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Risk Factors for Hypoxemia in Hospitalized Adult
Patients with SARS-CoV-2 Infection

Jyun-Wei Kang', De-En Lu*®, I-Ju Chen*, Chih-Hsin Lee®**®, Ming-Chia Lee""®",
Yin-Chun Chang®’

Background: This study identified risk factors for silent hypoxemia in SARS-CoV-2-
infected patients, who may have decreased blood oxygen levels, without evident shortness of
breath, which complicates diagnosis and treatment.

Methods: This retrospective study included patients with SARS-CoV-2 infection who
were hospitalized at 2 facilities from February 1, 2020 to August 31, 2021. First, the patients
were categorized based on the presence or absence of hypoxemia at admission. Second,
the patients without dyspnea were further divided into groups with and without hypoxemia at
admission. We conducted a multivariate logistic regression analysis to identify risk factors for
hypoxemia. Finally, we compared the severity of hypoxemia in the patients with and without
dyspnea.

Results: Out of 453 patients (excluding those aged under 20 years), 60.9% had
hypoxemia. Risk factors included older age, obesity (BMI > 30 mg/m*2), type 2 diabetes
mellitus, cough, dyspnea, fever, and muscle weakness. Of the 286 patients without dyspnea,
50.3% had hypoxemia, with hypertension, type 2 diabetes mellitus, cough, fever, and muscle
weakness as risk factors. Of the 276 hypoxemic patients, 52.2% lacked dyspnea symptoms.
Those with dyspnea tended to need more oxygen therapy, had higher lactate dehydrogenase
and D-dimer levels, and had a higher mortality rate.

Conclusion: Older age, obesity, diabetes, cough, fever, and muscle weakness increase
hypoxemia risk in SARS-CoV-2 infections. Hypertension, diabetes, cough, fever, and muscle
weakness are significant risk factors for silent hypoxemia. (Thorac Med 2024; 39: 298-309)

Key words: COVID-19, SARS-CoV-2, hypoxemia, silent hypoxemia
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Introduction

The emergence of SARS-CoV-2—initially
detected in Wuhan, China, in late 2019—marked
the onset of a global health crisis unprecedented
in recent history [1]. On March 11, 2020, the
World Health Organization (WHO) declared
COVID-19, caused by SARS-CoV-2, a novel
infectious disease, and recognized its potential
to have a widespread impact [2]. From 2020 to
2023, the SARS-CoV-2 virus, similar to other
RNA viruses, mutated frequently, leading to
the emergence of various strains. These vari-
ants with differing transmissibility and severity
affected the trajectory of the pandemic, posing
substantial challenges to healthcare systems
worldwide [3]. From January 2020 to March
2021, Taiwan experienced multiple SARS-
CoV-2 surges, culminating in its most severe
outbreak between May and June 2021, when
the case fatality rate reached 5.95%. This severe
outbreak was associated with the Alpha variant
(B.1.1.7), and was followed by the emergence
of the Delta variant, for which the case fatality
rate was 0.94% [4].

Common symptoms of SARS-CoV-2 in-
fection include fever, cough, weakness, and
dyspnea. Although most cases are mild, a small
percentage progress to acute respiratory ill-
ness and hypoxia, and require hospitalization,
with some cases resulting in death, multiorgan
failure, or acute respiratory distress syndrome
[5]. Hypoxemia is a common complication in
severe COVID-19 cases, and can thus serve
as an indicator of disease severity [6]. Some
patients with hypoxemia may not have typical
signs of respiratory distress, such as dyspnea.
This phenomenon is known as “happy” or “silent
hypoxemia.” This condition can lead to rapid
deterioration and increased mortality risk. The

primary cause of hypoxemia in patients with
SARS-COV-2 infection is a low ratio of ven-
tilation to perfusion in the lungs, exacerbated
by right-to-left shunting through consolidated
lung areas as the disease progresses [7]. Silent
hypoxemia was a major focus in the medical
literature between 2019 and 2021 [8-9] and has
posed challenges to diagnosing and managing
SARS-CoV-2 [10].

Hypoxemia should be identified and moni-
tored carefully in patients with SARS-CoV-2
infection. In this study, we identified risk fac-
tors for hypoxemia, particularly in patients with
silent hypoxemia, and evaluated whether the
absence of dyspnea in patients with hypoxemia
correlates with greater disease severity than in
those with hypoxemia and dyspnea.

Materials and Methods

Study design

This retrospective study included patients
who received a diagnosis of SARS-CoV-2 in-
fection, confirmed through a positive SARS-
CoV-2 polymerase chain reaction test from a
nasopharyngeal swab, prior to their admission
to New Taipei City Hospital or Wan Fang Hos-
pital. The study protocol was reviewed and ap-
proved by the Institutional Review Boards of
both New Taipei City Hospital (Protocol No.:
111004-E) and Taipei Medical University (Pro-
tocol No.: N202109021). We enrolled patients
who were aged 20 years or older and hospital-
ized between February 1, 2021 and August 31,
2021. Demographic, clinical, laboratory, and
outcome data were extracted from the patients’
electronic medical records from the incident
time of admission. All patients were followed
until discharge or death.

Hypoxemia was defined as a peripheral

Thorac Med 2024. Vol. 39 No. 4
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capillary oxygen saturation level below 95%
measured by pulse oximetry under ambient air
conditions. We categorized patients based on
the presence of hypoxemia or the manifestation
of dyspnea on admission. In the first analysis,
the enrolled patients were split into 2 groups:
patients with and those without hypoxemia on
admission. In the second analysis, the patients
without dyspnea were split into 2 groups: pa-
tients with hypoxemia on admission and those
without hypoxemia. In the final analysis, the pa-
tients with hypoxemia were split into 2 groups:
those with dyspnea and those without dyspnea.
Several comorbidities—hypertension, type 2
diabetes mellitus, hyperlipidemia, coronary ar-
tery disease, chronic kidney disease, chronic vi-
ral hepatitis infection, respiratory diseases, and
malignancy—were recorded. The respiratory
diseases included chronic obstructive pulmo-
nary disease, asthma, and diffuse parenchymal
lung diseases.

Statistical analysis

Categorical variables are presented as
numbers and percentages (%), and continuous
variables are presented as means and standard
deviations. The chi-square test or Fisher’s ex-
act test was used to analyze categorical vari-
ables, and the Student’s t-test was employed to
evaluate continuous variables. We conducted
multivariate logistic regression analysis and
calculated adjusted odds ratios (aORs) with
95% confidence intervals (Cls) to identify risk
factors for hypoxemia in all the patients and in
the group without dyspnea. All variables were
included in the multivariate logistic regression
analysis, using a backward stepwise approach.
We used p-values 0.2 as the removal criterion
in our automatic selection of variables. We
removed variables with p-values >0.1 in deter-

Thorac Med 2024. Vol. 39 No. 4

mining the final model. All tests of significance
were 2-tailed, and the o level was set at 0.05.
Analyses were performed using R version 4.1 (R
Foundation, Indianapolis, IN, USA).

Results

During the study period, a total of 464 pa-
tients with confirmed SARS-CoV-2 infection
were admitted to 2 hospitals: 184 (39.7%) to
Wang Fang Hospital and 280 (60.3%) to New
Taipei City Hospital. After excluding 11 patients
aged under 20 years, the remaining 453 patients
were included in the analysis. Of those 453
patients, 60.9% experienced hypoxemia. The
baseline characteristics, symptoms, and mortal-
ity of the enrolled patients are listed in Table 1.
Significant differences were observed between
the patients with and without hypoxemia in
terms of baseline characteristics, such as the
proportion of those aged >65 years (27.1% vs.
49.6%, p < 0.001) and the proportion of those
with a BMI of >30 kg/m’ (6.2% vs. 15.6%, p =
0.03). The Katz index was lower in the hypox-
emia group than in the non-hypoxemia group
(»< 0.001). Furthermore, the prevalence rates
of hypertension, type 2 diabetes mellitus, car-
diovascular diseases, chronic kidney disease,
hepatitis B carrier status, and dyslipidemia
were higher in the hypoxemia group than in the
non-hypoxemia group (p < 0.05). Patients with
hypoxemia were significantly more likely to
have cough, dyspnea, anorexia, fever, muscle
soreness, and muscle weakness. In addition, the
mortality rate was significantly higher in the
hypoxemia group than in the non-hypoxemia
group (1.1% vs. 20.7%, p <0.001).

Table 2 lists the ORs and 95% Cls of the
factors associated with hypoxemia in multivari-
ate logistic regression analysis. Hypoxemia was
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Table 1. Clinical Characteristics of Hospitalized Patients with SARS-CoV-2 Infection.

All Non-hypoxemia Hypoxemia Absence of dyspnea Dyspnea
Sp0,=95% Sp0,<95%
n=453 n=177 n=276 p-value n=286 n=167 p-value
Age, years 58.45 £1791 50.71 +19.03 63.42 +£1523  <0.001 59.23 +18.80 62.26 +15.60 <0.001
Age group, n (%) <0.001 0.003
<45, n (%) 112 (24.7) 78 (44.1) 34 (12.3) 85 (29.7) 27 (16.2)
45 ~ 64, n (%) 156 (34.4) 51 (28.8) 105 (38.0) 97 (33.9) 59 (35.3)
=65, 1 (%) 185 (40.8) 48 (27.1) 137 (49.6) <0.001 104 (36.4) 81 (48.5) 0.011
Male sex, n (%) 245 (54.1) 91 (51.4) 154 (55.8) 0.361 144 (50.3) 101 (60.5) 0.037
Body mass index, kg/m” 2522 +4.37 24.16 +£4.0 259 +446 <0.001 2498 +4.09 2563 +4.78  0.125
Body mass index group, kg/m’ 0.01 0.815
<185 15 (3.5) 7 (4.0) 8 (2.9 10 (3.5) 5 (3.0
=185t0<24 178 (39.3) 84 (47.5) 94 (34.1) 115 (40.2) 63 (37.7)
=24 260 (57.4) 86 (48.9) 174 (63.0) 161 (56.3) 99 (59.3)
=30 54 (11.9) 11 (6.2) 43 (15.6) 0.03 29 (10.1) 25 (15.0) 0.126
Katz index, score 0-6 557 +145 593 +0.56 534 +1.76 <0.001 577 +1.04 524 +1091 0.001
Smoking, n (%) 61 (13.5) 23 (13.0) 38 (13.8) 0.814 40 (14.0) 21 (12.6) 0.671
Drinking, n (%) 40 (8.8) 13 (7.3) 27 (9.8) 0.372 26 (9.1) 14 (8.4) 0.798
Comorbidities
Respiratory disease, n (%) 24 (5.3) 6 (3.4) 18 (6.5) 0.147 15 (5.2) 9 (5.4) 0.947
HTN, n (%) 214 (47.2) 61 (34.5) 153 (55.4) <0.001 125 (43.7) 89 (53.3) 0.049
T2DM, n (%) 132 (29.1) 29 (16.4) 103 (37.3) <0.001 66 (23.1) 66 (39.5) <0.001
CAD, n (%) 80 (17.7) 3 (13.0) 57 (20.7) 0.037 42 (14.7) 38 (22.8) 0.030
CKD, n (%) 60 (13.2) 14 (7.9) 46 (16.7) 0.007 31 (10.8) 29 (17.4) 0.048
HepB, n (%) 52 (11.5) 12 (6.8) 40 (14.5) 0.012 29 (10.1) 23 (13.8) 0.242
HepC, n (%) 5 (1.1) 2 (1.1) 3 (1. 1.000 2 (0.7) 3 (1.8) 0.281
Dyslipidemia 80 (17.7) 22 (12.4) 58 (21.0) 0.019 48 (16.8) 32 (19.2) 0.522
Malignancy, n (%) 29 (6.4) 8 (4.5) 21 (7.6) 0.190 17 (5.9) 12 (7.2) 0.602
Steroid use before COVID,
3 (0.7) 0 (0.0) 3 (1.1 0.284 0 (0.0 3 (1.8) 0.023
n (%)
Symptoms
Cough, n (%) 307 (67.8) 103 (58.2) 204 (73.9) <0.001 176 (61.5) 131 (78.4) <0.001
Sore throat, n (%) 118 (26.0) 44 (24.9) 74 (26.9) 0.628 80 (28.0) 38 (22.8) 0.222
Dyspnea, n (%) 167 (36.9) 35 (19.8) 132 (47.8) <0.001 NA NA
Anosmia, n (%) 42 (9.3) 21 (11.9) 21 (7.6) 0.128 32 (11.2) 10 (6.0) 0.066
Anorexia, n (%) 131 (28.9) 39 (22.0) 92 (33.3) 0.010 73 (25.5) 58 (34.7) 0.037
Ageusia, n (%) 45 (9.9) 18 (10.2) 27 (9.8) 0.893 29 (10.1) 16 (9.6) 0.848
Fever, n (%) 256 (56.5) 75 (42.4) 181 (65.6) <0.001 148 (51.7) 108 (64.7) 0.007
Chillness, n (%) 51 (11.3) 19 (10.7) 32 (11.6) 0.778 28 (9.8) 23 (13.8) 0.196
Headache, n (%) 70 (15.5) 27 (15.3) 43 (15.6) 0.925 41 (14.3) 29 (17.4) 0.389
Diarrhea, n (%) 84 (18.5) 36 (20.3) 48 (17.4) 0.431 48 (16.8) 36 (21.6) 0.207
Chest pain, n (%) 44 (9.7) 13 (7.3) 31 (11.2) 0.173 15 (5.2) 29 (17.4) <0.001
Muscle soreness, n (%) 62 (13.7) 16 (9.0) 46 (16.7) 0.021 35 (12.2) 27 (16.2) 0.240
Muscle weakness, n (%) 141 (13.1) 37 (20.9) 104 (37.7) <0.001 82 (28.7) 59 (35.3) 0.140
Hypoxemia, n (%) 276 (60.9) NA NA 144 (50.3) 132 (79.0) <0.001
Mortality, n (%) 59 (13.0) 2 (1.1 57 (20.7) <0.001 17 (5.9) 42 (25.1) <0.001

Acronyms: n, number; CAD, coronary heart disease; CKD, chronic kidney disease; HepB, hepatitis B; HepC hepatitis C; HTN, hypertension; T2DM, type 2
diabetes mellitus.

Thorac Med 2024. Vol. 39 No. 4
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Table 2. Risk Factors for Hypoxemia in Patients with SARS-Co V-2 Infection, as Determined through Multivariate Logistic Regression

Variables Adjusted odds ratio 95% Confidence Intervals p-value
Age (= 65 years) 1.86 1.17t0 2.95 0.009
BMI (= 30 kg/m’) 2.73 1.27 t0 5.59 0.010
Katz index 0.71 0.53t00.95 0.020
T2DM 1.81 1.07 to 3.04 0.026
Cough 1.60 1.01 to 2.55 0.046
Dyspnea 2.64 1.64 to 4.24 <0.001
Fever 1.99 1.29t0 3.07 0.002
Muscle weakness 1.84 1.13 t0 2.98 0.014

Acronyms: BMI, body mass index; T2DM, type 2 diabetes mellitus

significantly associated with age > 65 years
(aOR: 1.86, 95% CI: 1.17 to 2.95, p = 0.009),
BMI > 30 kg/m” (aOR: 2.73, 95% CI: 1.27 to
5.59, p =0.01), Katz index (aOR: 0.71, 95% CI:
0.53 to 0.95, p = 0.02), type 2 diabetes mellitus
(aOR: 1.81, 95% CI: 1.07 to 3.04, p = 0.026),
cough (aOR: 1.60, 95% CI: 1.01 to 2.55, p =
0.046), dyspnea (aOR: 2.64, 95% CI: 1.64 to
4.24, p <0.001), fever (aOR: 1.99, 95% CI: 1.29
to 3.07, p = 0.002), and muscle weakness (aOR:
1.84,95% CI: 1.13t0 2.98, p = 0.014).

Of the 286 patients without dyspnea, 49.7%
did not experience hypoxemia. The baseline
characteristics, symptoms, and mortality of the
patients without dyspnea and with or without
hypoxemia are presented in Table 3. Significant
differences were noted between patients with
versus without hypoxemia in terms of the fol-
lowing baseline characteristics: age > 65 years
(26.1% vs. 46.5%, p< 0.001), BMI > 30 kg/
m’ (24.32% + 4.16% vs. 25.63% = 3.94%, p
= 0.007), Katz index (lower in the hypoxemia
group; p< 0.001), and prevalence of hyperten-
sion, type 2 diabetes mellitus, cardiovascular
diseases, chronic kidney disease, hepatitis B
carrier status, and dyslipidemia (higher in the
hypoxemia group; p< 0.05). Patients with hy-

Thorac Med 2024. Vol. 39 No. 4

poxemia were significantly more likely to have
cough, anorexia, fever, muscle soreness, and
muscle weakness.

Table 4 lists the ORs and 95% CIs of the
factors associated with silent hypoxemia in
multivariate logistic regression analysis. Silent
hypoxemia was significantly associated with
hypertension (aOR: 1.86, 95% CI: 1.08 to 3.23,
p=0.026), type 2 diabetes mellitus (aOR: 2.72,
95% CI: 1.38 to 5.39, p = 0.004), cough (aOR:
1.94, 95% CI: 1.13 to 3.32, p= 0.016), fever
(aOR: 2.22, 95% CI: 1.33 to 3.72, p= 0.002),
and muscle weakness (aOR: 1.94, 95% CI: 1.08
to 3.48, p=0.027).

The baseline characteristics of the patients
with hypoxemia but with or without dyspnea
are presented in Table 5. The results indicated
that compared to the patients without dys-
pnea, patients with dyspnea were more likely
to be administered advanced respiratory sup-
port, such as a nonrebreathing mask (17.4%
vs. 40.9%, p< 0.001), high-flow nasal cannula
(6.3% vs. 21.2%, p< 0.001), and mechanical
ventilation (13.2% vs. 25.8%, p= 0.008). Fur-
thermore, mortality was higher among patients
with dyspnea than among those without (11.1%
vs. 31.1%, p< 0.001). Greater percentages



Risk Factors for Hypoxemia in SARS-CoV-2

Table 3. Baseline Clinical Characteristics of Hospitalized Patients with SARS-CoV-2 Infection without Dyspnea

303

Non-hypoxemia Hypoxemia
SpO, = 95% Sp0,<95% p-value
n=142 n=144
Age, years 46.69 + 19.46 62.69 + 15.69 <0.001
Age group, n (%) <0.001
<45,n (%) 67 (47.2) 18 (12.5)
45 ~ 64, n (%) 38 (26.8) 59 (41.0)
=65, n (%) 37 (26.1) 67 (46.5) <0.001
Male sex, n (%) 70 (49.3) 74 (51.4) 0.723
Body mass index, kg/m’ 2432 £4.16 25.63 +3.94 0.007
Body mass index group, kg/m’ 0.242
<18.5 6(4.2) 4(2.8)
=185 to <24 63 (44.4) 52 (36.1)
=24 73 (51.4) 88 (61.1)
=30 10 (7.0) 19 (13.2) 0.085
Katz index, score 0-6 5.99 +0.168 5.56 £1.433 <0.001
Smoking, n (%) 18 (12.7) 23 (16.0) 0.426
Drinking, n (%) 12 (8.5) 14 (9.7) 0.708
Comorbidities
Respiratory disease, n (%) 5(3.5) 10 (6.9) 0.194
HTN, n (%) 44 (31.0) 81 (56.3) <0.001
T2DM, n (%) 16 (11.3) 50 (34.7) <0.001
CAD, n (%) 14 (9.9) 28 (19.4) 0.022
CKD, n (%) 9 (6.3) 22 (15.3) 0.015
HepB, n (%) 8 (5.6) 21 (14.6) 0.012
HepC, n (%) 1(0.7) 1(0.7) 1.000
Dyslipidemia 14 (9.9) 34 (23.6) 0.002
Malignancy, n (%) 5(3.5) 12 (8.3) 0.085
Steroid use before COVID, n (%) 0 (0) 0 (0) NA
Symptoms
Cough, n (%) 75 (52.8) 101 (70.1) 0.003
Sore throat, n (%) 34 (23.9) 46 (31.9) 0.132
Anosmia, n (%) 19 (13.4) 13 (9.0) 0.243
Anorexia, n (%) 29 (20.4) 44 (30.6) 0.049
Ageusia, n (%) 14 (9.9) 15 (10.4) 0.876
Fever, n (%) 55 (38.7) 93 (64.6) <0.001
Chilliness, n (%) 14 (9.9) 14 (9.7) 0.969
Headache, n (%) 24 (16.9) (11.8) 0.219
Diarrhea, n (%) 27 (19.0) 21 (14.6) 0.316
Chest pain, n (%) 7 (4.9) 8 (5.6) 0.812
Muscle soreness, n (%) 11 (7.7) 24 (16.7) 0.021
Muscle weakness, n (%) 28 (19.7) 54 (37.5) 0.001

Acronyms: n, number; CAD, coronary heart disease; CKD, chronic kidney disease; HepB, hepatitis B; HepC hepatitis C; HTN, hypertension;

T2DM, type 2 diabetes mellitus.
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Table 4. Risk Factors for Silent Hypoxemia, as Determined through Multivariate Logistic Regression

Variables Adjusted odds ratio 95% Confidence Intervals p-value
HTN 1.86 1.08 to 3.23 0.026
T2DM 2.72 1.38 to 5.39 0.004
Cough 1.94 1.13 t0 3.32 0.016
Fever 2.22 1.33t0 3.72 0.002
Muscle weakness 1.94 1.08 to 3.48 0.027
Acronyms: HTN, hypertension; T2DM, type 2 diabetes mellitus
Table 5. Clinical Characteristics of Hospitalized Patients with SARS-CoV-2 Infection and Hypoxemia
Without dyspnea Dyspnea
n=144 n=132 p-value
Respiratory support
Nasal cannula, n (%) 136 (94.4) 109 (82.6) 0.002
Simple mask, n (%) 45 (31.3) 57 (43.2) 0.040
Non-rebreathing mask, n (%) 25 (17.4) 54 (40.9) <0.001
HFNC, n (%) 9 (6.3) 28 (21.2) <0.001
Mechanical ventilation, n (%) 19 (13.2) 34 (25.8) 0.008
Medication use
Remdesivir, n (%) 64 (44.4) 76 (57.6) 0.029
Tocilizumab, n (%) 35 (24.3) 44 (33.3) 0.097
NRICM101, n (%) 10 (6.9) 16 (12.1) 0.141
Dexamethasone, n (%) 93 (64.6) 111 (84.1) <0.001
Colchicine, n (%) 13 (9.0) 15 (11.4) 0.521
Monoclonal Ab., n (%) 10 (6.9) 14 (10.6) 0.281
Fluvoxamine, n (%) 4 (2.9) 4 (3.0 1.000
Laboratory data
WBC count, x10°/uL 6.38+3.00 n=143 7.02 £4.46 n=132 0.168
Albumin, g/L 3.50+0.51 n=104 3.45+£0.57 n=78 0.857
CRP, mg/dL 6.73£6.09 n=131 8.46 £8.00 n=124 0.054
Ferritin, ng/mL 127590 £ 3158.77 n=94 1306.96 = 1487.33 n=66 0.941
Procalcitonin, ng/mL 0.34+0.84 n=79 4.07 £22.47 n=78 0.147
LDH, U/L 285.82 +134.32 n=135 345.45 +165.82 n=117 0.002
CPK, U/L 176.58 + 258.37 n=141 235.26 + 340.55 n=121 0.115
D-dimer, mg/L 1.86 £3.45 n=126 3.20£6.59 n=119 0.049
Fibrinogen, mg/dL 467.13 £ 188.38 n=52 447.30 + 185.49 n=38 0.621
Platelet, x10°/uL 204.69 + 81.95 n=143 187.38 + 80.17 n=130 0.079
ESR, mm/hr 31.99+26.40 n=126 33.44 +23.50 n=105 0.664
Length of hospitalization, days 18.67 £ 13.36 19.30 + 14.54 0.711
CVP, n (%) 20 (13.9) 28 (21.2) 0.109
sBSI, n (%) 2 (14 7 (5.3) 0.092
Mortality, n (%) 16 (11.1) 41 (31.1) <0.001

Acronyms: n, number; CRP, C-reactive protein; CPK, creatine kinase; CVP, central venous pressure; ESR, erythrocyte sedimentation rate; HFNC,

high flow nasal cannula oxygen; LDH, lactate dehydrogenase; sBSI, secondary bloodstream infection; WBC, white blood count.
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of patients with dyspnea received remdesivir
(44.4% vs. 57.6%, p= 0.029) and dexametha-
sone (64.6% vs. 84.1%, p< 0.001). Patients
with dyspnea also had higher levels of lactate
dehydrogenase (LDH; 285.82 + 134.32 vs.
345.45 + 165.82 U/L, p= 0.002) and D-dimer
(1.86 +3.45 vs. 3.20 + 6.59 mg/L, p= 0.049).

