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Safety and Feasibility of Radial Endobronchial
Ultrasound-guided Transbronchial Cryobiopsy without
Fluoroscopy in the Diagnosis of Lung Diseases

Yu-Chu Kuo', Biing-Ru Wu'?, Meng-Fang Shen', Wei-Chih Liao"*®, Chih-Yu Chen"?®,
Wei-Chun Chen"®, Chia-Hung Chen'**°, Wen-Chien Cheng"*®, Chih-Yen Tu"**

Introduction: Transbronchial lung cryobiopsy (TBLC) has emerged as a new
bronchoscopic procedure that can improve specimen quality to increase diagnostic yield in
various diffuse parenchymal lung diseases (DPLDs). We evaluated the safety and feasibility
of TBLC in combination with radial probe-endobronchial ultrasound (R-EBUS) to diagnose
DPLDs without fluoroscopy.

Methods: Patients with DPLDs who underwent R-EBUS without fluoroscopy to locate
target lesions and confirm the absence of adjacent vessels, followed by sampling with
conventional transbronchial lung forceps biopsy (TBLB) and TBLC, were enrolled from
January 2015 to March 2019.

Results: A total 21 patients with diffuse lung infiltrates and 13 patients with bilateral
pulmonary nodules/masses were analyzed. The overall diagnostic rate was 76.4% (26/34),
and the diagnostic yield increased from 44.1% with the TBLB to 70.6% after TBLC (p=0.023).
Compared to TBLB, TBLC provided a larger specimen and sample volume (38 mm® vs 6
mm?®; p<0.001). Eleven patients who initially had non-diagnostic results by TBLB received
a definite diagnosis after TBLC; eight of these patients were given a definite diagnosis of
interstitial lung disease (ILD) (p<0.001).

Conclusion: Compared to TBLB with R-EBUS guidance, TBLC with R-EBUS guidance
without fluoroscopy increased the diagnostic yield in patients with DPLDs, particularly in those
with ILD. (Thorac Med 2024; 39: 106-118)

Key words: Radial probe-endobronchial ultrasound, transbronchial lung cryobiopsy, transbronchial lung
forceps biopsy, interstitial lung diseases, peripheral lung lesion
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Introduction

Transbronchial lung cryobiopsy (TBLC)
has emerged as a new bronchoscopic procedure
that can yield an improved specimen size and
obtain crush artifact-free tissue compared with
transbronchial lung biopsy (TBLB) performed
with conventional forceps [1-4]. TBLC is used
to obtain a specimen from the lung parenchyma,
and is indicated for patients with diffuse paren-
chymal lung diseases (DPLDs). In the diagnosis
of interstitial lung disease (ILD), Pajares et al.
reported that TBLC provided a higher diagnos-
tic yield than TBLB (74% vs. 34%) [5]. With
regard to the application of TBLC for pulmo-
nary masses or nodules, specimens obtained
by TBLC have been shown to be consistently
larger than those obtained by TBLB. This is
preferential for mutation analysis and molecu-
lar testing, although no statistically significant
difference has been reported in the diagnostic
yield between TBLC and TBLB [6].

Although TBLC can provide a larger,
artifact-free tissue sample for diagnosis, there
have been concerns over a higher risk of bleed-
ing and pneumothorax compared to TBLB [7].
In recent years, radial probe-endobronchial
ultrasound (R-EBUS)-guided TBLC has been
used to identify target lung parenchyma with-
out adjacent blood vessels, and has been shown
to reduce the risk of bleeding. However, few
studies have assessed the feasibility and safety
of R-EBUS-guided TBLC in the diagnosis of
ILD and peripheral pulmonary lesions (PPLs).
Berim ef al. indicated that the simultaneous use
of R-EBUS and fluoroscopy could reduce the
risk of bleeding complications with TBLC in
patients with suspected ILD [8]. In addition,
Gnass et al. reported that the complication of

pneumothorax occurred in 1 patient (5%) and
mild bleeding in a few patients in diagnosing
ILD with a combination of TBLC and R-EBUS,
but there were no cases of moderate to severe
bleeding [9]. The diagnostic yield of R-EBUS
with TBLC in patients with ILD has been re-
ported to be around 80% [9-10]. The rate of
PPL diagnosis using R-EBUS with TBLC has
been reported to range from 62.5% to 83%,
with a moderate bleeding rate of 3% to 32% [11].
Abdelghani R ef al. indicated that the diagnos-
tic yield of R-EBUS with TBLC in subjects
with DPLDs was 92.5 %, and the complication
rate for pneumothorax and moderate bleeding
was 5% and 12.5%, respectively [12].

Most previous studies have been limited by
the lack of a control group. Only 1 study report-
ed that R-EBUS with TBLC significantly in-
creased the diagnostic yield in eccentrically and
adjacently orientated PPLs to 75%, compared
to 48% obtained via TBLB [13]. Therefore, we
conducted this retrospective study of 34 pa-
tients with diffuse lung infiltrates or PPLs who
underwent R-EBUS-guided TBLB, followed
by R-EBUS-guided TBLC. The purpose of this
study was to assess the efficacy and feasibility
of R-EBUS-guided TBLC in the diagnosis of
patients with diffuse lung infiltrates or PPLs,
and to identify those patients who would benefit
from R-EBUS-guided TBLC due to the larger
diagnostic yield compared to R-EBUS-guided
TBLB.

Patients and Methods

Between January 2015 and March 2019,
34 patients with diffuse lung infiltrates or PPLs
who underwent R-EBUS to locate target lesions
and confirm the absence of an adjacent vascular
structure, followed by sampling with conven-

Thorac Med 2024. Vol. 39 No. 2
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tional biopsy tools, including forceps, brushing
and washing, and cryobiopsy, at our institu-
tion, were included in this study. Diffuse lung
infiltrates on chest computed tomography (CT)
images may present as ground glass opacities,
reticular, and alveolar patterns. All procedures
were performed in our bronchoscopy room, and
bronchoscopy was performed under conscious
sedation with pulse oximeter and electrocar-
diogram (EKG) monitoring. The clinical data
of the patients, including age, sex, lesion loca-
tion, pathological diagnosis, image size, image
characteristics, specimen size, and complica-
tions were retrospectively analyzed. All authors
had access to information that could identify
individual participants after data collection.
This study was approved by the China Medical
University Hospital Institutional Review Board
(CMUH103-REC1-112), and written consent
was obtained from all patients.

All 34 patients underwent flexible bron-
choscopy (BF-1T260; Olympus; Tokyo, Japan)
with a transbronchial biopsy, and cryobiopsies
were performed according to the standard pro-
tocol of China Medical University Hospital
Interventional Pulmonology teams. The patients
received local anesthesia with 2% xylocaine
and conscious sedation with midazolam before
the procedure. EBUS was performed using
an endoscopic ultrasound system (EU-M30;
Olympus) and a 20-MHz miniature radial probe
(UM-S20-20R; Olympus). CT scans of all pa-
tients were performed prior to diagnostic bron-
choscopy. Neither navigation bronchoscopy nor
fluoroscopy was performed. The EBUS radial
probe was inserted into the target bronchus ac-
cording to the radiographic findings. Although
the patients with DPLDs were undergoing
TBLC, the use of fluoroscopy was suggested
to reduce the possibility of a pneumothorax

Thorac Med 2024. Vol. 39 No. 2

complication. However, fluoroscopy is not usu-
ally available in many institutions. We used R-
EBUS to locate the best area to decrease the
severity and the rate of complications.

The EBUS image presentations of the tar-
get lesions in diffuse lung infiltrates and PPLs
were as follows: concentric, eccentric, adjacent
isoechoic lesions, and blizzard patterns [14-15].
Once the target lesion had been identified on
EBUS, the EBUS probe was marked with color
tape against the orifice of the working channel
of the bronchoscope. The R-EBUS probe was
pulled out slowly. However, a guide sheath (GS)
was not used in our clinical practice; therefore,
the distance between the tip of the EBUS probe
and the color tape was measured. We verified
that the brushing, forceps, and cryoprobe were
in the same location as the R-EBUS probe,
based on the distance, and then sampling was
performed using the traditional diagnostic
method with a forceps biopsy and bronchus
washing.

We then performed a cryobiopsy with a
cryoprobe (ERBE Cryoprobe 1.9 mm diameter
or 2.4 mm diameter), with a uniform freezing
time of 4 seconds for each cryobiopsy. After
freezing, the cryoprobe and bronchoscope were
removed, with the frozen lung sample attached
to the probe. The frozen samples were then
thawed in normal saline and fixed in formalin.
Each patient had 3 transbronchial biopsies of
their lung lesions with forceps, and 1 to 2 with
the cryoprobe. The bronchoscope was reintro-
duced immediately to assess bleeding at the bi-
opsy site. Although the prophylactic placement
of the Fogarty balloon or a bronchial blocker
may mitigate the risk of bleeding during TBLC
and increase the safety of the procedure, they
were not available in our institution. We not
only used R-EBUS guidance to choose the op-
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timal area without a major vessel, but the pro-
phylactic instillation of diluted norepinephrine
was performed in most patients to reduc the rate
of severe bleeding after the procedure.

The severity of bleeding was based on
the Nashville Bleeding Scale, which is a new,
simple, objective, and hierarchically-graded
consensus classification for bleeding:

(1) Grade 1: Suctioning of blood required
for less than 1 minute;

(2) Grade 2: Suctioning for more than 1
minute or repeat wedging of the bronchoscope
for persistent bleeding or instillation of cold sa-
line, diluted vasoactive substances or thrombin
required;

(3) Grade 3: Selective intubation with an
endotracheal tube (ETT) or balloon/bronchial
blocker for less than 20 minutes, or premature
interruption of the procedure;

(4) Grade 4: Persistent selective intubation
>20 minutes or new admission to the ICU or
PRBC transfusion or need of bronchial artery
embolization or resuscitation [16].

After the procedure, the specimens were
sent to the Department of Pathology where they
were assessed by 2 independent pathologists.
The final diagnosis was reached through mul-
tidisciplinary discussion, including experts in
pulmonology, radiology, and lung pathology.

Statistical Analysis

The data were compiled and analyzed using
commercial statistical software MedCalc ver-
sion 15.6.1 (MedCalc, Mariakerke, Belgium).
All continuous variables were reported as mean
and standard deviation. Differences in continu-
ous variables were compared using the Mann-
Whitney U-test for non-normally distributed
data. Categorical variables were reported as the
number of patients and percentage. Differences

in categorical variables were examined using
the chi-square test or Fisher's exact test. McNe-
mar’s test was used to examine differences
in diagnostic yield between forceps biopsies
and cryobiopsies. Univariate and multivariate
analyses were performed to identify the clini-
cal factors associated with reaching a diagnosis
of DPLDs after adding cryobiopsy. All tests of
significance were 2-sided, and a p value < 0.05
was considered to be statistically significant.

Results

Thirty-four patients (21 men and 13 wom-
en) with a mean age of 60 years were included
in this retrospective study. Among them, 21
patients with diffuse lung infiltrates and 13 pa-
tients with bilateral PPLs were referred for R-
EBUS-guided TBLC. A definite diagnosis after
diagnostic bronchoscopy was established in 26
patients. Adenocarcinoma (9 patients) was the
most common pathological diagnosis, followed
by organizing pneumonia (7 patients). Invasive
mucinous carcinoma, pulmonary alveolar pro-
teinosis, and granulomatous inflammation were
diagnosed in 2 patients each. Lymphoma, IgG4
disease, cryptococcus, and leiomyosarcoma
were diagnosed in 1 patient each, and 8 pa-
tients had non-specific pathologic findings with
chronic inflammation (Table 1). The locations
of the biopsies are summarized in Table 2. The
bilateral lower lobe (12 patients) was the most
frequently biopsied site, followed by the right
upper lobe (5 patients), lingual lobe (4 patients),
and right middle lobe (1 patient).

Compared to TBLB with forceps, TBLC
provided a larger specimen and sample volume
(38 mm’ vs 6 mm’; p <0.001) (Figure 1). Biop-
sy specimens obtained with the cryoprobe were
considered to be diagnostic in 24 patients (24/34,

Thorac Med 2024. Vol. 39 No. 2
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Table 1. Baseline Clinical Characteristics and Final Pathology Report of the Study Subjects

Variable Value, N = 34
Age, years, median (IQR) 60 (52-70)
Sex (male), n (%) 21 (61.7)
Diffuse lung infiltration lesions, n (%) 21 (61.7)
Nodules or mass lesions, n (%) 13 (38.3)
Pathological diagnosis, n (%) 26 (76.4)
Invasive mucinous carcinoma 2 (5.8)
Adenocarcinoma 9 (26.4)
Lymphoma 1(2.9)
Organizing pneumonia 7 (20.6)
Pulmonary alveolar proteinosis 2(5.8)
IgG4 diseases 1(2.9)
Cryptococcus 1(2.9)
Granulomatous inflammation 2 (5.8)
Leiomyosarcoma 1(2.9)
Pathological non-diagnosis, n (%) 8(23.5)
Chronic inflammation 8 (23.5)
IQR: interquartile range
Table 2. Baseline Clinical Characteristics and Final Pathology
Report of the Study Subjects
Location N=34 50 — 38 mm’
p <0.001
Right upper lobe 45 —
RB1 2
RB2 3 7
Right middle lobe z 35
RB4 1 £ 304
Right lower lobe g 25
RB6 2 :c':
RBS 2 s 207
RBY 4 Fos
RB10 4 10 - 6mm?
Left upper lobe
Left lower lobe 0 | |
LB6 2 CB sample size FB sample size
LB 2 Fig. 2. CThe size of the biopsy specimens that were obtained with cryoprobe and
LB9 3 forceps. Compared to TBLB with forceps, TBLC provided a larger specimen and
LB10 5 sample volume (38 mm® vs 6 mm®, p < 0.001).

Thorac Med 2024. Vol. 39 No. 2

CB: cryobiopsy; FB: forceps biopsy
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70.6%), compared to 15 patients (15/34, 44.1%)
with forceps biopsies. The diagnostic yield
increased from 44.1% with the forceps biopsy
to 70.6% after adding cryobiopsy (p = 0.023).
Thirteen patients achieved a definite diagnosis
using both forceps biopsy and cryobiopsy; how-
ever, 8 patients had non-diagnostic results even
after a forceps biopsy and cryobiopsy. In 11
patients with initially non-diagnostic specimens
obtained by forceps biopsy, a definite diagnosis

Table 3. Diagnostic Yield of Crybiopsy (CB) and Forceps Biopsy (FB)

was achieved after adding cryobiopsy. Howev-
er, in 2 patients with initially definite diagnostic
specimens obtained by forceps biopsy, non-di-
agnostic specimens were obtained after adding
cryobiopsy (Table 3). Table 4 shows detailed
information on sample size and the diagnosis
of the 13 patients with inconsistent diagnostic
results with forceps biopsy and cryobiopsy.

The study patients were divided into 2
groups: (1) those with initially non-diagnostic

Cryobiopsy (CB)
Forceps . Diagnosed Non-diagnosed
Biopsy Diagnosed 13 2
(FB) Undiagnosed 11 8

CB Diagnosed: 70.6%; FB Diagnosed: 44.1%; A = 26.47%; p = 0.023

Table 4. Detailed Information on Sample Size and Diagnosis of the 13 Patients with Inconsistent Diagnostic Results with Forceps Biopsy and

Cryobiopsy. FB: Forceps Biopsy; CB: Cryobiopsy; PAP: Pulmonary Alveolar Proteinosis

FB samples FB non-diagnosed CB samples CB diagnosed
(mm’) (mm)
8 Chronic inflammation 30 1gG4 disease
12 Chronic inflammation 36 Organizing pneumonia
1 No specific change 40 Organizing pneumonia
12 Chronic inflammation 6 Granulomatous disease
4 Chronic inflammation 50 PAP
1 Interstitial fibrosis 40 Organizing pneumonia
12 No diagnosis 45 Adenocarcinoma
8 Chronic inflammation 96 Organizing pneumonia
2 Chronic inflammation 36 Large B cell lymphoma
1 Chronic inflammation 9 PAP
10 Chronic inflammation 48 Organizing pneumonia
FB samples FB diagnosed CB samples CB non-diagnosed
(mm®) (mm’)
27 Fungal infection 72 Chronic inflammation
4 Adenocarcinoma 48 Interstitial fibrosis

Thorac Med 2024. Vol. 39 No. 2
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specimens by forceps biopsy who then had a
definite diagnosis after adding cryobiopsy; (2)
those who still had the same diagnostic results
or non-diagnostic specimens after adding cryo-
biopsy (Table 5). The only variable that was
significantly different between these 2 groups
was the diagnosis of ILD (13% vs 81.8%; p <
0.001). There were no significant differences
in other variables, including initial image pre-
sentation (diffuse lung infiltration or nodules/
masses), size of the target lesion on CT scan,
characteristics of the EBUS image (concentric
or eccentric/adjacent), diagnosis of malignant
disease, and size of specimen (forceps biopsy
or cryobiopsy) between the 2 groups. After
univariate and multivariate analysis, the diag-

nosis of ILD was the only clinical factor related
to having a diagnosis of DPLDs after adding
cryobiopsy. These results suggested that adding
cryobiopsy increased the diagnostic yield in pa-
tients with ILD.

With regard to the safety of the technique,
2 patients had pneumothorax which resolved
after chest tube drainage, and the patients were
subsequently discharged. In total, 5 (14.7%)
patients had Grade 1 bleeding, and 28 (82.3%)
had Grade 2 bleeding. All cases of bleeding
were controlled by instillation of diluted norepi-
nephrine or ice-cold saline (Table 6). No severe
complications were recorded after the proce-
dure.

Table 5. Clinical Basic Characteristics of These 2 Groups: (1) Those with Initially non-Diagnostic Specimens by Forceps Biopsy who Then had
a Definite Diagnosis After Adding Cryobiopsy; (2) Those who Still had the Same Diagnostic Results or non-Diagnostic Specimens After Adding
Cryobiopsy.

Univariate analysis Multivariate analysis

No change with Change with

Clinical characteristics CB (n=23) CB (n=11) p-value OR(G5% Cl) _ pvalue OR (5% C1)  pvalue
CT image characteristics 0.139  4.13(0.73-23.4) 0.083 P value
Diffuse lung infiltrates 12 (52.2%) 9 (81.8%)

Nodules or mass 11 (47.8%) 2 (18.2%) 124.073 0.012
Lesion size of biopsy (cm) ~ 4.57 (2.48-5.58) 3.65(2.05-4.87) 0.507 0.94 (0.69-1.27)  0.699 0.031
EBUS image characteristics 0.271 2.89(0.50-16.58) 0.207  3.71(0.34-40.01)  0.279
Concentric 14 (60.9%) 9 (81.8%)

Eccentric/adjacent 9 (39.1%) 2 (18.2%)

The final diagnosis

Diagnosis of malignancy 11 (47.8%) 2 (18.2%) 0.139  0.24 (0.04-1.37)  0.085 - -

Definite diagnosis of ILD 3 (13%) 9 (81.8%) <0.001 30 (4.24-211.8) <0.001 33.64 (4.75-272.4)  0.001
Sample size

CB sample size (mm3) 36 (24-57.5) 40(31.5-47.2) 0926 0.99(0.97-1.02)  0.739 1.01(0.97-1.04)  0.713
FB sample size (mm3) 6 (4-9.5) 8 (1.3-11.5) 0.810  0.96 (0.85-1.07)  0.476 - -

EBUS: endobronchial ultrasound; FB: forceps biopsy; CB: cryobiopsy; ILD: interstitial lung diseases; continue variable presented as median with
interquartile range; DPLDs: diffuse pulmonary lung diseases; OR: odds ratio; CI: confidence interval

Thorac Med 2024. Vol. 39 No. 2
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Table 6. Complications After Transbronchial Lung Forceps Biopsy
and Transbronchial Lung Cryobiopsy

Patients, n=34 After biopsy
Complication
Bleeding
Grade 1 5 (14.7%)
Grade 2* 28 (82.3%)
Grade 3 0 (0%)
Grade 4 0 (0%)
Pneumothorax 2 (5.8%)

Grade 1: Suctioning of blood required for less than 1 minute.

Grade 2: Suctioning for more than 1 minute required or repeat wedg-
ing of the bronchoscope for persistent bleeding or instillation of cold
saline, diluted vasoactive substances or thrombin.

Grade 3: Selective intubation with endotracheal tube (ETT) or bal-
loon/bronchial blocker for less than 20 minutes, or premature inter-
ruption of the procedure.

Grade 4: Persistent selective intubation > 20 minutes or new admis-
sion to the ICU or PRBC transfusion or need for bronchial artery
embolization or resuscitation.

*Prophylactic instillation of diluted norepinephrine was performed

in most patients with mild bleeding.

Discussion

The current study showed that the addi-
tion of R-EBUS-guided TBLC to conventional
TBLB increased the diagnostic yield from
44.1% to 70.6%, especially in patients with a
diagnosis of ILD. In 11 patients with initially
non-diagnostic specimens obtained by TBLB,
a definite diagnosis was achieved after adding
TBLC. Among these patients, 8 were ultimately
diagnosed with ILD. Cryobiopsy provided
larger tissue specimens than forceps biopsy (38
mm’ vs 6 mm’; p < 0.001), without uncontrolled
complications such as near-fatal pneumothorax
and bleeding.

Few studies have investigated R-EBUS-
guided TBLC for diffuse lung infiltrates and
PPLs. The novel method of combining R-EBUS

and TBLC can be advantageous for patients
with diffuse lung infiltrates and pulmonary
masses/nodules by increasing the diagnostic
yield. In 2013, Schuhmann et al. were the first
to report the use of R-EBUS-guided TBLC in
pulmonary masses/nodules. They reported that
the specimen obtained by TBLC (11.17 mm®)
was significantly larger than that obtained by
TBLB (4.69 mm®) (p < 0.001). However, there
was no significant difference in the diagnostic
yield between TBLC (23/31; 74.2%) and TBLB
(19/31; 61.3%) (p = 0.42) [6]. In addition, Ar-
mura et al. reported that TBLC could provide
specimens of sufficient quantity and quality for
DNA sequencing by Next Generation Sequenc-
ing (NGS), with diagnostic accuracy rates of
87% for TBLC and 82.6% for TBLB [17]. Hi-
bare et al. reported diagnostic accuracy rates
of 67.9% (19/28) in patients with PPLs with R-
EBUS-guided TBLC and 75% (21/28) in those
with R-EBUS-guided TBLB. The difference in
diagnostic yield was not statistically significant
(p = 0.562) [18]. However, Kho SS et al. re-
ported that TBLC under R-EBUS guidance in-
creased the diagnostic yield in eccentrically and
adjacently orientated PPLs to 75%, compared
to 48% obtained via forceps biopsy [13].

