been declining year by year, the incidence of NTM disease continues to

rise, warranting significant attention from the medical community in Taiwan.

Thorac Med 2026. Vol. 41 No. 3
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Mycobacterium tuberculosis. This was intended
to provide consistent baseline knowledge be-
fore re-evaluating their perceptions. The post-
test then reassessed participants’ opinions on
the clarity, intuitiveness, and appropriateness of
each translated term using a similar set of ques-
tions.

Statistics

Survey data were presented as number with
percentage. The pie chart and related figures
were created using Microsoft PowerPoint. The
McNemar test was used to compare paired pre-
test and post-test responses, as well as to assess
differences between alternative NTM terminolo-
gies in terms of their potential to be confused
with tuberculosis.

Results

Participants’ characteristics and perception

A total of 70 responses were collected, rep-
resenting a diverse group of clinical personnel,
including 27 medical students (clerks, 38.5%),
21 PGY1 and PGY?2 doctors (30.0%), 12 nurses

(17.1%) and 10 respiratory therapists (14.3%).
A majority of the participants (n=69) reported
they were already familiar with the Mandarin
term for NTM, and 51.4% had prior experience
participating in the care of patients with NTM-
LD.

As shown in Fig. 1, 86% of respondents
believed that the Mandarin term for NTM, a
translation of “nontuberculous mycobacteria”
FEEZ R E), could lead to confusion
with the Mandarin term for tuberculosis among
patients and their families, potentially impact-
ing disease awareness and management. Corre-
spondingly, 70% believed it created difficulties
when explaining NTM-LD to patients and their
families. Importantly, up to 89% of respondents
felt that the term was not easily understood by
the general public.

Confusion over alternative names for NTM
Considering the risk of confusion among
alternative names, only 7% of respondents felt
that the Mandarin term for “environmental my-
cobacteria” could lead to confusion, compared
to 20% for “atypical mycobacteria” and 71%

> Yes
Dgoa No ves Difficult { 11%
; ifficu 0
the public 14% 70% L y Understand
Yes confuse NTM explalning ie No able term
86% with TB? o

30%

Fig. 1. Perception of the Mandarin term for NTM (JEf5#% 43 A2 5 ) among respondents.
Use “Understand-able” in the figure above, if the word cannot be written “Understandable”.
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for “mycobacteria other than tuberculosis”. As
shown in Fig. 2, conversely, 92.8% of respon-
dents believed that “environmental mycobac-
teria” was unlikely to be confused with Myco-
bacterium tuberculosis, compared to 80.0% for
“atypical mycobacteria” and only 28.5% for
“mycobacteria other than tuberculosis”. Nota-
bly, among these alternative Mandarin names
for NTM, “environmental mycobacteria” was
associated with a significantly lower perceived
risk of confusion with Mycobacterium tubercu-
losis compared to the other 2 alternatives (p =
0.039 and p < 0.001, respectively).

Preference for alternative names for NTM
In the pretest, as shown in Fig. 2, 57.1% of
respondents believed “environmental mycobac-

teria (Bx15 3 M) best reflected the micro-
biological characteristics of NTM and 64.3%
identified it as the intuitive term for NTM. After
reading the basic introduction to NTM, post-
test results showed a clear shift in preferences:
the proportion rose to 75.7% for microbiologi-
cal relevance (p = 0.011), and to 77.1% for per-
ceived intuitiveness (p= 0.035).

As shown in Fig. 4, when considering pro-
fessional accuracy, public comprehension, and
ease of explanation, 75.7% of participants in-
dicated that “environmental mycobacteria (¥
B A E)” was the most helpful alternative
term for doctor-patient communication. Overall,
75.7% of participants identified the Mandarin
term for “environmental mycobacteria” as their
most preferred choice in this survey.

Easily Confused with Tuberculosis?

| p<0.001

- .
15
80% —

o3

I No Confusion at All

60%

M Unlikely to Be Confused

41 Possibly Confused
39 M Very Likely to Be Confused
40%
20%
: -
4
Environmental Atypical Mycobacterium Other
Mycobacterium Mycobacterium Than Tuberculosis
L 1 L |
p=0.039 p<0.001

Fig. 2. Likelihood of confusion between alternative terminologies of NTM and tuberculosis.
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Mycobacterium
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Mycobacterium
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Fig. 3. Pre-test results (A) and post-test results (B) on preferences for terminologies referring to nontuberculous mycobacteria based on biological

accuracy and intuitiveness.

Atypical
Mycobacterium
—11.4%

Most
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doctor—patient o
communication ' 10.0% MOTT

=2.9% NTM

Environmental
Mycobacterium

75.7%

Atypical
~10.0% Mycobacterium

. 8.6% MOTT

-5.7% NTM

Environmental
Mycobacterium

75.7%

Preferred
Term

Fig. 4. Post-test results on alternative terminologies for nontuberculous mycobacteria: clinical communication, and overall preference.

Discussion

In this survey of medical students, junior
residents, respiratory therapists and nursing
staff, we found that the Mandarin translation
of “nontuberculous mycobacteria” (FEFEF% 57

Thorac Med 2026. Vol. 41 No. 3

7 HEEH) posed challenges in patient-physician
communication, due to its potential for confu-
sion with tuberculosis, which continues to carry
social stigma in Taiwan. In contrast, the Manda-
rin translation of “environmental mycobacteria”
(R 5E), an alternative name for NTM,
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was perceived as a less confusing and more in-
tuitive term. In the post-test, following a brief
educational introduction to NTM, over 75% of
respondents agreed that “environmental my-
cobacteria”, as a Mandarin term, best reflected
the microbiological characteristics of NTM and
was the most intuitive name. Therefore, based
on input from medical personnel, “environmen-
tal mycobacteria” may serve as a more suit-
able Mandarin term for NTM in the context of
patient-physician communication in Taiwan.