Discussion

This study provides valuable insights into
the clinical characteristics and outcomes of pa-
tients with SARS-CoV-2 infection, particularly
focusing on hypoxemia and its risk factors.
Among the enrolled patients, 60.9% experi-
enced hypoxemia on admission. Older age,
obesity (BMI > 30 kg/m”2), type 2 diabetes
mellitus, cough, dyspnea, fever, and muscle
weakness were identified as risk factors for hy-
poxemia. In addition, 31.8% of patients experi-
enced silent hypoxemia on admission. Hyper-
tension, type 2 diabetes mellitus, cough, fever,
and muscle weakness were associated with the
occurrence of silent hypoxemia. Finally, our
study found that patients with silent hypoxemia
did not have worse outcomes than those patients
with hypoxemia accompanied by dyspnea.

Hypoxemia is a prognostic indicator of
various patient outcomes, including length of
hospital stay, intensive care unit (ICU) admis-
sion, intubation, and mortality [6]. Thus, un-
derstanding the predictors and implications of
hypoxemia is crucial for effective managing of
SARS-CoV-2 and optimizing of clinical out-
comes. One of the key findings of this study is
the high prevalence of hypoxemia in patients
with SARS-CoV-2 infection -- nearly 60% of
the included patients were found to experi-
ence this complication. Moreover, the mortality
rate was significantly higher in the hypoxemia

group than in the non-hypoxemia group, a find-
ing compatible with that of another study [6].
Individuals who are susceptible to hypoxemia
should receive early and proactive treatment,
including the monitoring of their blood oxygen
levels, prompt supplementation of oxygen, and
administration of antiviral and steroidal thera-
pies.

Several studies have confirmed that older
age is associated with higher disease severity,
and a higher risk of mortality in patients with
SARS-CoV-2 infection [11-14]. However, the
relationship between age and hypoxemia re-
mains controversial. Our study revealed that
older age was a significant predictor of hypox-
emia; this finding is consistent with those of 2
previous studies [15, 16], but contradicts that
of another study [17]. Our cohort's size and age
distribution were similar to those in the study
conducted by Asleh, et al [15]. By contrast, the
study conducted by Rai, ef al. involved a small-
er sample of only 73 patients, and the average
age of those patients was younger than that in
our cohort [17]. In our study, patients aged 65
years and older were more likely to develop hy-
poxemia, indicating the higher vulnerability of
this demographic group to severe SARS-CoV-2
illness. Age-related physiological changes,
along with the comorbidities common in older
adults, may contribute to this increased suscep-
tibility to hypoxemia and its complications.

We also identified obesity (BMI > 30 kg/
m’) as another independent risk factor for hy-
poxemia, consistent with the findings of 1 study
[15], and corroborating the evidence linking
obesity to adverse outcomes in SARS-CoV-2
infection. In another study, BMI was found to
increase significantly across acute respiratory
distress syndrome severity categories, and was
negatively correlated with oxygenation levels
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[18]. The mechanistic pathways underlying
the aforementioned associations may involve
chronic inflammation, impaired respiratory me-
chanics, and compromised pulmonary function,
predisposing individuals with obesity to respi-
ratory compromise during SARS-CoV-2 infec-
tion [19-20]. Several studies have indicated that
obesity increases the risk of requiring mechani-
cal ventilation [21-23].

The findings regarding comorbidities, such
as type 2 diabetes mellitus, hypertension, car-
diovascular diseases, chronic kidney disease,
hepatitis B carrier status, and dyslipidemia,
further indicate the complex interplay between
pre-existing health conditions and the clinical
course of SARS-CoV-2 infection. These comor-
bidities, often coexisting in individuals with
metabolic syndrome, contribute to systemic
inflammation, endothelial dysfunction, and im-
mune dysregulation, thereby exacerbating the
severity of SARS-CoV-2 infection and increas-
ing the risk of hypoxemia [24-25]. In addition,
type 2 diabetes mellitus was determined to be
associated with an increased risk of hypoxemia
in patients with SARS-CoV-2 infection in our
study; this finding is consistent with those of
previous studies [17, 26-27]. Our study revealed
that the Katz index, a measure of independence
in daily activities, was associated with hypox-
emia in patients with SARS-CoV-2 infection.
This finding suggests that frailty and functional
impairment are indicative of a higher likelihood
of severe disease and poor outcomes in such
patients.

In this study, symptomatology was de-
termined to play a crucial role in predicting
the likelihood of hypoxemia in patients with
SARS-CoV-2 infection. Common respiratory
symptoms, such as cough and dyspnea, were
significantly associated with hypoxemia, con-

Thorac Med 2024. Vol. 39 No. 4

sistent with the pathophysiological mechanisms
of SARS-CoV-2 infection that primarily affect
the respiratory system [6, 17, 27]. In addition,
non-respiratory symptoms, such as fever, an-
orexia, muscle soreness, and muscle weakness,
were more prevalent in patients with hypox-
emia, indicating the systemic nature of SARS-
CoV-2 infection and the diversity of its clinical
manifestation [5, 11].

The results of our study revealed that half
of the patients without symptoms of dyspnea
experienced hypoxemia; this finding is consis-
tent with that of a study conducted in Japan [28].
Furthermore, more than half of the patients who
developed hypoxemia did not exhibit dyspnea.
Several studies have reported varying preva-
lence rates of silent hypoxemia, possibly due
to differences in the definitions of hypoxemia
(the range of oxygen saturation levels measured
through pulse oximetry) and the characteris-
tics of the studied populations [28-32]. Silent
hypoxemia has been reported in other studies.
It indicates the importance of vigilant monitor-
ing and objective assessment of oxygenation
status, particularly in asymptomatic or mildly
symptomatic patients who may still be at risk of
silent hypoxemia [7-9].

Our study indicates that hypertension and
type 2 diabetes mellitus are risk factors for si-
lent hypoxemia, a finding that does not entirely
align with the results of other research [28].
Few studies have elucidated the association
between symptoms of SARS-CoV-2 infection
and the occurrence of silent hypoxemia. Our
study indicates that symptoms such as cough,
fever, and muscle weakness might indicate an
increased risk of silent hypoxemia. These find-
ings provide valuable insights for clinical risk
stratification and early intervention in this sub-
group of patients.
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One study reported that asymptomatic hy-
poxemia was associated with considerably poor
outcomes (33.3% of such patients were trans-
ferred to the ICU, and 25.9% died) [10]. Still,
another study did not find a correlation between
silent hypoxemia and more severe disease pro-
gression, including mortality [33]. In our study,
a comparative analysis of patients with dyspnea
versus those without revealed notable differ-
ences in disease severity, clinical management,
and outcomes. Patients with dyspnea exhibited
a more severe disease phenotype, characterized
by a higher requirement for advanced respira-
tory support, a higher likelihood of mortality,
and elevated inflammatory markers (LDH and
D-dimer). These findings indicate the hetero-
geneous nature of the presentation of SARS-
CoV-2 infection and the importance of tailoring
treatment strategies on the basis of an individu-
al patient’s profile and disease trajectory.

The major limitation of this study is its
retrospective nature. Some parameters were
missing in the collected data. The baseline oxy-
genation demands of these participants were not
all presented in the electronic chart, which may
lead to systematic bias. The data were collected
from only 2 hospitals, limiting the generaliz-
ability of our findings. Additional studies are
warranted to validate our findings in larger co-
horts and to identify more factors affecting the
development and progression of hypoxemia in
SARS-Co V-2 infection.

Conclusion

This study enhances our understanding of
the clinical characteristics and prognostic fac-
tors associated with hypoxemia in patients with
SARS-CoV-2 infection. The findings under-
score the multifactorial nature of hypoxemia,

which involves a complex interplay among
demographic, clinical, and biochemical factors.
Early identification of high-risk patients and
targeted interventions to mitigate hypoxemia
and its complications are essential for improv-
ing outcomes in SARS-CoV-2 infection.
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Comparison of Clinical Efficacy of Extended Infusion
and Intermittent Bolus Dosing of Piperacillin-
Tazobactam in the Treatment of Pneumonia

Hung-Jui Ko', Kuang-Yao Yang'?, Wei-Chih Chen"?, Chia-Hung Chen®*,
Yao-Tung Wang®, Pin-Kuei Fu®, Li-Kuo Kuo’, Chin-Ming Chen®, Wen-Feng Fang®,
Chih-Yen Tu*, Shih-Chi Ku', Chuan-Yen Sun'?

Introduction: Pneumonia is a significant cause of morbidity and mortality worldwide.
Beta-lactam antibiotic is a choice as an empirical treatment for pneumonia. Based on
pharmacodynamic and pharmacokinetic characteristics, extended infusion beta-lactam
antibiotic had a potentially better outcome than intermittent bolus dosing. This study aimed to
compare the effectiveness of intermittent bolus dosing of piperacillin-tazobactam (PIP-TAZ)
and extended infusion of PIP-TAZ in the treatment of pneumonia patients in Taiwan.

Methods: This retrospective study enrolled adult patients diagnosed with either severe
community-acquired pneumonia (SCAP) or nosocomial pneumonia across 9 hospitals in
Taiwan from March 1, 2018 to May 30, 2019. Primary outcome was clinical cure rate, while
secondary outcomes included clinical effectiveness and in-hospital mortality.

Results: A total 1212 patients with pneumonia were included, of which 639 received
intermittent bolus dosing of PIP-TAZ and 34 received extended infusion of PIP-TAZ. After
propensity score matching using the Charlson comorbidity index, the clinical cure rate
and clinical effectiveness were similar in both groups. However, in the SCAP group, the
intermittent bolus group demonstrated higher rates of clinical cure and effectiveness than the
extended infusion group (clinical cure rate: 94.4% vs 61.1%, p = 0.016; clinical effectiveness:
94.4% vs 66.7%, p = 0.035).

Conclusion: For the treatment of nosocomial pneumonia, intermittent bolus dosing
of PIP-TAZ was non-inferior to an extended infusion strategy. Moreover, intermittent bolus
dosing of PIP-TAZ demonstrated higher potency in treating SCAP than the extended infusion
strategy. (Thorac Med 2024; 39: 310-318)
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Introduction

Community-acquired pneumonia (CAP),
acquired outside of health care settings, imposes
a significant burden, with 1 million hospitaliza-
tions and 100,000 deaths annually in the United
States [1]. Hospital-acquired pneumonia (HAP),
which develops 48 hours after hospitalization,
and ventilator-associated pneumonia (VAP),
which occurs in patients on mechanical ventila-
tion for more than 48 hours, are both common
causes of nosocomial infections [2]. CAP and
nosocomial pneumonia are significant causes
of morbidity and mortality worldwide, and are
deserving of clinical awareness by healthcare
providers.

Antibiotic treatment is the essential means
of pneumonia management and plays a crucial
role in reducing mortality. Beta-lactam antibiot-
ics are commonly chosen agents for empirical
treatment of CAP, HAP, and VAP, due to their
potent clinical efficacy. Beta-lactam antibiotics
are bactericidal and demonstrate time-depen-
dent killing [3]. Clinical efficacy depends on the
duration of free drug concentration exceeding
the pathogen’s minimum inhibitory concentra-
tion.

Piperacillin-tazobactam (PIP-TAZ) is a
combination of beta-lactam and beta-lactamase
inhibitor that is commonly used in controlling
various infections. Previous studies have com-
pared intermittent bolus infusion and extended
infusion of PIP-TAZ. Some observational stud-
ies showed the mortality benefit of extended
infusion [4-6]. However, there is still limited
comparative data on different administration
strategies in the local data in Taiwan. Therefore,
this study aimed to evaluate the clinical efficacy
of intermittent bolus dosing versus extended in-
fusion of PIP-TAZ for the treatment of patients

with severe CAP (SCAP), HAP and VAP.

Materials and methods

Study Design and Data Collection

This study was a retrospective analysis,
using clinical information from the BATTLE
study. The BATTLE database was implemented
between March 2018 and May 2019 at 8 medi-
cal centers and 1 regional hospital in Taiwan,
and investigated the efficacy and safety of PIP-
TAZ and cefoperazone-sulbactam (CFP-SUL)
in the management of SCAP and nosocomial
pneumonia. Adult patients diagnosed with
SCAP, HAP and VAP were treated empirically
with PIP-TAZ and CFP-SUL for at least 5 days.
The diagnosis of pneumonia was made as: (a)
development of new or progressive pulmonary
infiltrates on chest radiographs; plus (b) pres-
ence of 2 or more of the following: cough, fe-
ver, hypothermia, purulent sputum or bronchial
aspirate, hypoxemia, and characteristic physical
signs [7]. The definition of SCAP was based on
the American Thoracic Society and Infectious
Disease Society of America guidelines [8]. The
dose of PIP-TAZ (2 g/0.25 g) was 4.5 g every
8 h or 3.375 g every 6 h, and the dose of CFP-
SUL (1 g/1 g) was 4 g every 12 h. The infusion
duration of extended-infusion PIP-TAZ was
at least 3 hours. Patients’ baseline characteris-
tics, underlying diseases, pneumonia severity,
microbiological information, and clinical out-
comes were collected retrospectively after ethi-
cal approval by the research ethics committee
or institutional review board of each participat-
ing site. Informed consent was not required due
to the retrospective design. All methods were
performed in accordance with the Declaration
of Helsinki.

Thorac Med 2024. Vol. 39 No. 4
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Definitions of clinical outcomes

The primary outcome was clinical cure
rate, defined as the proportion of patients in
which the clinical signs and symptoms resolved
or improved within 7 days of the end of treat-
ment, without additional management. Clinical
failure was defined as any 1 of the following:
(a) worsening or persistent signs and symptoms
and requirement of additional antibiotics; (b)
death due to pneumonia after 3 days of antibi-
otic treatment; (c) progression of pneumonia
and development of lung abscess or empyema.
The indeterminate outcomes included transferal
to another hospital, refusal of further treat-
ment, death due to pneumonia within 2 days of
antibiotic treatment, death due to a cause other
than pneumonia, incomplete treatment due to
allergy, severe adverse events, or other personal
reasons.

The secondary outcomes were the clinically
effective rate and in-hospital mortality. Clinical
effectiveness was defined as the improvement
of clinical symptoms and signs, radiographic
presentation, and inflammation markers, such
as white blood cell counts, C-reactive protein,
and procalcitonin levels. Clinical ineffective-
ness was defined as when any 1 of the 3 criteria
was not met. Indeterminate effectiveness was
defined as when the above 3 criteria could not
be evaluated.

Statistical analysis

Continuous variables were reported as
means with standard deviation or medians with
interquartile range. Differences in continuous
variables were compared using independent t
tests, Kruskal-Wallis tests or 1-way ANOVA.
Meanwhile, categorical variables were reported
as the number of patients and percentages. Dif-
ferences in categorical variables were examined

Thorac Med 2024. Vol. 39 No. 4

using the chi-square test or Fisher’s exact test.
To balance confounding factors and baseline
characteristics, we used propensity score match-
ing (PSM) with the Charlson comorbidity index
(CCI) between 2 groups. Statistical significance
was set at p < 0.05. All statistical analyses
were performed using SPSS Version 20.0 (IBM
Corp., Armonk, NY, USA).

Results

Baseline characteristics

During the study period, a total of 1212 pa-
tients with pneumonia were enrolled. The base-
line characteristics of all patients are shown in
Table 1. Of these patients, 539 received CFP-
SUL, 639 received intermittent bolus dosing of
PIP-TAZ, and 34 received extended infusion
of PIP-TAZ. The mean age of patients receiv-
ing extended infusion of PIP-TAZ was 72.9 +
16.98 years and 28 (82.4%) were male. Age and
gender were similar in the 3 groups (Table 1).
Of the patients treated with extended infusion
of PIP-TAZ, 18 were diagnosed with SCAP
and 16 with nosocomial pneumonia. Following
PSM by adjusting the CCI, 34 patients in each
group receiving either intermittent bolus dosing
of PIP-TAZ or extended infusion of PIP-TAZ
were subjected to further analysis. In the overall
subjects, there were no significant differences in
age, gender, SOFA score and underlying comor-
bidities between patients receiving intermittent
bolus dosing or extended infusion of PIP-TAZ,
except that the prevalence of a solid tumor was
significantly higher in the extended-infusion
PIP-TAZ group (2.9% vs 17.6%, p=0.046) (Ta-
ble 2). In the SCAP group, the CURB-65 score
was higher in those receiving extended infusion
of PIP-TAZ than in those with intermittent bo-
lus administration (2.00 = 0.97 vs 2.94 + 1.00,
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Table 1. Baseline Characteristics of Patients Receiving CFP-SUL, Intermittent Bolus Dosing PIP-TAZ and Extended-Infusion PIP-TAZ

Intermittent bolus dosing

Extended-infusion

Variables EE;—?UL PIP-TAZ PIP-TAZ P
n=639 n=34
Age, meantSD 74.8+14.84 75.1£14.82 72.9+£16.98 0.849
Male gender, n (%) 372 (69.0%) 451 (70.6%) 28 (82.4%) 0.246
CCI, mean+SD 6.3+2.83 5.7+2.61 5.6+3.13 <0.001*
SOFA score, mean+SD 5.4£2.99 6.6+3.83 8.0£3.97 0.001*
Underlying disease, n (%)
Heart failure 88 (16.3%) 97 (15.2%) 4 (11.8%) 0.711
Myocardial infarction 55 (10.2%) 43 (6.7%) 1(2.9%) 0.050
Cerebrovascular disease 79 (14.7%) 51 (8.0%) 3 (8.8%) 0.001*
Dementia 165 (30.6%) 104 (16.3%) 3(8.8%) <0.001*
Chronic pulmonary disease 147 (27.3%) 168 (26.3%) 11 (32.4%) 0.714
Chronic kidney disease 82 (15.2%) 102 (16.0%) 7 (20.6%) 0.691
Solid tumor 50 (9.3%) 52 (8.1%) 6 (17.6%) 0.153
Connective tissue disease 27 (5.0%) 30 (4.7%) 0 (0.0%) 0.408

CFP-SUL = cefoperazone-sulbactam, PIP-TAZ = piperacillin-tazobactam, SD = standard deviation, CCI = Charlson comorbidity index, n = number

* p<0.05

Table 2. Baseline Characteristics of Patients Receiving Intermittent Bolus Dosing PIP-TAZ and extended-infusion PIP-TAZ after Propensity

Score Matching with the Charlson Comorbidity index

Intermittent bolus dosing

Extended infusion

Variables PIP-TAZ PIP-TAZ P
n=34 n=34
Age, meantSD 72.16+15.64 72.89+16.98 0.853
Male gender, n (%) 24 (70.6%) 28 (82.4%) 0.253
SOFA score, mean+SD 7.00+4.95 8.00+£3.97 0.678
Underlying disease, n (%)
Heart failure 5 (14.7%) 4 (11.8%) 0.720
Myocardial infarction 2 (5.9%) 1(2.9%) 0.555
Cerebrovascular disease 1 (2.9%) 3 (8.8%) 0.303
Dementia 6 (17.6%) 3(8.8%) 0.283
Chronic pulmonary disease 7 (20.6%) 11 (32.4%) 0.272
Chronic kidney disease 6 (17.6%) 7 (20.6%) 0.758
Solid tumor 1(2.9%) 6 (17.6%) 0.046*
Connective tissue disease 3 (8.8%) 0 (0.0%) 0.076

PIP-TAZ = piperacillin-tazobactam, SD = standard deviation, n = number
*p<0.05
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Table 3. Clinical Outcomes of Patients Receiving Intermittent Bolus Dosing PIP-TAZ and Extended-Infusion PIP-TAZ

Intermittent bolus dosing

Extended-infusion

Variables PIP-TAZ PIP-TAZ P
n=639 n=34

Primary outcome, n (%)

Clinical cure 515 (80.7%) 24 (70.6%) 0.118

Failure or indeterminate 123 (19.3%) 10 (29.4%)

Secondary outcome, n (%)

Clinical effectiveness 530 (82.9%) 25 (73.5%) 0.276

Ineffectiveness or indeterminate 109 (17.1%) 9 (26.5%)

In-hospital mortality, n (%) 118 (18.5%) 8 (23.5%) 0.752

PIP-TAZ = piperacillin-tazobactam, n = number

p=0.010) (Table S1), and the prevalence of a
solid tumor was significantly higher in those
receiving extended-infusion PIP-TAZ in the
HAP/VAP group than in the intermittent bolus
group (0% vs 33.3%, p=0.014) (Table S2).

Treatment outcomes

The clinical cure rate of intermittent bo-
lus dosing of PIP-TAZ was 80.7%, which was
similar to that of the extended-infusion group
(Table 3). Regarding the secondary outcome,
the clinical effectiveness rate of the intermit-
tent bolus dosing group was 82.9%, and this
was also comparable to that of the extended-

A Primary outcome

B [ntermittent bolus dosing m Extended infusion

100%
85.30%

p=0.144

80% 70.60%

60%

40% 29.40%

20% 14.70% .
- |

Clinical cure Failure or indeterminate

infusion group. In addition, there was no
significant difference in in-hospital mortality
between the intermittent bolus dosing group
and the extended-infusion group (18.5% vs
23.5%, p=0.752). After PSM using the CCI,
there was no significant difference between the
2 groups in both primary outcome and second-
ary outcome among the overall subjects (Figure
1 and Table 4). In HAP/VAP patients, there
was no difference between 2 groups regardless
of clinical cure rate or effective rate after PSM
(86.7% vs 80.0%, p=0.624; 86.7% vs 80.0%,
p=0.624 (Figure 3). However, the clinical cure
rate and clinical effectiveness rate among the

B Secondary outcome
| [ntermittent bolus dosing m Extended infusion

100%

88.20%

73.50% p=0.123

26.50%
11.80% .

Clinical effectiveness

80%

60%

40%

20%

0%
Ineffectiveness or indeterminate

Fig. 1. Primary (A) and secondary (B) outcome of all patients receiving intermittent bolus dosing or extended-infusion piperacillin-tazobactam for

pneumonia after propensity score matching with the Charlson comorbidity index.
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Table 4. Clinical Outcomes of Patients Receiving Intermittent Bolus Dosing PIP-TAZ and Extended-infusion PIP-TAZ after Propensity Score
Matching with the Charlson Comorbidity Index

Intermittent bolus dosing Extended-infusion
Variables PIP-TAZ PIP-TAZ p
n=34 n=34
Primary outcome, n (%)
Clinical cure 29 (85.3%) 24 (70.6%) 0.144
Failure or indeterminate 5 (14.7%) 10 (29.4%)
Secondary outcome, n (%)
Clinical effectiveness 30 (88.2%) 25 (73.5%) 0.123
Ineffectiveness or indeterminate 4 (11.8%) 9 (26.5%)
In-hospital mortality, n (%) 5 (14.7%) 8 (23.5%) 0.355
PIP-TAZ = piperacillin-tazobactam, n = number
A Primary outcome B Secondary outcome
® [ntermittent bolus dosing m Extended infusion ® [ntermittent bolus dosing m Extended infusion
100% 94.40% 100% 94.40%
80% p=0.016* 80% p=0.035%
66.70%
61.10%
60% 60%
38.90%
40% 40% 33.30%
20% I 20%
5.60% 5.60%
0% — 0% =]
Clinical cure Failure or indeterminate Clinical effectiveness Ineffectiveness or indeterminate

Fig. 2. Primary (A) and secondary (B) outcome of patients receiving intermittent bolus dosing or extended-infusion piperacillin-tazobactam for
severe community-acquired pneumonia after propensity score matching with the Charlson comorbidity index.