When noninvasive modalities such as
laboratory data and imaging findings cannot
be used to make a definite diagnosis, surgical
lung biopsy (SLB) should be done following a
multidisciplinary discussion on ILD, especially
fibrotic ILD. TBLC has recently emerged as an
alternative diagnostic tool, with lower mortality
and morbidity compared with SLB [19], and a
higher diagnostic yield than TBLB [5]. The di-
agnostic yield of TBLC needed to diagnose ILD
has been reported to range from 66% to 86%
[19-21]. A meta-analysis assessed the perfor-
mance of TBLC for diagnosing diffuse lung in-
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filtrate diseases, and showed a diagnostic yield
of 72.9% with a mean tissue size of 23.4 mm?2
[22]. The diagnostic yield seems to be reason-
able, but safety concerns have been raised.
Nevertheless, few studies have investigated
R-EBUS-guided TBLC for ILD. Gnass et al.
reported a diagnostic yield of 80% in patients
with ILD using a combination of R-EBUS and
TBLC [9]. Another study indicated that the
diagnostic yield of R-EBUS with TBLC in pa-
tients with DPLDs was as high as 92.5% [12].

In the current study, the diagnostic yield
increased from 44.1% with a forceps biopsy to
70.6% after adding cryobiopsy. In order to iden-
tify the patients who may benefit from TBLC,
we divided them into 2 groups: (1) those with
initially non-diagnostic specimens by forceps
biopsy who then had a definite diagnosis after
adding cryobiopsy; and (2) those who still had
the same diagnostic results or non-diagnostic
specimens after adding cryobiopsy. The only
significant difference between the 2 groups was
the proportion of ILD patients (81.8% in group
1 vs. 13% in group 2; p < 0.001). There were
no significant differences in the type of image
presentation (diffuse lung infiltrates or PPLs),
characteristics of the EBUS image (concentric
or eccentric/adjacent), lesion size, or tissue
sample size, or in patients with lung malig-
nancy between the 2 groups. Therefore, for pa-
tients suspected of having a diagnosis of ILD,
cryobiopsy can increase the diagnostic yield.
This is consistent with previous studies which
showed a better diagnostic rate with TBLC than
with TBLB in patients with ILD, but not in pa-
tients with pulmonary nodules/masses [6, 11,
23]. This may be because cryobiopsy provided
a larger specimen than forceps biopsy in this
study (38 mm3 vs 6 mm3; p < 0.001), which is
also consistent with a previous study [22].
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In the current study, 5 patients had non-
specific pathological findings of chronic in-
flammation based on the forceps biopsy, and
were ultimately diagnosed as having organiz-
ing pneumonia after adding cryobiopsy. We
reviewed the pathologic picture of these pa-
tients, and the presence of Masson bodies in the
cryobiopsy specimens was the key factor from
which a definite diagnosis of organizing pneu-
monia was made. This can be explained by the
fact that Masson bodies can be seen easily on
larger cryobiopsy tissue specimens compared to
forceps biopsy tissue specimens.

In reviewing the CT images of patients en-
rolled in our study, it was observed that those
diagnosed with ILD presented various patterns,
such as reticular, bilateral consolidations, or
mass/nodules. The diverse range of CT image
presentations in ILD might explain the absence
of a significant difference in diagnostic yield
between TBLB and TBLC, based on CT image
characteristics. Although there was no statisti-
cally significant difference found in univari-
ate analysis for CT image characteristics in
diagnostic yield between TBLB and TBLC, a
noticeable trend emerged. In patients who got
different diagnoses between TBLB and TBLC,
81.8% exhibited diffuse lung infiltrates in CT
images, while 18.2% showed nodules or masses
in their CT images. It appeared that patients
with CT images displaying diffuse lung in-
filtrates tended to benefit more in obtaining a
diagnosis from TBLC. This outcome might be
attributed to the limited number of patients in
this study. A larger study with a higher number
of cases is required for further investigation.

The complication rate of TBLC without
R-EBUS for patients with ILD has been report-
ed to be relatively high, with pooled estimates
for moderate to severe bleeding and pneumo-
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thorax of 39% and 12%, respectively [24].
Another study reported incidence rates of sig-
nificant bleeding and pneumothorax of 14.2%
and 9.4%, respectively [22]. Abdelghani R et
al. reported the incidence of pneumothorax and
moderate bleeding were 5% and 12.5%, respec-
tively [12]. For patients with PPLs, the compli-
cation rate with TBLC has been reported to be
relatively lower, compared to patients with ILD
[11]. The purpose of combining R-EBUS guid-
ance with TBLC is not only to reduce the bleed-
ing rate by locating lung parenchyma without
adjacent major vessels, but also to decrease the
occurrence of pneumothorax.

Gnass et al reported a case series of 20 pa-
tients with ILD who underwent R-EBUS-guid-
ed TBLC, in which only 1 patient (1/20) had
minor bleeding, and 1 (1/20) had pneumothorax
[9]. In addition, the bleeding rate was lower
than in those with ILD without R-EBUS-guided
TBLC. In the current study, 2 patients (5.8%)
had pneumothorax and required chest tube
drainage, and 28 (82.3%) had Grade 2 bleeding,
which was controlled by instillation of diluted
norepinephrine or ice-cold saline. The com-
plication rate in our study seems to be higher,
which can be explained by the prophylactic in-
stillation of diluted norepinephrine in the most
of our patients, to reduce the severe bleeding
after the procedure. Based on the newly devel-
oped bleeding scale (Nashville Bleeding Scale)
[16], more of these patients were classified as
having Grade 2 bleeding. In the current study,
there were no near-fatal complications after re-
ceiving TBLC followed by TBLB with flexible
bronchoscopy under R-EBUS guidance without
fluoroscopy.

In this study, there were 2 patients in
which only forceps biopsy was successful in
making a definite diagnosis: 1 who was diag-

nosed with a fungal infection, and the other
with adenocarcinoma. Both patients had larger
specimens with cryobiopsy than with forceps
biopsy. Dislocation of the cryoprobe is a pos-
sible explanation for these cases, because we
did not recheck with EBUS before performing
cryobiopsy. Therefore, we suspect that a techni-
cal error caused the negative cryobiopsy result
in these 2 patients. In our protocol, we did not
use a GS to locate the target lung lesion, which
may have contributed to sampling errors. The
use of TBLC or TBLB via a GS may overcome
this issue.

There are several limitations to this
study. First, it was performed at a single tertiary
referral medical center and included a small
number of patients. Therefore, the results may
not be generalizable to other patient popula-
tions. Second, the study was retrospective in
nature, and there may have been selection bias.
Third, there was no control group because
every patient received both a forceps biopsy
and cryobiopsy under R-EBUS. Therefore, we
could not differentiate safety data and ascribe
the complication to one of the techniques. In
addition, we could not conclude that R-EBUS-
guided TBLB or TBLC could reduce the com-
plication rate in patients with DPLDs. Fourth,
prophylactic placement of a Fogarty balloon or
bronchial blocker was recommended in TBLC
in order to control bleeding, especially in cases
with flexible bronchoscopy, when immediate
tamponade was not possible [25-26]. However,
the Fogarty balloon or a bronchial blocker were
not available in our institution. To avoid severe
bleeding, we not only used R-EBUS to locate
the target lesions without a major blood vessel
[27], but also used prophylactic instillation of
diluted norepinephrine in the most of our pa-
tients. The life-threatening complication rate in
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our study was low, and R-EBUS-guided TBLC
appeared to be safe. Fifth, TBLC with fluo-
roscopic guidance is highly recommended to
reduce the complication rate of pneumothorax
[28], because we can know the proximity of the
cryoprobe to the pleural surface, and the probe
should be retracted 1 cm. However, fluoroscopy
was not available in our institutions. We used
R-EBUS to localize the optimal biopsy site by
echogenic features. Only 2 patients had pneu-
mothorax after the TBLC in our study. Chang
et al. reported that R-EBUS-guided TBLC
without fluoroscopy is a feasible technique to
biopsy PPLs [10]. Finally, we did not use a GS
to locate the target lung lesion in our protocol,
which may have influenced the diagnostic rate
with this novel method.

Conclusion

Compared to R-EBUS-guided TBLB, R-
EBUS-guided TBLC in patients with DPLDs
can increase the diagnostic yield due to the
larger specimens and preserved architecture,
particularly in patients with a diagnosis of ILD.
The life-threatening complication rate was low
in this study. R-EBUS guidance can be an al-
ternative method to choose the optimal area for
cryobiopsy at institutions without fluoroscopy.
However, further large-scale prospective trials
in a randomized setting are needed.

Acronyms

TBLC = transbronchial lung cryobiopsy;
DPLDs = diffuse parenchymal lung diseases;

R-EBUS = radial probe-endobronchial ul-
trasound; TBLB = transbronchial lung forceps
biopsy; ILD = interstitial lung disease; PPLs =
peripheral pulmonary lesions; CT = computed
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tomography; EBUS = endobronchial ultra-
sound; GS= guide sheath; ETT= endotracheal
tube.
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Does High-Dose Intravenous Vitamin C Improve the
Outcomes of Patients with Septic Shock? A Case
Series Report

Juo-Chen Ting', Chieh-Jen Wang',”, Chao-Hsien Chen', Jou-Chun Wu',
Mei-ling Lin?, Tai-Ting Su® Chang-Yi Lin'

Background and objective: Septic shock remains a major cause of morbidity and
mortality in intensive care units, despite the availability of therapeutic interventions. Some
preliminary studies have suggested that high doses of intravenous vitamin C (IVVC)
combined with hydrocortisone and thiamine may improve clinical outcomes. However,
subsequent randomized trials have reported conflicting results. The aim of this study was to
present our experience in using high-dose IVVC for patients with septic shock.

Methods: In this retrospective observational study, we enrolled patients diagnosed
with septic shock who received high-dose IVVC within 3 days of the diagnosis. The primary
outcomes were hospital mortality and severity of organ dysfunction on Day 3.

Results: A total of 26 patients were enrolled. These patients had higher mortality than
expected and limited improvement in organ function on Day 3 after enrollment. Moreover,
patients who received IVVC = 6 g/day had worse outcomes.

Conclusion: The routine use of high-dose vitamin C is not recommended in patients with
septic shock. (Thorac Med 2024; 39: 119-128)
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Key words: Vitamin C; thiamine; hydrocortisone; critical illness; septic shock; mortality

Introduction

The mortality rate of septic shock patients
remains high, despite the availability of sev-
eral interventions [1]. Patients with sepsis have
reduced serum levels of antioxidants, most
notably vitamin C [2]. Physiologically, vitamin
C downregulates pro-inflammatory cytokines,

maintains the endothelial barrier, and facilitates
the production of catecholamines, vasopressin,
and cortisol [3]. Considering its low level in
critically ill patients, vitamin C supplementa-
tion in patients with septic shock could theo-
retically be beneficial. Malik et al. [4] first
reported the therapeutic efficacy of high-dose
intravenous vitamin C (IVVC) in combination
with thiamine and hydrocortisone in severe
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sepsis patients. They found that this combina-
tion therapy could reduce hospital mortality and
prevent progressive organ dysfunction. How-
ever, subsequent randomized-controlled trials
(RCTs) [5-9] have reported conflicting results.
Several RCTs [6-9] showed no significant re-
duction in mortality, and a large RCT [5] even
reported worse outcomes in patients with septic
shock who received high-dose IVVC. In con-
trast, recent meta-analyses [10-14] have shown
that high-dose IVVC as monotherapy may be
associated with improved overall survival. Due
to these conflicting results, the use of IVVC re-
mains controversial.

At MacKay Memorial Hospital (MMH),
the combination of IVVC, thiamine, and ste-
roids, referred to as the SBC combination, is
used in shock resuscitation for selected patients.
The Shockway algorithm shown in Figure 1 is
the standard management protocol for patients
with circulatory shock at our hospital. Briefly,
all patients with shock and/or metabolic failure
receive adequate fluid resuscitation and vaso-
pressor/inotropic support until these interven-
tions fail to resolve the shock status. Patients
remaining at this stage are considered refractory
to usual circulatory manipulation, and subse-
quently the SBC combination becomes a treat-
ment option. In this study, we retrospectively
analysed the clinical outcomes of septic shock
patients who received high-dose IVVC.

Methods

In this retrospective observational study, we
enrolled patients diagnosed with septic shock
who received high-dose IVVC (definedas>1 g
per day). Septic shock was defined as having an
infection leading to shock status with lactate >
2 mmol/L despite adequate fluid resuscitation,

Thorac Med 2024. Vol. 39 No. 2

and requiring vasopressors for hemodynamic
support [15]. Patients not meeting the definition
of septic shock or having concomitant shock
due to other etiologies were excluded. Patients
receiving IVVC beyond 3 days after the onset
of septic shock and those who were not cared
for by internal medicine specialists were also
excluded.

The primary outcomes were hospital mor-
tality and severity of persistent organ dysfunc-
tion (defined as the Sequential Organ Failure
Assessment (SOFA) score on Day 3). The sec-
ondary outcomes were length of intensive care
unit (ICU) stay among those who survived, du-
ration of vasopressor use, and use of continuous
renal replacement therapy (CRRT). Changes in
the partial pressure of arterial oxygen (PaO,)/
fraction of inspired oxygen (FiO,) ratio from
Day 0 to Day 3 were also used to evaluate or-
gan dysfunction.

The chi-squared test or Fisher’s exact test
was used to compare the frequencies of cat-
egorical variables. Continuous variables with
a normal distribution were reported as mean
+ standard deviation, and non-normally dis-
tributed variables were reported as median
(interquartile range). The normality of the dis-
tribution of continuous variables was examined
using the Shapiro—Wilk test. Two normally
distributed continuous variables were compared
using independent samples t-tests or paired t-
tests, if related. The Mann-Whitney U test and
Wilcoxon test were used to compare 2 groups
of non-normally distributed variables. All p-
values were 2-sided, and a value < 0.05 was
considered statistically significant. All analyses
were performed using MedCalc version 20.016
for Windows (MedCalc Software Ltd, Ostend,
Belgium).
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SHOCKWAY AT MMH

Mean arterial pressure (MAP) < 60 mmHg and/or
Clinically suspected peripheral tissue hypoperfusion and
Lactate > 2 mmol/L (= 18.4 mg/dL)

l Yes

Any other probable causes? Treat underlying disease

1No

Fluid resuscitation with crystalloid 20-30 ml/kg
if never given before

Response

1 No Response

Consider PiCCOY or FloTrac# setup

Insert a central line and obtain ScvO, Consider starting vesopressor use

! l

Hemoglobin > 7 g/dL &= Scv0, < 70% Scv0, = 70%
No 1 Yes 1 1
Transfusion Consider T DO, p— Check blood gas >  Hypoxemia —{ T FiO, and/or T PEEP

}

Calculate APCO,||

| !

APCO, = 6 mmHg APCO, < 6 mmHg

]

PiCCOY or FloTrac# setup Manioulati . irculation is likely ineffecti
If fluid responsive, as either anipulating microcirculation is likely ineffective

1. PPV/SVV > 0.89 Consider steroid or SBC combination (as below)

——— . T S
. Yes 2. Straight | ising test: [Vitamin C 3 g Q6H + thiamine 200 mg Q12H +
Fluid management | raight ‘eg raising tes hydrocortisone 50 mg Q6H] for 96 hours or
accordingly SVorCIT>12% until ICU discharge
3. PPVorSVV T>12%

SR

1. Confirm no other cause
. Source control
3. Observation

Dobutamine test 5-10 mg/kg/min

. . —
- Stop if HR > 130 bpm or CPI9 doesn’t increase

N

Fig. 1. Shockway Algorithm. Shock patients who are refractory to usual circulatory manipulation would be considered to receive the SBC
combination*. Acronyms: ScvO,, central venous oxygen saturation; DO,, oxygen delivery; FiO,, fraction of inspired oxygen; PEEP, positive end
expiratory pressure; Q6H, every 6 hours; Q12H, every 12 hours.

* SBC combination = [Vitamin C 3 g Q6H + thiamine 200 mg Q12H + hydrocortisone 50 mg Q6H] for 96 hours or until ICU discharge.

9§ PiCCO (Pulse index Continuous Cardiac Output) is a cardiac output monitor that combines pulse contour analysis and a transpulmonary
thermodilution technique. Cardiac output is the product of the heart rate (HR) and the stroke volume (SV), and cardiac index (CI) is the cardiac
output divided by the body surface area. Stroke volume variation (SVV) and pulse pressure variation (PPV) are percentage values predicting fluid
responsiveness. Cardiac power index (CPI) is the product of pressure (MAP) and flow (CI), representing the power of left ventricular cardiac
output.

FloTrac is a cardiac output monitor that uses pulse contour analysis to calculate cardiac output and other derived parameters, including stroke
volume (SV), stroke volume variation (SVV), and pulse pressure variation (PPV).

APCO, is the central venous-to-arterial CO, difference, which is calculated from simultaneous sampling of central venous blood from a central
vein catheter and arterial blood. An increased APCO, (> 6 mmHg) suggests that blood flow might not be sufficient to remove global CO,
production from peripheral circulation, and thus could be used to guide fluid management.

e
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Results

From January 1, 2021 to July 29, 2022,
61 patients who received high-dose IVVC for
various purposes were identified in the MMH
database. Thirty-five of these patients did not
meet the inclusion criteria and were excluded.
Among the 26 enrolled patients, 12 received
IVVC < 6 g/day, and 14 received IVVC > 6
g/day (see Figure 2). Steroids and thiamine
were administered to most patients, except for
1 patient who did not receive thiamine and 3
who did not receive either. The patients' char-
acteristics are presented in Table 1 and the
clinical outcomes are shown in Table 2. All of
the patients received mechanical ventilation
on ICU admission. The hospital mortality rate
was 73.1%, with a median change in SOFA
score on Day 3 of only 1.3. The patients who

Patients received vitamin C> 1 g/day, n = 61

died tended to be younger, have a higher SOFA
score and lower inflammatory markers on day
0, and receive a higher dose of IVVC (see Table
1). However, none of these reached statisti-
cal significance. The demand for vasopressors
gradually decreased and the PaO,/FiO, ratio
gradually increased from Day 0 to Day 3 (see
Figure 3). When comparing the patients who
received IVVC > 6 g/day and < 6 g/day, there
were no significant differences in baseline age,
sex, comorbidities, and disease severity (SOFA
score and Acute Physiologic and Chronic
Health Evaluation [APACHE] II score), but a
higher mortality rate (85.7%, p=0.1904), longer
vasopressor use (72.5 days, p=0.1984), and lon-
ger ICU stay (17 days, p=0.3809) were found in
those who received IVVC > 6 g/day (Figure 4).
Again, none of these reached statistical signifi-
cance.

Patients did not meet the definition of septic shock or

have concomitant shock due to other etiologies, n = 11

Patients did not receive vitamin C within 3 days of the

diagnosis of septic shock, n =10

Patients were not cared for by internal medicine

specialists, n = 14

Patients received vitamin C< 6
g/day, n=12

Patients received vitamin C > 6
g/day,n=14

Fig. 2. Study flowchart

Thorac Med 2024. Vol. 39 No. 2
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Table 1. Patient Characteristics

Non-survivors

Total (n=26) Survivors (n=7) (n=19) p value

Age, year, mean = SD 67.8+10.3 74.149.4 65.5+9.9 0.0579
Male/female, no. 15/11 4/3 11/8
SOFA score, mean = SD 10.8+3.1 9.9+1.3 11.2+£3.5 0.1677
APACHE II score, mean = SD 25.744.8 25.6+£5.5 25.7+4.6 0.92
Dose of vitamin C, g/day, median (IQR) 6.0 (2.0-8.0) 2.0(2.0-5.3) 6.0 (2.1-11.0) 0.0948
Comorbidity, no. (%)

Hypertension 13 (50.0%) 4 (57.1%) 9 (47.4%) >0.9999

Diabetes mellitus 6 (23.1%) 1 (14.3%) 5(26.3%) >0.9999

CKD stage 5 or ESRD 2 (7.7%) 0 (0.0%) 2 (10.5%) >0.9999

COPD 2 (7.7%) 0 (0.0%) 2 (10.5%) >0.9999

Coronary artery disease 4 (15.4%) 2 (28.6%) 2 (10.5%) 0.287

Heart failure 2 (7.7%) 2 (28.6%) 0 (0.0%) 0.0646

Cerebrovascular disease 2 (7.7%) 0 (0.0%) 2 (10.5%) >0.9999

Liver cirrhosis 2 (7.7%) 1 (14.3%) 1 (5.3%) 0.4738

Cancer 10 (38.5%) 3 (42.9%) 7 (36.8%) >0.9999
Laboratory data

CRP, mg/dL, mean = SD 19.8+13.7 23.1+10.3 18.4+14.9 0.461

14.55 153 10.10
WBC, 1073/uL, median (IQR) (4.70-16.8) (14.67-20.72) (12.25-16.70) 0.0994
Procalcitonin, ng/mL, median (IQR) 25.3-61 0) ?‘?"5_129'1) (91..37-58.5) 0.495
1. 41. 1.

Lactate, mg/dL, median (IQR) 3248.;5-77.8) (24:.;9-59.6) ?24.76-83.0) 0.8851
Infection focus, no (%)

Pneumonia 14 2 (28.6%) 12 (63.2%)

Intra-abdominal infection 9 4 (57.1%) 5(26.3%)

Urinary tract infection 3 1 (14.3%) 2 (10.5%)

Acronyms: SD, standard deviation; SOFA, Sequential Organ Failure Assessment; APACHE, Acute Physiologic and Chronic Health Evaluation;

IQR, interquartile range; CKD, chronic kidney disease; ESRD, end-stage renal disease; COPD, chronic obstructive pulmonary disease; ABG, arte-

rial blood gas; CRP, C-reactive protein; WBC, white blood cell.