Although the incidence of tuberculosis has
gradually declined in Taiwan, the prevalence of
NTM-LD continues to rise. In our survey, it was
surprising to find that half of the participants—
all of whom had received chest medicine train-
ing in recent years—reported prior experience
in caring for patients with NTM-LD and most
believed they were familiar with the Mandarin
term for NTM. However, 70% agreed that the
current Mandarin translation of “nontuberculous
mycobacteria” often causes confusion with tu-
berculosis among patients. This confusion can
lead to unnecessary anxiety, misconceptions
about disease transmission, and potential delays
in seeking appropriate medical care in patients
with NTM-LD. Although this issue of terminol-
ogy has been present for decades, it has largely
gone unrecognized—perhaps because NTM-LD
itself was long overlooked.

Thus, to address concerns that the current
Mandarin term for “nontuberculous mycobac-
teria” (FEFEIZ A2 E) may be confused
with the term for tuberculosis, the present study
aimed to explore more patient-friendly alter-
native terms. In a comparison of alternative
Mandarin names for NTM in this survey, both
“environmental mycobacteria” (PRIE /T F
B8) and “atypical mycobacteria” (FEHA 537
FRE&) were associated with significantly lower

concern about confusion, compared to “myco-
bacteria other than tuberculosis” (f&% LAY
FHRE). Specifically, confusion concerns were
reported by 10%, 20%, and 70% of respondents
for the 3 terms, respectively. Thus, “environ-
mental mycobacteria” was associated with the
lowest perceived risk of confusion with tuber-
culosis, underscoring its greater clarity and suit-
ability for medical staff in clinical communica-
tion with patients about NTM infection, helping
to avoid confusion with tuberculosis.

In a follow-up analysis in which respon-
dents were asked to choose their preferred
Mandarin translation for NTM from 4 options,
“environmental mycobacteria” emerged as the
most intuitive and effective term, outperforming
“nontuberculous mycobacteria” and other al-
ternatives in reflecting the nature of NTM. The
shift in preferences from the pre- to post-test,
following an educational introduction to NTM,
further supports that “environmental mycobac-
teria” remained the top choice among medical
personnel for improving patient understanding
and communication. These findings suggest
that the current Mandarin terminology used in
clinical and public health settings warrants re-
consideration to reduce misunderstanding and
improve awareness of NTM-related diseases.

Recently, a similar issue was noted with
the Mandarin translation of chronic obstructive
pulmonary disease (COPD), whose original
Mandarin translation was complex and difficult
for the public to understand. In Taiwan, the
commonly used Mandarin term for COPD was
simplified to “lung obstruction” (fififHZE, pro-
nounced féi zu s¢) to improve public awareness
and facilitate more effective communication be-
tween healthcare providers and patients. Based
on the results of this survey, we believe that ap-
plying a similar strategy for NTM—by adopt-

Thorac Med 2026. Vol. 41 No. 3
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ing a clearer and less misleading Mandarin term
such as “environmental mycobacteria” (Ez35
TR B )—could significantly enhance health
education and public understanding.

We believe this survey, incorporating input
from medical students, junior residents, and
nursing staff, suggests that the Mandarin trans-
lation of “environmental mycobacteria” is a
promising alternative term for NTM, with the
potential to enhance communication between
healthcare providers and patients. Thus, we
propose retaining the English term “nontuber-
culous mycobacteria (NTM)” for scientific and
professional use, while adopting the Mandarin
term for “environmental mycobacteria” for
clinical communication in Taiwan. We believe
that standardizing a more patient-friendly
translation could improve disease recognition,
support clearer doctor—patient communication,
and enhance public understanding of NTM-LD.
However, this study did not include input from
patients or the general public. Further research
is needed to confirm whether patients and their
family members also consider “environmental
mycobacteria” an appropriate and effective term
for introducing NTM-LD in Taiwan.

Several limitations should be acknowledged
in the present study. First, the relatively small
sample size may reduce the statistical power
and limit the generalizability of the findings.
Second, the questionnaire used in this study
lacks established measures of validity and reli-
ability. This may introduce potential bias or
measurement error, which could influence the
interpretation of participants’ responses. Third,
the study did not include senior clinicians, such
as experienced pulmonologists and infectious
disease specialists, whose perspectives may
offer additional insights and clinical depth.
Larger-scale studies involving a more diverse

Thorac Med 2026. Vol. 41 No. 3

cohort of healthcare professionals are warranted
to validate these findings. In addition, future
investigations should aim to develop question-
naires specifically tailored for patients, family
members, and the general public. This would
enable a more comprehensive assessment of
how medical terminology related to NTM-LD
influences disease perception, understanding,
and patient—clinician communication across dif-
ferent audience groups.

Conclusion

In conclusion, our survey among medi-
cal trainees and clinical staff indicates that the
current Mandarin term for “nontuberculous
mycobacteria” (FEFSEEZ T AR B ) may impede
patient-physician communication due to confu-
sion with tuberculosis. In contrast, the Manda-
rin term “environmental mycobacteria” (BR35
SRR ER) was perceived as more intuitive and
accurate, with over 75% of participants endors-
ing it after a brief educational intervention. Fu-
ture studies should engage a broader population
and include validated questionnaires to assess
public and patient perspectives.
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Pulmonary Alveolar Proteinosis Secondary to Pulmonary
Tuberculosis

Mu-Han Peng’, Po-Hsin Lee’, Jing-Tong Fu?, Yen-Hsiang Huang', Tsung-Ying Yang'

Pulmonary alveolar proteinosis (PAP) is a rare lung disease characterized by the
accumulation of lipo-proteinaceous materials within the alveoli. Currently, whole lung lavage is
the gold standard of treatment. Secondary PAP is secondary to a number of conditions, such
as infections, hematological diseases, occupational exposure, and toxin inhalation. Cases
secondary to pulmonary tuberculosis (TB) are rarely reported.