A Primary outcome B Secondary outcome
® [ntermittent bolus dosing ® Extended infusion ® [ntermittent bolus dosing ® Extended infusion
100% 100%
86.70% SO0 86.70% 005
. (1] T . o e
80% p=10.624 80% p=0.624
60% 60%
40% 40%
20.00% 20.00%
» = » |
Clinical cure Failure or indeterminate Clinical effectiveness Ineffectiveness or indeterminate

Fig. 3. Primary (A) and secondary (B) outcome of patients receiving intermittent bolus dosing or extended-infusion piperacillin-tazobactam for
hospital-acquired pneumonia and ventilator-associated pneumonia after propensity score matching with the Charlson comorbidity index.

SCAP patients were both significantly higher in (94.4% vs 61.1%, p = 0.016; 94.4% vs 66.7%,
the intermittent bolus dosing group after PSM p=0.035) (Figure 2).
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Discussion

This multicenter retrospective analysis from
Taiwan showed that intermittent bolus dosing
of PIP-TAZ had rates of clinical cure, effective-
ness and in-hospital mortality comparable to
extended infusion of PIP-TAZ in treating pneu-
monia. After adjusting for the CCI, the inter-
mittent bolus dosing group also showed clini-
cal outcomes similar to those of the extended-
infusion group. However, in terms of SCAP, the
intermittent bolus strategy had higher rates of
clinical cure and effectiveness.

A meta-analysis in 2017 that included 18
studies and 3401 patients receiving PIP-TAZ
showed that patients treated with extended in-
fusion of PIP-TAZ were associated with lower
mortality and a higher clinical cure rate, com-
pared to treatment with an intermittent infusion
strategy [9]. Several previous studies have also
reported lower mortality rates with extended
infusion of PIP-TAZ [10-14]. However, many
of these studies included diverse infection sites,
not limited to pneumonia, and disease severity
also varied. A single-center randomized-con-
trolled trial conducted in China that included 50
patients with HAP showed no significant differ-
ence in clinical cure rate between intermittent
bolus dosing of PIP-TAZ and extended infusion
of PIP-TAZ [15]. A randomized comparative
study conducted in Egypt that included 53 pa-
tients, of which more than half had respiratory
tract infection, also reported a similar clinical
cure rate between the intermittent bolus dosing
group and the extended-infusion group [16].

Our study focused specifically on pneu-
monia patients. In our cohort, the mortality
rate in patients with intermittent bolus dosing
of PIP-TAZ and extended-infusion PIP-TAZ
was 18.5% and 23.5%, respectively, which was

Thorac Med 2024. Vol. 39 No. 4

compatible with previous studies [17-18]. Due
to differences in patient numbers, potential bias
existed. To balance this, we employed PSM to
adjust for the CCI. After matching, there was
no difference in clinical cure rate, clinical ef-
fectiveness and in-hospital mortality between
the intermittent bolus infusion group and the
extended-infusion group among the overall
subjects. We also conducted subgroup analysis
and divided patients into SCAP and HAP/VAP
groups. After PSM, the clinical cure rate and
clinical effectiveness in SCAP patients were
both higher in the intermittent bolus infusion
group. One potential explanation could be that
within the SCAP group, the extended-infusion
patients exhibited greater severity, as evidenced
by higher CURB-65 scores (Table S1), result-
ing in poorer outcomes. The higher CURB-65
score in the extended-infusion group might be
attributed to primary physician preference for
extended infusion in more severe patients.

Our study has several limitations. First,
it was retrospective and not a randomized-
controlled trial. Even after propensity score
adjusting, residual bias could still exist. Second,
the infusion duration of extended-infusion PIP-
TAZ was not recorded in the chart, and different
durations might have different outcomes. Third,
this study was conducted in 9 hospitals, and
differences in local epidemiology, drug resis-
tance and empirical antibiotic strategies could
influence the outcome. Fourth, the number of
patients in the extended-infusion group was
relatively small, with a sample size of 34 across
all pneumonia patients, including 18 for CAP
and 16 for HAP/VAP.

Conclusion

For the treatment of nosocomial pneumo-
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nia, intermittent bolus dosing of PIP-TAZ was
non-inferior to the extended-infusion strategy.
Moreover, intermittent bolus dosing of PIP-
TAZ demonstrated higher potency in treating
SCAP than the extended-infusion strategy.

Ethical Approval

Taipei Veterans General Hospital (2019-
08-006AC), National Taiwan University Hos-
pital (201805123RINB), Mackay Memorial
Hospital (1I9MMHIS282¢), Taichung Veterans
General Hospital (CE18223A#2), Chung Shan
Medical University Hospital (CS18126), Chi
Mei Medical Center (10806-008), Chi Mei
Medical Centre, Liouying (10808-L.01), and
Kaohsiung Chang Gung Memorial Hospital
(201900932B0C501).

References

1.Ramirez JA, Wiemken TL, Peyrani P, et al. Adults
hospitalized with pneumonia in the United States:
incidence, epidemiology, and mortality. Clin Infect Dis
2017 Nov 13; 65(11): 1806-12.

2.Magill SS, O'Leary E, Janelle SJ, et al. Emerging
Infections Program Hospital Prevalence Survey Team.
Changes in prevalence of health care-associated
infections in U.S. hospitals. N Engl J] Med 2018 Nov 1;
379(18): 1732-44.

3.Lodise TP, Lomaestro BM, Drusano GL; Society
of Infectious Diseases Pharmacists. Application of
antimicrobial pharmacodynamic concepts into clinical
practice: focus on beta-lactam antibiotics: insights
from the Society of Infectious Diseases Pharmacists.
Pharmacotherapy 2006 Sep; 26(9): 1320-32.

4.Lodise TP Jr, Lomaestro B, Drusano GL. Piperacillin-
tazobactam for Pseudomonas aeruginosa infection:
clinical implications of an extended-infusion dosing
strategy. Clin Infect Dis 2007 Feb 1; 44(3): 357-63.

5. Yost RJ, Cappelletty DM. The Retrospective Cohort of
Extended-Infusion Piperacillin-Tazobactam (RECEIPT)

study: a multicenter study. Pharmacotherapy 2011 Aug;
31(8): 767-75.

6.Bartoletti M, Giannella M, Lewis RE, er al. Extended
infusion of B-lactams for bloodstream infection in
patients with liver cirrhosis: an observational multicenter
study. Clin Infect Dis 2019 Oct 30; 69(10): 1731-39.

7.Chou CC, Shen CF, Chen SJ, et al. Recommendations
and guidelines for the treatment of pneumonia in Taiwan.
J Microbiol Immunol Infect 2019 Feb; 52(1): 172-99.

8.Mandell LA, Wunderink RG, Anzueto A, et al. Infectious
Diseases Society of America/American Thoracic Society
consensus guidelines on the management of community-
acquired pneumonia in adults. Clin Infect Dis 2007 Mar 1;
44 Suppl 2(Suppl 2): S27-72.

9.Rhodes NJ, Liu J, O'Donnell JN, et al. Prolonged infusion
piperacillin-tazobactam decreases mortality and improves
outcomes in severely ill patients: results of a systematic
review and meta-analysis. Crit Care Med 2018 Feb;
46(2): 236-43.

10. Chen M, Buurma V, Shah M, et al. Evaluation of studies
on extended versus standard infusion of beta-lactam
antibiotics. Am J Health Syst Pharm 2019 Sep 3; 76(18):
1383-94.

11. Chan AJ, Lebovic G, Wan M, et al. Impact of extended-
infusion piperacillin-tazobactam in a Canadian
community hospital. Infect Med (Beijing) 2023 Feb 6;
2(1): 31-35.

12.Fawaz S, Barton S, Nabhani-Gebara S. Comparing
clinical outcomes of piperacillin-tazobactam
administration and dosage strategies in critically ill adult
patients: a systematic review and meta-analysis. BMC
Infect Dis 2020 Jun 20; 20(1): 430.

13.Falagas ME, Tansarli GS, Ikawa K, et al. Clinical
outcomes with extended or continuous versus short-term
intravenous infusion of carbapenems and piperacillin/
tazobactam: a systematic review and meta-analysis. Clin
Infect Dis 2013 Jan; 56(2): 272-82.

14.Lee GC, Liou H, Yee R, et al. Outcomes of extended-
infusion piperacillin-tazobactam: a retrospective analysis
of critically ill patients. Clin Ther 2012 Dec; 34(12):
2297-300.

15.Bao H, Lv Y, Wang D, et a/. Clinical outcomes
of extended versus intermittent administration of
piperacillin/tazobactam for the treatment of hospital-

acquired pneumonia: a randomized controlled trial. Eur J

Thorac Med 2024. Vol. 39 No. 4



318 Hung-Jui Ko, Kuang-Yao Yang, et al.

Clin Microbiol Infect Dis 2017 Mar; 36(3): 459-66. controlled, double-blind, phase 3, non-inferiority trial.
16.Naiim CM, Elmazar MM, Sabri NA, et al. Extended Lancet Infect Dis 2019 Dec; 19(12): 1299-1311.

infusion of piperacillin-tazobactam versus intermittent 18.Lai CC, Cheng IL, Chen YH, et al. The efficacy and

infusion in critically ill Egyptian patients: a cost- safety of doripenem in the treatment of acute bacterial

effectiveness study. Sci Rep 2022 Jun 27; 12(1): 10882. infections--a systemic review and meta-analysis of
17.Kollef MH, Novéacek M, Kivistik U, et al. Ceftolozane- randomized controlled trials. J Clin Med 2019 Jul 2; 8(7):

tazobactam versus meropenem for treatment of 958.

nosocomial pneumonia (ASPECT-NP): a randomised,

Thorac Med 2024. Vol. 39 No. 4



Miliary Tuberculosis and Identification of Tuberculosis-
Immune Reconstitution Inflammatory Syndrome (TB-
IRIS) — A Case Report

Chia-Ju Wu', Yen-Han Tseng'?, Sheng-Wei Pan'?, Jia-Yih Feng'?, Yuh-Min Chen"?

Miliary tuberculosis (TB), an often-fatal infectious disease in the absence of intervention,
is increasingly observed among immunocompromised individuals. This case study presented
a middle-aged man with rheumatoid arthritis who developed miliary TB following anti-tumor
necrosis factor-alpha antibody therapy. Sputum conversion was achieved 3 months after
the initiation of therapy, but the patient subsequently experienced TB-immune reconstitution
inflammatory syndrome characterized by multi-organ involvement. (Thorac Med 2024; 39:
319-326)

Key words: miliary tuberculosis, tuberculosis-immune reconstitution inflammatory syndrome (TB-IRIS),
immunocompromised, rheumatoid arthritis, disease-modifying anti-rheumatic agents (DMARDs), anti-

319

TNF-a antibody

Introduction

Miliary tuberculosis (TB) results from the
lymphohematogenous dissemination of My-
cobacterium tuberculosis (MTB) bacilli and
is inherently life-threatening [1]. Several syn-
onymous terms describe this condition in the
medical literature, including hematogenous TB,
generalized TB, and disseminated TB. The in-
cidence of miliary TB among all forms of TB
ranges from 0.15% to 10% in various studies
[2-4]. In the past, prior to the advent of effec-
tive antibiotic treatments, miliary TB was pre-
dominantly observed in infants and children [5].

However, its prevalence has been increasing
among adults with a history of immunocom-
promising conditions such as human immuno-
deficiency virus/acquired immunodeficiency
syndrome (HIV/AIDS), organ transplantation,
use of immunosuppressive drugs including anti-
tumor necrosis factor-alpha (anti-TNF-a), and
chronic renal failure [6].

The diagnosis of miliary TB is challenging
due to its varied and often nonspecific presen-
tations, which may remain obscure until the
late stages of the disease. Patients typically
present with constitutional symptoms includ-
ing fever, chills, rigors, night sweats, anorexia,
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weight loss, weakness, and cough persisting for
several weeks [6]. In elderly patients, afebrile
progressive wasting, termed cryptic miliary
TB, may be observed [7]. Other patients may
manifest symptoms related to extrapulmonary
organ involvement, such as those involving
the skin, eyes, meninges, liver, spleen, heart,
pleura, kidneys, spine, and gonads [1]. Diag-
nosis relies on classical clinical manifestations,
a miliary pattern on chest X-ray (CXR), and
microbiological, cytopathological, histopatho-
logical, or molecular evidence [8]. Guidelines
from the American Thoracic Society, Centers
for Disease Control and Prevention, and Infec-
tious Disease Society of America recommend
a 6-month treatment regimen (2 months of iso-
niazid, rifampin, pyrazinamide, plus ethambutol
or streptomycin, followed by 4 months of iso-
niazid and rifampin) for newly diagnosed cases
of miliary TB without meningeal involvement
[9]. Here, we present a case of miliary TB fol-
lowing anti-TNF-a therapy, with the relatively
rare occurrence of TB immune reconstitution
inflammatory syndrome (TB-IRIS) confirmed
by multiple biopsies.

(@

a

Case Presentation

A 53-year-old man presented to a local
medical clinic in 2021 with a chronic, produc-
tive cough persisting for 3 months. He reported
a weight loss, from 72 kg to 65 kg, over the
past 6 months. The patient denied fever, mal-
aise, or decreased appetite, but complained of
chronic bilateral metacarpal joint pain. He was
an ex-smoker (1 pack per day for 20 years, and
had quit for 5 years), and had been undergoing
treatment with adalimumab, a fully human anti-
TNF-a monoclonal antibody, for rheumatoid
arthritis for 5 years. The patient did not undergo
pre-TNF-a blocker evaluation for latent TB
infection. He had no history of health supple-
ment or herbal medicine use, and there were no
remarkable occupational exposures, contacts, or
travel histories reported.

Following intermittent empirical antibiot-
ics treatment for 3 months with limited im-
provement of symptoms, he was referred to
the Taiwan Anti-Tuberculosis Association, and
subsequently to our hospital. Bilateral multiple

clustered centrilobular nodules and consolida-

Fig. 1. Chest X-ray images of miliary tuberculosis at diagnosis, and post-sputum conversion following anti-TB treatment.(a) Miliary lesions on
CXR (2021/7), (b) CXR after sputum conversion (2021/11)
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tions were observed on CXR (Figure la) and nodes in the right lower neck, paratracheal
computed tomography (CT) images (Figure 2a- region, aortopulmonary (AP) window, and
1). In addition, CT revealed enlarged lymph para-aortic regions. Hypodense nodules were
2021/8 2022/1, 2022/5
Initial CT scan CT scan after sputum conversion

(2a-1) Lung (2a-2) Emerging left upper lung lesion

N

(2d-1) Liver - (2d-2) Liver lesions

Fig. 2. Computed tomography images of miliary tuberculosis at diagnosis and post-sputum conversion following anti-TB treatment: assorted by

lesion sites.
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diffusely noted over the spleen and bilateral
adrenal glands (Figure 2b-1, 2¢c-1). Laboratory
tests revealed thrombocytopenia (84000/ul),
hyponatremia (128 mmol/L), and an increased
C-reactive protein (CRP) level (8.45 mg/dL),
but no leukocytosis. The HIV Ag/Ab Combo
test was negative. Sputum TB polymerase chain
reaction (PCR) was positive using the Xpert
MTB/RIF test (4.10X105 CFU/mL), and acid-
fast stain showed 2+ positivity with culture
results of MTB complex. With these findings,
miliary TB involving the lymph nodes, spleen,
and adrenal glands was diagnosed.

Drug susceptibility testing showed no resis-
tance of the TB bacteria. Anti-TB medications
(isoniazid, ethambutol, rifampin, pyrazinamide)
were initiated in August 2021. Sputum culture
conversion was achieved 3 months after treat-
ment initiation, with the CXR as shown in Fig-
ure 1b. The patient remained afebrile with no

Pt

Necrosis i

(3b) AFS <10

desaturation or newly emerging symptoms and
was kept under outpatient follow-up.

However, follow-up CT scans performed 5
to 9 months after initiation of anti-TB medica-
tions showed progression of lymphadenopathy
in the right lower neck, paratracheal region, AP
window, and para-aortic lymph nodes, as well
as progression of the spleen lesions (Figure 2b-
2), bilateral adrenal lesions (Figure 2c-2), and
newly developed lesions in the lung (Figure 2a-
2), liver (Figure 2d-2), and prostate. Sputum
culture and serum cryptococcal antigen tests
were negative, and serum aspergillus IgG was
unremarkable. CT-guided biopsies of the left
upper lung nodule, right adrenal gland, spleen,
and liver were performed for differential diag-
nosis. Tissue TB PCR was positive, cultures
were negative, and pathology revealed chronic
necrotizing granulomatous inflammation (Figure
3). Progression of TB was deemed less likely

Acid-fast stain: presence of mycobacterial infection

[ 20um |

(3a) H&E, x20; x60

Left upper lung: Necrotizing granulomatous
inflammation and acid-fast bacilli

Sections show a picture of necrotizing
granulomatous inflammation. Acid-fast

bacilli are shown by acid-fast stain.
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Spleen: chronic granulomatous inflammation
Granulomas composed of epithelioid cells
and occasional Langhans' giant cells.
Necrosis is not seen.

(3c) H&E, *x20

Right adrenal gland: chronic inflammation and
necrosis

Sections show fragments of fibro-adipose
tissue and adrenocortical tissue with chronic
inflammatory cells infiltration. Necrosis is
noted. No acid-fast bacilli are observed.

Fig. 3. Pathology slides of lung, spleen, and right adrenal gland from a case of TB-IRIS
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due to negative culture results from multiple
biopsy samples. Positive TB PCR of the speci-
mens possibly indicated non-viable remains
of MTB bacteria. Although the patient did not
exhibit fever or rapid worsening in the CXR,
typical of TB immune reconstitution inflam-
matory syndrome (TB-IRIS), the impression of
TB-IRIS was still considered after excluding
TB progression, other infections, or malig-
nancy. Anti-TB medications were discontinued
approximately 16 months after treatment ini-
tiation, which also equated to 13 months since
sputum conversion.

Discussion

Miliary TB is uniformly fatal if untreated
[8]. The prevalence of miliary TB remains un-
certain due to difficulties in diagnosis. Studies
have shown a positive correlation between the
prevalence of extrapulmonary TB and immu-
nosuppression status [10]. Fatal TB, including
miliary TB, has been more commonly noted
among patients with HIV infection and non-
HIV-infected immunocompromised patients,
such as those receiving anti-TNF agents like
infliximab [11], etanercept [12], or adalimumab
[13]. There is a 5-fold increased risk of TB as-
sociated with anti-TNF-o therapy in rheumatoid
arthritis [13]. Therefore, it is recommended
to exclude a latent TB infection prior to start-
ing TNF-a-inhibitor treatment. Any correlation
between miliary TB and gender or ethnicity
remains controversial. Predisposing factors
for miliary TB include childhood infections,
malnutrition, HIV/AIDS, alcoholism, tobacco
smoking, diabetes mellitus, chronic kidney dis-
ease, gastrectomy, organ transplantation, con-
nective tissue disorders, pregnancy, underlying
malignancy, and silicosis [1, 6, 14-15].

The immunopathogenesis of miliary TB
could be attributed to the inadequate response
of effector T-cells, which fail to contain MTB at
the pathological site [16]. Mycobacteria hema-
togenously disseminate to multiple organs, es-
pecially those with high blood flow, such as the
spleen, liver, lungs, bone marrow, kidneys, and
adrenals [8]. Choroidal tubercles are pathog-
nomonic of miliary TB and provide valuable,
easily obtained, objective evidence of hema-
togenous TB [17]. Lumbar puncture should be
pursued early, if any clinical suspicions arise, to
rule out TB meningitis.

TB-IRIS should be suspected if sudden
deterioration of symptoms occurs, despite pre-
vious clinical or radiologic improvements dur-
ing or after completion of anti-TB treatment.
Bacterial infections, non-compliance with anti-
TB medications, drug resistance, malignancy,
and autoimmune diseases should be considered
for differential diagnosis [18]. Symptoms com-
monly include fever, lymphadenopathy, and
dyspnea, with pulmonary and lymph node in-
volvement being the most frequently reported
signs [19]. Radiologic evaluation may reveal
emerging lung lesions or rapid progression of
previous lung lesions [18, 20-22]. Acute kidney
injury and acute respiratory distress syndrome
can develop among patients with miliary TB
as a manifestation of IRIS [23-25]. Breen et al.
reported that the prevalence of TB-IRIS among
non-HIV patients is approximately 10% [22];
among HIV-infected patients, it usually occurs
after initiation of highly active antiretroviral
therapy (HAART), with a prevalence ranging
from 4 to 54% (median: 18%) [19, 26], Gener-
ally, TB-IRIS tends to manifest more frequently
among HIV-positive patients compared to those
who are HI'V-negative, as noted in our case.

TB-IRIS typically occurs within 3 weeks to
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2 months after initiation of anti-TB medication,
and the mortality rate is approximately 3% [18,
22]. In our case, TB-IRIS occurred as late as 9
months after the initiation of anti-TB treatment,
which is relatively uncommon. Therefore, dif-
ferential diagnosis, including progression of
TB, other bacterial infections, and malignancy,
should be considered seriously, and necessary
biopsies should be performed before making
assumptions. Multiple biopsies of various af-
fected sites in this case aided in the differential
diagnosis process. Moreover, a previous review
of TB-HIV co-infected patients reminds us that
late-onset IRIS needs to be differentiated from
antiretroviral treatment failure and HIV pro-
gression [27].

The exact pathophysiology of TB-IRIS re-
mains uncertain, but theories suggest an exces-
sive inflammatory response triggered by myco-
bacterial antigens that are released after initia-
tion of medication. Recent prospective studies
have highlighted a correlation between positive
sputum cultures, reflective of the heightened an-
tigenic burden, and the activation of inflamma-
tory monocyte markers [28]. Another proposed
mechanism is that the reconstitution of the T
helper 1 CD4+ immune response after anti-TB
treatment triggers excessive systemic inflamma-
tion. This proposition finds support in observa-
tions of elevated lymphocyte counts and exag-
gerated tuberculin skin test reactions among
patients experiencing paradoxical deterioration
during anti-TB therapy [18]. Lederman et al.
elucidated this concept in a clinical trial where
short-term administration of HAART resulted
in enhanced CD4 lymphocyte function, charac-
terized by augmented lymphocyte proliferation
and expansion of naive and memory CD4 cells.
Consequently, among individuals with TB-HIV
coinfection, initiation of HIV treatment leads to

Thorac Med 2024. Vol. 39 No. 4

an increased frequency and/or severity of TB-
IRIS. These findings implicate the pivotal role
of CD4 cells in the pathophysiology of TB-
IRIS.