* SOFA scores were calculated from the worst values corresponding to 6 organ systems, ranging from 0 to 24, with higher scores indicating more
severe organ dysfunction.

9 APACHE II scores range from 0 to 71, with higher scores indicating greater disease severity and a higher risk of death.
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Table 2. Primary and Secondary Outcomes

Primary Outcomes

Total (n = 26)

Hospital mortality, no. (%)

Change in SOFA score on day 3, mean + SD
Secondary Outcomes

ICU LOS, median (IQR), day

Duration of vasopressor use, median (IQR), hour

CRRT use, no. (%)

19 (73.1)
13450

15 (8.8-25)
54 (34-91)
8 (30.8)

Acronyms: SOFA, Sequential Organ Failure Assessment; SD, standard deviation; ICU, intensive care unit; LOS, length of stay; IQR, interquartile

range; CRRT, continuous renal replacement therapy.

Patients using

vasopressors
100.0%
100% 92.3%« 92.3%«
80%
57.7%
60%
40%
20%
0%
Day 0 Day 1 Day 2 Day 3

P/F ratio
450}
4001
350}
300} *
250 .

3
200} 3
1501 H
100} i
501
oL ! ! )
Day 0 Day 1 Day 2 Day 3

for—qew tmee o4

1

Fig. 3. Left, percentage of vasopressor use. Right, PiO,/FiO, (P/F) ratio from Day 0 to Day 3, median and interquartile range.

Discussion

The mortality rate among our patients was
high, and there was limited improvement in
the SOFA score on Day 3, reflecting minimal
effects on organ improvement. One possible
explanation for the poor outcomes may be re-
lated to patient selection. The enrolled patients
followed the Shockway algorithm during hos-
pitalization, indicating that they had refractory
septic shock despite adequate fluid resuscitation

Thorac Med 2024. Vol. 39 No. 2

and vasopressor support before IVVC treat-
ment. This may have contributed to selection
bias, and consequently the higher mortality
rate. Nevertheless, our findings are consistent
with recent RCTs [5-9], which demonstrated no
beneficial effect with vitamin C use, whether
as monotherapy or in combination therapy, in
adult patients with septic shock.

To date, the LOVIT trial [5] is the largest
RCT on IVVC in septic patients. It enrolled
863 patients and randomized them to receive
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P=0.1984~

72.5.

P=0.3809~

17 (n=12)

P=0.1904~

M Vit.C < 6 g/day

Hospital
mortality, n

Change in SOFA
score on Day 3

ICU LOS, d

M Vit.C >= 6 g/day
(n=14)

Duration of
vasopressor use, h

Fig. 4. Comparison of patients who received vitamin C < 6 g/day and those who received > 6 g/day. This shows a higher mortality rate, longer

vasopressor use, and longer ICU stay for those receiving vitamin C of > 6 g/day, though none achieved statistical significance. Acronyms: SOFA,

Sequential Organ Failure Assessment; ICU, intensive care unit; LOS, length of stay; Vit.C, vitamin C.

either 200 mg/kg/day IVVC or placebo for 4
days. They found that the patients who received
IVVC had a higher risk of death or persistent
organ dysfunction at 28 days than those who
received the placebo. However, recent meta-
analyses [10-14] have suggested that IVVC as
monotherapy was associated with a significant
reduction in overall mortality. Due to these con-
flicting results, the use of IVVC remains con-
troversial. Hence, the current Surviving Sepsis
campaign guidelines [16] do not recommend
IVVC in adults with sepsis or septic shock.
The European Society for Clinical Nutrition
and Metabolism (ESPEN) guideline [17] on
clinical nutrition in intensive care also does not
recommend [VVC without proof of vitamin C
deficiency. The American Society for Parenteral

and Enteral Nutrition (ASPEN) guidelines [18]
do not specifically comment on the supplemen-
tation of single vitamins, but a more detailed
consideration of this topic has been proposed.
Theoretically, vitamin C supplementation
should have many beneficial effects in criti-
cally ill patients [3], however real-world data
do not support its use. The possible side effects
of vitamin C include nephrolithiasis [19], acute
kidney injury [20], acute hemolysis [21], and
hypoglycemia [22]. However, since very few
events have been reported [23], these complica-
tions are less likely to contribute to the worse
outcomes in IVVC treatment, as demonstrated
by the LOVID trial [5]. Some researchers have
proposed the idea of a “‘rebound effect’ due
to the abrupt termination of high-dose IVVC

Thorac Med 2024. Vol. 39 No. 2
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[24-25]. Hemila and Chalker [26] conducted a
secondary analysis of the LOVIT trial [5], and
found that the increased mortality in the vitamin
C arm was not explained by ongoing vitamin
C administration, but by the abrupt termination
of vitamin C treatment. This suggests that high-
dose vitamin C per se may not be harmful, and
that a tapered dose is possibly needed following
high-dose administration of vitamin C. Further
studies are warranted to verify this issue.

The debate over whether combination ther-
apy or vitamin C monotherapy is superior also
remains controversial. In experimental settings,
adding steroids to IVVC has shown a synergis-
tic effect in reducing inflammation by increas-
ing the expression of sodium-coupled vitamin
C transporter 2, thereby facilitating the uptake
of vitamin C into cells [27-28]. The addition
of thiamine to the combination aims to prevent
oxalate accumulation, a risk factor for nephroli-
thiasis secondary to calcium oxalate stones [29].
Thiamine deficiency is also common in septic
patients and is associated with increased mortal-
ity [30]. Therefore, combination treatment was
initially adopted by Malik et al [4], and later
in several RCTs [7-9]. However, recent meta-
analyses [10-14] have shown a mortality benefit
only with IVVC monotherapy, but not combina-
tion therapy. In addition, Lee and colleagues [11]
found that this mortality benefit was observed
only in patients with a higher baseline mortality
risk. In other words, IVVC monotherapy may
be beneficial only when the patient is severely
ill. Even though our patients had a very high
baseline risk of mortality, as indicated by an
average SOFA score > 10 on Day 0, there was
barely any survival benefit following IVVC,
possibly because the patients received combina-
tion therapy, rather than vitamin C monother-
apy. Nevertheless, future studies are needed to
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confirm the treatment effect of IVVC in patients
with different baseline risks of mortality.

In this study, we observed that patients
who received IVVC > 6 g/day had an increased
mortality rate and prolonged organ dysfunction
compared to those who received IVVC < 6 g/
day. This raises the question of the optimal dose
in high-dose IVVC therapy. Previous studies
have used heterogeneous methodologies and
variable dosing, such as 50 mg/kg every 6 hours
[5], 1.5-2 g every 6 hours [7-9], or a 1 g bolus
followed by continuous infusion at 0.25 g/h [6],
with durations ranging up to 4-5 days or until
discharge from the ICU or death [5-9]. Sub-
group analyses in recent meta-analyses [10-11]
have failed to demonstrate different treatment
effects based on the dose, timing, and duration
of IVVC treatment. Nevertheless, a component
network meta-analysis [14] conducted to as-
sess whether vitamin C at various doses could
improve patient outcomes compared very high-
dose (> 12 g/day), high-dose (< 12 g/day, > 6 g/
day), and non-high-dose (< 6 g/day) vitamin C
treatment, and found that high-dose and very-
high-dose vitamin C were associated with lower
mortality, a result in contrast to our findings.
However, the certainty was low due to the small
size of the study population in these 2 groups.
This suggests that the effect of IVVC in criti-
cally ill patients has yet to be determined and
might be dose-dependent.

There are several limitations to this study.
First, it was a retrospective study with a small
sample size. Second, we did not exclude pa-
tients receiving palliative care, such as those
who refused hemodialysis for acute renal fail-
ure. Third, as mentioned earlier, the enrolled
patients had a high risk of mortality before
IVVC treatment, leading to a certain degree of
selection bias. Finally, the enrolled patients did
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not strictly receive the standard SBC regimen,
allowing them to receive a variable dose of vi-
tamin C, as long as it was > 1 g per day.

In conclusion, we enrolled patients with
septic shock who received high-dose IVVC, and
found no improvement in mortality after treat-
ment, especially in those who received IVVC
> 6 g/day. Improvement in organ dysfunction
was observed; however, it did not reach statisti-
cal significance. Therefore, we conclude that
the routine use of vitamin C in patients with
septic shock is not recommended. Neverthe-
less, it remains possible that a clinically defined
subgroup would respond to vitamin C treat-
ment, given proper timing, dosing, and treat-
ment course. Even though many studies have
been conducted to explore the use of vitamin
C, many issues remain unresolved, and further
investigations are warranted.
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A Small Pleural Solitary Fibrous Tumor Masquerading as
Thymoma

Chia Liu", Yi-Chen Yeh?, Chia-Hung Wu**, Han-Shui Hsu"®

Solitary fibrous tumors (SFTs) are rare neoplasms that can originate from various sites
in the body, including the pleura, pericardium, and mediastinum. Although most SFTs are
benign and asymptomatic, local invasion, recurrence, or metastasis may occur in some
cases. To classify SFTs, a scoring system has been developed, which categorizes tumors
into 3 groups based on the patient's age, tumor size, and presence or absence of mitosis and
necrosis. In this case report, we described a 41-year-old female patient who was incidentally
found to have a 2.8-cm SFT in contact with the anterior chest wall, pericardium, and aorta.
The location of the tumor initially raised suspicion of a thymoma. However, intraoperative
findings revealed that the tumor originated from the lung, and subsequent pathological
analysis following its excision confirmed it to be a SFT. This case highlights the importance of
considering SFTs in the differential diagnosis of thoracic neoplasms. (Thorac Med 2024; 39:

129-133)

Key words: Solitary fibrous tumor, thymoma.

Introduction

Thoracic solitary fibrous tumors (SFTs)
usually arise from the pleura, and their symp-
toms depend on the tumor's size and location.
They can be asymptomatic or cause dyspnea,
chest pain, and chest tightness [1]. Paraneoplas-
tic syndromes are rare. When a tumor arises at
the mediastinal side of the pleura, differentiat-
ing it from a mediastinal tumor is challenging,

due to the overlapping features and equivocal
morphology. If located at specific sites, it can
also mimic a neurogenic tumor or pulmonary
malignancy.

Herein, we present the case of a patient
with a tumor that was incidentally found within
the upper anterior thorax; the first impression
was a thymoma. The tumor was later diagnosed
as a SFT after surgical excision.
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Case Report

A 41-year-old female patient had no prior
medical history, and denied exposure to risk
factors such as smoking, tuberculosis, or asbes-
tos. However, a routine chest radiograph dur-
ing a medical checkup detected a 2.8-cm, well-
defined, radiopaque lesion that overlapped the
right border of the right atrium and ascending
aorta, and no apparent silhouette was observed.
The lesion was located in the retrosternal space
on the right lateral chest radiograph (Figure
1A, B). However, physical examination results
were unremarkable. A post-contrast medium
enhanced computed tomography (CT) scan of
the chest was carried out, which revealed a soft
tissue lesion measuring approximately 2.7 x
2.7 x 2.9 cm in size, with a broad base on the
mediastinal side. Other benign lesions originat-
ing from the pleura could not be excluded due

to relative hyper-attenuation in the pre-contrast
phase (Figure 1C, D). The differential diagnosis
included lymphoma, germ cell tumor, spindle
cell carcinoma, metastatic tumor, or other pleu-
ral-originated tumors. Lactate dehydrogenase,
alpha-fetoprotein beta-human chorionic gonad-
otropin, acetylcholine receptor autoantibodies
and the thyroid function test were all within a
normal range.

Surgical resection was performed for both
diagnostic and curative purposes. The patient
underwent uniportal video-assisted thoraco-
scopic surgery via a 3-cm incision at the right
5th intercostal space in the midaxillary line for
tumor resection. The tumor was an exophytic
mass located in the right upper lobe of the lung,
adjacent to the mediastinum, but without inva-
sion (Figure 2A). The tumor and adjacent lung
parenchyma were resected using an endoscopic
stapler. The pathology report revealed a 3.8 x 3.5

Fig. 1. (A) Pre-operative chest radiograph revealed a well-demarcated radiopaque lesion that overlapped the right border of the right atrium and
ascending aorta. (B) Right lateral chest radiograph showed a retrosternal lesion. Coronal (C) and Axial (D) views of the CT scan of the chest

revealed a soft tissue lesion, with a broad base on the mediastinal side.

Thorac Med 2024. Vol. 39 No. 2
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Fig. 2. (A) Thoracoscopic view of the tumor, without connection to the mediastinum. (B) The greyish-white, rubbery to firm tumor. (C)
Hematoxylin—eosin, original magnification x200 of the tumor. (D) STAT6 stain, original magnification x200 of the tumor.

x 1.8 cm, greyish-white, rubbery to firm tumor
(Figure 2B), which was well-circumscribed and
composed of haphazardly arranged elongate
spindle cells with low to moderate cellularity,
minimal cellular atypia, abundant rope-like
stromal collagen, and staghorn-shaped vascu-
lature. Mitotic figures and necrosis were not
detected. The neoplastic cells showed cluster
of differentiation 34 (CD34) and signal trans-
ducer and activator of transcription 6 (STAT6)
positivity. The histopathological diagnosis was
consistent with a SFT (Figure 2C, D). Based on
the risk stratification model for SFTs, the tumor
was categorized as belonging to a low meta-
static risk group.

Discussion

SFTs were first described by Klemperer
in 1931; they usually occur after the fifth de-

cade of life, and develop equally among men
and women [2]. The tumors can develop in the
pleura, lung parenchyma, pericardium, and me-
diastinum, including the extrathoracic organs.
The vast majority of SFTs of the pleura arise
from the visceral pleura. In exceedingly rare
instances, SFTs can originate from the lung
parenchyma [3-4]. SFTs of the pleura comprise
5% of all pleural tumors, ranking second after
mesothelioma. Malignant SFTs, though ex-
tremely rare, account for 10-15% of SFTs of
pleural cases. Accurate diagnosis of and effec-
tive treatment for SFTs are crucial for the well-
being of these patients [5].

On chest radiography, the tumors usually
appear as well-defined masses that contact the
pleura and may present an "incomplete border
sign." On chest CT, the small intrathoracic SFT
presents as a homogeneous, well-circumscribed,
non-invasive, lobular soft-tissue mass adjacent

Thorac Med 2024. Vol. 39 No. 2
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to the chest wall or within a fissure, forming an
obtuse angle with the pleural surface [6-8].

SFTs are characterized by prominent fibrous
tissue, which results in low-to-intermediate sig-
nal intensity on T1-weighted images, a low sig-
nal on T2-weighted images, and poor enhance-
ment on fluorodeoxyglucose-positron emission
tomography (FDG-PET). A high T2 signal may
indicate hypervascularity, cystic degeneration,
hemorrhage, or necrosis. Magnetic resonance
imaging (MRI) can aid in the diagnosis of SFTs
[6-7].

The treatment of choice for both benign
and malignant SFTs is complete resection with
a 1-2-cm surgical margin. Pre-operative needle
biopsy is not necessary for respectable thoracic
SFTs. For small SFTs originating from the vis-
ceral pleura, wedge resection of the adjacent
pulmonary parenchyma is recommended, while
lobectomy or pneumonectomy is indicated for
large or sessile tumors [9-10]. Localized pleu-
rectomy is required for SFTs growing from the
parietal pleura. There is no clear evidence to
support adjuvant therapy, but image follow-up
is essential, and recurrent metastases in the lung
or pleura should be resected, if possible.

Previously, SFTs of the pleura were called
localized mesotheliomas, but the nomenclature
has been amended due to their mesenchymal
rather than mesothelial origin. SFTs are im-
munoreactive with CD34 and bcl-2, but lack
expression for cytokeratin and S-100 protein.
In the past, the diagnosis of SFT heavily relied
on the detection of CD34 expression. The lit-
erature reports the incidence of CD34-positive
SFTs ranging from 90% to 95%. In addition,
within the subset of CD34-positive SFTs, some
cases may exhibit focal or patchy CD34 ex-
pression, which could be overlooked in small
biopsy specimens. The loss of CD34 expression
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has been linked to poorly differentiated compo-
nents in an otherwise typical SFT, and in SFTs
characterized as "dedifferentiated” [11]. STAT6
serves as a highly sensitive and nearly perfectly
specific immunohistochemical marker for SFT,
offering valuable assistance in distinguishing
this tumor type from histologic mimics [12-13].

Commonly used criteria for malignancy in-
clude high cellularity with crowding and over-
lapping of nuclei, high mitotic activity of more
than 4 mitotic figures per 10 high-power fields,
and pleomorphism [14]. The risk stratification
model for SFTs by Demicco, et al. is a scoring
system that classifies tumors into 3 categories
based on the patient’s age, tumor size, and pres-
ence or absence of mitosis and necrosis. The
study reported that no metastases occurred in
the low-risk group, but the 5-year metastatic
risk was 73% for high-risk patients [15]. In the
case of our patient, who was under 55 years
old, a score of 0 points was assigned for age.
The tumor size, measuring less than 4.9 cm,
also received a score of 0 points. Notably, there
was no observed mitotic activity (0/10 HPF)
and an absence of necrosis (<10%), resulting in
0 points for both criteria. Considering these fac-
tors, the patient's risk stratification score was 0,
indicating a low-risk classification, according to
the model.

Conclusion

In conclusion, small intrathoracic SFTs may
closely resemble various other thoracic neo-
plasms, depending on their location. Despite the
potential for malignancy, biopsy is not always
performed prior to surgical excision. Therefore,
clinicians must include SFTs in their differential
diagnosis and consider the possibility of malig-
nancy when developing a treatment plan.
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Solitary Fibrous Tumor of Pleura, Complicated with
Hemothorax and Pulmonary Embolism: A Case Report

Yi-Chun Yang', Shu-Farn Tey?, I-Chuang Liao®

Solitary fibrous tumors (SFTs) are rare neoplasms, with an estimated frequency of 2.8 per
100,000 individuals, and account for less than 5% of pleura tumors. Most SFTs are benign,
but there is still a 10~20% malignancy rate.

Here, we reported the case of a 75-year-old female diagnosed with SFT of the pleura,
complicated with hemothorax and pulmonary embolism.

SFTs grow slowly, so most patients are asymptomatic until the tumors become large
enough to compress the adjacent lung. A few patients may present with paraneoplastic
syndrome, such as Doege—Potter syndrome [DPS] and hypertrophic pulmonary
osteoarthropathy.

Despite its low incidence, malignant SFTs have a high recurrence rate (63%), even after
complete resection, and a poor prognosis. Adjuvant chemotherapy should be administered,
although the efficacy is limited.

The complications of hemothorax and pulmonary embolism are less mentioned in other
case reports. For hemothorax, hemostasis followed by staged tumor resection seems to be
a better strategy. For pulmonary embolism, tumors with heart involvement should be ruled
out. Also, SFTs may originate from the intima of the pulmonary artery, mimicking pulmonary
embolism. (Thorac Med 2024; 39: 134-141)

Key words: Solitary fibrous tumors (SFTs), hemothorax, pulmonary embolism

Introduction

Solitary fibrous tumors (SFTs) are rare neo-
plasms, with an estimated frequency of 2.8 per
100,000 individuals, and account for less than
5% of pleural tumors. While SFTs are com-
monly found as intra-thoracic tumors, primarily
in the pleura, approximately 50% of them arise

outside the thorax, including the brain, liver,
prostate, and bones. SFTs predominantly occur
in middle-aged adults (50s-70s), and have an
equal distribution between genders [1- 2].
Pleural SFTs typically present as painless
masses that grow slowly, and are often inciden-
tally detected through chest X-rays. However,
in some cases, patients may experience symp-
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toms of airway obstruction when the tumors
reach a significant size, especially > 10 cm, and
cause compression of the adjacent trachea and
lung parenchyma [3]. In this report, we describe
the case of a large pleural SFT complicated
with massive hemothorax and pulmonary em-
bolism, which are uncommon complications of
this type of tumor.

Case Report

A 75-year-old woman, without a specific
medical history, presented with progressive dys-
pnea and intermittent chest pain for 1 month.
At our emergency department, her GCS level
was E4V5M6. Her vital signs were as follows:
body temperature of 36.2 o C, heart rate of 137
bpm, respiratory rate of 24 breaths per minute,
and blood pressure of 142/86mmHg. During
chest auscultation, decreased breathing sounds
were noted at the left lung field. Chest X-ray
(Figure.1) revealed left lung atelectasis with
left-sided pleural effusion. Laboratory data, in-
cluding tumor markers such as CEA and SCC
Ag, were within normal range, but lactate levels
were elevated. Computed tomography (CT)
scan of the chest (Figure 2) showed a well-
defined, heterogeneous, large LUL tumor (mea-
suring 11cm x 8cm) with mediastinal compres-
sion and massive hemothorax. An echo-guided
pigtail drainage tube then was inserted. Much
serosanguineous fluid with a high hematocrit
ratio (pleural fluid to blood: 58%) was extract-
ed. Cytological analysis of the pleural effusion
did not reveal malignant cells.

The patient continued to experience dys-
pnea accompanied by oxygen desaturation, and
the effectiveness of the pigtail drainage tube
was limited. A CT angiography revealed pulmo-
nary embolism in the interlobular to segmental

Fig. 1. Chest X-ray PA view revealed left lung atelectasis with
massive left-sided pleural effusion, tracheal deviation to the right
side, and calcified granuloma at bilateral upper lung fields, favoring
old TB

branches of the right lower lung (Figure 3). Due
to the presence of massive hemothorax and poor
drainage function, video-assisted thoracic sur-
gery (VATS) was performed for decortication
and chest tube drainage. During the surgery, no
pleural seeding or active bleeder was observed,
but there was slow oozing of blood from the
surface of the tumor. Considering the relatively
high risk associated with tumor resection, the
patient's family, after discussion with the chest
surgeon, agreed to a staged surgery.