We present a case of PAP secondary to pulmonary TB, with symptoms and image
findings showing significant improvement after anti-TB treatment alone, without whole
lung lavage. Our findings underscore the necessity to check for pulmonary TB in patients
diagnosed with PAP, and emphasize the need for further research on the association of PAP
and pulmonary TB. (Thorac Med 2026; 41: 124-130)

Key words: pulmonary alveolar proteinosis; pulmonary tuberculosis

Introduction

Pulmonary alveolar proteinosis (PAP), first
reported by Rosen ef al in 1958 [1], is a disease
characterized by lipo-proteinaceous materi-
als accumulating within the alveoli, causing
respiratory symptoms. Some of these cases are
found secondary to infections, hematological
diseases, occupational exposure or toxin inhala-
tion [2]. In Taiwan, a case secondary to invasive
rhinocerebral aspergillosis has been reported [3].
Few reports on PAP secondary to pulmonary tu-
berculosis (TB) have been published [4-8]. PAP

patients are also known to have higher risks of
secondary infections, including pulmonary TB,
which is likely related to macrophage dysfunc-
tion [9]. In Taiwan, pulmonary TB remains an
important issue. In 2023, the incidence of TB
was 28.2 cases per 100,000 population [10].
Awareness of TB in patients diagnosed with
PAP is crucial.

We present here a case of PAP secondary
to pulmonary TB, with improvement of both
symptoms and image findings observed after
treatment with an anti-TB agent only.

'Department of Chest Medicine, Taichung Veterans General Hospital, Taichung, Taiwan. “Department of Pathology
and Laboratory Medicine, Taichung Veterans General Hospital, Taichung, Taiwan.
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1650 Taiwan Boulevard, Sect. 4, Taichung, Taiwan 40705.
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Case Report

An 82-year-old woman had progressive
exertional dyspnea for 1 month. Accompany-
ing symptoms included occasional cough with
scanty whitish sputum, and poor appetite for 2
weeks. She had no fever, chills, audible wheez-
ing, chest pain or tightness, orthopnea, limbs
edema, body weight loss, night sweating, ab-
dominal discomfort, tarry stool, or frequent
choking.

She visited our outpatient department, with
oxygen saturation of 86% in room air. She was
transferred to our emergency department, where
her body temperature measured 36.4°C, heart
rate 67 beats/min, respiratory rate 20 breaths/
min, blood pressure 166/83 mmHg, and oxygen
saturation 98% under oxygen support at 3L/min
with nasal cannula. Physical examination re-

vealed diffuse fine rales in bilateral basal lungs,

regular heartbeat, with no murmur, nor pitting
edema in the limbs. Laboratory data showed a
white blood cell count of 9,850/ul, with neu-
trophils 86.7%, lactate 8.1 mg/dl, D-dimer 1.41
mg/l fibrinogen equivalent unit, and lactate
dehydrogenase 326 U/L. The result of the HIV-
ELISA test was negative. Chest X ray showed
a bilateral alveolar pattern (Fig. 1A). Chest
computed tomography (CT) showed bilateral
peribronchial and subpleural crazy paving, with
bilateral ground glass opacity and foci of con-
solidation (Fig. 2A).

Suspecting PAP and atypical infection, a
bronchoscopy was performed, which found yel-
lowish tissue coating at the orifice of the right
lower lung. Biopsy was then performed, and
the pathological findings were mycobacterial
infection with caseating granulomatous inflam-
mation. Bronchoalveolar lavage (BAL) was
also done. The BAL fluid appeared white and

$ ‘

Fig. 1. (A) Chest X-ray in November 2020, showed increased alveolar infiltrates bilaterally. (B) Chest X-ray in December 2020, showed

improvement of bilateral alveolar infiltration.
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Fig. 2. (A) Chest CT in November 2020, revealed bilateral ground glass opacity and crazy paving. (B) Chest CT in May 2021, revealed total
remission of the lesions found previously.
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cloudy, with the presence of proteinaceous ma-
terials positive for periodic acid-Schiff staining
(Fig. 3). The BAL fluid tested positive for acid-
fast staining and Mycobacterium tuberculosis
polymerase chain reaction (TB-PCR). Culture
of the BAL fluid later confirmed Mycobacteri-
um tuberculosis, with no bacterial growth. PCR
testing of the BAL fluid was negative for both
cytomegalovirus and Preumocystis jirovecii.
The diagnosis of pulmonary TB and PAP
was finally made. We started to treat the pa-
tient with a combination of rifampin, isonia-
zid, pyrazinamide, and ethambutol. She had
improved oxygen saturation (94% on ambient
air). One month later, chest X-ray also showed
improvement of the alveolar pattern bilaterally
(Fig. 1B). The patient was then discharged with
regular outpatient follow-up. After completing
a 6-month anti-TB course in 2021/05, her chest
CT showed total resolution of the crazy-paving
pattern and ground glass opacity (Fig. 2B).

Discussion

PAP is a rare disease characterized by ab-
normal surfactant accumulation in pulmonary
alveoli. Its prevalence is 6.87 £+ 0.33 per mil-
lion population in the United States [11], 8.7
per million in Japan [6], and 3.7 per million in
Israel [12]. Clinical symptoms are nonspecific,
with an insidious onset of respiratory symptoms
(dyspnea, cough, sputum production, chest
tightness) or systemic symptoms (fatigue, body
weight loss) lasting for a few months before
evaluation or initial diagnosis. Hemoptysis or
fever is less common, found often in the con-
text of superimposed infection [13]. Symptom
severity varies across patients, with some being
asymptomatic [14]. Chest CT findings typically
include diffuse ground-glass opacities with

sharply defined margins reflecting lobular or lo-
bar boundaries (geographic appearance), septal
thickening (crazy paving) and subpleural spar-
ing [14]. PAP can be identified by the presence
of opaque, milky BAL fluid or by histological
evaluation of a lung biopsy sample [13].