There is no standard treatment for TB-IRIS.
A previous study suggested oral prednisolone
40 mg daily for 14 days, followed by 20 mg
daily for another 14 days to alleviate TB-IRIS-
related symptoms, without increased risk of
infection compared to a placebo [29]. Another
study suggested intravenous (IV) methylpred-
nisolone 40 mg every 12 hours until relief of
symptoms, followed by maintenance oral pred-
nisolone 20-70 mg/day for 5 to 12 weeks [21].
Potential treatment options for TB-IRIS also in-
clude IL-1 receptor antagonist, IL-18BP, small
molecule inhibitors targeting inflammasomes,
antibodies targeting TNF-a and IL-6, doxycy-
cline, statins, and CCRS5 inhibitors [30]. How-
ever, there is a lack of evidence from controlled
trials for the use of anti-inflammatory agents in
IRIS, and the therapeutic benefit of steroid use
for TB-IRIS is largely anecdotal. On the other
hand, prophylactic treatment for co-infected
HIV patients starting ART to prevent TB-IRIS
could be considered. The PredART trial showed
a decrease of TB-IRIS incidence from 46.7%
to 32.5% by administering prophylactic predni-
sone to patients with TB and HIV co-infection
[29].

In summary, TB-IRIS is an abnormal, ex-
cessive immune response against live or dead
MTB that may occur in either HIV-infected or,
more rarely, in HIV-uninfected patients [18].
Sudden worsening of symptoms despite previ-
ous clinical or radiologic improvements during
or after completion of anti-TB treatment should
prompt investigations, which may include fur-
ther biopsy of the involved site. TB-IRIS should
be considered after excluding bacterial infec-
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tions, non-compliance to anti-TB medications,
drug resistance, malignancy, and autoimmune
diseases. Oral steroids could be used to allevi-
ate symptoms related to TB-IRIS.
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Computed Tomography Angiography-Negative
Pulmonary Arteriovenous Malformations Diagnosed
Using a Lung Perfusion Scan: A Case Report

Hsin-1 Cheng', Chun-Yu Lin", Po-Jui Chang', Horng-Chyuan Lin’

Pulmonary arteriovenous malformations (PAVMs) are an uncommon and insidious
disease caused by abnormal communication between pulmonary arteries and veins. They
may remain asymptomatic but can also cause a broad spectrum of symptoms, including
dyspnea, hemoptysis, platypnea, hypoxemia, or even neurological insults. Computed
tomography angiography (CTA) is a useful tool for establishing the diagnosis in almost all
patients with PAVMs. However, a lung perfusion scan may provide some diagnostic benefit
when the CTA results are negative. (Thorac Med 2024; 39: 327-331)

Key words: Pulmonary arteriovenous malformations, computed tomography angiography, lung perfusion

scan

Introduction

Pulmonary arteriovenous malformations
(PAVMSs) are a complicated and insidious dis-
ease caused by abnormal communication be-
tween pulmonary arteries and veins. Here, we
report an unusual case of a patient with persis-
tent hypoxemia and a poor response to oxygen
therapy, with a negative computed tomography
angiography (CTA) finding.

Case Report
A 76-year-old male, diagnosed with coro-

nary artery disease and 2-vessel disease, under-
went placement of 3 drug-eluting stents 3 years

ago. He presented with recurrent gastrointesti-
nal bleeding episodes and later visited the emer-
gency department due to a cough, and pneumo-
nia was diagnosed. Due to persistent pancytope-
nia, he was referred for a bone marrow biopsy.
On initial examination, the patient’s heart rate
was 96 beats per minute, blood pressure was
120/64 mmHg, body temperature was 35.30C,
and respiratory rate was 30 breaths per minute
while breathing ambient air. At that time, the
saturation rate was 78%, as measured by finger
pulse oximeter. Saturation by pulse oximeter
was still 87-89% under a non-rebreathing mask.
Therefore, a high-flow oxygen nasal cannula
was given to the patient.

Laboratory tests, including carboxyhemo-
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Fig. 2. Diffuse dilation of the pulmonary artery, lower lung-

predominate.

globin and methemoglobin, showed no signifi-
cant findings except for pancytopenia. CTA of
the chest showed no evidence of pulmonary
embolism. Only a few tiny ground-glass opaci-
ties (GGOs) were noted in the bilateral lung
parenchyma (Figure 1). Diffuse dilation of the
pulmonary artery was also noted (Figure 2). An

Thorac Med 2024. Vol. 39 No. 4
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Fig. 3. Lung perfusion scan revealed 48% extrapulmonary intake.

echocardiogram revealed normal left ventricu-
lar systolic function without valvular heart dis-
ease. A lung perfusion ventilation scan showed
extrapulmonary uptake, which suggested the
presence of a right-to-left shunt. The shunt was
about 48% (Figure 3). A contrast echocardio-
gram revealed a strong positive result (Figure
4). Bubbles appeared in the left ventricle at the
fourth to fifth beat after a left forearm injection,
which suggested intrapulmonary shunts. Cardi-
ac and pulmonary artery angiography showed a
high cardiac output (5.76 L/min/m2), with nor-
mal pulmonary vascular resistance (0.95 wood
units). Multiple arteriovenous malformations
were found at the bilateral lower lobes (Figure

5).
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After discussion with the cardiologist, pe-
diatric cardiologist and chest surgeon, staged
embolization was suggested. An abdominal
echogram showed no evidence of liver cirrhosis
or ascites. Gastroscopy showed chronic erosive
duodenitis. Colonoscopy revealed a colonic
ulcer. No angiodysplasia or telangiectasia was
found. His saturation was still around 70-80%
under ambient air after cardio angiography with

Fig. 4. Air bubbles in the left ventricle, which indicated a positive embolization ther apy for the left lower lung
finding in the contrast echocardiogram. with vascular plugs. Lobectomy, which may
provide more benefits, was suggested. In con-

sideration of the patient’s poor pulmonary func-

tion test and old age, he had a right lower lung
lobectomy. The pathology showed clusters of
dilated and thick-walled blood vessels, which
is consistent with arteriovenous malformation.
After the operation, his O, saturation improved
to 85-88%. However, the patient was lost to
follow-up after the second pulmonary emboli-
zation.

Discussion

PAVMs are uncommon in the general popu-
lation, with a prevalence of around 1 in 2600 [1].
About 80-90% of PAVMs are associated with
hereditary hemorrhagic telangiectasia (HHT,
also known as Osler-Weber-Rendu syndrome),
an autosomal-dominant inherited disease [2-5].
A small number are linked to systemic diseases
such as anemia or hepatopulmonary syndrome.
However, PAVMs can occur in a variety of
medical conditions, including hepatic cirrhosis
[6], while others are classified as idiopathic.
HHT is a vascular disorder characterized by
frequent nosebleeds, gastrointestinal bleeding,

and distinctive mucocutaneous telangiectasia.
The Second International Guidelines on HHT

recommend using the Curagao criteria for diag-

Fig. 5. Multiple tiny pulmonary arteriovenous malformations were
seen at the bilateral lower lung.
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nosis. Approximately 30-50% of patients with
HHT will have PAVMs.

Most PAVMs are asymptomatic but can be
associated with a variety of clinical manifesta-
tions, and in some cases, they may lead to life-
threatening complications [7-8]. The size of the
PAVM and the degree of right-to-left shunting
correlate with the severity of these complica-
tions. Patients may experience dyspnea, cya-
nosis, or chest pain [8]. Serious complications
include brain abscesses, paradoxical embolism
events such as ischemic strokes or transient
ischemic attacks, and, less frequently, hemop-
tysis or hemothorax [8]. PAVMs should be sus-
pected in patients who present with pulmonary
nodules that have a smooth surface, signs of
right-to-left shunting such as dyspnea, hypox-
emia, cyanosis, cerebral embolism, unexplained
hemoptysis or hemothorax, and platypnea or
orthodeoxia [5, 9].

The diagnostic approaches for hypoxemia
may include patient history and physical exami-
nations, hemogram and biochemical tests, blood
gas analysis, chest plain film, chest computed
tomography (CT) or CTA, and carboxyhemo-
globin or methemoglobin tests. If a definitive
diagnosis cannot be established by these ex-
aminations, a lung perfusion scan may provide
some information on abnormal shunting or V/Q
mismatch [10]. An echocardiogram is a useful
tool to estimate shunting caused by intra-car-
diac shunt. Bubble contrast echocardiography
may provide clues to detect shunting and iden-
tify intra-cardiac or extra-cardiac shunts [11].
If bubbles appear in the left atrium or left heart
more than 5 heartbeats after right heart opaci-
fication, this suggests intrapulmonary shunting
[11]. Pulmonary angiography is the gold stan-
dard for diagnosing PAVMs [7].

Returning to our patient, this individual

Thorac Med 2024. Vol. 39 No. 4

had confirmed PAVMs, yet the CT results were
negative. A case report published in 1993 docu-
mented a similar instance where the CT scan
was negative, but the diagnosis of PAVMs was
established by a radionuclide method [12]. An-
other study indicated that the sensitivity of CTA
was 98% [13]. Only a few patients with PAVMs
will be misdiagnosed by CTA.

Conclusion

This case presents a rare instance of PAVMs
with a negative pulmonary CTA. It is important
to consider PAVMs even when the examination
results are negative. A lung perfusion ventila-
tion scan may provide insight into the cause of
hypoxemia.
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An Unusual Presentation of Pulmonary Sequestration:
A Case Report

Yi-Yu Lin', Chin-Feng Wu'?

Pulmonary sequestration is a rare congenital malformation of the lung, and is divided into
2 types: intralobar sequestration and extralobar sequestration. Unique clinical symptoms and
radiological findings have been reported by researchers. In our case, a healthy 71-year-old
male patient came to our Thoracic Surgery Outpatient Department in June 2023, due to a 2.7-
cm left lower lung solid mass, which was found accidently. During operation, an unsuspected
pulmonary sequestration was noted, and the final pathology of the resected lung mass was
adenocarcinoma in situ within pulmonary sequestration. Adenocarcinoma associated with
pulmonary sequestration is rare. To confirm the diagnosis, angiography is necessary. The
treatment of choice is lobectomy, but sublobar resection could be an alternative modality.
Video-assisted thoracoscopic or da Vinci assisted lung mass resection by an experienced
surgeon are feasible, with awareness of the potential risk of vascular injury. (Thorac Med

2024; 39: 332-335)

Key words: Pulmonary sequestration, adenocarcinoma-associated pulmonary sequestration

Background

Pulmonary sequestration (PS) is a malfor-
mation of the lower respiratory tract, accounting
for 0.15% to 6.4% of all congenital pulmonary
malformations [1]. Based on the pleural in-
volvement of the sequestered lung parenchyma,
PS can be categorized into either intralobar or
extralobar types. Intralobar sequestration (ILS),
representing 75% of PS cases, is distinguished
by sharing the same visceral pleural lining as

the native lung and having venous drainage into
the pulmonary veins. In contrast, extralobar
sequestration (ELS) possesses its own visceral
pleural investment external to the normal lung,
and drains into a systemic vein, resulting in the
formation of an accessory lobe referred to as a
"Rokitansky lobe." Clinical manifestations can
vary in PS, ranging from asymptomatic cases
to recurrent respiratory infections or hemop-
tysis [2-4]. Common radiological findings on
CT scans often include ground-glass opacity,
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cavitation with or without an air-fluid level, ir-
regular cystic spaces, or bronchiectasis [5]. Due
to its peculiarity, we would like to report the
following case.

Case Presentation

A T1-year-old male patient visited our Tho-
racic Surgery Outpatient Department (OPD)
on 7 June 2023 for the first time, due to a 2.7-
cm solid mass at the left lower lobe (LLL) that
was discovered in a regular health examination
1 month previous (Figures 1, 2, red arrows). He
had no history of smoking, chronic exposure
to passive smoking or poisonous gas, pulmo-

Fig. 2. Initial chest CT, indicating a solid mass in the LLL.

Fig. 3. Chest CT in the CT-guided biopsy, showing a feeding vessel

from the thoracic aorta.

nary infection, or previous surgical procedure.
He denied a cough, hemoptysis, fever, chest
tightness, chest pain, and dyspnea. No family
history of lung cancer was mentioned. Based
on the morphology of the tumor on chest com-
puted tomography (CT), malignancy was highly
suspected. The patient preferred to receive CT-
guided biopsy to confirm the diagnosis.

The CT-guided biopsy was performed on 12
June, and the pathology report revealed adeno-
carcinoma in situ (AIS). In the chest CT biopsy
series, the feeding vessel was determined to be
the thoracic aorta (Figure 3, blue arrow). Regu-
lar imaging examinations, including a positon
emission tomography scan and brain magnetic
resonance imaging, for complete tumor staging,
reported neither brain metastasis nor distant
structural metastases. The follow-up pulmonary
function test showed normal baseline spirom-
etry with FVC 3.19 L (100%) and FEV1 2.53 L
(101%).

Under the impression of LLL AIS, tenta-
tive clinical stage TINOMO, surgical resection
was indicated. Therefore, he was admitted to
the ward on 28 July 2023, and da Vinci-assisted
LLL lobectomy was arranged for 29 July 2023.

Thorac Med 2024. Vol. 39 No. 4
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Fig. 4. Resected PS, about 3 cm in diameter.

During operation, we unexpectedly noticed an
ELS, about 3 ¢m in diameter, below the LLL.
With an adequate safety margin, we resected
the PS and sent it to the pathology department
(Figure 4). The final pathological report was
AIS within the PS. Due to the early stage, fur-
ther systemic treatment was not indicated.

Discussion

PS accounts for 0.15% to 6.4% of all con-
genital lung malformations [14]. PS was first
reported by Huber in 1877, and was named as
“sequestration” by Pryce in 1946 [8]. Approxi-
mately 60% of cases are diagnosed before the
age of 20; diagnosis in adults over 50 is very
rare [15]. Zener et al. reported in 2017 a 4:1
male:female ratio for ELS prevalence, and 30%
of cases had incidental findings [16]. The patho-
genesis was that a part of the lung tissue de-
veloped into a separate lesion in the embryonic
period, and had no respiratory function, but
had aberrant arteries [9]. The supplying arteries
arise from the thoracic artery in 74% of cases [6],
and may stem from the abdominal artery, celiac
aorta, splenic artery or even a coronary artery

Thorac Med 2024. Vol. 39 No. 4

[7]. PS is mainly located in the LLL (71.5%)
[10].

Symptoms of PS vary. ILS presents mostly
as acquired pulmonary infection; in contrast,
ELS is generally asymptomatic. It is acciden-
tally found on routine health examination, and
is often misdiagnosed as lung cancer [11], pul-
monary cysts, or mediastinal tumors [10]. The
average incorrect preoperative diagnosis rate of
SP is 58.6% [10].

Adenocarcinoma associated with PS is ex-
tremely rare [18-20]. To our knowledge, fewer
than 10 cases have been reported until now.
Whether full tumor workup is necessary be-
fore arrangement of intervention or not is still
controversial. If there is any suspicion of PS,
angiography is necessary to identify aberrant
arteries connected to the systemic artery and
confirm the diagnosis. Pulmonary lobectomy
is the recommended treatment for PS, even in
asymptomatic patients, to avoid infection and
lung parenchyma inflammation. However, in
a large retrospective case series among adults,
there did not appear to be any proof of a signifi-
cant difference in outcomes between performing
surgery and opting for conservative treatment in
asymptomatic patients [17]. Sublobar resection
is an alternative to lobectomy for peripheral or
small lesions in terms of lung function preser-
vation [21]. In our case, we performed wedge
resection for the peripheral mass.

Conclusion

This report described a case of AIS associ-
ated with PS, mimicking lung cancer in preop-
erative surveys. Video-assisted thoracoscope
or da Vinci-assisted lung mass resection by an
experienced surgeon with awareness of the po-
tential risk of vascular injury would be feasible.
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MALT Lymphoma Presenting as Bilateral Pulmonary
Nodules: A Case Report

Jen-Hao Chuang™?

Mucosa-associated lymphoid tissue (MALT) lymphoma, a subtype of non-Hodgkin
lymphoma, typically arises in the stomach, but can also present in various extranodal
sites, including the lung. Lung involvement of MALT lymphoma is rare, and bilateral single
pulmonary nodules as a presentation are even rarer. This report details a unique case of
MALT lymphoma presenting as bilateral lung tumors in a 53-year-old male. (Thorac Med

2024; 39: 336-338)

Key words: lung tumor, uniportal VATS, mucosa-associated lymphoid tissue (MALT) lymphoma

Introduction

Mucosa-associated lymphoid tissue (MALT)
lymphoma, a subtype of non-Hodgkin lym-
phoma, typically arises in the stomach but can
also present in various extranodal sites, includ-
ing the lung [1-3]. Lung involvement of MALT
lymphoma is rare, and bilateral single pulmo-
nary nodules as a presentation are even rarer.
This report details a unique case of MALT lym-
phoma presenting as bilateral lung tumors in a
53-year-old male.

Case Presentation

A 53-year-old male, with a medical history
of anxiety and insomnia disorder, gastroesopha-

geal reflux disease (GERD), and being positive
for anti-HBc, was incidentally found to have
lung tumors during a routine health check-up.
The patient, a non-smoker, sought a second
opinion after chest computed tomography re-
vealed nodules in the right upper lobe (RUL)
and left lower lobe (LLL) of the lung (Fig.1A,
B). Despite the absence of typical symptoms
such as weight loss, appetite decrease, fever,
chest pain, cough, dyspnea, or hemoptysis, the
bilateral lung tumors prompted the decision for
surgical intervention.

Diagnostic Assessment

Pre-operative assessments, including pul-
monary function tests, bone scans, and brain
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MRI, showed no evidence of distant metastasis.
The patient underwent single-port video-assisted
thoracoscopic surgery (VATS) for both lobes,
followed by lymph node dissection. Pathological
examination confirmed extranodal marginal zone
lymphoma of MALT (MALT lymphoma) in the
wedge resections of both the RUL and LLL.

For the LLL, the wedge resection specimen
measured 2.0 x 2.0 x 1.5 cm, and was diag-
nosed as extranodal marginal zone MALT lym-
phoma. The RUL specimen measured 1.5 x 0.8
x 0.8 cm and was similarly diagnosed as MALT
lymphoma. Microscopically, the RUL and LLL
samples both exhibited atypical lymphoid cells
characterized by slightly irregular nuclei with
moderately dispersed chromatin and inconspic-
uous nucleoli, and relatively abundant, pale cy-
toplasm. The cells infiltrated in a marginal zone
pattern, forming larger confluent areas with
occasional large cells resembling centroblasts
or immunoblasts, and lymphoepithelial lesions
were occasionally observed.

Immunohistochemistry further supported
the diagnosis, with the atypical lymphoid cells
testing positive for CD20, CD19, and CD43 (fo-
cal), and negative for CD3, CD5, CD30, LEF1,
CD10, BCL6, and cyclin D1. These findings

were consistent with the histologic diagnosis
of extranodal marginal zone MALT lymphoma,
as per the WHO classification. The disease was
staged as IIE, with an International Prognostic
Index (IPI) of 2.

Treatment and Outcome

Post-operative management included pro-
phylactic antibiotics and chest tube drainage.
The patient was discharged in a stable condition
and planned for outpatient follow-up. Consider-
ing the absence of Helicobacter pylori (H. py-
lori) in the recent gastroscopy, a watchful wait-
ing approach was adopted post-eradication of H.

pylori.
Discussion

The bilateral single pulmonary nodules
presentation of MALT lymphoma in this case is
notable for several reasons. First, lung involve-
ment of MALT lymphoma is uncommon, and
bilateral manifestations are even less frequent.
Thus, this case emphasizes the importance of
considering MALT lymphoma in the differential
diagnosis of pulmonary nodules, especially in
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patients without a significant smoking history
or classic respiratory symptoms [4-7].

The successful management of this patient
using VATS highlights the role of minimally
invasive surgery in diagnosing and treating pul-
monary MALT lymphoma. The absence of H.
pylori in later evaluations suggests a complex
relationship between H. pylori and MALT lym-
phoma, not limited to gastric manifestations.
This case supports the practice of watchful
waiting after H. pylori eradication, especially
in pulmonary MALT lymphoma without active
gastrointestinal involvement.

Regarding the prognosis, pulmonary MALT
lymphoma is generally considered to have a
favorable outcome compared to other forms
of non-Hodgkin lymphoma. Studies have re-
ported long-term survival rates that are quite
encouraging, with a 5-year overall survival rate
exceeding 90% in many cases. The indolent
nature of MALT lymphoma contributes to a
generally good prognosis, although the disease
can recur or progress slowly over time. Factors
that can influence prognosis include the stage at
diagnosis, the patient’s age, and the presence of
symptoms. In cases where the disease is local-
ized and detected early, as in this patient, surgi-
cal resection followed by careful monitoring is
often sufficient for management [1-2, 8].

This prognosis is contrasted with other
more aggressive lymphomas, highlighting the
importance of accurate diagnosis and tailored
treatment strategies. It also underscores the po-
tential utility of surgical intervention, not only
for therapeutic purposes, but also for compre-
hensive diagnostic evaluation, which can guide
further treatment decisions and surveillance
strategies [9-11].

In conclusion, pulmonary MALT lym-
phoma, especially when presenting as bilateral

Thorac Med 2024. Vol. 39 No. 4

nodules, as in this case, requires a high degree
of clinical suspicion and a multidisciplinary
approach for optimal management. The gener-
ally favorable prognosis, when combined with
effective treatment modalities such as VATS,
offers promising outcomes for patients.
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Chylous Effusion in A Patient with Lung
Adenocarcinoma Cancer Treated with Rearranged
During Transfection-Tyrosine Kinase Inhibitors: A

Case Report

Wei-Hsuan Chang', Gee-Chen Chang"***

Rearranged during transfection (RET) rearrangement/fusion-positive non-small cell lung
cancer (NSCLC) accounts for 1%—2% of the NSCLC population, and can now be treated
effectively with selective RET-tyrosine kinase inhibitors (TKIls), including selpercatinib and
pralsetinib. Occasionally, rare side effects can occur with the use of TKIs. Here, we report
the case of a 48-year-old man with RET fusion-positive stage IV lung adenocarcinoma
who demonstrated a good tumor response to selpercatinib. Unfortunately, the patient
developed symptomatic refractory chylous ascites, a rare side effect, 9 months after initiating
selpercatinib therapy. Chylous effusion has been reported more frequently with selpercatinib
treatment, while pralsetinib-related chylous effusion rarely occurs. In our case report, the
patient’s chylous effusion persisted even after switching the medication to pralsetinib. We
also briefly reviewed various methods that have been successful in treating RET-TKI-induced
chylous effusion. (Thorac Med 2024; 39: 339-346)

Key words: RET, lung cancer, selpercatinib, pralsetinib, chylous effusion

Introduction

Lung cancer is the leading cause of cancer-
related death worldwide [1]. Non-small cell
lung cancer (NSCLC) is the most common type
[1]. Rearranged during transfection (RET) rear-
rangement is an oncogenic driver in lung cancer
[1], and individuals with RET fusion-positive
NSCLC account for 1%—2% of the lung cancer

population [1-2]. Before the development of
selective RET-tyrosine kinase inhibitors (TKIs),
multikinase inhibitors (MKIs) with anti-RET
activity were used to target RET fusion genes
in patients with late-stage lung cancer [2]. The
response rates to MKIs have been unappealing,
with objective response rates (ORR) of 16-53%
[2].

Two selective RET inhibitors, selpercatinib
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and pralsetinib, have demonstrated excellent
ORRs: 61% and 84% in previously treated and
treatment-naive patients, respectively, for selp-
ercatinib, and 61% and 70% in the same groups,
respectively, for pralsetinib [3.4]. In a head-
to-head comparison with platinum-based che-
motherapy as first-line treatment, selpercatinib
demonstrated superiority in ORR and progres-
sion-free survival (PFS) [5]. Additionally, both
selpercatinib and pralsetinib have shown effi-
cacy in controlling brain metastasis, with intra-
cranial response rates of approximately 85% for
selpercatinib and 56% for pralsetinib in patients
with brain metastasis [3-4]. Owing to their per-
formance, the National Comprehensive Cancer
Network guidelines recommend salpercatinib
and pralsetinib as first-line or subsequent treat-
ments for late-stage RET fusion-positive lung
cancer [6].