CT-guided biopsy of the left upper lung
tumor was conducted, and the pathological ex-
amination revealed spindle-shaped cells with a
low mitotic rate. These cells were arranged in
a patternless distribution and showed positive
staining for CD34 and STAT-6 markers. Based
on these findings, a diagnosis of benign solitary
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[

8cm) with mediastinal compression and massive hemothorax.

-

Fig. 3. CT angiography showed a pulmonary embolism in the right

lower lung interlobular to segmental branches.

fibrous tumor was reached (Figures 4, 5, 6).
Following the completion of all invasive
procedures, we prescribed rivaroxaban for the
treatment of pulmonary embolism, as it was
confirmed that there was no bleeding tendency.

Thorac Med 2024. Vol. 39 No. 2

Fig. 2. Chest CT horizontal (A) and coronal (B) views with contrast, showing a well-defined, heterogeneous, large LUL tumor (measuring 11 cm x
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Fig. 4. Pathological examination revealed the tumor to be composed
of spindle cells separated by collagen fibers, forming a patternless
architecture. Dilated vessels were noted, with some of them
revealing a branching staghorn appearance. There was only mild
nuclear atypia, and no tumor necrosis or increased mitotic figures
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Fig. 5. Immunohistochemical examination revealed tumor cells with cytoplasmic staining of CD34.

Fig. 6. Immunohistochemically, the tumor cells showed nuclear staining of STAT-6. This, combined with the results in Figure 5, confirmed the
diagnosis of solitary fibrous tumor.

Thorac Med 2024. Vol. 39 No. 2
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One month later, the patient underwent left
pneumonectomy without any complications.
Since then, she has been regularly followed
up at our outpatient department, and no signs
of tumor recurrence were detected during the
follow-up visits.

Discussion

Histology and genetic features

SFTs originate from mesenchymal cells.
Initially, these tumors were primarily described
in relation to the pleura, mediastinum, and sero-
sal surfaces. However, it was subsequently dis-
covered that they can arise in various anatomi-
cal locations, including the brain, lungs, pleura,
liver, pancreas, kidneys, prostate, and bones,
among others. The visceral pleura is the most
common site of origin of intrathoracic SFTs,
accounting for approximately 80% of cases.
However, pleural SFTs make up less than 5% of
all tumors originating from the pleura [1].

To accurately differentiate SFTs from other
pleural tumors, a comprehensive approach in-
volving clinical, histomorphological, immuno-
histochemical, and molecular features is neces-
sary [4].

Histologically, SFTs feature spindle-shaped
cells with low mitotic rates (< 4 mitoses per 10
high-power fields), arranged in a patternless
distribution with varying amounts of collagen
and reticular fibers. Sarcomatoid carcinoma and
mesothelioma display similar morphological
features, making them important differential
diagnoses in the pleura [4]. Hence, immunohis-
tochemical staining is necessary. The expres-
sion of STAT6 and CD34 plays a crucial role in
confirming the diagnosis of SFTs [4-5].

From the genetic perspective, a character-
istic feature of SFTs is the fusion of the neigh-
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boring NGFI-A binding protein 2 (NAB2) and
signal transducer and activator of transcription
6, interleukin-4 induced (STAT6) genes on
chromosome 12q13. This specific fusion event,
known as NAB2-STAT6 fusion, is instrumen-
tal in the diagnosis of SFTs. The expression of
nuclear STAT6 serves as a valuable marker for
identifying this fusion [6].

A study conducted by Huang et al. inves-
tigated 52 cases of SFT and reported that the
NAB2ex4-STAT6ex2/3 fusion variant was the
most common fusion type observed in intra-
pulmonary SFTs. Though the fusion variants
are significantly associated with tumor location,
they do not appear to be correlated with disease
free survival [6].

Clinical Manifestations

The clinical manifestations of SFTs are
influenced by the size and location of the tu-
mors. Patients with small-sized SFTs are often
asymptomatic, and the tumors are typically
discovered incidentally through chest radio-
graphs. However, as the tumors grow larger and
exert pressure on the surrounding lung paren-
chyma or bronchi, various symptoms may arise.
These can include cough, dyspnea (shortness of
breath), chest tightness, fever, and weight loss.
If the parietal pleura is involved, patients may
experience chest pain [7-8]. Besides, some pa-
tients with SFTs may present with paraneoplas-
tic syndromes, such as hypertrophic pulmonary
osteoarthropathy and Doege—Potter syndrome
[DPS].

Hypertrophic pulmonary osteoarthropathy
is the most common paraneoplastic syndrome
observed in patients with SFTs, with an inci-
dence rate reported to be around 35% [8]. The
exact mechanism is not fully understood, but it
is believed to be associated with the accumula-
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tion of hepatocyte growth factors and hyaluron-
ic acid. The syndrome is characterized by finger
clubbing, hypertrophic changes in the skin, and
periosteal bone changes [10]. Clinically, hyper-
trophic skin changes can manifest as deepening
of facial skin folds, furrowing of the brow with
noticeable sebaceous hyperplasia, and thick-
ened eyelids with ptosis. Bone changes may
lead to painful periostitis and arthritis [11].

DPS occurs due to excessive production
of the prohormone of insulin-like growth fac-
tor, known as big IGF2, by the tumors. Patients
with DPS may present with recurrent and re-
fractory hypoglycemia. Larger tumors, espe-
cially those measuring over 10cm, have been
reported to have a higher incidence rate of DPS.
Laboratory data of patients with DPS typically
show an increased IGF2:IGF1 ratio, which is
clinically significant when it exceeds 10 [10-11].

Large SFTs complicated by tumor rupture
or bleeding leading to hemothorax, as observed
in our patient, have been reported in only a few
studies [12-15]. The spontaneous rupture of
superficial vessels on the tumor surface may be
attributed to the shear force generated during
rapid tumor expansion. In such cases, the rec-
ommended management approach is transtho-
racic drainage followed by elective tumor resec-
tion, unless the patient's vital signs are unstable.
Detailed investigation is crucial, particularly for
large SFTs located near vital organs and blood
vessels [15].

In addition to hemothorax, our patient also
experienced pulmonary embolism. It is well es-
tablished that malignancy is strongly associated
with an increased risk of pulmonary embolism.
Cancers with a higher malignant potential, par-
ticularly those in stage 1V, tend to have a higher
incidence of thromboembolic events. However,
pulmonary embolism in the context of SFTs

is rare. Only 1 case report has described a pa-
tient with malignant SFT complicated by tu-
mor emboli, resulting in severe limb ischemia.
The reported case involved an advanced-stage
SFT that invaded the left ventricle of the heart,
which was believed to be the cause of recur-
rent tumor embolism [16]. Furthermore, 2 case
reports from China have mentioned primary
SFTs originating from the intima of the pulmo-
nary arteries, mimicking pulmonary embolism
[17-18]. These cases suggest the possibility
of primary or metastatic SFTs affecting the
pulmonary arteries and impairing pulmonary
circulation. Although the pathology results for
our patient indicated a benign tumor, long-term
follow-up and comprehensive evaluation will
be necessary to monitor any potential complica-
tions or disease progression.

Treatment and surveillance

Most SFTs are benign and grow slowly.
Otherwise, there is a 10~20% malignancy rate
[19]. Differentiating between benign and malig-
nant SFTs can be challenging, until the tumors
display aggressive behavior, such as frequent
recurrence and metastasis, which may occur
more than 5 years after the initial presentation
[20]. Histological characteristics, including: (1)
a high mitotic count (> 4 mitoses per 10 high-
power fields), (2) varying degrees of pleomor-
phism, (3) high cellularity, (4) presence of ne-
crosis and hemorrhage, (5) stromal or vascular
invasion, and (6) a significant increase in the
Ki-67 index (Ki-67/MIB-1 proliferation index
> 10%), are used to determine malignant SFTs
[19,21].

Complete surgical tumor resection is con-
sidered the gold standard treatment for SFTs.
Benign pleural SFTs have a high cure rate, with
only an 8% local recurrence rate. On the other

Thorac Med 2024. Vol. 39 No. 2



140 Yi-Chun Yang, Shu-Farn Tey, et al.

hand, malignant SFTs have a higher recurrence
rate of 63% [19]. The majority of recurrences
occur within the first 2 years after tumor resec-
tion. [22].

Currently, there are no widely accepted
guidelines specifically addressing the optimal
frequency of surveillance for SFTs. Posttreat-
ment surveillance plans are based on guide-
lines for soft tissue sarcoma from the National
Comprehensive Cancer Network (NCCN) [23].
Patients are stratified into low, intermediate,
and high-risk groups based on factors such as
mitotic count, necrosis, and sex. For low-risk
patients, it is recommended to have a CT scan
or chest radiograph every 6 months for the first
3 years, followed by yearly surveillance up to
year 10. Intermediate- and high-risk patients
are advised to undergo chest CT every 3 to 4
months for the first 2 years, followed by sur-
veillance every 6 months for the next 3 years,
and then annually up to year 20.

Following surgical treatment for malignant
SFTs, systemic chemotherapy with an anthracy-
cline-based regimen is commonly recommend-
ed, although its efficacy is limited. However,
emerging evidence from case reports and clini-
cal trials suggests that anti-angiogenic agents
and immune checkpoint inhibitors may have
therapeutic benefits for malignant SFTs [24].
Larger studies or randomized trials are needed
to confirm the efficacy and safety of these novel
agents.

Conclusion

Our patient presented with the uncommon
complications of hemothorax and pulmonary
embolism, which are not frequently reported in
other case studies. Managing hemothorax in-
volves achieving hemostasis followed by staged

Thorac Med 2024. Vol. 39 No. 2

tumor resection, which has shown promising
results. For pulmonary embolism, it is crucial
to rule out heart involvement and consider the
possibility of SFTs originating from the pulmo-
nary artery intima, mimicking pulmonary em-
bolism.

Paraneoplastic syndromes, including DPS,
should be considered and promptly managed to
address associated symptoms, such as refrac-
tory hypoglycemia. Complete surgical tumor
resection remains the mainstay of treatment for
SFTs, and adjuvant chemotherapy is recom-
mended for malignant cases, even though they
have a high recurrence rate and poor prognosis.
The efficacy and safety of novel agents, such as
anti-angiogenic agents and immune checkpoint
inhibitors, are still being studied, and require
further research to establish their role in the
management of malignant SFTs.
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Sequential Presentation of T790M Mutation and Small
Cell Transformation as Acquired Resistance to Tyrosine
Kinase Inhibitor in an EGFR-Mutant Non-Small-Cell Lung

Adenocarcinoma Patient

Kuan-Hua Chen', Chiao-Hung Wang®

Patients with epithelial growth factor receptor (EGFR)-positive non-small-cell lung cancer
(NSCLC) have shown a remarkable response to EGFR tyrosine kinase inhibitors (TKIs),
compared to standard cytotoxic chemotherapy. EGFR-TKIs are the first-line therapy for
metastatic NSCLC patients due to the higher response rate and better tolerability. However,
these patients may eventually have disease progression. Repeated biopsy from patients who
have disease progression can help the clinician confirm the mechanism of resistance, and are
useful for further treatment planning. We described the case of an 81-year-old woman who
had NSCLC and developed acquired resistance to TKI with 2 different mechanisms, which
enabled the disease to continue progression despite a change to second-line TKI therapy.
This case emphasized the importance of repeated biopsy when the disease progresses. We
also conducted a literature review on the mechanisms and possible treatment options for
these patients. (Thorac Med 2024; 39: 142-151)

Key words: metastatic non-small cell lung cancer, acquired resistance to TKI therapy, T790M gatekeeper
mutation, small cell transformation

Introduction

Patients with non-small-cell lung cancer
(NSCLC) who are positive for epithelial growth
factor receptor (EGFR) have demonstrated a re-
markable response to EGFR tyrosine kinase in-
hibitors (TKIs), compared to standard cytotoxic
chemotherapy. Based on data showing the ef-
ficacy of several agents in patients with EGFR
mutations, the National Comprehensive Cancer

Network (NCCN) NSCLC panel recommends
EGFR mutation testing for patients with meta-
static NSCLC. Targeted therapy for the specific
oncogene is the first-line treatment for patients
with metastatic NSCLC and a targetable driver
oncogene, as it offers a higher response rate
(e.g., osimertinib, 80%) in the first-line setting
and better tolerability. However, these patients
inevitably experience disease progression after
a median time of about 12 months [1].
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Repeated biopsy samples from patients with
EGFR-positive NSCLC who experienced dis-
ease progression have revealed several mecha-
nisms of acquired resistance to EGFR-TKIs.
These mechanisms include the emergence of
the EGFR T790 gatekeeper mutation, amplifi-
cation of MET, HER2, or MAPK, mutation of
PIK3CA or BRAF, and even histological trans-
formation from adenocarcinoma to small cell
lung cancer (SCLC). Recent discussions have
focused on the possible mechanisms underlying
the transformation from NSCLC to the SCLC
phenotype after TKI therapy. Conventionally,
SCLC was believed to develop from neuro-
endocrine cells of the central airways, while
adenocarcinoma originated from alveolar type
IT cells. However, some studies have suggested
that alveolar type II cells may serve as common
precursors for both SCLC and adenocarcinoma
[2]. This finding could explain the presence of
histological transformation as acquired resis-
tance.

Case Report

In September 2019, an 81-year-old ethnic
Chinese woman with no smoking history pre-
sented with a 5-kg weight loss over the past
month. She also experienced nausea without
vomiting for 2 weeks. There was no apparent
cough, dyspnea, or increased sputum at that
time. A chest radiograph in September 2019
(Fig. 1) revealed a retrocardiac tumor mass,
which was initially missed. She was diagnosed
with acute gastroenteritis, but a physical ex-
amination showed no significant abnormalities.
Laboratory findings showed 2+ occult blood in
the stool. Therefore, examinations were con-
ducted to exclude malignancies of the gastroin-
testinal tract, including abdominal ultrasound,

Fig. 1. Chest radiograph showed a retrocardial tumor mass that was
missed initially in September 2019.

panendoscopy, and colonoscopy, which only re-
vealed a renal cyst and hiatal hernia. However,
the symptoms persisted despite supportive care.

Due to the persistence of symptoms, the at-
tending physician arranged a contrast-enhanced
abdominal computed tomography (CT) scan,
which revealed a lobulated 5.9-cm mass in
the left lower lobe, along with enlarged lymph
nodes in the right retrocrural and paraesopha-
geal regions, and a small amount of left-sided
pleural effusion (Fig. 2). In November 2019,
the patient underwent a CT-guided biopsy of
the left lower lobe mass, which confirmed the
diagnosis of lung adenocarcinoma. The biopsy
also detected an EGFR mutation of an exon 19
deletion. Subsequently, brain magnetic reso-
nance imaging (MRI) and positron emission
tomography (PET) scans were performed for
surveillance of distant metastases, revealing
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Fig. 2. (A) Chest computed tomography showed a left lower lobe mass lesion, about 5.9 cm, with a 1.4-cm satellite nodule around the mass. (B) A

small amount of left-side pleural effusion was found, as well as (C) an enlarged right paratracheal lymph node. (D) An enlarged lymph node at the

right retrocrural region, measuring 1 x 1 cm, favored distant lymph node metastasis.

multiple brain metastases in the cerebellum and
hypermetabolism in the right retrocrural lymph
node (Fig. 3). The final diagnosis was stage [V
left lung adenocarcinoma with an EGFR exon
19 deletion (cT3N3M1b).

The patient was initially treated with erlo-
tinib plus bevacizumab. However, in December
2019, due to the development of multiple oral
ulcers and acneiform skin lesions, erlotinib
was switched to gefitinib. Subsequent follow-
up brain MRI and chest CT in January 2020

Thorac Med 2024. Vol. 39 No. 2

showed a partial response in cerebellar metas-
tasis and the primary lesion, respectively, after
3 months of treatment with the first-generation
EGFR-TKI.

However, the serially followed up carci-
noembryonic antigen (CEA) levels showed a
gradual increase since then. After 7 months of
progression-free survival (PFS), disease pro-
gression was confirmed by chest CT in June
2020, revealing an increase in the size of the
left lower lobe tumor (Fig. 4), an increase in
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Fig. 3. PET scan showed (A) a left lower lobe tumor with
heterogeneously intense hypermetabolism, and (B) mild

hypermetabolism at the right retrocrural lymph node.

the number of bilateral lung-to-lung metastases,
and an increase in the size of the small neck
lymph nodes. However, the brain MRI showed
a slight decrease in the size of the cerebellar
metastasis. A repeated biopsy of the left lower
lobe mass was performed on July 20, 2020,
which identified the EGFR T790M mutation.
Subsequently, the patient was treated with
osimertinib. However, in October 2020, after
2 months of treatment with osimertinib, the
patient experienced right-side face and upper

AR 200 S

L

(1]

Fig. 4. (A) Chest computed tomography coronal section at the initial
diagnosis, (B) after 3 months of EGFR-TKI treatment, and (C) at
follow-up showing progression in 2020.

(A)

(B)

limb swelling for 1 week. Chest X-ray revealed
a mediastinal mass (Fig. 5), and contrast-
enhanced chest CT showed a 7-cm mass in the
right upper mediastinum, compressing the bi-
lateral brachiocephalic vein and superior vena
cava (SVC), but with a mild decrease in the
size of the left lower lobe lung cancer (Fig. 6).
A further tissue biopsy of the right upper medi-
astinal mass was performed, and the histologic
analysis favored small cell lung cancer. The
immunohistochemical staining results were as
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Fig. 5. Chest X-ray in October 2020, showing right upper lung zone
opacities.

Fig. 6. Chest computed tomography in October 2020 found an
enlarged mediastinal mass that compressed the SVC, and resulted in
SVC syndrome. (A, B) Right-side pleural effusion was also present.
(C) The left lower lobe tumor seem mildly decreased in size.

Thorac Med 2024. Vol. 39 No. 2

follows: TTF-1: negative; CD56: positive; chro-
mogranin A: negative; synaptophysin: partially
positive; P40: negative.

Thereafter, chemotherapy with a first cycle
of etoposide and carboplatin was prescribed,
along with concurrent radiotherapy. The SVC
syndrome gradually regressed after chemother-
apy. Osimertinib was discontinued due to the
transformation to small cell carcinoma, as it did
not meet the application criteria for osimertinib
under the patient’s Taiwan health insurance.
Despite receiving the second cycle of etoposide
with carboplatin in November 2020, a follow-
up brain MRI revealed an increase in the size of
the cerebellar metastasis and the identification
of new bony metastases. Due to progressive
dyspnea and consciousness disturbances, the
patient was subsequently referred to hospice
care and passed away in February 2021. A sum-
marized time course is provided in the Supple-
mental file.

Discussion

We reported a case of lung cancer that un-
derwent histological transformation from ad-
enocarcinoma to small cell carcinoma follow-
ing sequential treatment with a first-generation
EGFR-TKI and second-line treatment with
osimertinib.

Although first- and second-generation EG-
FR-TKIs have shown high response rates, re-
sistance typically develops within an average of
12 months [1]. Repeated biopsies have revealed
various mechanisms of acquired resistance to
EGFR TKIs. The most common mechanism is
the presence of a T790M mutation in the EGFR
gene, which increases the receptor's affinity for
ATP and allows for sustained EGFR signaling,
despite the presence of the inhibitor. T790M
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mutations are reported in approximately 50-
60% of resistant tumor samples [3-4]. Other
resistance mechanisms, accounting for 15-20%
of cases, involve bypassing the requirement for
EGFR signaling. These mechanisms include
amplification of MET and HER2, as well as
histological transformation from EGFR-mutant
adenocarcinoma to SCLC, which accounts for
5-15% of cases.

The histological transformation to SCLC
as an acquired resistance mechanism to EGFR-
TKIs was first described in 2006. However, our
understanding of how this transformation oc-
curs and leads to resistance is still incomplete.
There is ongoing debate regarding the mecha-
nism of SCLC transformation -- whether it is
simply an escape resistance mechanism or a re-
sult of misdiagnosis with a combined histology
of NSCLC and SCLC.

Two large case series have evaluated the
frequency of lung cancer with a combined his-
tology of NSCLC and SCLC [5]. The first se-
ries analyzed 176 patients with SCLC, of whom
17 (10%) had an NSCLC component (7 of these
patients were initially diagnosed with NSCLC).
The second series analyzed 429 patients with
SCLC, of whom 9 (2%) had an NSCLC compo-
nent. In the second series, 6 of these 9 patients
with an NSCLC component underwent repeat
biopsy, which revealed a dominant histology of
3 SCLC, 2 adenocarcinoma, and 1 squamous
cell carcinoma. It is possible that this transfor-
mation represents a change from 1 phenotype to
another. However, another possibility is that the
initial core needle biopsy used for diagnosis did
not provide a sufficient sample to determine the
presence of combined histology.

However, there are studies that support
the notion that the transformation is not solely
caused by combined histology. In a case se-

ries by Sequist LV, et al. [3], repeat biopsies
were performed on tumors with EGFR-TKI
resistance, and genomic sequencing of EGFR
was also conducted. The biopsy samples that
transformed into SCLC still retained the origi-
nal EGFR activating mutation, indicating that
there were no independent de novo cancers,
but rather a transformed phenotype as a mecha-
nism of resistance to treatment. This suggests
that the transformation is not solely a result of
combined histology, but rather a mechanism of
resistance.

Another reason why combined histology at
the initial diagnosis is less likely is that most
patients respond well to EGFR-TKIs for several
months, and up to years thereafter. If combined
histology was present at the initial diagnosis,
there would likely be more substantial tumor
growth at the time of SCLC diagnosis.

The transformation to SCLC can occur not
only as a resistance mechanism to EGFR-TKIs,
but also in cases of resistance to conventional
chemotherapy or radiotherapy [6]. In addition,
synchronous development of adenocarcinoma
and SCLC has been observed in EGFR-mutant
tumors prior to treatment with an EGFR-TKI
[7].