Based on the pathogenesis, PAP is classified
into 3 types: primary, congenital, and secondary
PAP. According to previous studies, 89.0-92.0%
of cases were primary PAP, and 3.7-9.9% of
cases were secondary PAP [5-6, 15]. In the PAP
cohort in Taiwan, 36% of patients were identi-
fied as secondary PAP [8].

Primary PAP, caused by signaling disrup-
tion of the granulocyte—macrophage colony-
stimulating factor (GM-CSF), includes autoim-
mune PAP (due to autoantibodies to GM-CSF)
and hereditary PAP (due to mutations in genes
encoding GM-CSF receptor subunits). Con-
genital PAP is caused by surfactant production
disorders due to mutations causing a deficiency
in surfactant proteins or a deficiency in the lipid
transporter ATP-binding cassette subfamily A
member 3 (ABCA3), or due to mutations af-
fecting lung development (NKX-2.1). Second-
ary PAP is related to reduced functions and/or
numbers of alveolar macrophages caused by a
variety of conditions, like hematological disor-
ders, malignancies, immunodeficiency, chronic
inflammatory conditions, infections, toxic in-
halation, or mutations affecting functions or
numbers of mononuclear phagocytes, such as
mutations in MARS and SLC7A7 [2, 14].

Among secondary PAP cases, 0.0-44.4%
are attributed to TB [4-7]. This wide range of
cases reported across countries might be due
to regional differences in TB incidence rate.
In Taiwan, a PAP cohort found 14% of PAP
patients had a history of TB [8]. An increase
in the serum level of pulmonary surfactant
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protein A was observed both in patients with
TB and in patients with PAP, compared with
healthy subjects [16]. According to a previous
study, infections like TB stimulate the type II
pneumocyte to secrete large quantities of sur-
factant that activate and overwhelm the alveolar
macrophage system, with the lysosomes of the
macrophage being compromised, leading to ex-
cessive surfactant accumulation and the release
of hydrolytic enzymes into the alveoli. Finally,
the surfactant is transformed into amorphous
granular material and myeloid bodies. This
process spreads to the adjacent alveoli through
the pores of Kohn [17]. These are the possible
mechanisms explaining how TB might lead to
PAP.

On the other hand, PAP patients are known
to be susceptible to infections, with TB rep-
resenting 10.7-28.0% of all the opportunistic
infections [18-19]. Mice lacking expression of
GM-CSF were unable to control the growth
of Mycobacterium tuberculosis and eventually
succumbed to the infection [20]. Neutrophil
dysfunction characteristic of PAP was repro-
duced in a dose-dependent fashion in blood
specimens from healthy subjects after the speci-
mens were incubated with affinity-purified GM-
CSF autoantibodies isolated from PAP patients
[21]. Macrophage monolayers incubated with
soluble SP-A from alveolar proteinosis patients
(APP SP-A4) and recombinant rat SP-A (SP-
Ahyp) showed better adherence to Mycobacte-
rium tuberculosis [22], as surfactant protein D
binding to Mycobacterium tuberculosis bacilli
could reduce phagocytosis [23]. Macrophages
in PAP patients were dysfunctional with de-
creased phago-lysosome fusion [9]. Pulmonary
washings from PAP patients could support the
growth of Mycobacterium tuberculosis [24].

Thorac Med 2026. Vol. 41 No. 3

These findings provide insights into the mecha-
nisms by which TB develops as a secondary
infection in PAP patients.

The association between PAP and TB is
seemingly bidirectional. TB could occur before,
after, or concurrently with the diagnosis of PAP
[18]. In our case, TB was found simultaneously
with PAP. A literature review found another 7
similar cases, with patients clinically improv-
ing after receiving only anti-TB medications,
without therapeutic lavage [7, 25-28]. Regard-
ing the timing to treatment response, mentioned
only in 1 of the cases, relieving of symptoms
and regression of chest CT findings were found
1 month after anti-TB medication use [26]. On
the other hand, during lung tissue biopsy on 149
active pulmonary TB patients, Steer e al/ found
focal alveolar proteinosis in 11 patients, who
were all cured by anti-TB drugs only [29]. PAP
in these cases was suspected to be secondary to
TB. Interestingly, in previous studies on 3 cases
with TB diagnosed after PAP, 2 had their PAP
improved after anti-TB treatment without thera-
peutic lavage [30-31], while in the third patient,
the initial PAP-related lesions on CXR im-
proved even more after anti-TB drugs than after
previous therapeutic lavage [32]. In these cases,
TB might have also been the initial event.

Nevertheless, spontaneous improvement
of PAP has been reported in 5.0-7.9% of pa-
tients [2]. In cases with TB detected, remission
of PAP may also occur spontaneously, even in
the absence of anti-TB therapy. Establishing
the definite diagnosis of PAP secondary to TB
remains challenging. We have to increase the
availability of GM-CSF autoantibody testing or
investigate new biomarkers to distinguish sec-
ondary PAP from other types of PAP.
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Conclusion

PAP is a rare disease, and can be classified
as primary, congenital, or secondary. For pa-
tients with secondary PAP, treating the underly-
ing disease can increase the cure rate. Hence,
when facing a patient with PAP, one should
make all efforts to determine the possibility of
secondary PAP. Considering the burden of TB
in Taiwan, it’s always important to evaluate TB
as a potential underlying cause.
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Case Report: Transthoracic Echocardiography for
Dissection Flap in Descending Thoracic Aorta

Da-Chun Hsu', Sheng-Wei Pan'