Similar to other TKIs, selective RET-TKIs
can have serious adverse effects. The most com-
mon serious adverse events (AEs) associated
with selective RET-TKIs include hypertension
(with both medications) [3-5], elevated alanine
aminotransferase (ALT) and aspartate amino-
transferase (AST) levels with selpercatinib [3,5],
and neutropenia and anemia with pralsetinib
[4]. In addition to common AEs, rare AEs may
occur and pose significant challenges. Herein,
we present the case of a patient who developed
refractory chylous effusion after receiving se-
lective RET-TKIs.

Case Presentation

A 48-year-old male patient with a smoking
history of 2 packs of cigarettes per day for 20
years presented with left wrist pain and a non-
tender head mass persisting for 2 months. He
experienced unintentional body weight loss of

Thorac Med 2024. Vol. 39 No. 4

7 kg within 3 months (from 91 to 84 kg) and
occasional hemoptysis. He managed a textile
factory in Mainland China and sought medi-
cal attention at a hospital in Guangdong for his
symptoms. Chest radiography revealed a right
upper lobe mass lesion with partial lung col-
lapse, prompting the suspicion of lung cancer.
The patient returned to Taiwan in October 2020
for further treatment.

In Taiwan, he underwent contrast-enhanced
chest computed tomography (CT), which
showed a right upper lobe mass causing up-
per lobe collapse, multiple diffuse nodules in
bilateral lung fields, and mediastinal lymph-
adenopathy (Figure 1A). Brain magnetic reso-
nance imaging revealed bone metastasis in the
frontal skull, while a whole-body bone scan
detected bone metastases in the right frontal
lobe, left zygomatic bone, and left distal radius.
The patient underwent bronchoscopic biopsy,
which revealed a tissue pathology that indi-
cated poorly differentiated adenocarcinoma,
with positive immunochemical staining for
thyroid transcription factor-1 and negative for
P40. The final stage was determined to be stage
IVB (T4N3Mlc). The patient tested negative
for programmed cell death-ligand 1 (PD-L1)
expression. Hence, molecular sequencing was
performed using the Oncomine next-generation
sequencing test, which revealed KIF5B-RET fu-
sion.

Selpercatinib 80 mg BID was initiated in
November 2022. The patient responded well to
this treatment, with rapid improvement in wrist
pain and head mass. As investigators in the
selpercatinib versus chemotherapy trial [5], we
had access to the preliminary subgroup analysis
prior to the study’s publication. We observed 2
groups of patients who did not show a signifi-
cant PFS benefit from selpercatinib treatment
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Figure 1A

Figure 1B

Fig. 1. A: Coronal view of the patient’s chest CT at the initial diagnosis of lung cancer. B: Coronal view of the patient’s chest CT 6 months after

diagnosis after treatment with selpercatinib and local radiotherapy. The primary tumor and lung metastasis are reduced.

compared with chemotherapy. The first group
comprised current or former smokers, while
the other group comprised patients with nega-
tive PD-L1 expression (full forest plot shown in
Supplementary Appendix and Figure S2). Our
patient exhibited both of these characteristics,
suggesting a potentially less favorable outcome

Figure 2A

Fig. 2. Coronal view of the lung (A) and mediastinal (B) window of the patient’s chest CT at the onset of chylous effusion. No specific sign of lung

and possibly shorter PFS compared with the
general population receiving selpercatinib.
After a discussion with our patient, he con-
sented to receive concurrent chemotherapy.
Concurrent chemotherapy was initiated on
December 13, 2022, with cisplatin + peme-
trexed administered for 4 cycles, followed by

tumor progression was noted in the lung window, although some ascites was observed in the mediastinal window.

Thorac Med 2024. Vol. 39 No. 4
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.

Fig. 3. Axial view of the lung (A) and mediastinal (B) window at the onset of chylous effusion. No obvious signs of perimediastinal pulmonary
fibrosis (A) or mediastinal fibrosis (B) were noted. Note that bilateral pleural effusion was evident in the images.

_——  — — —_—

Fig. 4. Chylous effusion when initially drained. The leftmost bottle
shows the ascites (triglyceride: 6,736 mg/dL), the middle bottle
shows the left pleural effusion (TG: 562 mg/dL), and the rightmost
bottle shows the right pleural effusion (TG: 299 mg/dL).

Cisplatin + Alimta
*

Selpercatinib 80mg BID

pemetrexed as maintenance therapy (brief treat-
ment timeline shown in Figure 5). On Febru-
ary 13, 2023, local radiotherapy at a dose of
60 Gy was delivered to the primary tumor and
mediastinal lymph nodes. This decision was
influenced by the findings of the study by Hsu,
et al. [7], which showed improved PFS and
overall survival following curative dose radio-
therapy to the primary tumor site in patients
with treatment-naive, stage [I[IB-IV lung cancer
responding well to epidermal growth factor
receptor (EGFR)-TKIs. Although the original

Maintainance Alimta

Pralsetinib 400mg QD

Radiotherapy for
primary tumor +
Mediastinum LNs

Oct. 20. Nov. 02. Dec. 13.
2022. 2022. 2022. 2023.

Feb. 28.

Diagnosis of lung
adenocarcinoma,
cT4N3M1c

Fig. 5. Brief timeline of the patient’s diagnosis of lung cancer and treatments.
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Nov. 03.
2023.

Onset of bilateral
chylothorax and
chylous ascites
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study involved an EGFR-TKI population, we
hypothesized that the administration of curative
dose radiotherapy to our patient, who responded
well to RET-TKIs, may yield similar beneficial
effects. Six months after treatment, the tumor
remained well controlled (Figure 1B), and the
patient reported no discomfort.

Nine months after initiating selpercatinib
therapy, regular follow-up chest CT revealed
bilateral pleural effusion and mild ascites (Fig-
ures 2 and 3). Although the patient reported no
symptoms at that time, diagnostic tapping was
performed, which revealed bilateral chylothorax
(triglyceride levels: right = TG 299 mg/dL and
left = 562 mg/dL) and abdominal chylous asci-
tes (TG = 6,736 mg/dL) (Figure 4). Cytological
results revealed the absence of malignant cells
in both the ascites and pleural effusion obtained
from the bilateral lung fields. No other evidence
of disease progression was noted after a thor-
ough examination. Chylous effusion as a com-
plication associated with selpercatinib therapy
was considered.

The patient was advised to consume a high-
protein and low-fat diet under the guidance of
a nutrition specialist, and selpercatinib therapy
was continued. With the continuation of this
treatment, the pleural effusion remained con-
stant, while the volume of ascites continuously
increased, resulting in progressive abdominal
distension, loss of appetite, and weight loss.
The patient required therapeutic paracentesis
every 1-2 weeks, with each session draining
30004000 mL of ascites. Despite maintain-
ing an alipidic diet and taking a regular dose of
selpercatinib for 3 months, the volume of asci-
tes did not reduce.

In November 2023, the RET-TKI treatment
was switched to pralsetinib (400 mg QD). Eight
weeks after switching to pralsetinib, the vol-

ume of ascites showed no decrease, requiring
weekly abdominal paracentesis despite report-
ing improvements in abdominal distension and
appetite. As grade 3 pancytopenia developed
during pralsetinib treatment, pralsetinib was
withheld. One week after the discontinuation of
pralsetinib, a prominent decrease in ascites was
noted. After resuming pralsetinib treatment,
ascites recurred. Due to uncontrolled refractory
ascites, the treatment was switched to cabozan-
tinib. Three days after initiating carbozantinib
therapy, the patient complained of left wrist and
skull pain, which were similar to those experi-
enced at the initial diagnosis of lung cancer. The
patient discontinued carbozantinib and resumed
pralsetinib therapy. Two days later, the skull
and wrist pain resolved. The patient remains on
pralsetinib therapy.

Discussion

The RET gene is located on chromosome
10 and encodes a transmembrane glycoprotein
receptor tyrosine kinase [2]. The oncogenic
activation of RET can occur via mutations or
fusions. In NSCLC, only RET fusion/rearrange-
ment has been identified as an oncogenic driver
[1-2]. The most common fusion partners in
NSCLC are KIF5B and CCDC6, with CCDC6
fusions typically showing better prognosis than
KIF5B fusions, regardless of the treatment re-
ceived [1, 4].

Chylous effusion is a rare complication as-
sociated with RET-TKIs [8]. According to a
review by Kalchiem-Dekel, et al., chylous effu-
sion occurred in 7% of patients taking selperca-
tinib, but not in patients taking pralsetinib [8].
The presence of chylous effusion had no nega-
tive effect on median treatment time, compared
with the absence of chylous effusion [8]. More
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recently, chylous effusion has been reported fol-
lowing pralsetinib use [9], indicating that this
condition is not an isolated AE. In the era of us-
ing MKIs to target RET fusions, sporadic cases
of MKI-related chylous effusion were reported,
although the incidence rate was much lower
than that with selpercatinib [8].

The mechanism of RET-TKI-induced chy-
lous effusion is not well understood. Chylous
effusion typically occurs when the lymphatic
flow is disrupted, and is commonly caused
by trauma, malignancy, infections, inflamma-
tion, cirrhosis, and cardiogenic and congenital
conditions [10]. However, RET-TKI-related
chylous effusion does not fall into any of these
categories. Among salpercatinib-treated patients
who develop chylous effusion, no radiological
evidence of lymphatic channel invasion or sub-
stantial compressive disease has been found [8].
In addition, no chyle leaks have been noted in
patients who underwent lymphangiography [8].
Another rare instance of chylothorax, inciden-

Shift to pralsetinib

tally reported in patients who received medias-
tinal radiation therapy, is thought to arise from
mediastinal fibrosis causing lymphatic drainage
obstruction [11-12].

Although our patient received curative dose
radiation therapy for the mediastinum and pri-
mary tumor, we do not believe that his chylous
effusion was related to mediastinal fibrosis, for
2 primary reasons. First, there was no evidence
of mediastinal and paramediastinal lung fibrosis
or pleural fibrosis on our patient’s chest CT at
the onset of chylous effusion (Figure 3A, 3B).
Second, 1 week after discontinuing pralsetinib
due to neutropenia, we observed a significant
decrease in the volume of chylous ascites. How-
ever, upon resuming pralsetinib, the amount of
ascites started to increase (Figure 6), suggest-
ing a strong correlation between ascites and
RET-TKI use. Considering this evidence, our
patient’s chylous effusion was more likely to be
a rare side effect of selective RET-TKIs rather
than mediastinal fibrosis.

Withheld pralsetinib due
Ascites(mL) to neutropenia

= Ascites(mL)

Amount of patient’s chylous ascites drainage amount over time

Fig. 6. Records of the amount of ascites drained from the patient. One week after discontinuing pralsetinib treatment, ascites decreased, but then

increased after resuming pralsetinib treatment.
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The optimal treatment for RET-TKI-
induced chylous effusion remains unclear.
Although mild asymptomatic effusion can be
safely monitored without treatment, symptom-
atic patients with refractory effusion typically
require intensive treatment. Reducing the dose
of RET-TKIs has yielded equivocal results.
Some studies suggested that reducing the dose
decreases the amount of chylous effusion [9,
13], and others reported a correlation between
dose reduction and a decrease in effusion [8].
Switching from selpercatinib to pralsetinib or
vice versa has been explored as an option, but it
did not benefit our patient. Chylous effusion has
been attenuated with a low-fat, high-protein diet
[9, 14], the use of somatostatin analogs, or any
combination of these methods [9]. Bowel rest
with total parenteral nutrition, or more invasive
treatments such as peritoneovenous shunting,
transjugular intrahepatic portosystemic shunt,
surgical exploration, and ligation have been em-
ployed for the treatment of refractory chylous
ascites of other etiologies [9-10, 15]. However,
such extreme methods are usually unnecessary
and of limited benefit in patients taking RET-
TKIs.

In our case, dietary adjustments and switch-
ing between selpercatinib and pralsetinib pro-
vided limited improvement in chylous ascites.
Transitioning his medication to carbozantinib
showed minimal control of lung cancer progres-
sion with worsening symptoms. Ultimately, the
patient opted to continue pralsetinib treatment
with regular abdominal paracentesis for optimal
lung cancer control.

Chylous effusion is a rare side effect of
RET-specific TKIs. As selpercatinib and pral-
setinib have shown excellent overall response
rates and have been approved for late-stage
NSCLC and thyroid cancer [3-4, 16-17], their

use is expected to increase in the future. Conse-
quently, more physicians will likely encounter
this rare adverse effect. Therefore, it is crucial
to avoid misinterpreting the accumulation of
pleural effusion and ascites as signs of cancer
progression, which could lead to the early dis-
continuation of effective treatment [7].

Conclusion

Selpercatinib and pralsetinib are 2 selec-
tive RET-TKIs approved for first-line treatment
of late-stage RET fusion-positive NSCLC [6].
Chylous effusion is a rare side effect of these
TKIs, and new-onset effusions in these patients
should be carefully interpreted to avoid mis-
taking AEs for disease progression. TKI dose
reduction, dietary adjustments, and the use of
somatostatin analogs have shown efficacy in
treating RET-TKI-induced chylous effusion.
Switching from selpercatinib to pralsetinib may
also be considered. Further investigations are
needed to elucidate the mechanism behind the
occurrence of RET-TKI-induced chylous effu-
sion. Currently, the optimal treatment for this
condition remains uncertain, but it should aim
at achieving adequate symptom control while
maintaining effective TKI treatment.
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Pulmonary Trichosporon Asahii Infection in a Patient
with Post-COVID-19 Organizing Pneumonia

Kenneth Yung', Yao-Wen Kuo®, Chia-Lin Hsu', Jin-Yuan Shih'

SARS-CoV-2 infection is associated with several sequelae that may occur following
the initial infection. We report on the case of an 80-year-old man who developed new
onset hypoxia and bilateral pulmonary opacities after his initial mild COVID-19. He was
initially treated empirically with broad-spectrum antibiotics, with a poor response. Computed
tomography imaging was compatible with organizing pneumonia, so steroids were added.
However, oxygen demand and pulmonary opacities showed a poor response to treatment.
Sputum culture was later positive for the growth of Trichosporon asahii, so voriconazole
was added and corticosteroids were tapered. The patient was successfully treated after the
addition of voriconazole. Our case highlights that Trichosporon asahii superinfection may
occur after COVID-19, and its growth from sputum cultures should merit treatment as a true

pathogen. (Thorac Med 2024; 39: 347-355)

Key words: SARS-CoV-2, COVID-19, Trichosporon asahii, organizing pneumonia

Background

The spectrum of symptomatic severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection can range from simple upper
airway symptoms to severe acute respiratory
distress syndrome (ARDS) requiring mechani-
cal ventilation and critical care. In addition to
the acute phase of the illness, coronavirus dis-
ease 2019 (COVID-19) is also associated with

numerous respiratory and systemic sequelae
that may persist, even if the initial viral infec-
tion has resolved. These may include superin-
fection or post-COVID interstitial lung diseases
(ILDs).

Here, we report the case of a patient who
developed acute hypoxemic respiratory failure a
week after his initial mild COVID-19 infection,
due to post-COVID organizing pneumonia with
concurrent Trichosporon asahii superinfection.
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Case Presentation

An 80-year-old man presented to the emer-
gency room complaining of having had 1 week
of progressive dyspnea associated with cough,
chest pain, and general malaise that started after
recovering from mild COVID-19. He initially
presented with fever, sore throat, and cough.
COVID-19 infection was confirmed with home
SARS-CoV-2 antigen testing. There was no
dyspnea at the time, and he only took medica-
tions for symptom control from a local clinic.
No antiviral medications were prescribed. These
upper respiratory airway symptoms and fever
then resolved. Afterwards, the patient started
experiencing new onset dyspnea and worsening
cough that were not initially present.

His past medical history was significant for
coronary artery disease previously treated with
coronary artery bypass grafting, as well as hy-
pertension, hyperlipidemia, and diabetes mel-
litus (HbAlc 5.7%), controlled with carvedilol,
rosuvastatin, and linagliptin, respectively. He
had never been vaccinated against COVID-19.
On presentation to our emergency room, his
initial oxygen saturation while breathing am-
bient air, as measured by pulse oximetry, was
only 86%. It improved to 94% after receiving
oxygen at 3 L/min via nasal cannula. Vital signs
were a body temperature of 36.9°C, blood pres-
sure of 110/65 mmHg, heart rate of 76 beats
per minute, and respiratory rate of 20 breaths
per minute. Blood test results showed a white
blood cell count of 9.2 k/uLL (78.9% segmented
neutrophils) without band form neutrophils or
eosinophils. Renal and liver function were un-
remarkable. High-sensitivity C-reactive protein
(hsCRP) was 14.4 ng/mL (normal range <10.0
ng/mL), and procalcitonin was 0.0081 ng/mL
(normal range <0.5 ng/mL).

Thorac Med 2024. Vol. 39 No. 4

Fig. 1. Admission chest X-ray shows bilateral consolidation.

The SARS-CoV-2 rapid test was negative.
Initial chest X-ray showed bilateral subpleural
consolidations with bilateral costophrenic angle
blunting (Figure 1). The patient was admitted,
and a non-contrast computed tomography (CT)
scan of the chest showed bilateral subpleural
and peribroncho-vascular ground glass opaci-
ties and consolidation with bilateral minimal
pleural effusion (Figure 2). Based on the imag-
ing, differential diagnoses included community-
acquired pneumonia and post-COVID-19 or-
ganizing pneumonia. The patient was initially
started on broad spectrum antibiotics. However,
on the second day of admission, the patient’s
oxygen demand escalated to FiO, 60% with a
flow of 60 L/min under high-flow nasal cannula
(HFNC) usage. His hsCRP level increased to
50.1 ng/mL.

On the eighth day of admission, repeated
CT imaging showed worsening bilateral consol-
idation (Figure 3). Procalcitonin remained low
at 0.079 mg/dL. A multi-disciplinary discus-
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Fig. 2. Admission CT shows bilateral subpleural and peribroncho-

vascular ground glass opacities and consolidation with bilateral
minimal amount of pleural effusion.

sion was then held. Given the patient’s imaging
and clinical status, as well as his deteriorating
oxygenation under broad spectrum antibiot-
ics, it was decided to start corticosteroids for
empirical treatment of post-COVID organizing
pneumonia. Due to the high oxygen demand at
the time and patient refusal, lung biopsy was
not considered. Methylprednisolone was initi-
ated at a dose of 1 mg/kg/day. Screening for
possible connective tissue disease-related ILD

Table 1. Survey for Infectious Pathogens

Fig. 3. Day 8 CT shows progression of bilateral consolidation.

was positive only for antinuclear antibody AC-
26. Testing for C3, C4, rheumatoid factor, and
other autoantibodies were all within normal
limits. After discussion with a rheumatologist,
his antinuclear antibody finding was considered
incidental since there were no other signs or
symptoms of rheumatic disease.

Initial workup for respiratory pathogens
was unremarkable; results are shown in Table 1.
Even with the use of antibiotics and corticoste-

Bacteria culture (sputum)

Acid-fast stain and mycobacterium culture (sputum)
Aspergillus antigen (expectorated sputum)
Aspergillus antigen (blood)

CMV viral load (blood)

Mycoplasma pneumoniae IgM (blood)
Chlamydophila pneumoniae IgM Ab

Legionella urinary antigen

Pneumococcus urine rapid screen

Biofire" Filmarray" respiratory panel

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
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Fig. 4. (A) Numerous cream-colored colonies on EMB agar and blood agar. (B) Enlarged view of colonies on EMB agar shows growth of cream-

colored colonies with central heaping and peripheral furrowing with irregular folds typical of 7richosporon asahii. The pathogen was confirmed as

Trichosporon asahii using MALDI-TOF.

roid, the patient’s oxygen demand remained at
FiO, 60% under HFNC usage and could not be
tapered. However, on hospital day 13, sputum
fungal cultures grew Trichosporon asahii (Fig-
ure 4). Minimal inhibitory concentrations are
shown in Table 2. Discussion with our infec-
tious disease specialist was held, and it was de-
cided to treat the Trichosporon growth as a true
infection rather than contamination. Intravenous
voriconazole was started at 300 mg every 12
hours. Methylprednisolone dosage was tapered
to 0.5 mg/kg/day due to a poor therapeutic re-
sponse and concern for immunosuppression.
After 5 days of voriconazole usage, the pa-
tient's FiO, could be tapered from 60% under
60 L/min HFNC usage to 50%. During the next
3 weeks under voriconazole, the patient’s FiO,
was continuously tapered along with his steroid
dosage. He was transitioned to oral predniso-
lone at 0.25 mg/kg/day on hospital day 24, and

Thorac Med 2024. Vol. 39 No. 4

Table 2. Minimum Inhibitory Concentration (MIC) for Trichosporon
asahii CBS by Broth Microdilution Uusing the Thermo Scientific
Sensititre YeastOne" System

Drug MIC (png/mL)
S-flucytosine 2
Amphotericin B 1
Fluconazole 8
Itraconazole 0.5
Posaconazole 0.5
Voriconazole 0.25
Anidulafungin 8
Caspofungin 8

Micafungin 8

to low-flow nasal cannula usage on hospital day
30. On hospital day 35, the patient's oxygen
demand had decreased enough that echo-guided
fine needle aspiration could be performed to an
area of subpleural consolidation in the lungs.
Cytology and cultures for bacteria, fungus, and
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Fig. 5. CT 2 months after discharge shows resolving consolidation,

with residual fibrotic changes.

mycobacterium were all negative. The patient
was discharged on hospital day 48 after a period
of rehabilitation, due to prior deconditioning.
Voriconazole was given for a total of 71 days.
CT performed 2 months after discharge showed
marked improvement in his prior lung consoli-
dation (Figure 5). The patient remained oxygen-
free on follow-up.

Discussion

In addition to direct lung injury during the
acute phase of illness, long-term pulmonary
sequelae have also been described in survivors
of COVID-19. These range from symptoms of
persistent dyspnea, cough, and thromboembolic
disease to post-COVID-19 ILD [1]. Organizing
pneumonia is 1 of the presentations of COVID-
19-related ILD and has been reported to occur
following partial or complete pulmonary recov-
ery from COVID-19 [2]. Definitive diagnosis
of organizing pneumonia requires tissue biopsy,
but oftentimes a confident clinical diagnosis

can be made from a combination of compatible
clinical presentation, typical CT imaging pat-
terns, or broncho-alveolar lavage findings. One
predominant imaging pattern features the pres-
ence of multifocal areas of airspace consolida-
tion that are peripheral and peri-bronchial, with
a predisposition for lung bases, and often mi-
grate or change over a matter of weeks [3.4].

For patients who have progressive symp-
toms, diffuse radiographic involvement, or a
need of inpatient management, corticosteroids
are the mainstay of treatment [5]. The British
Thoracic Society states that a starting dose of
0.75-1 mg/kg prednisolone weaned over 6—12
months is reasonable [6]. The response to ste-
roids is often dramatic, and improvement can
occur within days of initiating therapy. When it
comes to post-COVID organizing pneumonia,
there are no established treatment protocols. In
an observational study by Myall, et al, 30 pa-
tients with symptomatic post-COVID organiz-
ing pneumonia were treated with oral predniso-
lone starting at a maximum dose of 0.5 mg/kg
prednisolone tapered over 3 weeks. All patients
reported improved symptoms and repeat CT
imaging showed improvement [7].