Genomic analysis of tumors that undergo
transformation to SCLC as an acquired resis-
tance mechanism to TKIs can provide valuable
insights. In adenocarcinoma, there is a high
prevalence of KRAS and EGFR mutations.
EGFR mutations and ALK translocations ac-
count for approximately 30-50% of adenocar-
cinoma cases in non-smokers, with variations
seen among different races. On the other hand,
in SCLC, large-scale genome-sequencing proj-
ects have shown a high prevalence of TP53 and
RB1 mutations, while known oncogenic drivers
in adenocarcinoma, such as EGFR or KRAS,
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are not significantly mutated [8]. Inactivation
of RB1 plays a key role in the development of
SCLC, and RB1 mutations have been found in
100% of human SCLC tumors sequenced in
these projects. This phenomenon has also been
confirmed in the transformation from adenocar-
cinoma to SCLC, where repeat biopsy samples
from patients with EGFR-mutant adenocarci-
noma transformed to SCLC revealed a 100%
loss of RB1 [9].

With regard to whether there is a common
origin for adenocarcinoma and SCLC, histo-
logically, SCLC is believed to originate from
neuroendocrine cells within the distal part of
the conducting airway, and adenocarcinoma is
thought to derive from alveolar type II cells.
However, some animal studies on lung cancer
have suggested a shared ancestry between cer-
tain SCLC and NSCLC subtypes. Targeted de-
letion of TP53 and RBI in alveolar type II cells
of mice resulted in the development of SCLC,
indicating a possible link between alveolar type
IT cells and SCLC development [10].

Activation of EGFR signaling is believed
to be crucial for the differentiation of alveolar
cells, and blocking EGFR signaling can halt
alveolar cell proliferation [11]. This is why
EGFR-mutant lung cancers tend to be well-
differentiated adenocarcinomas. However, with
the use of EGFR-TKIs, the differentiation may
be blocked. In the presence of additional ge-
netic events such as RB1 inactivation, alveolar
type II cells may subsequently transform into
SCLC and become independent of EGFR sig-
naling. Conversely, if other resistance pathways
develop, such as the EGFR T790M gatekeeper
mutation, EGFR signaling can be regained, and
the resistant cells may maintain the adenocarci-
noma histology.

The prognosis of SCLC transformed from
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adenocarcinoma is generally poorer than that
of primary SCLC with extensive disease,
with a median survival ranging from 8 to 13
months [12, 13]. The time from the first diag-
nosis of lung adenocarcinoma to the onset of
SCLC transformation is often longer (median
19 months, range 1-61 months) than the PFS
reported in patients treated with TKIs in pro-
spective clinical trials (8-11 months). To iden-
tify this poor prognostic situation during TKI
therapy, repeat biopsies may be necessary when
tumors do not respond as initially expected or
when responses among different lesions are dis-
cordant. Rapid increases in serum neuron-spe-
cific enolase (NSE) levels and a poor response
to EGFR-TKIs may also indicate the possibility
of transformation to SCLC from adenocarci-
noma [14].

Case reports and literature reviews have
discussed patients who experienced histological
transformation from NSCLC to SCLC, high-
lighting the complex and unique nature of these
types of lung cancer. In the case report by Hong
E, et al. [15], a 54-year-old man with EGFR-
mutant NSCLC carrying an exon 19 deletion
developed acquired resistance to gefitinib.
Liquid biopsy at that time detected the T790M
mutation, but the patient showed a mixed re-
sponse after 1 month of osimertinib treatment,
with progression in the main tumor and disap-
pearance of other pulmonary metastases. Tis-
sue biopsy of the progressing tumor site after 3
months of osimertinib revealed small cell trans-
formation. Genetic analysis showed a persistent
EGFR exon 19 deletion, RB1 mutation, and
TP53 mutation, but no T790M mutation, which
may account for the mixed response observed
in the patient. Treatment was then shifted to
chemotherapy with etoposide and carboplatin,
similar to the treatment approach for de novo
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SCLC. This mixed response reveals that ac-
quired resistance can involve both on-target and
off-target mechanisms, and can occur simulta-
neously.

The treatment course of the patient de-
scribed in the report by Hong E, et al (15) was
similar to that of our patient. Initially, they both
had a favorable response to first-generation
TKI treatment (the patient in Hong's report had
a PFS of 10.5 months, while our patient had 7
months of PFS). Following disease progres-
sion, the patient in Hong's report underwent
liquid biopsy, which revealed the presence of a
T790M mutation. In our case, however, we per-
formed a repeat tissue biopsy of the primary tu-
mor, which had increased in size after progres-
sion, and this biopsy revealed the presence of
the T790M mutation. In both cases, the patients
had a mixed treatment response to osimertinib.
In Hong's report, the primary tumor continued
to grow despite the disappearance of other
metastatic lung lesions, leading to a biopsy that
confirmed histological transformation. In our
case, the patient presented with SVC syndrome
and a new mediastinal mass lesion, which was
biopsied and revealed small cell carcinoma.
Due to the small cell histology, further next-
generation sequencing was not performed, and
it is unknown whether the T790M mutation was
present.

Both patients received conventional chemo-
therapy consisting of etoposide with platinum,
as typically administered for de novo SCLC. In
Hong's report, the patient achieved a PFS of 5
months with this regimen. However, our patient
had a PFS of only 2 months, and brain and bone
metastases developed along with a deterioration
of consciousness, leading to a shift in the treat-
ment strategy towards hospice care. In contrast,
the patient in Hong's report underwent a fourth-

line treatment with docetaxel and carboplatin,
combined with anlotinib, resulting in an addi-
tional 3 months of PFS. Following progression,
the patient also underwent a fourth biopsy of
the same tumor, which revealed poorly differen-
tiated mixed histological subtypes of adenocar-
cinoma and SCLC. Neither of these 2 patients
received combination therapy with osimertinib
after the histological transformation.

Treatment options for patients with trans-
formed SCLC after failure of EGFR-TKIs
include chemotherapy with etoposide and plati-
num, which is considered the first-line treatment
choice. EGFR-TKIs combined with chemo-
therapy have also been suggested to have a role
in the post-transformation therapy regimen. The
case series by Mambetsariev I, et al. reported
that some patients with EGFR-mutated lung ad-
enocarcinoma who transformed to SCLC con-
tinued to use EGFR-TKIs in combination with
chemotherapy or as maintenance therapy for
more than 12 months after small cell carcinoma
transformation [16].

In addition, several novel treatments have
been reported for transformed SCLC, including
BCL-2 inhibitors, agents targeting RB1 loss,
and anti-angiogenic therapy. In this section, we
will discuss these promising treatments [17].

BCL-2 inhibitors: The BCL-2 family pro-
teins play a crucial role in regulating mitochon-
drial apoptosis and act as anti-apoptotic pro-
teins. Previous studies have shown that target-
ing BCL-2 can be an effective treatment strat-
egy for SCLC. One such inhibitor is ABT-263,
an orally bioavailable BCL-2 family protein
inhibitor. ABT-263 blocks BCL-2 and induces
cell apoptosis. A study has demonstrated that
SCLC transformed cell lines exhibit a higher
response rate to ABT-263 than EGFR-TKI-re-
sistant NSCLC cell lines with the T790M resis-
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tance mutation [19]. However, further clinical
trials are necessary to assess the efficacy and
safety of ABT-263 in transformed SCLC.

Agents targeting RB1 loss: Several potential
agents, including AURKA inhibitors, have been
suggested to target RB1 loss in transformed
SCLC cells. RB1 loss leads to dependence on
AURKA, as observed in independent CRISPR/
Cas9 and drug screening assays using RBI1-
deficient classical SCLC cell lines. AURKA
inhibitors have the potential to target RB1-defi-
cient SCLC cells in transformed SCLC. A phase
1/1b clinical trial (NCT04085315) currently is
underway to evaluate the combination of the
AURKA inhibitor alisertib with osimertinib for
metastatic EGFR-mutant lung cancer. Although
data collection for this trial will be ongoing
until 2025, preliminary findings suggest that
alisertib + osimertinib may result in clinically
meaningful disease control in EGFR-mutant
lung adenocarcinoma patients whose disease is
resistant to osimertinib monotherapy. However,
further analysis and additional clinical trials are
required to establish the efficacy and safety of
this combination therapy for transformed SCLC
[20].

Anti-angiogenic therapy: This treatment
is often combined with chemotherapy, EGFR-
TKIs, or both. Studies have demonstrated the
effectiveness of anlotinib in treating trans-
formed SCLC patients, resulting in longer
overall survival compared to those who did not
receive anti-angiogenic agents [18]. Another
study validated these findings in EGFR-mutant
transformed SCLC patients, showing an objec-
tive response rate of 66.7% and a median PFS
[21].

In conclusion, the transformation from ad-
enocarcinoma to SCLC can manifest as an ac-
quired resistance mechanism to TKIs. Our case
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highlights the occurrence of 2 distinct acquired
resistance mechanisms during TKI treatment,
and underscores the significance of repeated
biopsies in NSCLC patients experiencing dis-
ease progression. In addition, despite not be-
ing covered by health insurance in Taiwan, the
combination of chemotherapy and EGFR-TKI
may still play a role as a treatment option after
transformation to SCLC.
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Colonic Tuberculosis in an Immunocompetent Patient:
A Case Report

Tan-Ching Lan’, Ya-Ju Wu?, Shian-Chiw Ko'

Tuberculosis is a major public health problem worldwide. The pathogen is Mycobacterium
tuberculosis, which can infect any part of the body. Lung parenchyma is the most commonly
infected site, while infections in the abdomen are relatively uncommon. In general, abdominal
tuberculosis lacks special clinical manifestations and is easily confused with other diseases.
Tuberculosis should be incorporated into the differential diagnosis in areas of high prevalence,
such as Taiwan. Mycobacterial culture remains the gold standard for diagnosis. Here, we
reported the case of an asymptomatic and immunocompetent patient who was diagnosed
with colonic tuberculosis. Microbiologic evidence gained from colonic tissue led to the final

diagnosis. (Thorac Med 2024; 39: 152-157)

Key words: Extrapulmonary tuberculosis (EPTB), tuberculosis (TB), Mycobacterium tuberculosis

Introduction

Tuberculosis (TB) is a wide-spreading in-
fectious disease, and the pathogen is Mycobac-
terium tuberculosis(MTB). The route of trans-
mission is mainly through air droplets when the
infected persons cough or talk. Approximately
25% of the world’s population is infected by
MTB, but only 5-15% of those will actually
develop active TB disease. According to the
World Health Organization (WHO), 10 million

people are newly diagnosed with active TB
and about 1.5 million people die each year due
to the disease [1]. In Taiwan, there were 7,062
new TB cases in 2021. The incidence rate was
30.1 per 100,000 population and the mortality
rate was 1.9 per 100,000 population [2].

TB is classified as either pulmonary or ex-
trapulmonary TB (EPTB), based on the infect-
ed organs. Lung parenchyma is the most com-
monly infected site, and cases with pulmonary
involvement are defined as pulmonary TB. Ac-
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cording to WHO classification criteria, EPTB
means infections in organs outside the lung
parenchyma [1]. For infected patients, early di-
agnosis and prompt anti-TB treatment are most
important. MTB can infect any part of the body,
but infections in the abdomen are uncommon.
Abdominal TB lacks specific clinical symptoms
and radiological findings. In these cases, we
may face the problem of obtaining adequate
specimens for microbiologic or histopathologic
confirmation. Therefore, reaching a timely and
accurate diagnosis of abdominal TB is often a
predicament in clinical practice [3-7].

Case Report

A 33-year-old male presented to the family
medicine department in our hospital for a physi-
cal check-up in early March 2022. Chest radi-
ography (CXR) showed a nodular opacity at the
right middle lung field (Figure 1). Colonoscopy
showed colitis with multiple ulcerations, with
polypoid lesions at the cecum and proximal as-
cending colon (Figure 2). The histopathology
of the colonic ulcers revealed chronic active
colitis with focal erosion and non-caseating
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Fig. 1. CXR in March 2022 showed a nodular opacity at the right
middle lung field.

granulomas (Figure 3). The special stains, in-
cluding periodic acid-schiff stain(PAS), acid-
fast stain(AFS), and cytomegalovirus(CMV)
immunohistochemical stain, were negative
(Figure 4). The colonic specimen was also sent
for mycobacterial culture, based on the gastro-
enterologist’s experience, and the microbiologic
analysis revealed the presence of MTB. There-
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Fig. 2. Colonoscopy showed multiple ulcerations with polypoid lesions at the proximal ascending colon (white arrow head) and cecum, including

the ileocecal valve (black arrow head).
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fore, the patient was referred to the chest de-
partment for treatment of extrapulmonary TB.
Tracing back the patient’s history, lung nod-
ules had been detected at a previous examina-
tion. Initial chest computed tomography (CT)
in December 2019 disclosed a cluster of small
nodules in the superior segment of the right
lower lobe (RLL), and the largest nodule had
cavitation (Figure 5A). He was advised to visit
the chest clinic due to a suspicion of mycobac-
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- i — 4 SR : terial infection. However, the patient was lost to
Fig. 3. Under hematoxylin-eosin stain, electronic microphotography
(x200) showed colonic mucosa with non-caseating granulomas (black fOHOW-up, so no further WOTkup was performed
arrow head) and epithelioid histiocytes aggregation in the lamina
propria.

R Woomn ¢ Dre CNamt e 1 0% T v 3 v =
"< ~"W "!'\e}.fxﬁi.?}%‘ o 3 ) . e
D b o "Q'o':&" :
P s U SR gy PR £

d’o\ \:, (P ) 2T ,13

et ,'.":N “‘

G‘ '\..‘ ~ Ay A

.,
Fnd

“‘0_1 it - & ‘ -
RS A .‘"’ % - : g ¢
¢ ‘&"3’ 3 "'-?:ﬂ'" ".‘:" 5'-%;‘:;:. e T
kio¥y". X SO TN ) & JHCT s
BSin Bt

¥ i
.‘.f“! A -sg s P57 N 2 2 Yo ‘k:"‘a |
N B I Vit \ R |

o
b/

Fig. 4. The electronic microphotography (x 400) showed that colonic specimens were negative on AFS (A), PAS stain (B) and CMV
immunohistochemical stain (C).
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Fig. 5. (A) Chest-CT in 2019 showed a cluster of random-sized nodules in the superior segment of the RLL. The largest nodule had a diameter < 1
cm and internal cavitation (white arrow). (B) Chest-CT in 2022 showed resolution of the previous lung nodules. However, new tree-in-bud lesions
and a subpleural nodular lesion, up to 1.5-cm in size with irregular outlines, were detected.
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Upon admission to the chest department
in late March 2022, the patient denied any
symptoms of fever, anorexia, cough, dyspnea,
abdominal pain, distension, bloody stool or
change in bowel habits. He was of normal
weight, with a body mass index of 18.3kg/m2.
There was no major medical disorder, such
as hypertension, liver cirrhosis, renal impair-
ment or diabetes mellitus. The TB contact
was his grandmother, who had pulmonary TB
after complete treatment 8 years ago, and the
patient mentioned no abnormalities found at
that time. He was afebrile, with a pulse rate
of 75 beats/min regularly, a respiratory rate of
18 breaths/min, and blood pressure of 121/62
mmHg. Physical examinations were unremark-
able. The hemogram and biochemistry were
within normal limits. The serological test for
human immunodeficiency virus was negative.
Chest CT in March 2022 showed resolution of
previous lung lesions. However, new clusters
of small nodular lesions and tree-in-bud opaci-
ties were seen in the superior segment of the
RLL (Figure 5B). Mycobacterial infection in
the lung was still suspected. Since the largest
pulmonary nodule was up to 1.5 cm in size and
with an irregular outline, CT-guided fine needle
biopsy was performed. The pathological finding
revealed fibrous tissue only. AFS and mycobac-
terial culture of 3 specimens of sputum were
negative. Although no active pulmonary TB
was found, inactive pulmonary TB was highly
suspected.

Overall, microbiologic evidence led to the
final diagnosis of colonic TB. Four-drug com-
bined anti-TB therapy (isoniazid, rifampin,
ethambutol, pyrazinamide) was initiated. The
drug susceptibility test showed that the MTB
isolate was susceptible to all first-line anti-TB
drugs. He completed a 9-month course of anti-

TB therapy successfully.

Discussion

There are apparently fewer cases of EPTB
than of pulmonary TB. In 2021, it was esti-
mated that 8% to 23% of TB cases were extra-
pulmonary. This estimate varied by region and
made up an average of 17% of total TB cases
notified by the WHO [1]. One report from 1997
that collected data in Taiwan, described a 1:9
ratio of EPTB to pulmonary TB [8]. However,
the proportion of EPTB in Taiwan was as high
as 23% to 27%, according to Taiwan’s National
Health Insurance (NHI) data collected from
1996 to 2003 [9]. Based on the higher propor-
tion of EPTB in Taiwan, we should be aware of
extrapulmonary presentations of TB.

The main mechanisms of extrapulmonary
infection are mycobacterial transmission from
lung parenchyma to other organs through the
bloodstream or lymphatic systems. Other pos-
sible mechanisms are primary infection of ex-
trapulmonary organs or contagious spread from
adjacent organs. For example, gastrointestinal
mucosa can be infected with MTB by polluted
food. The common sites of EPTB are lymph
nodes and pleura, while infections in the abdo-
men are rare [3-7,10-12]. Abdominal TB lacks
special clinical manifestations. The common
systemic symptoms are fever, weight loss, night
sweats and anorexia. Symptoms localized to the
abdomen include abdominal pain, distension,
nausea, vomiting, diarrhea, and blood in the
stool. Commonly infected sites in the abdomen
are the ileocecal valve, the colon and the peri-
toneum. On colonoscopy, the presence of ulcer-
ations is a common finding. Other endoscopic
abnormalities include erythema, erosions, nod-
ules, pseudopolyps, and strictures [4, 6, 13-14].
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Analysis of TB-related ascites reveals protein
of more than 2.5 g/dl, white cell counts of 500-
1,500 per cubic mm with predominant lympho-
cytes, and a serum-ascites albumin gradient less
than 1.1g/dL. In addition, a systematic review
described the high specificity of adenosine de-
aminase (ADA). ADA measurement of more
than 39 IU/L in ascites fluid suggests a diagno-
sis of peritoneal TB [4,6,15-16].

Abdominal CT is another frequently-used
diagnostic tool. Peritoneal involvement can be
identified by ascites and a thickened peritoneum
with a smooth or nodular surface. Lymph nodal
involvement commonly appears as enlarged,
necrotic lesions with peripheral enhancement.
Intestinal TB can appear with bowel wall thick-
ening and strictures. Mass-like lesions, prob-
ably caused by thickening of the ileocecal valve
and enlarged lymph nodes, are uncommon and
sometimes misidentified as malignancy [17,
18].

We should maintain a high level of clini-
cal suspicion for EPTB, because it always
lacks specific manifestations. Microbiological
analysis is important to confirm the diagnosis.
Clinical symptoms, pathological examinations
and images are also used to support the clinical
diagnosis. The hallmark of histopathological
analysis is caseous granulomas, while chronic
inflammation with non-caseous granulomas is
the usual presentation. Microbiological analysis
includes AFS, gene examinations and myco-
bacterial culture. If AFS is positive, it is neces-
sary to differentiate MTB from nontuberculous
mycobacteria. The gold standard of diagnosis
is mycobacterial culture, but the final result is
reported weeks later [3,4,6]. GeneXpert-MTB/
RIF is a rapid nucleic acid amplification as-
say to detect MTB. A systematic review of
GeneXpert-MTB/RIF reported that sensitivity
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varied across different extrapulmonary speci-
mens (31%~97%). Specificity was = 98% in
cerebrospinal fluid, pleural fluid, urine and peri-
toneal fluid [19]. Therefore, GeneXpert-MTB/
RIF is a useful tool to confirm an EPTB diagno-
sis rapidly, but a negative result can not entirely
exclude the possibility of MTB infection.

According to the Taiwan Guidelines for
TB Diagnosis & Treatment (7thed.), the main
management for EPTB is medical treatment.
The general therapeutic course is 4-drug com-
bined anti-TB therapy with isoniazid, rifampin,
ethambutol, pyrazinamide for 2 months, then
2-drug combined anti-TB therapy with isonia-
zid and rifampin for the next 4 to 7 months, if
the drug susceptibility test shows no resistance.
The duration of 2-drug combined anti-TB thera-
py should be extended for infections in the skel-
eton or central nervous system. The indications
for corticosteroid therapy are involvement of
the pericardium and the central nervous system.
The main role of surgical intervention is biopsy.
For abdominal TB, surgery can be considered in
cases with complications, such as obstruction,
fistula, and perforation. Most colorectal TB le-
sions show resolution with complete mucosal
healing after as few as 2 months of anti-TB
therapy. Therefore, there is no requirement to
repeat colonoscopy when the patient is asymp-
tomatic after treatment [3-6].

In conclusion, abdominal TB is easily con-
fused with other diseases. The low incidence,
atypical symptoms and nonspecific imaging
findings are diagnostic challenges. We reported
an immunocompetent patient who was asymp-
tomatic and was diagnosed with colonic TB
through microbiological evidence of colonic
tissue. Prior self-healing pulmonary TB and
mycobacterial transmission to the gastrointesti-
nal tract were suspected. Mycobacterial culture
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is the gold standard of diagnosis and should be
performed in a timely manner to prevent a delay
in diagnosis. EPTB always has a good response
to anti-TB drugs. Therefore, the most important
issue of abdominal TB is getting an accurate di-
agnosis early.
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Primary Pulmonary Adenoid Cystic Carcinoma with
Tracheal Invasion and Total Obstruction of the Left Main
Bronchus — A Case Report

Chao-Wen Lu"??, Min-Shu Hsieh**, Hsao-Hsun Hsu*®

Primary pulmonary adenoid cystic carcinoma (ACC) is a rare pulmonary malignancy.
With its slow-growing nature, it is difficult to diagnose until the disease progresses to an
advanced stage. We reported the case of a 68-year-old woman who presented with a 1-year
history of chest discomfort. After serial examinations, an ACC with tracheal invasion and total
obstruction of the left main bronchus was identified. Based on the preoperative assessment of
the patient, left pneumonectomy with partial resection of the trachea and bronchoplasty were
deemed feasible. A final pathological examination revealed an ACC with a mixed cribriform
and tubular pattern. MYB breakage was confirmed via fluorescence in situ hybridization.
Since the resection margins were tumor-free, no adjuvant therapy was necessary. No tumor
recurrence was noted on the follow-up chest computed tomography. This case highlights the
challenges in diagnosing and treating primary pulmonary ACCs. Surgery remains its mainstay

treatment modality. (Thorac Med 2024; 39: 158-164)

Key words: adenoid cystic carcinoma, anterolateral thoracotomy, pneumonectomy

Introduction

Primary airway cancers comprise less
than 1% of all pulmonary malignancies [1-4].
Squamous cell carcinoma (SqCC) is the most
common primary tracheal tumor, followed by
adenoid cystic carcinoma (ACC) [4]. ACC is a
salivary gland-type tumor of the lung character-
ized by 3 distinct architectures: tubular, cribri-
form, and solid [5-6]. The presence of a solid

pattern is associated with distant metastasis
and a poorer prognosis [5]. ACC usually grows
slowly and remains undetected for many years
until it reaches an advanced stage [5].