Aortic dissection is a potentially fatal condition that requires timely diagnosis and
management. Point-of-care ultrasound has been reported to aid in the diagnosis of
this condition. However, diagnosing dissection in a descending thoracic aorta remains
challenging due to limited acoustic windows for transthoracic ultrasound. We reported the
case of a 46-year-old man who presented with chest tightness and right lower limb pain. A
dissection flap in the descending thoracic aorta was identified using bedside transthoracic
echocardiography (TTE), and subsequently was confirmed by computed tomography. This
case highlights the potential of using TTE to facilitate the rapid identification of descending
aortic dissection, which can significantly influence early clinical decision-making. (Thorac

Med 2026; 41: 131-134)

Key words: aortic dissection; echocardiography; point-of-care ultrasound (POCUS)

Introduction

Aortic dissection is a life-threatening con-
dition with a mortality rate exceeding 50% [1-
3]. Early diagnosis of this illness is critical for
patient outcome and reduces mortality by 30%
to 60% [4-6]. Although computed tomography
(CT) remains the gold standard of diagnosis,
the use of point-of-care ultrasound (POCUS)
has emerged and demonstrated its advantages
in early detection [7-9]. A combination of these
2 imaging modalities appears to be the best way
to diagnose and assess the details of acute aortic
syndrome, leading to appropriate management

[10]. Using bedside ultrasound, a skilled physi-
cian can identify a dissection flap in the ascend-
ing aorta or abdominal aorta in a practical way.
However, it is still challenging for a physician
to identify a dissection flap in the descending
thoracic aorta using transthoracic echocardiog-
raphy (TTE) [7]. Hence, such ultrasound im-
ages are rarely reported, despite the frequency
of the condition.

Case Presentation

A 46-year-old previously healthy man pre-
sented to the emergency department with a 1-day

'Department of Chest Medicine, Taipei Veterans General Hospital, Taipei, Taiwan.
Address reprint requests to: Dr. Sheng-Wei Pan, Department of Chest Medicine, Taipei Veterans General Hospital,
No. 201, Sec. 2, Shipai Rd., Beitou Dist., Taipei City 112201, Taiwan (R.O.C.).
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history of chest tightness and intractable pain
in the right groin and leg. Physical examina-
tion revealed blood pressure of 162/83 mmHg,
a heart rate of 90 beats/minute, and diminished
right femoral pulses. A sonography showed a
decreased blood flow in the right femoral artery.
TTE disclosed a dissection flap in the descend-
ing thoracic aorta, using a parasternal long axis
view (Fig. 1, Panel A, arrow). CT revealed an
intimal flap from the aortic arch and descending
aorta (Fig. 1, Panel B, arrow, and Panel C) to

Parasternal
long-axis
view

bilateral common iliac arteries, causing nearly
total occlusion of the right iliac artery. The pa-
tient then received treatment with beta-blockers
and morphine administration. Despite his re-
fusal to undergo surgery, he continued medical
treatment after admission and recovered from
the aortic dissection. Six months after this pre-
sentation, the patient still received beta-blocker
treatment and remained asymptomatically sta-
ble.

%
L J
»
W

Fig. 1. Transthoracic echocardiography (Panel A) and CT scans (Panels B and C).
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Discussion

Aortic dissection is a life-threatening condi-
tion that results from a tear in the intimal layer
of the aorta, leading to blood entering and split-
ting the medial layer. It is classified anatomi-
cally as Stanford type A (involving the ascend-
ing aorta) and type B (involving the descending
aorta only). The mortality rate can exceed 50%,
particularly when diagnosis and treatment are
delayed or complications arise [1-2]. Epide-
miological data suggest that aortic dissection is
often under-recognized in emergency settings,
contributing to high early mortality. The Ameri-
can College of Cardiology and the American
Heart Association have developed a risk scoring
system to improve early detection, that yields
high sensitivity (>95%), but relatively low
specificity (<40%) [11-12].

The clinical presentation is highly variable
and often nonspecific, making the diagnosis
challenging. While 70% to 85% of patients
experience sudden-onset chest or abdominal
pain, other signs such as dyspnea, syncope, or
neurological deficits, and even asymptomatic
cases have been reported. History and physical
examination alone are not sufficiently sensitive
or specific to reliably identify aortic dissec-
tion. Misdiagnosis occurs in 16% to 39% of
cases due to symptoms overlapping with other
conditions [13]. Notably, a study reported that
emergency physicians correctly suspected aor-
tic dissection in only 43% of patients who were
ultimately confirmed to have the condition,
highlighting the need for improved awareness
and diagnostic strategies [14].

Computed tomography angiography of the
chest, abdomen, and pelvis remains the gold
standard for diagnosing aortic dissection, offer-
ing sensitivity above 95%. However, it requires

patient stability and access to imaging resourc-
es, which may not be feasible in some critical
situations. Alternative imaging modalities such
as transesophageal echocardiography, magnetic
resonance imaging, and D-dimer assays have
also demonstrated high sensitivity, especially
for type A dissections. TTE, while less sensitive
for type B aortic dissection (33% to 70%), is
more accessible and can be performed at bed-
side. Recent studies support the use of POCUS
by emergency physicians to expedite diagnosis
[7-9]. Treatment strategies vary by dissection
type, with type A typically requiring surgical
repair, while type B may be managed medically
or with endovascular intervention [15-17].

In our case, with acute chest tightness and
intractable pain in the right lower limb, we
performed TTE immediately at the emergency
room and, fortunately, identified the dissection
flap in the descending thoracic aorta by using a
parasternal long axis view. During echocardiog-
raphy, a parasternal long-axis view involves
placing the transducer just to the left of the
sternum, in the third or fourth intercostal space.
This view allows for the assessment of cardiac
function and the evaluation of additional struc-
tures, including the descending aorta situated
behind the left atrium. Consequently, the patient
received a CT scan to confirm the diagnosis of
descending aortic dissection and started treat-
ment without delay in the emergency room. We
believe that the ultrasound image and supple-
mentary video may provide important teaching
points to intensivists who may be evaluating
patients with chest pain and suspected aortic
dissection.