Some patients with organizing pneumo-
nia fail to respond to corticosteroid treatment,
which reflects the heterogeneity of the condi-
tion [8-9]. These cases may require an increase
in corticosteroid dosing or the use of other
immunosuppressive agents. In patients treated
without biopsy, the diagnosis of organizing
pneumonia and possibility of an alternative di-
agnosis should also be considered. Our patient’s
history of recent COVID-19 along with typi-
cal CT findings led us to suspect a diagnosis of
organizing pneumonia. We decided to start cor-
ticosteroid treatment due to the poor response
to broad spectrum antibiotics and persistently

Thorac Med 2024. Vol. 39 No. 4
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low procalcitonin levels. However, his oxygen
demand and pulmonary imaging showed a less
than satisfactory response to methylpredniso-
lone given at 1 mg/kg/day, despite 7 days of
therapy.

His sputum culture was later positive for
Trichosporon asahii. Trichosporon asahii is a
yeast-like organism found ubiquitously in the
environment and as normal flora on human
skin and in the gastrointestinal tract [10]. Un-
der microscopy, it can form hyphae, pseudo-
hyphae, and arthroconidia [11]. Fungemia is
the most common site of involvement, but
isolated pulmonary infection without fungemia
has also been reported [12-13]. Risk factors for

infection include hematological malignancies,
organ transplantation, diabetes, end-stage renal
disease, and human immunodeficiency virus
infection. Central venous catheter usage and
prior antibiotic exposure are also risk factors,
as reported by Ruan, et al [13]. Trichosporon
asahii has also been cultured from the sputum
and urine of patients without invasive disease,
which may reflect colonization [14].
Trichosporon asahii has also been reported
as causing secondary infection in otherwise im-
munocompetent patients with COVID-19. A
literature search yielded 13 cases of COVID-19
infection complicated with Trichosporon asahii
super-infection (Table 3). There were 8 cases of

Table 3. Cases of Trichosporon Asahii Infection in COVID-19 Patients Reported from COVID-19 onset to 2024/5

Ref Age Sex

Length  Culture Days since ad- Steroid dura- Cumulative steroid dose Anti-fun- Outcome

of stay  source mission prior tion priorto (prednisone equivalent) gal used
to culture positive prior to positive culture
positive culture (mg)

2‘22 80 M 48 Sputum 13 7 700 \Y Recovery
20 75 M 121 Blood 94 95 447 v Recovery
21 74 M 40 Urine 18 14 426 E Death
22 58 F 20 Blood 17 Dose/duration not reported A Death
23 58 M 24 Sputum 27 3 470 \Y% Death
24 73 M 80 Urine 53 Dose/duration not reported FV Death
25 58 M Blood 11 Dose/duration not reported \" Recovery
26 57 M 43 Blood 30 30 v Recovery
26 74 M 32 Blood 30 31 E Death
26 75 F 45 Blood 26 26 E,AV Death
26 73 M 33 Blood 15 16 AV Death
27 72 M 21 Blood 10 11 AV Death
28 71 M 15 Sputum 7 Dose/duration not reported v Death
29 36 F 37 Sputum 22 10 AV Death
30 67 M 30 Sputum 24 Dose/duration not reported E,A.l Death

V — voriconazole F —fluconazole I — itraconazole

A — amphotericin

E — echinocandin

Thorac Med 2024. Vol. 39 No. 4
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fungemia, 3 cases of pulmonary infection, and
2 cases of urinary tract infection. Nine of the re-
ported cases died during admission. COVID-19
coinfection with other opportunistic fungi such
as Aspergillus, Mucormycosis, and Candida
species has already been well described in the
literature [15]. Proposed mechanisms that pre-
dispose these patients to opportunistic fungal
infection include COVID-19-induced airway
epithelial damage, focal lung hypoxia, steroid
usage, lymphocyte dysfunction or a decreased
type I interferon response [15]. Similar mecha-
nisms may explain why immunocompetent
patients may develop invasive Trichosporon
asahii infection after COVID-19.

Per the European Organization for Research
and Treatment of Cancer/Invasive Fungal Infec-
tion Cooperative Group definition of opportu-
nistic invasive fungal infections, proven diag-
nosis of pulmonary trichosporonosis requires
identification of Trichosporon asahii on biopsy
or aspiration specimens from the patient’s lung
[16]. However, this is often too invasive. A
probable diagnosis can be made when there
are pulmonary infiltrates and growth of Tricho-
sporon from sputum or bronchoalveolar lavage
specimens [17]. Imaging patterns of pulmonary
Trichosporon asahii infection described in the
literature include cavitary lung lesions, and fo-
cal or diffuse alveolar consolidation, reticulo-
nodular infiltration, and an interstitial pattern
[18.23,29,30]. The optimal antifungal agent for
the treatment of Trichosporon asahii is not yet
defined. Based on in-vitro susceptibility test-
ing and clinical evidence, echinocandins and
amphotericin B are poor choices. Azoles have
shown the best activity, and amongst them,
voriconazole has been shown to have the lowest
required minimal inhibitory concentration [19].
Kuo SH reported that in a series of 27 patients

infected with Trichosporon receiving either
fluconazole, amphotericin B, or voriconazole,
those receiving voriconazole treatment had a
significantly better rate of survival, at 66% [20].

In the case of our patient, we decided to
treat his positive Trichosporon asahii sputum
cultures as definitive pulmonary infection in-
stead of simply colonization or contamination
with normal oral flora. Since he had an unsat-
isfactory response to corticosteroids and anti-
bacterial agents alone, we believed that 7richo-
sporon asahii contributed to his pulmonary
condition. In the literature review, Trichosporon
asahii was not associated with organizing pneu-
monia, so we suspect that his initial imaging
and clinical presentation could be attributed to
post-COVID organizing pneumonia. Tricho-
sporon asahii infection may then have been
precipitated by broad spectrum antibiotics, cor-
ticosteroid usage, and COVID-19-induced lung
injury. The patient responded well to therapy
after a combined approach targeting both or-
ganizing pneumonia and 7Trichosporon asahii.
To our knowledge, this is the first report of a
case of post-COVID 19 complicated with both
organizing pneumonia and Trichosporon asahii
infection.

Conclusion

We reported a case of post-COVID-19
organizing pneumonia complicated with pul-
monary Trichosporon asahii infection, and suc-
cessfully treated with voriconazole. Thus, when
patients present with respiratory symptoms and
abnormal imaging after initial COVID-19, post-
COVID-19 organizing pneumonia should be
included in the differential diagnoses. If cortico-
steroid response is poor, other etiologies should
be searched for. The pulmonary damage caused

Thorac Med 2024. Vol. 39 No. 4
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by acute COVID-19 may predispose patients
to invasive fungal infection, and 7richosporon
asahii growth from sputum should potentially
be considered a true pathogen.
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Testicular Tuberculosis with Ggeneralized Granuloma
— A Case Report

Che-Min Hsu', Sheng-Wei Pan'?, Yi-Chen Yeh®

A 65-year-old man presented with a painless left-side scrotal swelling for 6 months.
He had urinary urgency, but denied fever, cough or a tuberculosis (TB) history. Physical
examination disclosed a normal right testis, but a hard and non-reducible left testis mass.
Alpha-fetoprotein and beta-HCG levels were normal. Urinalysis revealed pyuria with a white
blood cell count of 10-19/high power fields. Urine acid-fast bacilli smears were negative.
Ultrasonography revealed a normal right testis, but an enlarged left testis with heterogeneous
echogenicity showing diffuse hypoechoic nodules and increased internal vascularity. Due
to concerns regarding testicular cancer, he received a left radical orchiectomy. Cut section
of the specimen revealed generalized granuloma involving the testis and epididymis. The
histological findings were necrotizing granuloma and multinucleated giant cells. The tissue
tested positive for the Mycobacterium tuberculosis-specific IS6110 gene. A urine sample was
culture-positive for M. tuberculosis 2 months later, and the sensitivity tests were confirmed.
The patient started standard anti-TB chemotherapy. His pyuria resolved and urine samples
were culture-negative after 2 months of therapy. The patient completed 6-month treatment
smoothly for his testicular TB. (Thorac Med 2024; 39: 356-358)

Key words: Tuberculosis, necrotizing granuloma

Introduction

Isolated testicular and epididymal tubercu-
losis (TB) disease without involvement of the
kidney and lung is a rare extrapulmonary TB
disease. Ultrasound images of a testicular mass
suggesting diffuse TB granuloma have rarely

been reported. Here, we present a sonographic
image and a corresponding histologic picture
from a patient with testicular TB. Sonographic
findings of diffuse hypoechoic nodules in the
testis, representing TB granulomas, may alert
clinical physicians to the diagnosis of TB and
help guide a timely investigation.
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Case Report

A 65-year-old man presented with a pain-
less left-side scrotal swelling for 6 months. He
had urinary urgency, but denied fever, cough or
a TB history. Physical examination disclosed a
normal right testis but a hard and non-reducible
left testis mass. Alpha-fetoprotein and beta-
HCG levels were normal. Urinalysis revealed
pyuria with a white blood cell count of 10-19/
high power fields. Urine acid-fast bacilli smears
were negative. Ultrasonography revealed a nor-
mal right testis but an enlarged left testis with
heterogeneous echogenicity showing diffuse
hypoechoic nodules and increased internal vas-
cularity (Fig. 1. A-B). Due to concerns regard-
ing testicular cancer, he received a left radical

orchiectomy.

A cut section of the specimen revealed
generalized granuloma involving the testis and
epididymis (Fig. 1. C). Histological findings
were necrotizing granuloma and multinucle-
ated giant cells (Fig. 1. D-E). The tissue tested
positive for the Mycobacterium tuberculosis-
specific IS6110 gene. Two months later, a urine
sample was culture-positive for M. tubercu-
losis, but sputum samples were not. His chest
radiograph was unremarkable and abdominal
computed tomography revealed normal kidneys
and prostate. The patient received standard anti-
TB treatment for 6 months uneventfully. The
pyuria resolved and urine samples were culture-
negative.

Fig. 1. (A) A scrotal ultrasound reveals an enlarged left testis (arrow, 5.0x3.7x2.7 cm) with diffuse hypoechoic nodules in a heterogeneous

background. (B) Color Doppler sonographic image shows increased vascularity sparing the hypoechoic lesions. (C) Cut section of the orchiectomy

specimen shows generalized granuloma involving the epididymis and testis. (D) The histological examination revealed chronic granulomatous

inflammation and caseous necrosis. (E) A closer examination revealed the presence of multinucleated giant cells.
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Discussion

Genitourinary TB accounts for 5% of all
extrapulmonary TB diseases. Only 1-2% of
cases with genitourinary TB have testis and epi-
didymis involvement, and the patients mostly
have concomitant renal or pulmonary disease
[1]. Sonography features of testicular TB vari-
ously range from a diffusely enlarged hetero-
geneous hypoechoic pattern to ill-defined tiny
hypoechoic nodules, which do not reliably dif-
ferentiate TB from neoplasm [2]. With regard
to diagnostic fine-needle aspiration, there is no
consensus on its use in patients with testicular
tumor, due to the risk of seeding cancer, al-
though radical orchiectomy can be avoided by
aspiration cytology [3]. In our case, the sono-
graphic findings of diffuse hypoechoic nodules,
likely representing TB granulomas, may alert a
radiologist to the differential diagnosis of TB [2].
Accordingly, for patients with a testicular mass
and sonographic findings mimicking diffuse
TB granuloma, physicians should start a timely
investigation, including acid-fast bacilli smears
and nucleic acid amplification testing for M.

Thorac Med 2024. Vol. 39 No. 4

tuberculosis, and may consider fine-needle as-
piration in low-risk patients [1, 4].

Statement of Ethics Approval

Ethical approval was waived because there
was no concern that the patient's anonymity
could not be maintained in the written text and
radiographic images.
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Aberrant Lingular Vein-Preserving Left Lower
Lobectomy — A Case Report

Wen-Ruei Tang', Ying-Yuan Chen’, Yau-Lin Tseng’

Advances in thin-slice CT and video-assisted thoracoscopic surgery allow for precise
thoracic surgeries. We reported the case of a 54-year-old ex-smoker with a 3 cm cavitary
lesion in the left lower lung, who opted for direct surgery. Preoperatively, an anomalous
left lingular vein draining into the inferior pulmonary vein was noted. Meticulous dissection
preserved lingular venous drainage during uniportal video-assisted thoracoscopic surgery-left
lower lobectomy. The final pathology suggested IgG4-related disease. The patient’s recovery
was uneventful, and he was regularly followed up at the outpatient department. (Thorac Med

2024; 39: 359-363)

Key words: anomalous left lingular vein, case report, left lower lobectomy, pulmonary vein, uniportal

video-assisted thoracoscopic surgery

Introduction

Recognizing vascular anomalies in thoracic
surgery is clinically relevant and important, be-
cause these anomalies can significantly impact
surgical planning and outcomes. Accurate iden-
tification of vascular anomalies helps prevent
intraoperative complications, such as excessive
bleeding, and ensures the preservation of vital
structures, thereby enhancing patient safety and
improving surgical success rates.

Thanks to advances in thin-slice computed
tomography (CT) and the video-assisted thora-
coscopic surgery (VATS) technique, surgeons

are now able to comprehensively assess indi-
vidual patient variations preoperatively and
conduct increasingly delicate surgical proce-
dures. In this report, we describe an exceptional
case in which the lingular vein drained into the
inferior pulmonary vein (IPV), and detail our
approach to performing a uniportal VATS left
lower lobectomy (LLLobectomy) while pre-
serving aberrant (or uncommon) lingular drain-
age.

Case Report

Our patient was a 54-year-old man who
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used to smoke, and had quit 20 years ago. His
father had died from colon cancer. He presented
to our outpatient clinic with a dry cough lasting
for 1 month. The patient did not experience any
other symptoms, such as dyspnea, chest tight-
ness, hemoptysis, fever, or significant weight
loss.

His chest radiograph revealed a tumor
in the left lower lung field. Subsequent CT
of the chest identified a 3-cm cavitary lesion
with a part-solid nodule in the left lower lobe
(LLL). There was no evidence of mediastinal
lymphadenopathy or pleural effusion. Due to
suspected lung cancer, a CT-guided biopsy was
proposed; however, the patient opted for direct
surgery, instead. Preoperative assessment indi-
cated localized disease without distant metas-

Cranial

Cranial

tasis. An anomalous left lingular vein connect-
ing to the IPV was observed on the CT image
preoperatively, and we planned to preserve this
uncommon vein during operation (Fig. 1A—-1C).

Under general anesthesia and unilateral
lung ventilation, the patient was positioned in
a right lateral decubitus position. Employing
a uniportal VATS approach, we made a 3-cm
incision at the 4th intercostal space anterior to
the mid-axillary line. Generally, LLLobectomy
starts from the loop and transects the entire IPV.
However, in this case, upon dividing the pulmo-
nary ligament and incising the pleura surround-
ing the IPV, we encountered a lingular vein
anteriorly crossing the pulmonary artery (PA)
(Fig. 2A). Due to its embedded position within
the lung parenchyma, the junction with the I[PV

7 ; R\

Fig. 1. Anomalous left lingular vein. (A) CT images depicting a single tumor located in the left lower lobe of the lung. (B) Identification of the
lingular vein during fissure dissection. (C) Thoracoscopic view showing the lingular vein connecting to the inferior pulmonary vein after meticulous
dissection. Key symbols: Arrow indicates the lingular vein; “*” represents the inferior pulmonary veins; cross denotes the inferior pulmonary
bronchus; LLL signifies the left lower lobe; triangle marks the inferior pulmonary artery; "@" indicates the thoracic aorta.

Thorac Med 2024. Vol. 39 No. 4
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Cranial

Fig. 2. Detailed steps of lingular vein-preserving left lower lobectomy. (A) Dissection of the major fissure and identification of the lingular vein and

basilar arterial trunk. (B) Tracing along the basilar arterial trunk to identify the inferior pulmonary artery and left lower lobe bronchus. (C) Ligation

of the inferior pulmonary artery. (D) Transection of the left lower lobe bronchus. Key symbols: Arrow indicates the lingular vein; “*” represents the

inferior pulmonary veins; cross denotes the inferior pulmonary bronchus; LLL signifies the left lower lobe; triangle marks the inferior pulmonary

artery; "(@" indicates the thoracic aorta.

was not readily discernible, necessitating dis-
section starting from the interlobar fissure and
descending PA (Fig. 2B). After cutting off the
branches of the PA supplying the LLL and lobar
bronchus in sequence, we lifted the distal bron-
chial stump (Fig. 2C & 2D).

At this juncture, the confluence of the lower
lobe pulmonary vein (PV) and the aberrant
lingular PV became clearly visible. Following
dissection of the surrounding tissue adjacent
to the LLL PV, adequate space was obtained to
divide the LLL PV with a linear stapler while
preserving the flow of the lingular PV (Fig.
3A-3C). Finally, we successfully completed an

LLLobectomy using uniportal VATS while pre-
serving the aberrant lingular vein. The patient
then regularly took oral analgesics and was able
to ambulate without assistance postoperatively.
The chest tube was removed on postoperative
day 1 and the patient was discharged unevent-
fully on postoperative day 2. The final pathol-
ogy suggested [gG4-related disease, and the pa-
tient was regularly followed up at the outpatient
department.

Discussion

Surgeons should be aware of variations in

Thorac Med 2024. Vol. 39 No. 4
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Cranial
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Fig. 3. Detailed steps of dealing with inferior pulmonary veins. (A) Dissection distally to identify trifurcation of inferior pulmonary veins, and then

ligation of the anterior basal vein (V8). (B) Stapling of the superior basal vein (V6). (C) Stapling of the inferior basal vein (V9+10). (D) Completion

of lingular vein-preserving left lower lobectomy. Key symbols: Arrow indicates the lingular vein;

(13025}

represents the inferior pulmonary veins; cross

denotes the inferior pulmonary bronchus; LLL signifies the left lower lobe; triangle marks the inferior pulmonary artery; "@" indicates the thoracic

aorta.

PV drainage when doing pulmonary anatomical
resection, including lobectomy and segmentec-
tomy. Variation in the PV is not uncommon, and
the inadvertent ligation of a PV that should be
preserved could result in pulmonary congestion,
infection, and even death [1]. Typically, the left
superior PV drains the left upper lobe, includ-
ing the lingula, and courses anteriorly and cau-
dally to the PA, while the left inferior PV drains
the left lower lung and traverses inferiorly to
the PA [2-3]. In this particular case, a variation
in the drainage pattern of the lingular vein was
identified on preoperative CT imaging. Specifi-
cally, the left lingular vein was observed to loop
in front of the PA and bronchi before draining
downward into the inferior PV. Such variations

Thorac Med 2024. Vol. 39 No. 4

were reported in 0.5-10.7% of cases through
roentgenologic assessment [4-6]. This anatomi-
cal anomaly not only posed challenges for the
anterior approach to hilar dissection, but also
constrained the working space around the infe-
rior PV.

Previous studies have primarily focused on
either carefully ligating the lingular vein from
the inferior PV during left upper lobectomy or
preserving the lingular vein during left upper
lobectomy, particularly in upper trisegmen-
tectomy procedures aimed at conserving the
lingula [3, 7-8]. To the best of our knowledge,
this report presents the first documentation
of a technique focused on preserving lingular
drainage during lower lobectomy. Although the
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precise clinical ramifications of preserving lin-
gular vein drainage remain uncertain due to the
persistence of intersegmental drainage between
the lingula and upper trisegment, we posit that
this preservation may contribute to better post-
operative pulmonary function, reduce the risk
of complications such as pulmonary conges-
tion, and facilitate the feasibility of subsequent
subsegmental upper trisegmentectomy, should
further surgical intervention be required. This
case underscores the significance of a meticu-
lous surgical technique and thorough preopera-
tive imaging in managing anatomical anomalies
during thoracic surgery.

Practical recommendations for surgeons en-
countering similar cases include: First, utilizing
high-resolution CT angiography or 3D recon-
struction software to accurately map vascular
anatomy and identify any variations is crucial.
Such detailed imaging aids in surgical planning
and significantly reduces the risk of intraopera-
tive surprises. Second, during the surgery, us-
ing meticulous dissection techniques can help
in identifying and preserving critical vascular
structures. Surgeons should be prepared for
potential variations and have a plan for manag-
ing unexpected findings, ensuring that no vital
structures are compromised. Last, adopting a
multidisciplinary approach by collaborating
with radiologists and anesthesiologists optimiz-
es perioperative care and improves surgical out-
comes. This teamwork ensures comprehensive
management of vascular anomalies, enhancing
patient safety and reducing the likelihood of
complications. By following these recommen-
dations, surgeons can better navigate the com-
plexities associated with vascular anomalies,
ultimately leading to safer and more effective
thoracic surgeries.

Conclusion

In conclusion, surgeons performing pulmo-
nary anatomical resections should be mindful of
variations in PV drainage, as inadvertent liga-
tion of a crucial vein could lead to severe com-
plications. This case emphasizes the importance
of meticulous surgical technique and thorough
preoperative imaging in managing anatomical
anomalies during thoracic surgery.
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Mediastinal Tuberculous Lymphadenitis Diagnosed by
EBUS-TBNA — A Case Report

Tse-Yu Chen’, Chung-Kan Peng’, Shih-En Tang', Sheng-Huei Wang'
Chen-Liang Tsai'

The neck is the most common site for tuberculous lymphadenitis; however, mediastinal
tuberculous lymphadenitis could be underestimated in daily practice. We reported a patient
with COVID-19 infection, and mediastinal lymphadenopathy was accidentally found on chest
computed tomography and magnetic resonance imaging. The patient received endobronchial
ultrasound and transbronchoscopic needle aspiration for a pretracheal retrocaval node
with drainage of black fluid. Tuberculous lymphadenitis was diagnosed and confirmed by
mycobacterium tuberculosis-polymerase chain reaction. The patient then received anti-
tuberculosis medications for treatment of mediastinal tuberculous lymphadenitis. (Thorac

Med 2024; 39: 364-368)

Key words: tuberculous lymphadenitis, EBUS-TBNA, endobronchial ultrasound, tuberculosis

Introduction

Tuberculous lymphadenitis (TL), a form
of tuberculosis (TB), develops within the lym-
phatic system. TB is primarily caused by the
bacterium Mycobacterium tuberculosis, and less
commonly by Mycobacterium bovis [1]. TL is
the most common form of extrapulmonary TB
(EPTB), characterized by the enlargement of
lymph nodes. This condition is a manifestation
of either a primary infection or reactivation of
a latent TB infection, indicating the spread of

the bacteria from the initial infection site to the
lymph nodes [2].

Case Report

A 90-year-old non-smoking male with a
history of aneurysmal dilatation, chronic kidney
disease, hypertensive cardiovascular disease,
and hyperlipidemia was admitted due to CO-
VID-19 pneumonia. During his admission, the
patient received antibiotic treatment with piper-
acillin/tazobactam 2.25 g q8h I'V + doxycycline
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Fig. 1. Non-contrast chest tomography (CT) showed

lymphadenopathy in the pretracheal retrocaval (PTRC) region (the
patient had chronic kidney disease and did not receive contrast CT).

100 mg q12h PO to cover a broad spectrum
of pathogens for 5 days. Antiviral treatment
with Paxlovid 1 tab BID PO, and steroid with
methasone 6 mg QD IV for 5 days were pre-
scribed for COVID-19 pneumonia. We also
performed a computed tomography (CT) scan
of the chest, abdomen, and pelvis for a survey,
which revealed bronchial wall thickening and
infiltrations in the right middle lobe, lingula,
right lower lobe, and left lower lobe, suggesting
an inflammatory process or pneumonia. Several
enlarged lymph nodes (maximal size: approxi-
mately 2.3 cm) in the mediastinum were seen
(Figure 1), suggesting lymphadenopathy or me-
tastasis. We discharged the patient under stable
conditions and scheduled an outpatient depart-
ment (OPD) follow-up.