Complete surgical resection is the primary
treatment modality for ACCs. However, RO
resection may be challenging, and may be asso-
ciated with severe complications due to the cen-
tral location of the airway [3]. Promising prog-
noses can still be achieved using R1 resection
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with adjunctive therapies such as radiotherapy
[4, 6-7]. We report a case of ACC arising from
the left main bronchus, with total obstruction of
the left lung.

Case Presentation

A 68-year-old woman was regularly fol-
lowed up at our outpatient clinic for hyperten-
sion and asthma. She had a 1-year history of
chest discomfort, with left lung collapse on
chest radiography (Figure 1A). Chest computed
tomography (CT) revealed a large tumor ob-
structing the left main bronchus, leading to the
total collapse of the left lung (Figure 1B and
1C). Bronchoscopy revealed an endotracheal
tumor extending from the left main bronchial
orifice to the level above the carina (Figures 2A
and 2B). Esophagogastroduodenoscopy ultra-
sound revealed a 38.2 x 62.6-mm hypoechoic
heterogeneous lesion at the para-esophageal
space near the aorta, approximately 28-30 cm
below the incisors. Fine-needle biopsy via
esophagogastroduodenoscopy confirmed an
ACC, characterized by mixed tubular and crib-
riform patterns with biphasic p63 staining and
diffuse SOX10 expression. Brain and bone CT
revealed no distant metastases.

Echocardiography revealed a normal left
ventricular ejection fraction (87.0%) with mild
to moderate tricuspid regurgitation (TR max
pressure gradient: 20.5 mmHg). A pulmonary
function test was not performed. Despite com-
plete obstructive collapse of the left lung, the
patient was able to maintain normal daily activ-
ity. Therefore, based on the adequate heart func-
tion and fair clinical presentation, we concluded
that the patient would be able to maintain her
normal daily activity after a left pneumonec-
tomy. After discussion with the patient and her

Fig. 1. (A) Chest radiography showing a collapsed left lung. (B)

Computed tomography (CT) scan showing a mass obstructing the
left main bronchus. (C) CT showing a completely collapsed left
lung. SVC, superior vena cava; AsAO, ascending aorta; Ds AO,
descending aorta.

family, the left pneumonectomy and carinal re-

section with bronchoplasty were performed.
Intraoperatively, a solid and firm tumor,

invading the trachea, was found in the left main

Thorac Med 2024. Vol. 39 No. 2
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Fig. 2. (A) Bronchoscopy showing tumor invasion into the trachea. (B) The tumor completely obstructed the left main bronchus orifice. (C)

Schematic picture of the left main bronchus resection with partial tracheal resection. (D) Total obstruction of the left main bronchus.

bronchus (Figures 2C and 2D). Pulmonary ar-
tery pressure was not elevated after clamping
the left main pulmonary artery. The left side
of the heart was compressed for better tumor
exposure, and venoarterial extracorporeal mem-
brane oxygenation (VA-ECMO) was used to
maintain normal blood pressure. The tumor
was removed by means of a left main bron-
chus resection, with partial tracheal resection,
and without injury to the recurrent nerve. The
trachea was repaired using a 4-0 PDS with an
interrupted style. A pericardial flap was used to
cover the anastomosis site. Then, we checked
the air leak using the water sealing method. No
air leakage from the repaired site was seen. A
28 Fr chest tube was set at the posterior aspect
of the left thoracic cavity, and the wound was
closed in layers. The total blood loss was 350
mL, and the total operative time was 491 min.

Thorac Med 2024. Vol. 39 No. 2

Intraoperative VA-ECMO was successfully dis-
continued.

The patient was transferred to the inten-
sive care unit for postoperative surveillance.
No right ventricular dilatation or elevation of
central venous pressure was observed, and the
Swan-Ganz catheter was removed on postop-
erative day 3. As the patient began to walk and
demonstrated good tolerance, prostaglandin E1l
infusion was gradually tapered.

Consultation with an otolaryngologist was
required due to the development of hoarseness
and left vocal cord palsy. After spontaneous im-
provement of the hoarseness, watchful waiting
was implemented. The chest tube was clamped
on the 8th postoperative day, and successfully
removed the following day. On postoperative
day 10, the patient was transferred to the gener-
al ward under relatively stable conditions. The
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patient was successfully discharged on postop-
erative day 17.

Pathological examination revealed a 6 x 6
x 4.8 cm ACC, with mixed cribriform and tu-
bular patterns (Figure 3). No solid components
were observed. Perineural invasion was also
observed. MYB rearrangement was confirmed
using fluorescence in situ hybridization (FISH)

(Figure 4). The section margins were tumor-
free, and the pathological stage was T3NOMO.
The patient was regularly followed up with
a bronchoscopic examination and chest CT,
without adjuvant therapy (Figure 5). She has re-
mained disease-free and has been able to inde-
pendently perform her activities of daily living

for 17 months.

)

1

Fig. 3. Pathological examination of the adenoid cystic carcinoma showed the presence of mixed cribriform and tubular patterns.

Fig. 4. MYB rearrangement was confirmed by break-apart fluorescence in situ hybridization.

Thorac Med 2024. Vol. 39 No. 2
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Fig. 5. (A) Chest X-ray showed left pneumonectomy, with opacity at the left-side hemothorax. (B) CT scan showed no local recurrence after left

pneumonectomy. (C) Bronchoscopy revealed a patent trachea (D). Bronchoscopy revealed a patent right main bronchus, with granulation tissue

formation at the resection margin.

Discussion

ACC occurs more frequently in middle-
aged women [8]. Similar to its salivary gland
counterpart, primary pulmonary ACC is a low-
grade carcinoma that is slow-growing and lo-
cally invasive, with a risk of local recurrence
and late metastasis. The reported 5-year and
10-year survival rates are approximately 52-
79% and 29-56%, respectively. Tracheal ACC
most frequently occurs in the distal third of the
trachea [9]. In the present case, the patient was
asymptomatic until the left main bronchus was
completely obstructed by the ACC. Despite the
challenging location of the tumor, we were able
to achieve an RO resection through a difficult
surgical approach.

Pulmonary ACC is a malignant biphasic

Thorac Med 2024. Vol. 39 No. 2

salivary gland-type tumor with epithelial and
myoepithelial cells. Tubular, cribriform, and
solid tumors are the 3 major histological pat-
terns of ACC. A solid pattern is associated with
a poor prognosis. Clinically, ACC arises from
large airways and presents as an endotracheal or
endobronchial tumor [5, 8]. As in salivary gland
ACCs, MYB and MYBLI1 rearrangements are
characteristic genetic changes in tracheopul-
monary ACCs, and 40% of pulmonary ACCs
harbor MYB rearrangements, which can be de-
tected via FISH [10-11].

Reports indicate that the postoperative
S-year survival rate for patients with ACC
ranges from 52—100%, which is higher than that
observed in patients with SqQCC (5-year survival
rates of 3-53%) [3, 12-14]. Tumors involving
the airway margins are more commonly ob-
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served in patients with ACC than in those with
SqCC. Moreover, SqQCC has poorer survival
outcomes than ACC when the resection margins
are involved [14]. In our case, adjuvant therapy
was not administered due to the patient’s tumor-
free resection margins [15]. However, another
study found that extraluminal invasion of ACC,
even after RO resection, was associated with
poorer disease-free survival rates (66.66%) [6].
Given the presence of extraluminal extension
and perineural invasion in this case, there was
a relatively high risk of recurrence; therefore,
close monitoring and follow-up should still be
performed.

Though rare, ACC can be aggressive and
difficult to treat if not detected early. Complete
resection remains the mainstay of treatment for
ACC. Although complete resection (RO resec-
tion) remains the preferred treatment approach
for ACC, patients at high risk of surgical com-
plications may still benefit from R1 resection
followed by postoperative radiation therapy,
which can yield a favorable prognosis [4, 6-7].

Conclusion

Favorable outcomes for patients with ACC
can be achieved through complete resection.

Competing interests

All authors declare to have no conflict of
interest.

Funding

No funding was obtained for this manu-
script. The Acknowledgement below indicates
there was funding (grants) from NTUH.

Authors’ contributions

CWL prepared the first draft of the manu-
script. HHH provided the study materials. MSH
and HHH carefully reviewed and drafted the
manuscript until its final version. All the authors
have read and approved the final version of the
manuscript.

Acknowledgements
This study was supported by grants from

National Taiwan University Hospital (MS441)
to HHH.

References

—_

.Maziak DE, Todd TR, Keshavjee SH, et al. Adenoid
cystic carcinoma of the airway- thirty-two-year
experience. J Thorac Cardiovasc Surg 1996; 112: 1522-
32.

2.Bhattacharyya N. Contemporary staging and prognosis
for primary tracheal malignancies: a population-based
analysis. Otolaryngol Head Neck Surg 2004; 131(5): 639-
42.

3.Zhao Y, He G, Zhai Y, et al. Adenoid cystic carcinoma
of lobar bronchial origin: 20-year experience at a single
institution. Ann Surg Oncol 2022; 29: 4408-16.

4.Zhao L, Zhao Y, Guo ID, et al. Effective radiotherapy in
tracheobronchial adenoid cystic carcinoma with positive
surgical margin. Ann Thorac Surg 2021; 112(5): 1585-92.

5.Coca-Pelaz A, Rodrigo JP, Bradley PJ, ef al. Adenoid
cystic carcinoma of the head and neck--An update. Oral
Oncol 2015; 51(7): 652-61.

6.Ning Y, He W, Bian D, et al. Tracheo-bronchial adenoid
cystic carcinoma: A retrospective study. Asia Pac J Clin
Oncol 2019; 15(4): 244-9.

7. Yusuf M, Gaskins J, Trawick E, et al. Effects of adjuvant
radiation therapy on survival for patients with resected
primary tracheal carcinoma: an analysis of the National
Cancer Database. Jpn J Clin Oncol 2019; 49(7): 628-38.

8.Dewenter I, Otto S, Kakoschke TK, et al. Recent

advances, systemic therapy, and molecular targets in

Thorac Med 2024. Vol. 39 No. 2



164 Chao-Wen Lu, Min-Shu Hsieh, ef al.

adenoid cystic carcinoma of the head and neck. J Clin
Med 2023; 12(4): 1463-74.

9.Maziak DE. Biology of adenoid cystic carcinoma of the
tracheobronchial tree and principles of management.
Thorac Surg Clin 2018; 28(2): 145-8.

10. Pei J, Flieder DB, Patchefsky A, et al. Detecting MYB
and MYBL1 fusion genes in tracheobronchial adenoid
cystic carcinoma by targeted RNA-sequencing. Mod
Pathol 2019; 32(10): 1416-20.

11. Roden AC, Greipp PT, Knutson DL, et al. Histopathologic
and cytogenetic features of pulmonary adenoid cystic
carcinoma. J Thorac Oncol 2015; 10(11): 1570-5.

12.Liu Y, Zheng K, Lu Q, et al. Surgical treatment of

Thorac Med 2024. Vol. 39 No. 2

13.

14.

15.

primary tracheobronchial tumors: 16-year experience in a
single center. J Thorac Dis 2022; 14(2): 343-54.

Yang H, Yao F, Tantai J, ef al. Resected tracheal adenoid
cystic carcinoma: improvements in outcome at a single
institution. Ann Thorac Surg 2016; 101(1): 294-300.
Gaissert HA, Grillo HC, Shadmehr MB, et al. Long-term
survival after resection of primary adenoid cystic and
squamous cell carcinoma of the trachea and carina. Ann
Thorac Surg 2004; 78(6): 1889-97.

Honings J, Gaissert HA, Weinberg AC, et al. Prognostic
value of pathologic characteristics and resection margins
in tracheal adenoid cystic carcinoma. Eur J Cardiothorac
Surg 2010; 37(6):1438-44.



165

Rupture of a Right-side Intrapulmonary Sequestration:
A Case Report

Osbert Qi Yao Leow', Yi-Cheng Wu', Chien-Hung Chiu’

Pulmonary sequestration is a rare congenital malformation uncommonly diagnosed in
adults. It has variable presentations, either asymptomatic or with severe symptoms such as
hemoptysis and recurrent pneumonia. Diagnosis can be confirmed by computed tomography
or angiography. Treatment with either surgery or embolization has been reported. We reported
the case of a 40-year-old male patient who presented with hemoptysis and hemothorax, and
was eventually diagnosed with ruptured right-side intrapulmonary sequestration. (Thorac

Med 2024; 39: 165-169)

Key words: Pulmonary sequestration, intrapulmonary sequestration, congenital lung anomaly,

pulmonary sequestration rupture

Introduction

Pulmonary sequestration is a rare congeni-
tal lung anomaly defined as nonfunctioning
pulmonary tissue supplied from an anonymous
systemic blood supply, and is rarely diagnosed
in an adult. We report the case of a patient who
had symptoms of refractory hemoptysis and
right hemothorax who underwent transarterial
embolization (TAE) of the blood supply of a
ruptured sequestration, followed by surgical re-
section of the right lower lobe (RLL) sequestra-
tion.

Case Report

A 40-year-old male patient had a history of
a paraophthalmic internal carotid artery aneu-
rysm, and underwent stenting several years ago.
He was given dual antiplatelet therapy regularly
after the operation. The patient was also found
to have an asymptomatic RLL lesion with
emphysema and atelectasis during a low-dose
computed tomography scan a few years ago,
and regular follow-up was suggested (Figure 1).

This time, the patient presented to our unit
with the chief complaint of hemoptysis with in-
creased frequency for days. The patient also had
progressive dyspnea for 2 days. He denied chest
tightness, chest pain and fever during the pe-
riod. Physical examination showed diminished
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Fig. 1. Chest X-ray revealed blunting of the right chest.

Fig. 2. Right lower lobe superior segment endobronchial mucosa
appeared with persistent oozing under bronchoscopy.

Thorac Med 2024. Vol. 39 No. 2

respiratory sounds at the right chest wall during
auscultation. Hemogram revealed anemia with
Hb 9.0 g/dL. Thus, the patient was given 2 units
of packed red blood cells. An initial chest X-ray
at the emergency department revealed blunting
of the right chest (Figure 2). Due to hemoptysis,
we held the dual antiplatelet therapy and ar-
ranged a bronchoscopy examination. The RLL
superior segment endobronchial (RB6) mucosa
appeared to be persistently oozing with exter-
nal compression under bronchoscopy (Figure
3). Computed tomography angiography was
performed, which showed massive right pleural
effusion, a consolidation in the RLL, and an ac-
tive contrast extravasation arising from the left
subphrenic artery at the celiac level (Figure 4).
The patient underwent TAE with coils (Cook,
Tornado Embolization Coil 0.018) from a

Fig. 3. Computed tomography angiography showed massive right
pleural effusion and a consolidation in the right lower lobe with
active contrast extravasation.

Fig. 4. Computed tomography angiography
showed a feeding vessel arising from the left
subphrenic artery.
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Fig. 5. (A) Angiographic image showing the transarterial embolization with coils from a branch of the left subphrenic artery before and after the

procedure.

Fig. 6. Chest X-ray follow-up 3 months after the operation.

branch of the left subphrenic artery. There was
no contrast extravasation in the post-TAE angi-
ography (Figure 5).

Exploratory thoracotomy with posterolat-
eral incision was performed 3 days after the
dual antiplatelet therapy ceased. During the
operation, we evacuated blood and blood clots
of around 500 ml in volume first. RLL conges-
tion and rupture with persistent oozing was
noted. After division of the aberrant artery and
intrapulmonary veins, RLL lobectomy was
performed smoothly. No more hemoptysis was
noted 1 week after surgery. The patient fol-
lowed up chest X-ray regularly after the surgery
(Figure 6).

Discussion

Pulmonary sequestration is a congenital
anomaly characterized by abnormal nonfunc-
tioning pulmonary tissue development with
blood supplied by an anonymous systemic
blood supply [1]. Pulmonary sequestration is
primarily considered a childhood disease, and
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comprises up to 6.4% of congenital lung mal-
formations [2]. Two main types of pulmonary
sequestration have been identified based on
the localization of the malformation: intrapul-
monary sequestration, in which the dysplastic
tissue is located inside the normal lung, and
extrapulmonary sequestration, in which the dys-
plastic tissue is located in an extra lobe of the
lung [3, 4]. In most patients, the malformation
is located in the left inferior lobe of the lung,
primarily in the posterior basal segment. The
ectopic variant, with intra- or subdiaphragmatic
localization, has also been reported [4, 6]. The
abnormal blood supply of the sequestration
commonly arises from the descending aorta,
or its branches. The venous system could drain
into the pulmonary veins, azygos vein, hemia-
zygos vein, inferior vena cava, or right atrium [4,
7].

The clinical presentations of pulmonary se-
questration can vary widely. Some patients may
present with no symptoms, and the condition
could be incidentally discovered by imaging
studies. In other cases, symptoms such as recur-
rent pneumonia, chest pain and hemoptysis may
occur [4, 8].

CT and angiography are commonly used di-
agnostic methods for pulmonary sequestration.
CT images can help visualize the abnormal lung
tissue and its blood supply. Angiography can
provide detailed information about the feeding
vessel of the sequestration [9]. In Figures 4 and
5, we present valuable CT and angiography im-
ages of a pulmonary sequestration feeding ves-
sel arising from the left subphrenic artery.

In the case we described, the patient pre-
sented with hemoptysis and hemothorax, which
likely resulted from the rupture of the intrapul-
monary sequestration. Rupture of a sequestrated
lung is a rare but lethal complication of pulmo-

Thorac Med 2024. Vol. 39 No. 2

nary sequestration that could lead to both signif-
icant bleeding and respiratory distress [10, 11].
The cause of the sequestration rupture might be
the higher pressure and relative fragility of the
abnormal systemic blood supply. The abnormal
vessels supplying the sequestration often are
affected by conditions such as atherosclerosis,
occlusive endarteritis, or venosclerosis, which
further contributes to their vulnerability [7, 10].

Surgery is generally the preferred treatment
for pulmonary sequestration, even in asymp-
tomatic patients, to prevent further complica-
tions such as infection or inflammation. How-
ever, there is still no clear evidence on whether
surgical intervention is more beneficial than a
conservative approach in an asymptomatic pa-
tient [12]. In recent years, an alternative treat-
ment option using endovascular embolization to
block the aberrant vessels supplying the seques-
tration has been introduced [13]. In our case, a
combination of both techniques was employed
for the treatment. TAE was performed initially
to achieve hemostasis by blocking the actively
bleeding aberrant vessel, followed by surgical
treatment after 3 days. The patient tolerated the
treatment well. This approach offers an alterna-
tive treatment choice, particularly for patients
who are taking antiplatelet medication and wish
to reduce the tendency for intraoperative bleed-
ing.

Conclusion

This case highlights the rare occurrence of
pulmonary sequestration presenting in adult-
hood, and the importance of the use of imaging
to identify an anomalous arterial supply to the
sequestered segment in the RLL of the lung.
The combination of TAE and subsequent surgi-
cal intervention, as performed in this case, pro-
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vides a comprehensive and effective approach

to managing a ruptured sequestration.
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Case report: Lung Transplant for Pulmonary Chronic
Graft-Versus-host Disease After Fully Matched sibling
Peripheral Blood Stem Cell Transplantation

Chih-Hsiang Chang’, Ming-Shu Hsieh?, Xu-Heng Chiang"®, Hsao-Hsun Hsu'

Pulmonary graft-versus-host disease (GvHD) with bronchiolitis obliterans is a lethal
complication of allogeneic hematopoietic stem cell transplantation. Early detection and
treatment initiation may slow disease progression; however, medical therapy does not always
achieve the desired effect. Thus, lung transplantation is an effective treatment option. Here,
we report the complicated case of a patient who underwent autologous peripheral blood
stem cell transplantation and developed pulmonary GvHD. After approximately 6 months on
a ventilator and developing extracorporeal membrane oxygenation dependence, the patient
underwent right lung transplantation and was discharged approximately 8 months after the

procedure. (Thorac Med 2024; 39: 170-173)

Key words: Lung transplant, graft-versus-host disease (GvHD), stem cell transplantation

Introduction

Hematopoietic stem cell transplantation
(HSCT) is a definitive treatment for hematolog-
ic malignancies, such as lymphoma. However,
complications may occur. Pulmonary graft-ver-
sus-host disease (GvHD) is a complication that
may lead to mortality after HSCT. Pulmonary
changes in chronic pulmonary GvHD include
bronchiolitis obliterans (BO), pulmonary fibro-
sis, and/or organizing pneumonia. Although
early detection using pulmonary function tests

can help slow disease progression [1], pulmo-
nary GvHD often progresses rapidly and un-
stoppably. During disease progression, many
complications may occur, such as pneumonia
caused by prolonged intubation, recurrent pneu-
mothorax caused by ventilator dependence [2],
and coagulopathy caused by extracorporeal
membrane oxygenation (ECMO) support. In
the face of these complications, lung transplan-
tation may be the last treatment option and can
yield improved survival.

'Department of Surgery, National Taiwan University Hospital, Taipei, Taiwan. *Department of Pathology, National
Taiwan University Hospital, Taipei, Taiwan. 'Department of Medical Education, National Taiwan University

Hospital, Taipei, Taiwan

Address reprint requests to: Dr. Xu-Heng Chiang, National Taiwan University Hospital, Taipei, Taiwan, No.7, Chung
Shan S. Rd., Zhongzheng Dist., Taipei City 100225, Taiwan (R.O.C.)