Conclusion

Transthoracic echocardiography, particu-
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larly the parasternal long-axis view, can play a
role in the early detection of descending tho-
racic aortic dissection. Although CT remains
the gold standard for diagnosis, echocardiog-
raphy offers a non-invasive, bedside tool that
can assist emergency physicians in promptly
identifying life-threatening vascular conditions.
This case emphasizes the value of POCUS in
enhancing diagnostic efficiency and optimizing
initial management in acute care settings.
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A Case of Cytomegalovirus Lung Abscess in a Patient
with Community-Acquired Pneumonia

Hsi-Yang Chen’, Yen-Hsiang Tang', Shun-Han Dai’

This article presents a rare case of lung abscess caused by cytomegalovirus (CMV) in a
76-year-old man initially presenting with symptoms of pneumonia. Despite broad-spectrum
antibiotics, his condition worsened, prompting further investigation that revealed high CMV
viral loads in the blood and bronchoalveolar lavage fluid, and histopathology confirmed
CMV tissue invasion. The patient was treated with antiviral therapy and surgical resection
of the abscess, leading to clinical improvement. However, he ultimately succumbed to
complications related to gastrointestinal bleeding and respiratory failure. This case highlights
the importance of considering CMV as a potential pathogen in lung abscesses, especially in
immunocompromised or high-risk patients, and underscores the need for timely diagnosis
and targeted antiviral treatment. It also emphasizes that CMV-associated lung abscesses
are often underdiagnosed due to their rarity and non-specific presentation, which can delay
appropriate management. Early recognition and combined medical and surgical interventions
can improve outcomes, but severe complications remain a significant challenge. (Thorac
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Introduction

Cytomegalovirus (CMV) infection is a
well-recognized cause of substantial morbidity
and mortality in immunocompromised patients
[1]. Severe infections are rare in immunocom-
petent patients and are often underdiagnosed or
diagnosed inadequately [2]. Among the differ-
ent infection sites, the lung is rarely involved,
and the presentation on chest radiographs is
non-specific and can vary, including interstitial

infiltrates, focal or diffuse pulmonary opacifica-
tion, and nodules [3]. Lung abscess is usually
caused by polymicrobial infection, which re-
quires a relatively long course of broad-spec-
trum antibiotics covering both aerobes and an-
aerobes; CMV is almost never considered as a
primary pathogen [4]. This empirical approach
to treatment is supported by multiple reports in
the literature illustrating the epidemiology and
microbiology of lung abscess [4-6]. This may
lead to delayed diagnosis of the CMV abscess,
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potentially delaying treatment and increasing
morbidity and mortality [7]. We report the case
of a 76-year-old man presenting with an unusu-
al case of CMV-associated lung abscess, treated
with antiviral medication followed by surgical
intervention.

Case Presentation

A 76-year-old man with a medical history
of type 2 diabetes mellitus, hypertension, stage
3 chronic kidney disease, and chronic obstruc-
tive lung disease presented to the emergency
department with general malaise and shortness
of breath for 1 week. His vital signs included
hypothermia (35.5°C) and hypotension (83/56
mmHg). Blood tests revealed leukocytosis
with 95% neutrophils and elevated C-reactive

Fig. 1. Initial chest X-ray taken in the emergency department

revealed bilateral air bronchograms and consolidation.
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protein. Chest X-ray revealed bilateral air bron-
chograms and consolidation (Fig. 1), which
supported our initial diagnosis of pneumonia.
Arterial blood gas analysis showed pH 7.26,
pCO2 41 mmHg, HCOs~ 18 mmol/L, and pO:
119 mmHg on supplemental oxygen via a
simple mask at 6 L/min. He developed acute
hypercapnic respiratory failure and received
endotracheal intubation with mechanical venti-
lation support. He was subsequently admitted to
the intensive care unit (ICU).

Broad-spectrum empirical antibiotics with
moxifloxacin 400 mg IV QD were prescribed
to cover atypical pathogens, since chest X-
ray showed bilateral pneumonia. However, a
follow-up chest X-ray (Fig. 2) on day 3 of ICU
admission showed disease progression. Resis-
tant pathogens, disseminated infection, and oth-

Fig. 2. A follow-up chest X-ray taken after 1 week in the intensive
care unit showed disease progression despite broad spectrum
antibiotics use.
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er diagnoses were considered possible causes
of treatment failure. Therefore, blood culture
was repeated, and antibiotics were escalated to
meropenem 500 mg Q12H. Blood culture later
in the week yielded Haemophilus influenzae,
which was susceptible to meropenem. Follow-
up chest X-ray on day 7 of ICU admission
still showed bilateral air bronchogram without
significant improvement. Bronchoscopy with
bronchoalveolar lavage (BAL) then was ar-
ranged. BAL fluid on day 7 revealed a viral
load of 1,320,000 IU/mL, with a positive blood
CMV viral load of 354,000 IU/mL. CMV pneu-
monia with CMV bacteremia was then diag-
nosed. Ganciclovir was added on day 7 of ICU

Fig. 3-4. Chest computed tomography scan demonstrated multifocal
ill-defined peribronchial opacities, patchy consolidations in both
lungs, bilateral pleural effusions, bronchiectasis in the right lower
lobe, and a lung abscess in the left upper lobe.

admission. Chest computed tomography (CT)
scans (Figs. 3-4) showed multifocal ill-defined
peribronchial opacities, patchy consolidations
in both lungs, bilateral pleural effusions, bron-
chiectasis in the right lower lobe, and a lung
abscess in the left upper lobe. Hemothorax was
diagnosed via thoracentesis of the left pleural
effusion.