At the OPD, magnetic resonance imaging
(MRI) for several enlarged lymph nodes (maxi-
mal size: about 2.3 ¢cm) in the mediastinum was
performed. The image showed a necrotic node

Fig. 2. Chest magnetic resonance imaging showed an enlarged lymph

node with necrosis in the pretracheal retrocaval (PTRC) region.

(size: about 2.1 cm) in the pretracheal retroca-
val (PTRC) space (Figure 2). The patient was
admitted again considering his complex medi-
cal history. A comprehensive medical examina-
tion was carried out and the general appearance
of the patient was noted, with specific observa-
tions including normal skin turgor without signs
of petechiae or ecchymosis, and no abnormali-
ties in the head, eyes, ears, nose, and throat ex-
amination. The neck was supple without jugular
vein engorgement, carotid bruits, lymphade-
nopathy, or goiter. No swelling or lesion of the
inguinal and axilla region was noted. Chest ex-
amination showed symmetrical expansion, clear
bilateral breathing sounds, and no wheezing or
crackles. The patient had no history of TB.
After admission, the patient underwent en-
dobronchial ultrasound-guided transbronchial
needle aspiration (EBUS-TBNA) for biopsy of
the mediastinal lymphadenopathy. The EBUS-
TBNA was performed (Figures 3—4) on the

Thorac Med 2024. Vol. 39 No. 4
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Fig. 3. Endobronchial ultrasound and transbronchoscopic needle
aspiration (EBUS-TBNA) was performed for the pretracheal
retrocaval (PTRC) node.

Fig. 4. Black fluid was drained from the PTRC node by EBUS-
TBNA.

enlarged lymph node in the PTRC region. The
EBUS image showed an ovoid and well-defined
lymph node with heterogeneous echo texture
indicating necrosis or granulomatous changes.
The pathology showed cell debris with a few

Thorac Med 2024. Vol. 39 No. 4

epithelial cells of the lymphoid tissue. TB poly-
merase chain reaction (PCR) of the specimen
was positive, and TL was diagnosed. Because
of the patient’s chronic kidney disease (estimat-
ed glomerular filtration rate: 19.37 ml/min/1.73
m’), we prescribed TB medication with a pyra-
zinamide tab 500 mg 2-tab TIW PO and Rina
cap 300 mg/150 mg 2-tab QD PO for treatment
of TL. However, the patient was lost to follow-
up for personal reasons, so we could not check
the post-treatment image.

Discussion

EPTB refers to TB infections that occur
outside of the lungs. While pulmonary TB,
which affects the lungs, is the most common
form of the disease, TB bacteria can infect
almost any part of the body, leading to extra-
pulmonary manifestations. EPTB accounts for
approximately 20% of TB cases worldwide [3],
and TL is the most common form of EPTB.

TL is a form of TB that affects the lymphat-
ic system. TL occurs in any part of the body
where lymph nodes are present. However, TB’s
widely varying locations often reflect the route
of infection or the spread of M. tuberculosis
within the body. TL is most commonly found in
cervical—the most common involving lymph
nodes in the neck, called "scrofula"--mediasti-
nal, axillary, inguinal, and abdominal locations
[4].

The prevalence of TL can vary significantly
by region. TL is 1 of the most common forms of
EPTB, and accounts for approximately 15-20%
of all TB cases in immunocompetent patients,
and a higher proportion in HIV-infected indi-
viduals [5]. The prevalence is higher in areas
with high rates of TB and in populations with
increased rates of HIV infection, as both condi-
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tions are strongly interlinked.

Mediastinal tuberculous lymphadenitis
(MTL) involves the lymph nodes located in the
mediastinum. Patients with MTL may experi-
ence a range of symptoms owing to the infec-
tion and its impact on surrounding structures.
Persistent cough that does not improve with
conventional treatments, chest pain of varying
intensity, and dyspnea, or difficulty breathing,
are often reported. Fever, night sweats, and
weight loss are typical symptoms of TB. Esoph-
ageal compression causes swallowing difficulty
(dysphagia). In some cases, it can also cause
swelling in the neck, face, and arms, indicating
superior vena cava syndrome due to blocked
blood flow [6]. General feelings of malaise and
fatigue are also common among those affected.

Enlarged mediastinal lymph nodes of MTL
are most readily detectable on CT or MRI.
These nodes often exhibit central necrosis that
is identifiable on CT or MRI as low-attenuation
centers with possible rim enhancement post-
contrast, indicating inflammation around ne-
crotic areas. Chronic cases might show calci-
fication within the lymph nodes, observed as
high-density areas on CT scans. Large lymph
nodes may compress nearby organs (esophagus,
trachea, or vena cava), causing swallowing dif-
ficulties, dysphagia, dyspnea, or superior vena
cava syndrome. Peripheral enhancement of the
lymph nodes may be observed after contrast ad-
ministration, highlighting active inflammation
around a necrotic core. In severe cases, there
may be a confluence of affected lymph nodes,
forming large, irregular masses, which further
complicates the clinical picture.

Diagnosing EPTB is more challenging ow-
ing to non-specific symptoms mimicking other
illnesses. Diagnosing TL involves a comprehen-
sive approach including detailed history-taking

and physical examination. X-rays, ultrasounds,
CT scans, and MRIs are key tools for spotting
lesions [7]. Laboratory tests, including blood
tests, cultures of body fluids (urine, cerebrospi-
nal fluid, or ascitic fluid), and histopathological
examination of biopsy specimens, further aid
the diagnosis. Additionally, molecular tests like
PCR can detect TB DNA in clinical specimens,
offering a more specific approach to diagnosing
TB.

Furthermore, EBUS-TBNA is crucial for
diagnosing MTL. TBNA is a minimally inva-
sive procedure that allows for the sampling of
mediastinal lymph nodes via a bronchoscope
inserted through the mouth into the lungs.
TBNA is particularly useful for obtaining tissue
samples from the mediastinum without the need
for more invasive surgical procedures. TBNA
biopsy for suspected MLT is best timed after
imaging, but before starting antibiotics, con-
sidering clinical suspicion, patient health, and
endobronchial ultrasound availability.

Diagnosing MTL relies heavily on EBUS-
TBNA, which can reveal several distinctive
characteristics. Lymph node enlargement in the
mediastinum is notable, and EBUS provides
real-time measurements for identifying abnor-
mal lymph node enlargement. These lymph
nodes often show a heterogeneous echo tex-
ture, indicating mixed echogenicity that could
signify necrosis or granulomatous changes [8].
Hypoechoic areas within the nodes, sugges-
tive of caseation necrosis, are prime targets for
needle aspiration to improve diagnosis. Unlike
malignant lymph nodes, tuberculous lymph
nodes usually have well-defined margins. On
ultrasound, central necrosis, a key indicator
of TB, appears as areas of substantially lower
echogenicity within the lymph node. In addi-
tion, EBUS can detect increased vascularity

Thorac Med 2024. Vol. 39 No. 4



368 Tse-Yu Chen, Chung-Kan Peng, et al.

around the lymph nodes using Doppler features,
indicating inflammation, although this does
not confirm TB. EBUS image findings provide
crucial insights for diagnosing MTL, guiding
the subsequent needle aspiration for tissue sam-
pling and confirmation of the disease.

Conclusion

Historically, the diagnosis of MTL has been
challenging due to the lack of systemic symp-
toms. The application of EBUS-TBNA offers a
safe and effective way to diagnose asymptomat-
ic lymph node enlargement in the mediastinum.

Acknowledgments

This study was supported through consulta-
tion with colleagues in the Division of Pulmo-
nary and Critical Care Medicine, Department of
Internal Medicine, Tri-Service General Hospi-
tal.

Thorac Med 2024. Vol. 39 No. 4

References

1.Hlokwe TM, Said H, Gecebe N. Mycobacterium
tuberculosis infection in cattle from the Eastern Cape
Province of South Africa. BMC Vet Res 2017; 13(1): 299.

2.Moule MG, Cirillo JD. Mycobacterium tuberculosis
dissemination plays a critical role in pathogenesis. Front
Cell Infect Microbiol 2020; 10: 65.

3.Mert A, Tabak F, Ozaras R, er al. Tuberculous
lymphadenopathy in adults: a review of 35 cases. Acta
Chir Belg 2002; 102(2): 118-21.

4.Mohapatra PR, Janmeja AK. Tuberculous lymphadenitis.
J Assoc Physicians India 2009; 57: 585-90.

5.Sharma SK, Mohan A. Extrapulmonary tuberculosis.
Indian J Med Res 2004; 120(4): 316-53.

6.Jang JH, Jeon D, Kim YS, et al. Superior vena cava
syndrome due to mediastinal tuberculous lymphadenitis.
Korean J Fam Med 2017; 38(3): 166-8.

7.Ferrer R. Lymphadenopathy: differential diagnosis and
evaluation. Am Fam Physician 1998; 58(6): 1313-20.

8.Erer OF, Erol S, Anar C, et al. The diagnostic accuracy of
endobronchial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA) in mediastinal tuberculous
lymphadenitis. Turk J Med Sci 2017; 47(6): 1874-9.



369

Pulmonary Nocardiosis with Multiple Brain
Abscesses: A Case Report

Mei-Yuan Teo', Chen-Yiu Hung', Chun-Hua Wang', Horng-Chyuan Lin'

Nocardiosis is a rare but potentially life-threatening infectious disease, especially in
immunocompromised individuals and those with central nervous system (CNS) involvement.
We reported a case of pulmonary nocardiosis accompanied by multiple brain abscesses that
was successfully managed in a young male diagnosed with anti-phospholipid syndrome.
Following 12 weeks of combined antimicrobial treatment, significant improvement was
observed in the right lung mass and multiple brain abscesses. Subsequent follow-
up examinations showed no signs of recurrence or relapse. Nocardia infection can
manifest as disseminated disease and central nervous system infection, particularly in
immunocompromised patients. Combined antimicrobial therapy is necessary for these
patients to improve their chances of survival. (Thorac Med 2024; 39: 369-374)

Key words: Nocardia species, pulmonary nocardiosis, brain abscess

Introduction

Nocardia species are Gram-positive aero-
bic filamentous bacterium of Actinomycetes,
which is a soilborne and airborne opportunistic
pathogen in immunocompromised patients or
in immunocompetent patients with chronic lung
disease like chronic obstructive pulmonary dis-
ease, interstitial lung disease and bronchiectasis
[1-4]. Primary lung infections are prevalent,
often occurring via inhalation of aerosolized
spores or mycelia, followed by primary cutane-
ous infections, and disseminated infections [3,

4]. Here, we describe a case of right upper lung
nocardiosis with multiple brain abscesses in a
32-year-old male with anti-phospholipid syn-
drome.

Case Report

The patient was a 32-year-old Taiwan-
ese male with a history of anti-phospholipid
syndrome (APS) with thrombocytopenia for
3 years. The APS with thrombocytopenia had
been successfully managed with hydroxychlo-
roquine (200 mg daily), azathioprine (150 mg
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daily) and prednisolone (7.5 mg daily) within
the 3-year history of APS without any compli-
cation.

In mid-April 2022, the patient presented to
an emergency department with the complaint of
high fever of up to 39°C for 1 day. The accom-
panying symptoms were productive cough and
right chest pain. He had no blood-tinged spu-
tum, weight loss, or shortness of breath. The pa-
tient was alert and oriented. His respiratory rate
was 16/min, blood pressure was 125/69 mmHg,
pulse rate was 94/min, and his oxyhemoglobin
saturation by pulse oximetry was 100% under
room air. Physical examination revealed bilat-
eral symmetric expansion during respiration
and a normal breathing sound. There was no
skin lesion, wound, or soft tissue erythematous
change.

A chest X-ray (CXR) revealed soft tissue
density without signs of collapse in the right
upper lung (RUL) (Fig. 1(A)). Chest computed

Fig. 1. The right upper lung soft tissue mass showed improvement

on chest X-ray during follow-up. (A) Day 1 of hospitalization; (B)
Day 32 of hospitalization; combination antimicrobial treatment
for nocardiosis started at this point; (C) Day 44 of hospitalization;
trimethoprim-sulfamethoxazole discontinued; (D) Day 101 of
hospitalization; intravenous antimicrobial treatment switched to oral
antimicrobial; (E) 12-week antimicrobial treatment completed; (F)
Outpatient department follow-up 1 year later.

Thorac Med 2024. Vol. 39 No. 4

Fig. 2. (A) CT revealed a 6.8 cm x 5.5 cm soft tissue mass at the
upper lobe of the right lung, which abutted the mediastinum, and
necrotic lymph node at the right paratracheal space. (B) PET revealed
a mass at the apex of the right upper lung and right mediastinal
lymphadenopathy, with a maximum standardized uptake value
(SUVmax) of 18.0 and 10.3, respectively.

tomography (CT) showed a soft tissue mass
measuring approximately 6.8 cm x 5.5 cm in
the RUL, abutting the mediastinum, along with
a necrotic lymph node in the right paratracheal
space (Fig. 2 (A)). Laboratory findings indi-
cated leukopenia (with a white blood cell count
of 2.9 x 103/uL, segment count of 92.5%, and
lymphocyte count of 5.0%), anemia (hemoglo-
bin 9.4 g/dL), and thrombocytopenia (platelet
count of 58 x 103/uL, with a baseline of 100
x 103/puL). Liver and renal function were nor-
mal, and electrolyte levels were within normal
range. C-reactive protein (CRP) was markedly
elevated at 107.3 mg/dL (normal range <5 mg/
dL). Real-time polymerase chain reaction (PCR)
tests for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and influenza re-
vealed negative results.

During the initial hospitalization, the pa-
tient received amoxicillin-clavulanic acid (1 g
every 8 hours). Due to persistent intermittent
low-grade fever and lack of significant resolu-
tion on CXR, antibiotic therapy was escalated
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to piperacillin-tazobactam (4.5 g every 6 hours)
and teicoplanin (400 mg daily). Blood culture
and sputum culture showed no growth for aer-
obes and anaerobes. Other microbiological
cultures and examinations, including mycobac-
terial smear and culture, Aspergillus galacto-
mannan, and fungal culture, were all negative.
In addition, the human immunodeficiency virus
(HIV) antibody and antigen combination assay
revealed negative results.

A CT-guided biopsy of the soft tissue mass
in the RUL was performed on the second day
after admission. In addition, fine needle aspira-
tion from the right paratracheal lymph node
was carried out under endobronchial ultrasound
(EBUS) guidance, yielding yellowish-white
pus-like material with numerous neutrophils,
but no tumor cells. A positron emission to-
mography (PET)/CT scan revealed a mass
in the apex of the RUL and right mediastinal
lymphadenopathy, with maximum standardized
uptake values (SUVmax) of 18.0 and 10.3, re-

spectively (Fig. 2 (B)). The patient underwent
surgical lung tissue biopsy at the end of April,
revealing acute on chronic inflammation with
focal granuloma formation (Fig. 4 (A)). Stain-
ing with Grocott methenamine silver (GMS),
periodic acid-Schiff (PAS), and acid-fast stains
was negative.

On the 28th day of hospitalization, the
patient developed symptoms of vomiting and
headache, followed by weakness in the right-
side extremity (muscle power score 4). Brain
magnetic resonance angiography (MRA) re-
vealed multiple ring-enhanced lesions with cen-
tral necrosis and adjacent white matter edema
in bilateral cerebral hemispheres, the left thala-
mus, midbrain, pons, and bilateral cerebellum,
suggestive of brain abscess formation (Fig. 3
(A)).

The reports on both specimens obtained via
CT-guided biopsy from the RUL mass and fine
needle aspiration from the paratracheal lymph
node confirmed Nocardia species. Considering

Fig. 3. Brain magnetic resonance angiography (MRA) T2/FLAIR; (A) Day 32 of hospitalization; brain MRA revealed multiple ring-enhanced

lesions with central necrosis and adjacent white matter edema at the bilateral cerebral hemispheres, left thalamus, midbrain, pons, and bilateral

cerebellum; (B) Day 85 of hospitalization; brain MRA revealed significant improvement in terms of abscess size and number; (C) 3 months after

the completion of treatment; brain MRA revealed complete remission of the preexisting brain abscesses.
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Fig. 4. (A) Hematoxylin & eosin (H&E) stain shows lung nocardiosis
with focal granuloma formation (arrow); culture grew Nocardia;
Original magnification: X20; (B) H&E shows brain nocardiosis
with central abscess and neutrophil infiltrate (arrow); Original
magnification: X12.

the patient's symptoms, medical history, radio-
logical and histopathological findings, and posi-
tive specimen cultures, the primary diagnosis
was established as Nocardia sp. infection with
brain abscess formation. A left parietal crani-
otomy for brain tissue biopsy was performed,
revealing brain tissue with necrotic debris,
purulent exudates, and numerous neutrophils,
consistent with a brain abscess (Fig. 4 (B)). No
definite malignancy was observed.

Treatment involving intravenous admin-
istration of trimethoprim-sulfamethoxazole
(TMP-SMX; 15 mg/kg daily), imipenem (500
mg every 6 hours), and amikacin (7.5 mg/kg ev-
ery 12 hours) was started in mid-May 2022 (4th
week of hospitalization). Additional treatment
with ampicillin (2 g every 6 hours) was initi-
ated, since Enferococcus faecalis was isolated
from the brain abscess specimen. TMP-SMX
was discontinued 2 weeks later due to progres-
sive leukopenia and gradually increasing liver
enzymes. Amikacin was also discontinued 10
days later to prevent ototoxicity and nephrotox-
icity.

After completing 8 weeks of combined
antimicrobial treatment, brain MRA revealed
significant improvement in the brain abscess in
terms of size and number, coinciding with an
improvement in the weakness of the right-side

Thorac Med 2024. Vol. 39 No. 4

extremity (the muscle power score improved
from 4 to 5) (Fig. 3 (B)). In addition, the RUL
mass was gradually improving on the CXR (Fig.
1 (B-E). Antibiotics with imipenem and ampi-
cillin were switched to oral antibiotic mono-
therapy with amoxicillin-clavulanate (875 mg
twice daily) after completing a 10-week treat-
ment course. The patient was discharged after
15 weeks hospitalization and continued oral an-
tibiotic treatment for an additional 2 weeks. The
last brain MRA in November 2022 (3 months
after the completion of treatment) showed com-
plete remission of the preexisting brain abscess
(Fig. 3, Panel C). The entire treatment course is
summarized in Fig. 5.

Emergency department

Brain MRA improving
IZOAJ 29-Apr L“ME‘/ LJ“" ‘ 28-1ul I

18-Apr| 25-Apr| 16-May | 29-May 12-4ul 10-Aug

Bronchoscopy RT-EBUS Braln MRA
CT-guide biopsy

Surgieal biopsy Culture: NLIardia species

I 1V Ampicillin
EE |V Piperacillin-tazobactam + teicoplanin = IV Imipenem

Il 1V Amoxycillin-clavulanic acid

3 |V Trimethoprim-sulfamethoxazole B Oral Amoxycillin-clavulanic acid

I |V Amikacin

Fig. 5. Summary of the entire treatment course.

Discussion

We reported a case of pulmonary nocardio-
sis with multiple brain abscesses that was suc-
cessfully treated with a 12-week combination
of antimicrobial therapy. Nocardiosis typically
presents with an acute onset and inflammatory
response, potentially progressing to granuloma-
tous inflammation or necrotic abscess formation
[1, 5-6]. However, its diagnosis is challenging
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due to nonspecific radiographic findings, varied
pathological features, and clinical manifesta-
tions [7]. Prompt diagnosis and treatment are
crucial given the high mortality rate, ranging
from 16.2% to 60% in disseminated infections,
especially in those with central nervous system
(CNS) involvement or in immunocompromised
patients [3, 7-10].

CNS infection is a significant complication
of disseminated nocardiosis, occurring in 44%
of cases [4, 11]. Brain imaging typically reveals
ring-enhanced nodules with vasogenic edema,
mostly in the frontal and parietal lobes; cerebel-
lar involvement is rare [5, 10]. Our case showed
multiple brain abscesses in various regions,
including the midbrain and cerebellum, with a
co-infection of Enterococcus faecalis. Though
rare, CNS co-infections with Nocardia and oth-
er pathogens, such as Toxoplasma gondii and
Salmonella enteritidis, have been documented
[5, 12].

Traditionally, Nocardia identification relied
on observing microscopic characteristics and
macroscopic inspection for colony morphol-
ogy, which can be time-consuming and chal-
lenging due to slow growth [1, 6]. Molecular
identification methods, such as gene sequencing
and mass spectrometry, have become the gold
standard for accurate and rapid species identi-
fication, as well as determining antimicrobial
susceptibility profiles [1, 6]. Unfortunately,
these methods were not commonly utilized in
our hospital. Moreover, without antimicrobial
susceptibility profiles, empirical treatment was
based on common Nocardia species found in
Taiwan.

There are no standardized recommendations
for the treatment and duration of nocardiosis,
which necessitates personalized approaches
based on disease severity, underlying condi-

tions, and antimicrobial susceptibility testing [1,
15]. Previous studies in Taiwan and in our hos-
pital identified N. brasiliensis, N. farcinica and
N. cyriacigeorgica as predominant species, with
high susceptibility to TMP-SMX, linezolid,
and amikacin (>98%) [6-7, 13-14]. Empirical
combination therapy is advised for severe or
disseminated cases, especially those involving
the CNS [10]. Given the high susceptibility of V.
brasiliensis, N. farcinica and N. cyriacigeorgica
to TMP-SMX and amikacin, these were our ini-
tial choices for combination therapy. Imipenem
is recommended as an alternative or part of a
combined treatment if TMP-SMX resistance,
allergy, or adverse effects occur [15-16]. We
discontinued TMP-SMX due to intolerance,
and amikacin to prevent nephrotoxicity and
ototoxicity. Ampicillin served as an alternative
therapy, and is also effective against Enferococ-
cus faecalis in brain abscesses [6]. Combined
therapy with imipenem and ampicillin proved
effective for our patient, as evidenced by the
gradual improvement in the RUL mass on
CXR, and significant improvement in the brain
abscesses on MRA. Although our case had a
relatively shorter duration of treatment, no re-
currence or relapse was observed on follow-up
CXR and brain MRA 3 months after treatment
cessation.

We encountered several limitations during
the treatment of this case. The first was the lack
of an accurate and rapid method of Nocardia
identification. The appropriate antimicrobial
therapy was administered after a delay of nearly
a month, due to our awaiting the culture results.
The second limitation was the use of empiri-
cal antimicrobial treatment without having any
results of the antibiotic susceptibility profile.
There is a lack of consensus on the optimal an-
timicrobial therapy and treatment duration for
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nocardiosis, necessitating larger cohort studies
and systemic reviews in the future.