Thorac Med 2024. Vol. 39 No. 2



Lung Transplant for GvHD After PBSCT 171

Case Report

A 33-year-old female patient was diagnosed
with anaplastic large cell lymphoma in 2018.
Her initial symptoms included a mass on the
right upper back. Computed tomography (CT)
revealed lymphadenopathies at the bilateral
neck, axilla, and mediastinum, and mass lesions
in the C-spine, sternum, ribs, sacrum, right
iliac spine, and femur. Fully matched sibling
peripheral blood stem cell transplantation was
performed in 2020 due to disease recurrence
after multiple cycles of chemotherapy and au-
tologous peripheral blood stem cell transplanta-
tion. There was no hyperacute or acute GvHD,
and the patient was stable for a few months.
A pulmonary function test (PFT) revealed
normal standard spirometry and normal diffu-
sion capacity (forced expiratory volume in the
first second (FEV,): 98% of predicted normal,
forced vital capacity (FVC): 102% of predicted
normal) in mid-2019, before stem cell trans-
plantation.

She had several episodes of dyspnea and
fever in mid-2020, and her pulmonary func-
tion deteriorated rapidly. By the end of 2020,
she was almost entirely dependent in her daily
activities. Follow-up PFT revealed significantly
decreased lung function (FEV,: 19.3% of pre-
dicted normal, FVC: 37% of predicted normal)
(Table 1). High airway pressure while using a
mechanical ventilator, and bilateral multicen-
tric ground-glass opacities on chest CT were
compatible with BO (Figure 1). As chronic
pulmonary GvHD was suspected, the patient
was treated with protein kinase inhibitors (i.e.,
ruxolitinib and ibrutinib).

Due to rapidly deteriorating pulmonary
function, venous-venous ECMO (V-V ECMO)
was started in late 2021. Recurrent bilateral

[

Fig. 1. Computed tomography (CT) before (A) and after (B)
pulmonary GvHD diagnosis. Multiple ground-glass opacities in
bilateral lung fields were found on CT after the patient received
peripheral blood stem cell transplantation. The CT after unilateral
right lung transplantation (C) showed some infectious and
inflammatory processes in both lungs, but no bronchiectasis was

found in the right lung.

pneumothorax occurred due to the patient’s
fragile lungs and mechanical ventilation. The
patient underwent lung transplantation with V-V
ECMO support at the end of 2021. During sur-
gery, massive intraoperative blood loss (~ 4600
mL) occurred due to severe adhesions, which
might have been secondary to previous recur-
rent pneumothorax and pleurodesis treatment.
After right lung transplantation, the surgical
team decided to stop the transplant procedure
to control the severe bleeding. The patient was
successfully weaned off V-V ECMO on postop-
erative day 16. The time to recovery was long,
due to tracheomalacia resulting from a long
ventilator-dependent period, poor performance
status, and prolonged ECMO-dependence be-
fore the transplant; the patient was transferred
to the general ward on postoperative day 111,
and was finally discharged on postoperative day
218.

During pathological examination, the re-
cipient's right lung was 318.0 g (average adult
weight: 360-570 g) and was 12.5 x 12.0 x 5.0

Thorac Med 2024. Vol. 39 No. 2
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Fig. 2. (A) The transplant recipient’s right lung showing fibrous adhesion, a shaggy lusterless pleural surface, and intrapulmonary hemorrhage with
hematoma formation (arrow). (B) Airway showing bronchiolitis obliterans with submucosal fibrosis (asterixis), chronic inflammation, and denuded
respiratory epithelium. (C) Total obstruction of some small airways (arrowhead), highlighted by (D) Masson trichrome staining (arrowhead).

cm in size. The pleural surface was shaggy and
lusterless, and fibrous adhesion to the adjacent
fibroadipose tissue was noted, which was con-
sistent with the operative findings (Figure 2A).
Microscopic examination showed BO involving
multiple small airways, characterized by sub-
epithelial fibrosis, variable lymphocytic inflam-
mation, luminal stenosis, and total obstruction
in some airways (Figure 2B-D).

Discussion

Patients with early pulmonary GvHD are
often asymptomatic or present with nonspecific
symptoms, such as mild exertional dyspnea,
most of which occur between 3 months and 2
years following HSCT, and affect up to 20%
of HSCT patients [3]. Due to patients’ initial
lack of awareness of the disease, diagnosis is
often delayed until significant changes in air-
flow patterns and lung structure occur, or until
the patient experiences marked respiratory dis-
tress. PFT is a useful tool for early detection of

Thorac Med 2024. Vol. 39 No. 2

disease progression [1-2]. For example, in our
patient, the rate of deterioration was very fast
and could be detected in the subsequent PFT. In
addition, high-resolution chest CT can be used
as an auxiliary diagnostic tool. On high-resolu-
tion CT, BO shows diffuse mosaic attenuation
patterns, which present a heterogeneous ap-
pearance caused by the coexistence of trapped
air and normal parenchyma, as well as other
patterns including ground-glass opacities, bron-
chial wall thickening, and bronchiectasis [4].

Pulmonary infection and complications
may be strongly associated with GvHD with
lung involvement due to oxygen dependence,
immobility, poor secretion expectoration, and
long-term ventilator dependence. Lung trans-
plantation is 1 of the few therapies available for
these patients. In a previous study, the survival
rates at 1 and 5 years were approximately 89%
and 37%, respectively [5]. Most deaths were
attributed to long-term complications of allo-
geneic lung transplantation, including infection
and BO syndrome.
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BO is a type of bronchiolitis characterized
by submucosal fibrosis of small bronchioles,
leading to lumen stenosis and occlusion. Except
for the bronchioles, the lung parenchyma shows
no diffuse inflammation in pulmonary GvHD.
The pathophysiology of chronic GvHD is still
not well understood. It has a classic pathologi-
cal manifestation of dense eosinophilic scarring
of the bronchioles, resulting in some degree
of luminal narrowing; during progression, the
submucosal layer is replaced by fibrous tissue,
and the lumen is obliterated [6]. We found lym-
phocytic inflammation and subepithelial fibrosis
at the bronchi and bronchioles in the removed
lung specimens, consistent with the pathologi-
cal features of BO.

Although we only performed unilateral
lung transplantation because of the difficulties
encountered intraoperatively, the patient recov-
ered well and was able to return to normal life.

Our patient was a complicated case and suf-
fered from prolonged ventilator- and ECMO-
dependent periods with an almost bedridden
status before lung transplantation. However,
performing only a single lung transplant was
appropriate, as it avoided uncontrolled bleeding
and postoperative massive blood transfusion
and its complications. For lung transplant pa-
tients with a poor performance status and non-
infectious end-stage lung disease, single lung
transplantation can provide better perioperative
outcomes [7]. Patients in a poor condition may
not overcome the complications caused by a
more invasive double lung transplantation.

Pulmonary GvHD with BO is a lethal com-
plication of allogeneic HSCT. Early detection
and treatment initiation may slow disease pro-
gression; however, medical therapy does not
always achieve the desired effect. Thus, lung
transplantation is an effective treatment option,

even when only unilateral lung grafts are used,
as reported in this article.
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Hereditary Multiple Exostosis Presenting as a Pulmonary
Nodule: A Case Report

Ying-Che Ting', Yi-Chen Yeh? Han-Shui Hsu™"*

Hereditary multiple exostoses (HME) involving the ribs are relatively uncommon and
very rarely appear like pulmonary nodules. Computed tomography or magnetic resonance
imaging could help in the diagnosis. Other important imaging differential diagnoses include
enchondroma, osteoblastoma, chondroblastoma, and chondrosarcoma. We reported the
case of a 16-year-old female with a solitary pulmonary nodule on a chest radiograph on
presentation. Video-assisted thoracoscopic surgery with exostoses excision was performed
due to a suspicious malignant transformation after 10 months of follow-up. The hospital
course went smoothly, and the patient was discharged on postoperative day 4. (Thorac Med

2024; 39: 174-178)

Key words: osteochondroma, rib, pulmonary nodule

Introduction

Hereditary multiple exostoses (HME) is a
disease entity that is characterized by multiple
osteochondromas. The prevalence of HME is
estimated to be 0.9 to 2 per 100,000 in the Cau-
casian population [1]. The presentation of HME
is usually asymptomatic, leading to possible un-
derestimation of its prevalence. The knees and
proximal humerus are the areas mostly affected
[2]. Rib exostoses are less common. The pre-
cise prevalence of HME with rib involvement is
unknown, but about 3% of all osteochondromas

are estimated to occur in the vertebrae and ribs,
and 70% of these are accompanied by HME [3].
Here, we present the case of a 16-year-old girl
with HME, with the main lesion arising from
the left 6th rib. The general concepts, imaging
considerations, and surgical indications are also
reviewed.

Case Report

A 16-year-old girl without systemic disease
presented to our outpatient clinic due to a 3-cm
triangular pulmonary opacity with multifocal
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Fig. 1. Preoperative chest radiography revealed a 3-cm triangular
pulmonary opacity with multifocal tiny calcifications at the lower
lobe of the left lung.

tiny calcifications that was incidentally found at
the lower lobe of the left lung on radiography
(Fig. 1). There were no accompanying symp-
toms such as shortness of breath, chest pain,
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or chest tightness. On physical examination,
clear breathing sounds were noted in both lung
fields. Computed tomography (CT) of the chest
revealed a 2.8-cm lobulated and pedunculated
mass in the lower lobe of the left lung, with
a calcified rim and protruding stalk from the
left 6th rib (Fig. 2 A~D). In addition, multiple
radiolucent blurs were noted at the clavicles,
scapula, proximal humerus, and multiple ribs
on both sides. A provisional diagnosis of HME
was made, although the patient denied a posi-
tive family history.

Follow-up CT of the chest revealed an en-
largement of the mass with a 0.2-cm prominent
soft tissue component. Thus, the patient under-
went surgery through single-port video-assisted
thoracoscopy. A tree-like pedunculated bony
exostosis was noticed in the left pleural space,
arising from the left 6th rib at the anterior por-
tion. Removal of the pedunculated lesion was
performed without difficulty. Pathological ex-
amination revealed a 3.7-cm tumor with mature
bony trabeculae and a cap of mature hyaline
cartilage (Fig. 3 A~C). These findings con-

Fig. 2. Chest computed tomography images. Coronal (A, B) and axial (C, D) views showing a 2.8-cm lobulated and pedunculated mass in the

lower lobe of the left lung, with a calcified rim and protruding stalk from the left 6™ rib.

Thorac Med 2024. Vol. 39 No. 2
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Fig. 3. (A) Thoracoscopic view, and (B) macroscopic view: A pédunculated lesion arising from the left 6th rib with inflammatory

change of adjacent lung tissue. (C) The pathological picture (5x) revealed mature bony trabeculae and a cap of mature hyaline

cartilage.

firmed the diagnosis of osteochondroma. The
postoperative period was uneventful; the drain-
age was removed on postoperative day 1, and
the patient was discharged on postoperative day
4.

Discussion

The pathogenesis of HME was found to be
associated with heterozygous loss of function
mutations in EXT1 (the enzyme) or EXT2 (the
chaperone-like and non-enzymatically active

Thorac Med 2024. Vol. 39 No. 2

partner of EXT1), genes that encode Golgi-
resident glycosyltransferases responsible for
the synthesis and assembly of heparan sulfate
(HS) chains onto the core protein of syndecans,
glypicans and other HS-rich proteoglycans [4].
Heterozygous mutations in either gene in HME
patients lead to a systemic HS deficiency, which
is associated with cell misbehavior and tumori-
genesis [5]. Diagnosis of a HME can be made
radiologically with the presentation of more
than 2 osteochondromas. In addition to a posi-
tive family history, which is an important clue
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for HME, genetic tests for EX1 and EX2 muta-
tion could provide a more definite diagnosis.

A diagnosis of HME can be made ra-
diologically with the presentation of more than
2 osteochondromas. However, it is uncommon
that an osteochondroma would present as a pul-
monary nodule. To our knowledge, ours is the
first case of this atypical presentation.

CT or magnetic resonance imaging is usu-
ally required to visualize the continuity between
the cortex of the lesion and the cortex and me-
dulla of the underlying bone. Magnetic reso-
nance imaging is the most accurate examination
for demonstrating a cartilage cap that has a high
signal intensity on T2-weighted imaging [6].

The differential diagnoses on imaging
include enchondroma, osteoblastoma, chondro-
blastoma, and chondrosarcoma. Enchondroma
usually arises from cartilaginous tissue at the
costochondral junction. CT reveals a slow-
growing, lobulated, well-demarcated osteolytic
lesion with or without bulging of the cortical
bone [6]. Osteoblastoma mostly involves the
vertebral column and long bone, followed by
the feet, skull, clavicle, and ribs. It usually pres-
ents as an osteolytic and expansile lesion on
CT [7]. Chondroblastoma usually involves the
epiphyseal and epimetaphyseal regions of the
long bones. Other locations include the acetab-
ulum, ilium, talus, calcaneus, patella, temporal
bone, and ribs. Chondroblastoma is usually a
well-circumscribed, round, or oval lesion on
radiography. CT can show matrix mineraliza-
tion, cortical erosion, and soft tissue extension
[8]. Chondrosarcoma often arises in the pelvis
or long bones; it is relatively rare for it to arise
in the rib. CT is optimal for detecting matrix
mineralization, particularly when it is subtle or
when the lesion is anatomically complex [9].

Malignant transformation is one of

the most concerning manifestations of HME.
Nearly 2% of patients will have their exostoses
progress to malignancy and become peripheral
chondrosarcomas [10]. If the thickness of a
cartilage cap exceeds 2 cm in adults or 3 cm in
children, malignant transformation should be
suspected [6]. The clinical appearance of suspi-
cious malignant changes is characterized by a
sudden increase in size, sudden onset of pain at
the site, areas of radiolucency, calcification in
the overlying soft tissue mass, and destruction
of the base or adjacent bone.

Exostoses generally stop growing
when the physes close, and they remain static
throughout adulthood. Most exostoses require
no treatment. Surgical intervention is indicated
when local irritation or deformity develops,
when the control or prevention of thoracic
complications is needed, when the etiology of
a chest wall tumor is not clear, or when preven-
tion or excision for suspicious malignant trans-
formation is required. Currently, there are no
pharmacological treatments for HME other than
palliative care for pain.

References

—_

.Pierz KA, Stieber JR, Kusumi K, ef a/. Hereditary
multiple exostoses: one center's experience and review of
etiology. Clin Orthop Relat Res 2002; (401): 49-59.
2.Clement ND, Porter DE. Hereditary multiple exostoses:
anatomical distribution and burden of exostoses is
dependent upon genotype and gender. Scott Med J 2014;
59:35-44.

3.Masoum SH, Moradi A, Ebrahimzadeh MH. Multiple
rib exostoses in a boy: a rare case resulting in surgery
secondary to cosmetic concerns. Arch Bone Jt Surg 2014;
2:243-5.

4.Nam SJ, Kim S, Lim BJ, ef al. Imaging of primary chest

wall tumors with radiologic-pathologic correlation.

Radiographics 2011; 31: 749-770.

Thorac Med 2024. Vol. 39 No. 2



178 Ying-Che Ting, Yi-Chen Yeh, et al.

5.Pacifici M. The pathogenic roles of heparan sulfate 8.Brandolini J, Bertolaccini L, Pardolesi A, et al.
deficiency in hereditary multiple exostoses. Matrix Biol Chondroblastoma of the rib in a 47-year-old man: a case
2018; 71-72: 28-39. report with a systematic review of literature. J Thorac Dis

6.Nam SJ, Kim S, Lim BJ, et al. Imaging of primary chest 2017; 9 : E907-E911.
wall tumors with radiologic-pathologic correlation. 9.Sangma MMB, Dasiah S. Chondrosarcoma of a rib. Int J
Radiographics 2011; 31: 749-770. Surg Case Rep 2015; 10: 126-8.

7.Ye J, Liu L, Wu J, et al. Osteoblastoma of the rib with 10.Jones KB, Pacifici M, Hilton MJ. Multiple hereditary
CT and MR imaging: a case report and literature review. exostoses (MHE): elucidating the pathogenesis of a
World J Surg Oncol 2012; 10: 49. rare skeletal disorder through interdisciplinary research.

Connect Tissue Res 2014; 55: 80-88.

Thorac Med 2024. Vol. 39 No. 2



179

Case Report: A 78-Year-Old man Dies After Choking on a
Piece of Meat

Che-Hao Yang', Chia-Hen Lin'

Foreign body aspiration is a cause of sudden collapse, and is a basic training subject
of basic life support (BLS) instruction. In this article, we presented a case of foreign body
aspiration, in which several BLS attempts failed to remove the foreign body. It was finally
removed by bronchoscopy. (Thorac Med 2024; 39: 179-182)

Key words: Foreign body aspiration, bronchoscopy

Introduction

Management of foreign body aspiration is
a subject of basic life support (BLS) training.
Thanks to the promotion of BLS in the general
population, mortality due to foreign body aspi-
ration has been so rare that it was not recorded
as a leading cause of death in Taiwan [6]. How-
ever, foreign body aspiration remains poten-
tially fatal due to suffocation. Physicians must
always confirm the patency of the airway and
pay attention to whether a foreign body remains
inside the airway.

Case Presentation

This 78-year-old man had a past history of
Parkinsonism, and had a deep brain stimulator.
He presented to our emergency department on
19 December 2021, at 12:46, with a cardiac ar-

rest status. According to the ambulance record
(appendix 1) and his family, he collapsed when
eating lunch at a restaurant. The family mem-
bers said they saw that he kept coughing and
drinking water, and soon lost consciousness.
The staff at the restaurant found he was pulse-
less and started CPR. The emergency medical
technicians (EMT) arrived at 12:20, on 19 De-
cember 2021, when resuscitation had already
been underway for 5 minutes. The EMT pro-
vided a supraglottic airway (iGEL, size 4) and
applied a LUCAS device for continuous chest
compression. Since spontaneous circulation
had not yet returned, the man continued receiv-
ing chest compression during transportation.
The attempts at resuscitation continued on
his arrival at our emergency department, for he
still remained pulseless. We maintained manual
chest compression and intubated a 7.5 French
endotracheal tube (ETT). It was recorded that
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Fig. 1. (A) shows the whole chunk of the foreign body on the sagittal view.

cm) was larger than the ETT’s tip (0.9 cm).

some of the foreign body was removed during
intubation. The patient finally regained his vital
signs at 13:06 on the same day, with extremely
low blood pressure that required 3 kinds of
maximal dose vasopressors (norepinephrine,
dopamine, and vasopressin) to maintain systolic
blood pressure above 90 mmHg. Computed to-
mography (CT) revealed a foreign body larger
than the endotracheal tube, lasting for several
cuts of the CT, and a large area of pneumonia at
the left lower lung (Figure 1).

The patient then was transported to our
intensive care unit (ICU). On presentation, the
ventilator was found to have a fluctuating tidal
volume. A foreign body causing a ball valve
effect was highly suspected. Therefore, we per-
formed a bronchoscopy, aiming to remove the
foreign body.

We encountered the foreign body upon en-
tering (Figure 2). We then sought to remove it
by foreign body forceps together with the ETT,
but it tore at the trachea because it was too big.
Fortunately, the foreign body could be extracted
at a depth that could be approached by a Magill
forceps. We then removed the whole chunk of
the foreign body using the Magill forceps, intu-
bated a new ETT, and removed the residual de-
bris by bronchoscopy. We assumed the foreign

Thorac Med 2024. Vol. 39 No. 2

Figures 1(B) and 1(C) revealed that the size of the foreign body’s tip (1.21

[ g i

body to be a piece of meat, based on its appear-
ance. The patient rapidly recovered from his
shock status after removing the foreign body.
However, due to prolonged hypoxia, he died of
hypoxic encephalopathy in the end.

Discussion

A previous article reported that the longer
it took to remove a foreign body, the worse the
neurological outcome. If more than 25 minutes
were needed to remove the foreign body, the
likelihood of a neurological outcome with a
cerebral performance category (CPC) of more
than 3 would be as much as 86% [1].

The success rate of the abdominal thrust
was 86.5%, according to a previous review [2].
There is no recorded success rate for the chest
thrust or chest compression, but it was believed
to be more effective than the abdominal thrust
for generating greater airway pressure [3, 4].

It was unfortunate that the foreign body in
our case failed to be removed after 51 minutes
of CPR. Several issues could be discussed here,
including whether we should have used a laryn-
geal mask with the patient before the foreign
body was removed [5], and conducting an air-
way evaluation during resuscitation. However,
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C

Fig. 2. (A) The foreign body was just below the ETT. (B) The foreign body tore when removing it with the ETT, but it was
extracted at a depth that was visible to the bare eyes and available to the Magill forceps. (C) Collecting all of the pieces together,
it looked like a piece of meat. (D) We placed the foreign body into a jar.

it was surprising that the ventilation was effec-
tive during resuscitation, based on the large size
of the foreign body.
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Colchicine Overdose Causing Respiratory and Multi-
organ Failure

Tim Yu-Ting Lee', Jen-Wei Wu?, Chao-Yu Chen®, Ching-Tzu Huang*®,
Han-Chung Hu"®, Kuo-Chin Kao"®

Colchicine is usually a safe drug if taken according to therapeutic recommendations
(maximum dose of 1.8 mg/hour for acute gout). However, ingesting colchicine in quantities
that exceed the recommended maximum can cause serious systemic side effects and may
even be life-threatening. Here, we report a rare case of colchicine overdose caused by
inappropriate self-medication. Gastrointestinal symptoms and acute kidney injury developed,
and hemodialysis was initiated. Acute respiratory failure, profound shock with acute heart
failure, hepatitis, and pancytopenia were observed. Various treatments were implemented,
and the patient gradually recovered from multi-organ dysfunction and was eventually
discharged. The pharmacology of colchicine, the clinical features associated with overdose,
and treatment options are discussed. (Thorac Med 2024; 39: 183-188)

Key words: colchicine overdose, respiratory failure, multi-organ failure

Introduction

Colchicine is an alkaloid extracted from
Colchicum autumnale and is used to treat acute
gouty arthritis, familial Mediterranean fever,
and pericarditis [1]. It is usually considered
safe if taken according to therapeutic recom-
mendations (maximum dose of 1.8 mg/hour for
acute gout) [2]. However, although the reported
lethal dose of colchicine is 0.8 mg/kg [3], pa-
tient fatalities have been reported at consider-
ably lower doses. Moreover, mortality has been

reported at a wide range of doses (7~25 mg),
suggesting that the safe dose of colchicine dif-
fers between individuals. In this case report, the
patient presented with symptoms and pathologi-
cal processes typical of colchicine toxicity after
self-medicating inappropriately.