A thoracic surgeon performed VATS, during
which bloody pleural effusion was evacuated
along with some fibrin and hematoma. The left
upper lobe abscess was identified and under-
went wedge resection. Pathology showed lung
tissue with abscess formation and chronic in-
flammation. Viral inclusions (Fig. 5) were noted
in the tissue, and CMV immunostaining was
positive. PAS-D stains showed no other micro-
organisms.

Ganciclovir was continued and the patient’s
condition improved. Follow-up bronchoscopy
with BAL after surgery showed a decrease in
the viral load of 566,000 IU/mL. His blood
CMV viral load was 354,000 IU/mL on ICU
day 7, which decreased to 155,000 IU/mL by
day 12, and further declined to 16,700 IU/mL
on day 19, 4580 IU/mL on day 26, 766 IU/mL
on day 33, and undetected after 47 days of gan-
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Fig. 5. Viral inclusions were noted in the tissue, and CMV
immunostaining was positive.
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ciclovir 1.25 mg/kg IV QD treatment. His vital
signs stabilized, vasopressors were discontin-
ued, and oxygen demand decreased, allowing
for weaning from ventilator support by day 29
at the respiratory care center. However, he de-
veloped severe upper gastrointestinal bleeding
associated with acute-on-chronic kidney dis-
case. The family decided against further inva-
sive treatment, and the patient died on hospital
day 55.

Discussion

Standard broad-spectrum antibiotic treat-
ment was prescribed after admission, but the
patient’s clinical condition deteriorated after
admission, meeting the criteria of late treatment
failure (respiratory failure >72 hours) [8]. Ac-
cording to the Infectious Diseases Society of
America/American Thoracic Society consensus
guidelines on the management of community-
acquired pneumonia in adults, when late treat-
ment failure is suspected, the following factors
must be taken into consideration: resistant
microorganism, uncovered pathogen, inap-
propriate by sensitivity, parapneumonic effu-
sion or empyema, nosocomial superinfection,
complication of pneumonia, and misdiagnosis
[9], Therefore, pathogen identification was per-
formed again via BAL to obtain faster results
with greater specificity. CT revealed a lung
abscess. Instead of the typical pathogens more
often described in past studies and literature,
CMV was isolated from BAL samples and sur-
gical debridement tissue, which might explain
the possible cause of treatment failure.

A lung abscess is the result of lung tissue
necrosis, most commonly due to a polymicro-
bial infection, and its clinical course is usually
relatively subacute or chronic. A lung abscess

Thorac Med 2026. Vol. 41 No. 3

can be primary or secondary. Primary lung ab-
scess is most commonly associated with differ-
ent forms of aspiration, either a large volume
emesis or frequent episodes of small-volume
microaspiration [10].

Lung abscess is usually described as a
polymicrobial infection in textbooks, including
Murray and Nadel's Textbook of Respiratory
Medicine. Anaerobic bacteria such as Pepto-
streptococcus, Fusobacterium, Prevotella, and
Bacteroides species are the most commonly
isolated microorganisms [4]. Other bacteria,
such as Staphylococcus aureus, Streptococcus
pyvogenes, Klebsiella pneumoniae, and Pseudo-
monas aeruginosa, can also cause lung abscess.
Takayanagi et al. reviewed the microbiology of
community-acquired lung abscesses and found
that Streptococcus species were the most com-
mon (60.5%), followed by anaerobes (42.1%),
Gemella species (13.2%), Staphylococcus au-
reus (5.3%), and Haemophilus influenzae (5.3%)
[5]. Jiun-Ling Wang et al. (2005) focusing on
the microbiology of lung abscesses, found that
a high proportion (21%) of cases were due to
Klebsiella pneumoniae, differing from previous
studies [6].

CMV lung abscess is extremely rare; there-
fore, precise epidemiological data specifically
for CMV lung abscess are lacking. However,
data from CMV pneumonia can provide con-
text. Tamm M et al. published a prospective
study, and reported a 20 to 30% occurrence in
HIV-positive patients, in patients following
stem cell or renal transplantation, and in pa-
tients with autoimmune disease or lung fibrosis
treated with immunosuppressive agents [11].
Kanika A et al. conducted a systematic search
in 2023 on the MEDLINE (PubMed) database.
In 45 published cases of pulmonary CMV in-
fection, they found that 64% (29/45) of cases
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occurred in immunocompromised individuals.
The same review found that 36% (16/45) of
pulmonary CMV infection cases occurred in
immunocompetent individuals [12]. Very few
review articles or literature reports have identi-
fied CMV as a primary cause of lung abscess [7,
13]. Gongalves et al. published a case report of
acute CMYV infection in a 29-year-old male pre-
senting with fever and dyspnea despite standard
antimicrobial therapy for community-acquired
pneumonia [14].

CMYV pulmonary infection, while classical-
ly associated with immunocompromised hosts,
can also affect immunocompetent individuals,
though the risk is significantly higher in certain
populations. Older age has been identified as
a significant risk factor for CMV infection. In
1 cohort, patients with CMV infection were
significantly older than those without (median
age 76 vs. 69 years, p=0.030) [15]. However,
this study population was composed of patients
with antibody-associated vasculitis, and there-
fore could not represent the general population.
Another study conducted by Kwak SH et al.
suggested that lymphopenia and high doses of
steroids may be important risk factors for CMV
reactivation in lung transplant patients [16].

While conservative medical treatment is
usually sufficient for lung abscesses, some
complicated cases require invasive procedures
such as percutaneous chest drainage or surgi-
cal intervention. Pages et al. in 2012 indicated
that 11-20% of lung abscess cases did not re-
solve with medical therapy alone. In such cases,
drainage (endoscopic or percutaneous) should
be considered [17-18].