Conclusion

In conclusion, nocardiosis is a rare but
potentially life-threatening infectious disease,
especially in immunocompromised individuals
and those with CNS involvement. Its lack of
specificity and slow growth often lead to de-
layed diagnosis and treatment. Early diagnosis
and appropriate management are essential to
improve outcomes in patients with nocardiosis.
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Treatment of latrogenic Cervical Esophageal
Transection Following Thyroidectomy — A Case Report

Kai-Yun Hsueh', En-Kuei Tang'

latrogenic cervical esophageal transection after thyroidectomy is an extremely rare
condition that requires prompt diagnosis and surgical intervention. We reported a case of
iatrogenic cervical esophageal transection following thyroidectomy for goiter in a 54-year-old
woman. Primary repair was not achievable because of loss of a long segment of the cervical
esophagus. A modified diversion was performed by inserting a T-tube into the remnant
esophagus, followed by gastrostomy and jejunostomy. The next day, mediastinal abscess
was detected on chest computed tomography; therefore, thoracoscopic mediastinotomy
was performed, with placement of 2 drains. After 6 months, thoracoscopic esophagectomy,
alimentary reconstruction with gastric pull-up, and cervical esophagogastrostomy anastomosis
were performed. The patient was discharged without complications. latrogenic cervical
esophageal transection following thyroidectomy can be successfully managed with a series
of treatments, including a modified diversion procedure, prompt drainage of mediastinitis,
alimentary reconstruction with gastric pull-up, and cervical esophagogastrostomy
anastomosis. (Thorac Med 2024; 39: 375-379)

Key words: latrogenic esophageal injury, goiter, thoracoscopic mediastinotomy, thyroidectomy,
reconstructive surgery, modified diversion procedure
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Background

Iatrogenic esophageal injury, a serious
complication of thyroidectomy, may result in
deep neck infection, subcutaneous emphysema,
pneumomediastinum, mediastinal abscess, and
even death. Most complications of iatrogenic
esophageal injuries are identified and repaired
during surgery. Cervical esophageal transection

following thyroidectomy is an extremely rare
condition that requires prompt intervention.
We report a case of iatrogenic cervical esopha-
geal transection following thyroidectomy,
which was successfully managed with a series
of treatments, including a modified diversion
procedure, prompt drainage of mediastinitis,
alimentary reconstruction with gastric pull-up,
and cervical esophagogastrostomy anastomosis.

'Division of Thoracic Surgery, Department of Surgery, Kaohsiung Veterans General Hospital, Kaohsiung, Taiwan.
Address reprint requests to: Dr. Kai-Yun Hsueh, Division of Thoracic Surgery, Department of Surgery, Kaohsiung
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Fig. 1. (A) Chest roentgenogram revealing massive subcutaneous emphysema extending from the neck to the chest wall (white arrowhead). (B) An

intraoperative image showing transection of the cervical esophagus, with only a short proximal stump (hollow arrowhead).

Case Presentation

A 54-year-old woman underwent thyroid-
ectomy for goiter at a regional institute. After
surgery, she experienced neck swelling, dys-
phagia, and drainage of a copious amount of
saliva from the surgical wound. Therefore, on
her request, she was referred to our hospital
for further treatment. Upon arrival at the emer-
gency room, physical examination revealed
crepitation from the neck to the chest wall, with
redness and swelling of the neck. A chest roent-
genogram revealed massive subcutaneous em-
physema extending from the neck to the chest
wall (Fig. 1A). Due to a high index of suspicion
of esophageal injury, an urgent surgery (neck
exploration) was performed, during which we
noted much purulent discharge accumulation
beneath the neck wound. A nasogastric tube
was used to verify the location of the esopha-
gus, and transection of the cervical esophagus
with a short proximal stump was identified (Fig.
1B). The distal stump of the esophagus was
not visualized; therefore, primary anastomosis
could not be achieved. During the diversion
procedure, 1 limb of the T-tube was inserted
into the proximal stump of the esophagus (with

Thorac Med 2024. Vol. 39 No. 4

ligation of the other limb) to drain the saliva
and to maintain the patency of the esophageal
lumen. Median laparotomy with gastrostomy
for decompression and jejunostomy for enteral
feeding were also performed.

The day after surgery, she developed dys-
pnea with accompanying symptoms of neck
swelling and tenderness. Chest computed to-
mography (CT) revealed a massive pneumo-
mediastinum and mediastinal abscess (Fig. 2).
An urgent video-assisted thoracoscopic surgery
mediastinotomy for drainage of the mediastinal
abscess was performed (Fig. 3A). The pleura of

Fig. 2. Chest computed tomography scan showing massive
pneumomediastinum (hollow arrowhead).
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Fig. 3. (A) An intraoperative image showing accumulation of purulent discharge around the upper third of the esophagus (white arrowhead). (B) An

intraoperative image showing the opened mediastinal pleura, with drainage of the purulent discharge (hollow arrowhead).

the mediastinum was incised, the purulent dis-
charge was drained out (Fig. 3B), and 2 chest
tubes were placed.

The patient was transferred to the intensive
care unit for postoperative care. After a few
days of antibiotic treatment, follow-up chest CT
revealed complete resolution of the pneumo-
mediastinum and a significant regression of the
mediastinal abscess. The patient was discharged
uneventfully, 4 weeks after surgery. Six months
later, the patient underwent esophageal recon-
struction with thoracoscopic esophagectomy,
gastric pull-up via a substernal route, and cervi-
cal esophagogastrostomy anastomosis. She was
then discharged on postoperative day 18, with
no complications.

Discussion

Esophageal transection is a life-threatening
condition that requires early diagnosis and
prompt surgical intervention to prevent serious
morbidities or even mortality. There are differ-
ent etiologies of esophageal injuries, including
iatrogenic injury, spontaneous perforation [1],
trauma, foreign body ingestion, and malig-
nancy. Most esophageal injuries are iatrogenic,
occurring especially during endoscopy or echo-
cardiography. Intraoperative esophageal injury

accounts for only a small proportion of the
iatrogenic type. Esophageal transection during
total thyroidectomy is an extremely rare condi-
tion, as experienced surgeons carefully dissect
periesophageal soft tissues to avoid complica-
tions during the procedure.

The most common presenting complaints
following esophageal injury include pain, fever,
dysphagia, odynophagia, and subcutaneous em-
physema; leakage of intraluminal content from
the esophagus into the mediastinum causes a
serious inflammatory reaction. A chest roent-
genogram in such a patient will possibly reveal
a widened mediastinum, diffuse pneumome-
diastinum, pneumothorax, or pleural effusion.
Chest CT scans are also usually obtained to
survey the extent and location of esophageal in-
jury, and may show mediastinal abscess, dilated
esophagus, or pneumomediastinum. Modalities
commonly used for direct evaluation by the sur-
geons are endoscopy and esophagography. Con-
trasts such as barium and water-soluble agents
are used to evaluate extravasation of the intralu-
minal esophageal content. However, if esopha-
geal transection is highly suspected, exploration
is strongly recommended to visualize, diagnose,
and control infection by placing drains around
the injury site.

Treatment for esophageal injury mainly

Thorac Med 2024. Vol. 39 No. 4
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depends on the location and timing of the
symptoms. Nonoperative management may be
successful in some patients who meet certain
strict criteria. A hemodynamically stable patient
with a new-onset local esophageal injury could
be managed nonoperatively with antimicrobial
agents and adequate drainage [2]. However,
emergency surgical intervention is provided
with the first sign of clinical deterioration. Most
complications of esophageal surgeries can be
immediately observed and managed during
surgery by an experienced surgeon [3]. Primary
surgical repair of esophageal injury is usually
performed with interrupted, absorbable sutures
for the mucosal layer and nonabsorbable su-
tures for the muscular layer.

However, primary repair or anastomosis
was not indicated in our case because the distal
stump of the esophagus could not be visualized.
The space between the proximal and distal por-
tions of the esophagus was significant; there-
fore, the 2 ends of the esophagus could not be
approximated [4]. Surgical treatment of cervi-
cal esophageal transection includes a diversion
procedure and esophagectomy, followed by
esophageal reconstruction after 6 months [4].
Diversion procedures involve proximal diver-
sion of the esophagus with cervical esopha-
gostomy, gastric diversion with gastrostomy,
and jejunostomy for decompression, as well
as nutritional support. In our patient, cervical
esophagostomy for proximal diversion was
extremely difficult to execute because of the fri-
able nature and short length of the esophageal
remnant. We adapted an alternative esophageal
diversion, where we inserted a 1-limb T-tube
(the other limb was ligated) into the lumen of
the remaining esophagus for drainage of saliva.
We recommend early recognition of mediasti-
nitis and prompt mediastinotomy for drainage

Thorac Med 2024. Vol. 39 No. 4

of mediastinal abscesses [3], to prevent sepsis
and enhance postoperative recovery. Esopha-
geal reconstruction is typically conducted half
a year later, and the gastric conduit [5] is com-
monly used for alimentary reconstruction ow-
ing to its sufficient length and blood supply.
The colon, jejunum or even a forearm free flap
may be used for reconstruction if the stomach is
unavailable owing to a previous gastric surgery
[6-7].

Conclusion

latrogenic cervical esophageal transection
following thyroidectomy is a rare, but fatal
complication. It can be successfully managed
with a series of treatments, including a modified
diversion procedure, prompt drainage of medi-
astinitis, alimentary reconstruction with gastric
pull-up, and cervical esophagogastrostomy
anastomosis.
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Resistance Transformation in Lung Adenocarcinoma
Following Targeted Therapy: A Case Study

Yi-Chen Shao’, Wan-Shan Li?, Chang-Yao Chu*®, Sheng-Tsung Chang?
Shu-Farn Tey"®

This report presents the case of a 61-year-old female with advanced non-small cell lung
cancer (NSCLC), initially treated with afatinib, a second-generation epidermal growth factor
receptor (EGFR)-tyrosine kinase inhibitor, after an EGFR exon 21 L858R mutation was
identified. Despite initial tumor regression, the patient developed resistance, as indicated by
disease progression and histological transformation to small cell lung cancer. The subsequent
treatment regimen included a combination of chemotherapy and osimertinib, targeting both
the original EGFR mutation and a later emerging T790M mutation. This case exemplifies
the intricate relationship of genetic mutations, treatment responses, and the evolution of
resistance in the management of NSCLC. Furthermore, this case underscores the critical
need for ongoing research and the development of novel treatments to address NSCLC.
(Thorac Med 2024; 39: 380-388)

Key words: Adenocarcinoma, resistance, small cell transformation, epidermal growth factor receptor,

T790M

Introduction

According to Taiwan Cancer Registry An-
nual Reports from 2015 to 2021, the preva-
lence of lung cancer in Taiwan increased from
12.44% to 13.86% of all cancer cases during
that period, indicating a rising incidence of this
malignancy. Conversely, mortality rates have
remained relatively stable, fluctuating around
19%, despite the increased prevalence. In re-
sponse, targeted therapies have been refined,

offering greater specificity for non-small cell
lung cancer (NSCLC) with epidermal growth
factor receptor (EGFR) mutations, and reducing
systemic toxicity compared to traditional che-
motherapy [22].

In NSCLC, EGFR signaling is a crucial
determinant of tumor growth and progression.
[[These pathways of EGFR signaling serve as
positive regulators of proliferation and progres-
sion, and negative regulators of apoptosis [21].
The most common EGFR mutations, which ac-
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count for approximately 90% of cases, include
deletions in exon 19 and the L858R point muta-
tion in exon 21; less prevalent EGFR mutations
include G719X, S7681, and L.861Q. The use of
tyrosine kinase inhibitors (TKIs) in these pa-
tients has significantly improved progression-
free survival (PFS) [23].

Unfortunately, many patients experience
relapse due to the development of resistance
mechanisms such as phenotypic transforma-
tions, activation of alternative pathways, and
EGFR T790M mutations. It is important to note
that EGFR T790M resistance typically develops
after using first and second-generation EGFR-
TKIs. Third-generation EGFR-TKIs have been
engineered with heightened specificity for the
common EGFR mutations, and also the T790M
mutation. Overcoming this advanced level of
resistance is critical, prompting the develop-
ment of the next generation of TKIs. The stan-
dard treatment for small cell lung cancer (SCLC)
is used to manage transformations to small cell
carcinoma (SCC).

Case Report

A 61-year-old female presented with a
1-day history of left chest pain and hemoptysis,
accompanied by a chronic cough persisting for
2 months. Her medical history included uterine
prolapse, with no significant past surgical, fa-
milial, or medication-related findings contribut-
ing to her current condition.

During the physical examination, the pa-
tient exhibited symptoms indicative of respira-
tory pathology, specifically showing mildly de-
creased breathing sounds in the left upper lobe
(LUL). Diagnostic imaging played a crucial
role in her assessment. A chest computed to-
mography (CT) scan revealed a mass with cen-

tral necrosis in the LUL. A CT-guided biopsy
of this mass identified scant atypical cells with
extensive necrosis, immunoreactive for thyroid
transcription factor-1 (TTF-1), suggesting a
primary lung origin. Further confirmation came
from a surgical lymph node biopsy, which diag-
nosed metastatic adenocarcinoma (Fig. 1A).

Clinically, the patient was determined to
have stage IV adenocarcinoma, due to distant
metastases involving the brain and the right
acetabulum. The discovery of an EGFR exon
21 L858R mutation prompted the initiation of
targeted therapy with afatinib, combined with
radiotherapy for brain metastasis. Initially, the
patient responded to this regimen, as evidenced
by tumor regression on follow-up imaging.

However, 6 months into the afatinib treat-
ment, the disease progressed, characterized by
an increase in the size of the LUL tumor with
mediastinal invasion and lymph node metas-
tasis, coupled with regression of prior bone
metastases and stability of brain metastases. A
re-biopsy revealed transformation to SCC, an
aggressive form of lung cancer that tested posi-
tive for chromogranin A and synaptophysin, and
focally positive for AE1/AE3, but negative for
TTF-1 and CD45 (Fig. 1B, 1C, 1D). This posed
a significant challenge due to the aggressive na-
ture and rapid progression of SCLC.

Given these new histopathological findings,
the treatment strategy was revised to include a
regimen of platinum-based chemotherapy with
cisplatin and etoposide; however, continuing
afatinib due to combined SCC or small cell
transformation could not be totally excluded af-
ter further discussion with the pathologist. This
approach resulted in a dramatic reduction in the
size of the lung tumor within a month, as indi-
cated by a follow-up chest X-ray (Fig. 2).

Over the next 8§ months, the patient com-
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Fig. 1. (A) Before treatment, lymph node biopsy shows metastatic adenocarcinoma. (B) Recurrent tumor showed positive staining for AE1/AE3. (C)

Positive staining for chromogranin A. (D) Positive staining for synaptophysin.

pleted 6 cycles of chemotherapy while continu-
ing on afatinib, and maintained a stable condi-
tion. Despite this, her health declined, leading
to her presenting at the emergency department
with persistent coughing, production of yellow-
ish and blood-streaked sputum, and increased
difficulty breathing. A subsequent chest CT scan
showed growth of the lung tumor, with new
spreading to the mediastinal and cervical lymph
nodes, extension to the opposite lung, and pos-
sible metastasis in the right adrenal gland. This
growth led to obstructive pneumonitis in the
left lung and was further complicated by the
discovery of left vocal cord paralysis during a
bronchoscopy.

Upon admission, the patient was treated
with antibiotics for suspected infections, then
received bronchial stent insertion and radio-
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therapy to alleviate the tumor-caused obstruc-
tion in her LUL. During her hospital stay, she
tested positive for COVID-19 and was treated
with the antiviral medication molnupiravir.
Once her condition stabilized, chemotherapy
with pemetrexed and cisplatin was initiated. To
manage her pancytopenia, a side effect of the
chemotherapy, she received blood transfusions
and filgrastim.

The persistence of the L858R mutation
along with the newly identified T790M muta-
tion in the lung tumor biopsy led to a crucial
change in her treatment plan. With these new
genetic findings, her treatment was switched
to osimertinib. These comprehensive adjust-
ments in her treatment regimen allowed her to
stabilize sufficiently to be discharged from the
hospital (Fig. 3A, 3B, 3C).
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Fig. 2. Chest X-ray showing (A) Baseline adenocarcinoma (B) Partial remission after 2 months of afatinib treatment (C) Recurrent LUL tumor after
treatment for 6 months, and (D) Tumor size shrinkage after 1 month of chemotherapy with cisplatin plus etoposide, and afatinib treatment.

Despite initial improvement, the patient
was readmitted 2 months after discharge due to
suspected tumor progression (Fig. 3D). Imag-
ing studies confirmed new metastases, and an
echo-guided biopsy from the right back muscle
revealed adenocarcinoma with the L858R mu-

tation, but without the T790M variant, KRAS
mutation, MET amplification, or EGFR C797S
mutation. Deterioration in imaging and clinical
respiratory status suggested potential resistance
to osimertinib.

The patient's health continued to decline

Thorac Med 2024. Vol. 39 No. 4
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LB

Fig. 3. Series of follow-up chest X-rays (CXR), as follows: (A) Post-stenting in the left bronchus, with suspected re-expansion of the obstructive

left lung. (B) Stable lung cancer in the left upper lobe (LUL) with lung-to-lung metastasis. (C) One-week outpatient follow-up; minimal change
in LUL lung cancer with lung-to-lung metastasis. (D) Nearly 2 months later, suspected progression of lung cancer with signs of obstructive

pneumonitis.

due to the progression of pneumonia, despite
treatment with antibiotics and antifungals. We
discussed her worsening condition and limited
treatment options with her family, given her ad-
vanced cancer and complications from pneumo-

Thorac Med 2024. Vol. 39 No. 4

nia. Unfortunately, her condition continued to
deteriorate, possibly due to sepsis, making fur-
ther cancer treatment unfeasible. Twenty days
after her readmission, the patient passed away.
This case illustrates the challenges of man-
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Fig. 4. Summary chart of this case's treatment process, and histological and imaging changes.

aging advanced NSCLC, particularly when
faced with resistance to targeted therapy and
the phenomenon of histologic transformation or
even when combined with SCLC. Furthermore,
this case underscores the necessity for vigilant
attention to and adaptation with therapeutic
strategies to optimize patient outcomes in the
face of evolving disease.

Discussion

The World Health Organization's 2020 re-
port underscores the significant global health
impact of lung cancer, noting approximately
2.2 million new cases. While breast cancer has
slightly surpassed lung cancer in incidence,
lung cancer continues to be the deadliest cancer
worldwide, with nearly 1.8 million deaths—
almost double the mortality rate of colorectal
cancer, the second most common cancer.

A retrospective observational study pub-
lished in 2021 [5] reveals that about 1.6 million
of the new lung cancer cases diagnosed annual-
ly are classified as NSCLC, with 60%-70% di-
agnosed at an advanced stage, specifically stage
IV. The prognosis for these patients remains
poor, with 2-year and S-year survival rates of
approximately 50% and 20%, respectively.
These outcomes are influenced by multiple fac-
tors, including performance status, TNM stag-
ing, histological type, number of chemotherapy
cycles, and the use of targeted therapy.

The introduction of TKIs has revolution-
ized the treatment of NSCLC, particularly for
cases with EGFR mutations. However, acquired
resistance mechanisms [1], such as phenotypic
transformation to SCLC and the development
of secondary EGFR mutations, pose significant
challenges. The first documented case of small
cell transformation was reported in 2006 [7],
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with subsequent studies [6] reporting a trans-
formation rate of 14% in patients harboring
sensitive EGFR mutations who underwent TKI
treatment.

Studies of mice [9,10,11,12] indicate that
alveolar type II cells, which are precursors to
adenocarcinoma, may also undergo transforma-
tion into SCLC. This finding contrasts with the
genetic analysis from our patient, where the
original EGFR mutation persisted despite the
phenotypic transformation, suggesting a mecha-
nism of resistance transformation rather than
the emergence of a new primary cancer. This
observation challenges established theories of
tumor heterogeneity that have been based on
limited biopsy samples. Importantly, it raises
questions about clinical progression, as patients
typically respond to EGFR inhibitors for an ex-
tended period before experiencing a significant
decline in health, marked by disease progres-
sion, worsening symptoms, reduced overall
health, and decreased treatment efficacy follow-
ing the diagnosis of SCLC [2].

In a Korean study [15], 1.5% of patients
with lung adenocarcinoma showed transforma-
tion to SCLC morphology on the second biopsy,
with all retaining the same EGFR mutation. In
addition, the T790M mutation, which accounts
for 50-60% of resistance cases, is associated
with an improved median overall survival of
26.8 months when treated with osimertinib [13-
14]. This highlights the critical importance of
ongoing genetic testing in managing resistance.

Challenges associated with resistance pat-
terns are well-documented. Historical reports
from as early as 2007 [16] have noted cases
where patients' adenocarcinoma transformed
into SCLC following treatment with gefitinib.
This transformation was confirmed by positive
synaptophysin staining during immunohis-
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tochemical analysis. Despite this phenotypic
change, the response to subsequent chemo-
therapy was only partial. Follow-up CT scans
showed continued tumor growth and a reversion
to the original adenocarcinoma subtype, which
tested negative for synaptophysin.

Further illustrating these challenges, a
2018 case from Japan [17] described a patient
with an EGFR L858R mutation who received
treatment with both first and third-generation
EGFR-TKIs, along with chemotherapy. This
patient revealed 2 forms of drug resistance:
a transformation to SCLC still harboring the
L858R mutation following gefitinib treatment,
and the subsequent emergence of an unexpected
EGFR T790M mutation during chemotherapy.
These cases underscore the critical importance
of regular biopsies for accurately identifying
resistance mechanisms and tailoring treatment
strategies effectively.

The evolution of resistance mechanisms
to osimertinib [14], despite the absence of evi-
dence for related mutations in this case, under-
scores the need for further research into genetic
modifications, such as the C797S mutation, and
other alterations including MET gene amplifi-
cation, epithelial-mesenchymal transition, and
histological transformation. Research in these
areas is crucial for developing more effective
strategies to combat resistance in cancer treat-
ment.

Ongoing clinical trials are evaluating
fourth-generation TKIs that have been structur-
ally modified [17] to specifically target muta-
tions such as the previously mentioned C797S
mutation. One study [18] has demonstrated ear-
ly clinical efficacy and safety in mouse models.
These investigations [17,18,19,20] are critical
for advancing our understanding and manage-
ment of tumor progression in the presence of
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multiple resistance mechanisms.

In this case of advanced NSCLC, the pa-
tient initially responded to treatment with the
EGFR-TKI afatinib, but subsequently devel-
oped resistance, manifested by disease progres-
sion and histological transformation to SCLC.
Notably, genetic testing was not performed on
the SCLC specimen initially. Considering that
the founder EGFR mutation is usually retained
at the moment of SCLC transformation [24],
the tumor might contain both the initial EGFR
mutation and histological changes or the pos-
sibility of combined SCLC. Therefore, afatinib
treatment was maintained.

Based on the histological transformation,
chemotherapy was added to the treatment strat-
egy, combining afatinib with chemotherapy to
target both the EGFR mutation and the aggres-
sive nature of SCLC.

Clinical and radiological deterioration
prompted a re-biopsy, which unexpectedly re-
vealed a reversion to adenocarcinoma. This tis-
sue was then subjected to genetic testing, where
the T790M mutation was identified alongside
the original EGFR mutation. This crucial find-
ing informed the shift to osimertinib, targeting
the T790M mutation.

However, the patient experienced further
disease progression with a notably short PFS.
In reviewing the patient's clinical course and
investigating potential causes, it is possible that
the tumor's complex resistance pattern, includ-
ing sequential resistance transformations, com-
bined with 2 histologic types of cancer cells,
contributed to the short PFS. While no addition-
al mutations such as C797S or MET amplifica-
tion, which are known to cause resistance, were
detected, the potential for other mechanisms
remains.

One study indicated that approximately 10-

12% of patients using osimertinib might devel-
op resistance due to cell cycle gene alterations
[25], which can also shorten PFS. Although we
found no evidence to confirm this in our patient,
it remains a plausible explanation. Furthermore,
due to the small biopsy sample, it was challeng-
ing to fully analyze the tumor's morphology.
There may still be a mixed histological compo-
nent, such as SCLC, which could also contrib-
ute to the shortened PFS.

These findings underscore the need for
comprehensive genetic and histological analy-
sis in understanding resistance mechanisms.
Further research is essential to develop effective
strategies for managing such complex cases of
lung cancer.

Conclusion

This case highlights the complexity of treat-
ing NSCLC amid various resistance mecha-
nisms. It underscores the necessity for ongoing
research to develop effective strategies to over-
come these challenges. Our study contributes
to a deeper understanding of NSCLC’s clinical
behavior and its management, emphasizing the
crucial role of personalized treatment strategies
in oncology. This study also reinforces the im-
portance of meticulous monitoring and periodic
biopsies to detect resistance after treatment.
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