The diagnostic approach to CMV pneumo-
nitis can be challenging in various clinical set-
tings due to its rarity and the overlap of clinical
and radiological features with other pulmonary

infections. The diagnostic strategy typically in-
tegrates clinical suspicion, imaging, laboratory
testing, and histopathological confirmation. Vi-
ral culture was the primary diagnostic method
in the past; however, it is time-consuming and
labor-intensive, limiting its utility, especially
in ICUs where rapid results are often needed
[19]. Quantitative real-time PCR (qRT-PCR) is
the most sensitive and widely used method for
detecting CMV DNA in blood and BAL fluid.
In hematologic malignancy and transplant pa-
tients, qRT-PCR allows quantification of the vi-
ral load, which can help distinguish between as-
ymptomatic infection and active CMV disease.
However, there is no universally accepted viral
load cut-off for diagnosing CMV pneumonia or
lung abscess, and some studies even suggested
different cut-off values might be needed to be
applied considering a patient's baseline condi-
tion. Lee HY et al. retrospectively reviewed the
microbiologic and pathologic results of bronchi-
al washing fluid and biopsy specimens in 2017.
A total of 565 CMV qRT-PCR assays were
performed using bronchial washing fluid from
patients with hematologic malignancies. A cut-
off of 28,774 copies/mL in BAL fluid yielded a
sensitivity of 75% and specificity of 88.6% [20].
While CT findings can be variable, the presence
of ground-glass opacities, consolidations, and
abscess formation should raise suspicion for
CMV infection [3,21]. Detection of CMV pp65
antigen in leukocytes can support the diagnosis,
particularly in transplant recipients, but is less
commonly used in pulmonary disease due to
technical limitations [22]. Conventional imag-
ing can suggest the diagnosis, but definitive
confirmation typically requires both virological
and histopathological evidence. The presence
of characteristic viral inclusions on histopathol-
ogy remains the definitive diagnosis of CMV
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infection [23]. In our case, the extremely high
CMV viral load in both blood and BAL fluid
(1,320,000 IU/mL in BAL and 354,000 IU/mL
in blood) provided strong evidence of active
CMYV disease. This diagnosis was confirmed by
pathological findings of viral inclusion bodies
in pneumocytes.

Prophylactic or empirical treatment for
CMV is generally suggested for bone marrow
transplant patients but is rarely employed in
patients who are relatively immunocompetent
[24]. Most guidelines recommend a combina-
tion of a B-lactam plus a B-lactamase inhibi-
tor for empiric treatment regimens in severe
community acquired pneumonia. Nonetheless,
CMYV infection should always be considered if
antimicrobial treatment alone does not produce
a significant response, regardless of the pa-
tient’s immune status [2,7]. Treatment of CMV
pneumonitis generally involves intravenous
ganciclovir, with response monitored via serial
viral load measurements. Oral valganciclovir,
the prodrug of ganciclovir, may be used for less
severe cases or as maintenance therapy after
initial intravenous treatment. In cases of ganci-
clovir resistance or intolerance, foscarnet is an
alternative [25].

This case demonstrated an appropriate vi-
rological response, with a steady decrease in
blood CMYV levels over 6 weeks. In some cases,
tube drainage or even surgical intervention
may be indicated. Herth et al. reported a 90%
improvement rate in 42 patients using small-
bore catheters, with a 5% complication rate and
no mortality [26]. Van Sonnenberg et al. found
100% resolution in 19 patients with CT-guided
drainage, with only 3 requiring subsequent sur-
gery [27]. Surgical intervention is considered
when patients with lung abscess, including
those cases caused by CMYV, fail to respond to
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appropriate antimicrobial and antiviral therapy,
typically after 7-14 days, or when complica-
tions arise (e.g., life-threatening hemoptysis,
rupture with empyema, or persistent sepsis).
Surgery is also indicated for abscesses larger
than 6 cm, chronic abscesses (>6 weeks), sus-
picion of underlying malignancy, or when tube
drainage fails. Lobectomy is the most common
surgical approach for large, central, or multiloc-
ulated abscesses. Wedge resection may be con-
sidered for smaller, peripheral lesions. Pneumo-
nectomy is rarely required but may be indicated
for extensive disease or gangrene [27]. Zhang
J-H et al. also reported that surgical resection
is necessary in about 10% of all lung abscess
cases. Mortality rates after surgery range from
5-15% for lobectomy and are higher for pneu-
monectomy, especially in immunocompromised
patients. Postoperative complications include
bronchopleural fistula (5-8%), prolonged air
leak (15-20%), and empyema (10%). Recur-
rence rates after surgery are lower (5-10%)
compared to drainage alone (15-25%) [28].
The prognosis of CMV pneumonia var-
ies by disease severity and underlying health
condition. The 30-day, 1-year, and 5-year mor-
tality rates for CMV respiratory infection are
21.6%, 51.4%, and 69.2%, respectively. Organ
transplant recipients have the lowest 30-day
mortality rate (6.8%), while patients with ne-
phrotic syndrome have the lowest 1- and 5-year
mortality rates (30.9% and 38.3%). In contrast,
non-immunocompromised patients still face
substantial long-term mortality (1- and 5-year
rates: 53.8% and 68.3%). Other poor prognostic
indicators include the presence of interstitial
pneumonia, respiratory failure, high Pneumo-
nia Severity Index (PSI) and CURB-65 scores,
and persistent lymphocytopenia. Advanced age
and delayed diagnosis are also associated with
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worse outcomes [29].

Conclusion

This case illustrates the complex nature of
CMYV pneumonitis and lung abscess, particu-
larly in patients with multiple comorbidities.
Successful management requires early recogni-
tion, appropriate diagnostic testing, including
both molecular and histopathological studies,
and careful monitoring of treatment response
via viral load measurements. The potential for
severe complications, including bacterial super-
infection, necessitates vigilant clinical monitor-
ing and aggressive intervention when needed.
This case highlights the importance of consider-
ing CMV in the differential diagnosis of severe
pneumonia, particularly in immunocompro-
mised patient populations.
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