Case Presentation
The patient was a 38-year-old man with a

history of gout. He deliberately took over 20
colchicine pills (>10 mg), and approximately

'Department of Thoracic Medicine, Chang Gung Memorial Hospital, Taipei, Taiwan, “Department of Internal
Medicine, Chang Gung Memorial Hospital, Taipei, Taiwan, *Department of Nephrology, Chang Gung Memorial
Hospital, Taipei, Taiwan, ‘Department of Respiratory Therapy, Chang Gung Memorial Hospital, Taoyuan, Taiwan,
*Department of Respiratory Therapy, Chang Gung University, Taoyuan, Taiwan

Address reprint requests to: Dr. Kuo-Chin Kao, Department of Thoracic Medicine, Chang Gung Memorial Hospital,

5 Fu-Hsing Street, Kweishan, Taoyuan 333, Taiwan

Thorac Med 2024. Vol. 39 No. 2



184 Tim Yu-Ting Lee, Jen-Wei Wu, et al.

12 hours after ingestion, he experienced acute
abdominal symptoms, including abdominal
pain, severe and frequent watery diarrhea, and
vomiting. On arrival at the emergency depart-
ment of our hospital, he developed mild chest
tightness and shortness of breath. His laboratory
data indicated a white blood cell count (WBC)
of 10,200/uL, and a platelet count of 255,000/
uL. Oliguria and a creatinine level of 3.46 mg/
dL were observed, indicating acute kidney in-
jury. Total bilirubin and liver enzyme levels
were within normal ranges (total bilirubin: 0.3
mg/dL, alanine aminotransferase (ALT): 32 U/
L). The patient was therefore admitted to the
nephrology ward in preparation for possible
hemodialysis. However, his condition deterio-
rated rapidly. Profound shock with the need
of inotropic agents for blood pressure support,
progression of metabolic acidosis, progressive
drowsiness, and impending respiratory failure
were observed within 24 hours of admission.
Because of his rapidly deteriorating condition,
the patient was intubated and transferred to the
medical intensive care unit (MICU).

In the MICU, the patient’s hemogram
revealed leukopenia and thrombocytopenia.
Further laboratory data also indicated rapidly
progressing acute kidney injury (creatinine: 9.75
mg/dL), acute hepatitis (total bilirubin: 0.4 mg/
dL, aspartate aminotransferase: 11,540 U/L, al-
anine transaminase: 4,320 U/L), lactic acidosis
(lactate: 61.8 mg/dL), and elevated C-reactive
protein (CRP) levels (CRP: 245.94 mg/L).

Because of the patient’s profound shock
with severe renal dysfunction, continuous renal
replacement therapy was implemented. High-
dose inotropic agents and broad-spectrum
antibiotics were also administered. Elevated
troponin-I and brain natriuretic peptide levels
were also observed, suggesting the possibility

Thorac Med 2024. Vol. 39 No. 2

of acute heart failure with cardiogenic shock.
Echocardiography revealed a left ventricular
ejection fraction of 48% with global hypoki-
nesia, which further indicated the presence of
acute heart failure. Dopamine was therefore ad-
ministered as the primary inotropic agent, along
with norepinephrine, frozen plasma, muscle
relaxant, and proton-pump inhibitors. Neverthe-
less, the patient developed complete hematopoi-
etic inhibition (WBC: 900/uL, hemoglobin: 8.9
g/dL, platelets: 12000/uL), with an international
normalized ratio of 2.7 and gastrointestinal
bleeding. In addition, successive chest X-rays
revealed rapid progression of bilateral infiltra-
tion and pleural effusion. A Pulse index Con-
tinuous Cardiac Output system was emplaced
for hemodynamic monitoring, and revealed a
low cardiac index (2.2 L/min/m2), relatively
low systemic vascular resistance under a high
concentration of inotropic agents (SVRI: 1920
dyn*s*cm-5*m2), and low extravascular lung
water (EVLW: 6 ml/kg).

A whole-body computed tomography scan
was performed to identify any focus of infec-
tion, but none could be identified. The afore-
mentioned therapies were administered over
2 weeks, and the patient slowly recovered.
Laboratory data on day 14 of hospitalization
revealed a WBC of 10,300/uL and a platelet
count of 60,000/uL. Renal function also re-
covered and hemodialysis was terminated af-
ter 2 weeks (creatinine: 0.75 mg/dL). Hepatic
function also improved, although his jaundice
remained (total bilirubin: 5.2 mg/dL, alanine
transaminase: 140U/L). During treatment, the
patient experienced an episode of nosocomial
pneumonia with a multi-drug-resistant strain of
Acinetobacter baumannii, which was success-
fully treated with Colistin. The patient was ex-
tubated after 22 days (Figure 1).
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Fig. 1. Successive chest X-rays of the patient during hospitalization.
(A) Chest X-ray on Day 5 of hospitalization, (B) Chest X-ray on
Day 22 after extubation.
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Fig. 2. Photo of the patient with transient alopecia (anagen effluvium) during hospitalization (left), and with hair regrowth 2

months after discharge (right).

The patient was transferred to the ne-
phrology ward for further management. He
was fully ambulatory with clear consciousness
and stable vital signs after 28 days, and was
discharged. At follow-up after 2 months, the pa-
tient experienced no side effect from this injury;
he had even recovered from the severe transient
alopecia that occurred during treatment (Figure
2).

Discussion

Colchicine, an alkaloid extract, is read-
ily absorbed from the gastrointestinal tract. In
therapeutic dosing, peak serum level occurs 30-
120 minutes after ingestion. Subsequently, col-
chicine undergoes extensive first-pass hepatic
metabolism, primarily involving deacetylation
[4]. It has a plasma half-life of 20 minutes, and
therefore undergoes rapid initial distribution
and swift uptake by tissue. Up to 40% of in-
gested colchicine is excreted in the urine. The
majority of the drug undergoes enterohepatic
recirculation and is excreted in bile and feces,

with an average elimination half-life of approx-
imately 20 hours [5].

Thorac Med 2024. Vol. 39 No. 2
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Colchicine has potent anti-mitotic activity.
This is mainly caused by binding with tubu-
lin, which disrupts the function of the mitotic
spindles in cells that are dividing and migrat-
ing [6]. Colchicine downregulates multiple
inflammatory pathways and modulates innate
immunity when taken in therapeutic doses [7].
Although colchicine is absorbed by all types of
cells, those with the highest cell turnover are
considered most affected (e.g., gastrointestinal
mucosa, bone marrow).

The clinical symptoms of colchicine over-
dose can be divided into 3 phases. The first
phase, usually 10-24 hours after ingestion, in-
volves early gastrointestinal symptoms, volume
depletion, hypotension resulting from severe
vomiting and diarrhea, and peripheral leukocy-
tosis. The second phase, usually 2-7 days after
ingestion, involves symptoms such as changes
in mental status, oliguric renal failure, rhabdo-
myolysis, hematopoietic inhibition, electrolyte
and acid-base imbalances, and respiratory and
cardiovascular collapse. The electrolyte and
acid-base disturbances often include metabolic
acidosis, hyponatremia, hypocalcemia, hypoka-
lemia, hypophosphatemia, and hypomagnese-
mia. The third phase, which occurs 7 days after
colchicine ingestion, involves rebound leuko-
cytosis and transient alopecia (anagen efflu-
vium) [8, 9]. Acute lung injury usually occurs
during the middle or late stages of colchicine
poisoning. Respiratory distress and hypoxemia
with bilateral pulmonary infiltrates are usually
treated with mechanical ventilation support and
negative fluid balance application.

Some of the most pronounced and rapidly
apparent symptoms are the various gastrointes-
tinal symptoms associated with the drug. One
cause of their rapid onset is the extended expo-
sure of gastrointestinal mucosal cells to colchi-

Thorac Med 2024. Vol. 39 No. 2

cine. Electrolyte imbalances caused by colchi-
cine toxicity and mitotic inhibition also result
in the edema of the gastrointestinal mucosa.
Extensive edema of mucosal cells in the diges-
tive tract causes abdominal pain, diarrhea, nau-
sea, and vomiting. As the toxicity progresses,
the balance of intestinal bacterial flora changes,
causing systemic infections that may lead to
sepsis and shock.

The cardiovascular system is also vulner-
able to the toxic effects of colchicine. Usually,
cardiovascular irregularities can be identified
using serum myocardial zymogram (troponin
I, creatine kinase isoenzyme, brain natriuretic
peptide) levels, which could indicate heart fail-
ure. Various mechanisms have been proposed to
explain the effect of colchicine on the heart and
skeletal muscles, such as a direct toxic effect on
myocardial cells that cause cardiac conduction,
or indirect effects caused by profound meta-
bolic acidosis and electrolyte disturbances [10].
Some reports have shown that cardiac toxicity
can cause arrythmia, although this was not ob-
served in our patient. Cardiogenic dysrhythmia
and shock can also cause acute renal failure,
which may further exacerbate the risk of colchi-
cine myotoxicity.

Colchicine-induced acute renal failure has
been noted in many studies [11]. Oligo/anuria
renal failure is the most common form of renal
failure, with proteinuria also reported some
studies [12]. No evidence exists of a direct
toxic effect of colchicine on the kidney. Thus,
some reports have attributed renal damage to
hypoxia, hypotension, or myoglobinuria caused
by colchicine intoxication [13]. In patients with
colchicine poisoning, microscopic findings
indicate diffuse renal tissue swelling without
glomerular or tubular damage [14]. One report
revealed that the epithelium of the collecting
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tubule, distal and proximal convoluted tu-
bules, and loops of Henle exhibit no significant
change, and that glucosuria was found to be ab-
sent in a urinary analysis [15].

Hematopoietic disturbance is a harmful
consequence of colchicine toxicity. In addition
to the myelosuppression caused by colchicine,
the severe shock, infection, and liver damage
in the case of hematopoietic disturbance can
cause abnormal coagulation function [11]. An
increase in D-dimer levels indicates disturbance
in the circulatory system, and can aggravate
organ dysfunction. Disseminated intravascular
coagulation is also caused by both septic shock
and multi-organ failure [12].

No concrete evidence of a specific cure
for colchicine toxicity exists. Early diagnosis
appears to be the most effective manner of re-
ducing colchicine-related mortality. However,
some reports have indicated that because of the
systemic distribution of colchicine and the char-
acteristics of its metabolism, early diagnosis of
colchicine poisoning does not always reduce
mortality [13]. Moreover, no effective antago-
nistic drug available for clinical use exists.
At present, approaches to reducing mortality
comprise some combination of early diagnosis,
antibiotics treatments, and supportive treatment
to prevent organ failure. One study found that
in porcine models, colchicine-specific antigen-
binding fragments (Fabs) were highly effective
if administered in high doses at an early stage
[14]. Fabs are considered to bind to colchicine
with high affinity, enabling the drug to remain
within the intravascular compartment and away
from peripheral sites. Various case studies have
reported that administering active charcoal ear-
ly in the course of toxicity may reduce the gas-
trointestinal absorption of colchicine, thereby
reducing its toxicity [15].

Conclusion

Clinicians must understand the potential
dangers of colchicine overdose, and must edu-
cate patients regarding colchicine’s effects and
the warning signs indicating the need to stop
taking it. Careful monitoring of prescriptions
is necessary to prevent unintentional overdose.
In patients with colchicine overdose, early rec-
ognition, general supportive measures, and me-
ticulous fluid balance monitoring are required.
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Diagnosis of Pulmonary Synovial Sarcoma in an
Asymptomatic Patient

Yung-Chia Huang'*, Shuoh-Yau Lee'”, Yei-San Hseh®, Kuo-Sheng Liao?,
Yu-Cheng Chen'

Synovial sarcoma is an aggressive tumor caused by the fusion of SYT and SSX genes
that seldom affect the lung. We reported a 49-year-old man who presented to our outpatient
department seeking consultation for an incidental finding of a left lower lung mass on the
chest X-ray during a routine health exam. He complained about occasional dry cough and
denied other discomforts. Initial chest radiography revealed a round mass at the left lower
lung field. Under the tentative pathological diagnosis of left lung blastoma, the patient
underwent video-assisted left lower lung lobectomy and mediastinal lymph node dissection.
The revised pathological study after resection revealed SYT-SSX gene fusion, which is
diagnostic of primary lung synovial sarcoma. The patient refused to undergo subsequent
chemotherapy. No recurrence was found in the computed tomography follow-up 6 months
later. (Thorac Med 2024; 39: 189-192)

Key words: Synovial sarcoma, Asian, positron emission tomography, SYT-SSX mutation, video-assisted
thoracic surgery

Introduction ly found in the lower extremities, followed by
the upper extremities. The lungs and other body
Synovial sarcoma is a rare, aggressive soft parts are rarely affected [1]. Most cases of sy-

tissue sarcoma unrelated to smoking, and is novial sarcoma show a fusion of SYT and SSX

usually diagnosed in early adulthood. The tu-
mor is classified as monophasic, biphasic, or
poorly differentiated based on the histologic
subtype. Synovial sarcoma accounts for around
10% of soft tissue sarcomas. It is most frequent-

genes. Three subtypes, SYT-SSX1, SYT-SSX2,
and SYT-SSX4, have been identified. Female
predominance has also been noted [2]. Previous
studies have suggested that patients with the
SYT-SSX2 type have a better metastasis-free
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survival rate than those with the SYT-SSX1
variant [3].

Primary lung synovial sarcoma is rarely re-
ported in the Asian population. Here, we report
a case of primary lung synovial sarcoma in an
asymptomatic man who remained progression-
free 6 months after tumor resection.

Case Report

A 49-year-old gentleman presented at
Taoyuan General Hospital's outpatient depart-
ment with a mass lesion in the left lower lobe
of the lung found during a chest X-ray (Figure
la), as part of a routine health examination.
The patient denied any medical history, but had
been smoking 1 pack of cigarettes daily for 10
years. No family members were affected by
malignancy. The patient complained of frequent
night coughs, but denied chest pain or shortness
of breath.

General physical examination was un-
remarkable. A Contrast-enhanced computed
tomography (CT) scan of the chest showed a
3.2 cm mass lesion with eccentric calcification
in the left lower lung. The positron emission
tomography scan (Figure 1c¢) showed flude-
oxyglucose (FDG) hypermetabolism in the left
lower lobe lung mass. There was no abnormal
FDG uptake in the other organs. A CT-guided
lung biopsy was performed. The initial pathol-
ogy exam of the specimen was specious for
pulmonary blastoma or sarcoma.

The patient then underwent left lower lung
lobectomy and mediastinal lymph node dis-
section by video-assisted thoracic surgery. The
pathological study revealed a well-circum-
scribed, unencapsulated, solitary mass with
marked necrosis and hemorrhage within the
lung parenchyma. The tumor size was 3.5 % 3.0
x 2.5 cm. The microscopic examination showed
the tumor was composed of hyperchromatic

Fig. 1. (A) Plain chest posterior-anterior view X-ray showing a well-defined round lesion in the left lower lung lobe. (B) H&E

stain showing compact fascicles of hyperchromatic monophasic spindle cells with hemangiopericytoma-like areas, small arteries,

and irregularly distributed capillaries. The tumor is marked with necrosis and hemorrhage. (C) Positron emission tomography scan

showing increased fluorine-18 uptake in the left lower lung, consistent with the finding in the chest X-ray.
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monophasic spindle cells arranged into compact
fascicles with hemangiopericytoma-like areas,
small arteries, and irregularly distributed cap-
illaries (Figure 1b). Immunohistochemically,
the tumor cells showed strong positive and dif-
fused reactions for Bcl-2, CD99, and vimentin.
Focal cytoplasmic positivity was recorded for
cytokeratin, EMA, and TLE-1. Tests for CD34,
SMA, S-100, synaptophysin, and desmin were
negative. About 55% of neoplastic cells within
the sample were positive for Ki-67. Fluores-
cence in situ hybridization was used to detect
fusion protein of translocation in formalin-
fixed, paraffin-embedded tissues. The result
showed positive for SYT-SSX gene fusion,
which led to the final diagnosis of primary pul-
monary synovial sarcoma, monophasic spindle
cell type, TINOMO grade 3 stage II, according
to AJCC staging for soft tissue sarcoma.

Due to the aggressive nature of this type
of sarcoma, adjuvant chemotherapy was sug-
gested. The patient refused to receive chemo-
therapy or radiotherapy during the subsequent
outpatient department visit. A follow-up chest
CT scan was done 6 months later, with no
sign of recurrence; the patient was then lost to
follow-up. However, a telephone follow-up was
done 3 years later. The patient's family reported
that the patient had expired due to COVID-19 2
years after the surgery.

Discussion

Primary pulmonary synovial sarcoma
symptoms include cough and fever, due to ob-
structive pneumonitis and lung atelectasis [4].
An initial chest radiograph may show a mass-
like lesion with a well-defined border and pleu-
ral effusion. Our patient's chest radiography re-
vealed a rounded, smooth-border tumor without

pleural effusion. The radiological finding was
consistent with primary lung synovial sarcoma.
The patient had a favorable prognosis, with a
tumor mass of less than 5 cm [5].

The grading of the sarcoma is based on
its mitotic index and the extent of necrosis.
However, exceptions are synovial sarcoma and
embryo sarcoma. Due to its aggressive nature,
significant points are added to the grading of
the tumor. Thus, the tumor is never considered
a low-grade tumor [6]. A high risk of tumor me-
tastasis and recurrence is expected.

Treatment of synovial sarcoma includes
radical surgical excision, chemotherapy, and
radiotherapy. Tumor removal with a safety mar-
gin may lead to complete remission in 20%-
70% of patients with a noninvasive tumor [4].
Chemotherapy with doxorubicin and ifosfamide
may help remove microscopic metastasis;
however, the benefit to overall survival is con-
troversial [1]. A new tyrosine kinase inhibitor,
catequentinib or anlotinib, targets VEGFR1-3,
FGFR1-3, PDGFR-, and cKIT, and is being
explored as second-line therapy for synovial
sarcoma. The initial report of the phase III clini-
cal trial (APROMISS) compares catequentinib
against dacarbazine in patients with synovial
sarcoma who failed first-line chemotherapy
treatment. The clinical trial result showed better
progression-free survival and less mortality at
12 months for anlotinib. The study result was
expected to be complete in April 2023 [7]. An-
other treatment under investigation is the EZH2
inhibitor, but a phase II study showed only
a limited anti-tumor effect [8]. A SSYT-SSX
breakpoint peptide vaccine was also studied and
passed the phase I trial. However, further stud-
ies showed limited treatment response. Of the
21 enrolled patients, only 13 had received a full
dose of the vaccine. Disease progression was
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noted in 6 patients, and only 4 were still alive at
the end of 5 years of follow-up [9].

A search of current literature on Pubmed,
Google Scholar, and Ovid showed scant case
reports concerning synovial sarcoma in the
chest. Most of the reported cases had already
metastasized before the diagnosis was estab-
lished [10-11]. Lin, et al., reported the case of a
patient with mediastinal synovial sarcoma who
developed metastasis 3 days after tumor deb-
ulking [10]. Another case presented by Sokucu,
et al., described a patient who received chemo-
therapy before tumor removal. The patient later
developed regional recurrence and metastasis,
which required tumor removal every year for 3
years [11].

The sharp contrast of the clinical course
may be due to the early detection of the tumor
by routine health exam, as hinted by the small
tumor size and by the lack of pleural effusion
frequently mentioned in other reports. The pa-
tient also received prompt radical tumor resec-
tion before the diagnosis of synovial sarcoma
was made. Even without subsequent adjuvant
chemotherapy or radiotherapy, no early me-
tastasis was found. Early referral for surgical
resection and consultation with pulmonologists
and oncologists may be the best treatment op-
tion.
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Lung Adenocarcinoma Coexisting with Human
Pulmonary Dirofilariasis-A Case Report

Kuo-Lun Wu'?, Yen-Hsiang Tang®®, Wei-Chin Chang®*, Hsin-Pei Chung'?

Dirofilariasis, a common parasitic infection found in stray dogs and cats, can become
an accidental infection in humans under rare circumstances. Human pulmonary dirofilariasis
(HPD) typically presents as a well-circumscribed, peripheral, solitary nodule on radiography,
mimicking lung neoplasm. In this report, we present the rare case of a 71-year-old Taiwanese
female with lung cancer that was incidentally diagnosed with HPD. HPD is a rare differential
diagnosis for pulmonary nodules, and surgical intervention can achieve a definitive diagnosis.

(Thorac Med 2024; 39: 193-197)

Key words: adenocarcinoma; dirofilaria; heartworm disease; human pulmonary dirofilariasis; lung cancer

Introduction

Dirofilariasis is usually caused by D. immi-
tis or D. repens infections in stray dogs or cats.
Adult worms reside in the pulmonary artery and
right heart [1], causing right ventricular outflow
obstruction and heart failure in dogs. Under
very rare circumstances, dirofilariasis in dogs or
cats can lead to accidental infection in humans
via an intermediate host, the mosquito [2].

The presentation of human dirofilariasis
generally includes pulmonary manifestations,
subcutaneous dirofilariasis, ocular dirofilaria-
sis, and extremely rare microfilaremia. In cases

of human pulmonary dirofilariasis (HPD), a
larva reaches the right heart via venous return
and dies in the right ventricle, then embolizes
into the distal pulmonary artery, and becomes
a necrotic or fibrotic nodule in the peripheral
lung. The typical presentation is a well-circum-
scribed, peripheral, solitary nodule on radiogra-
phy, mimicking lung neoplasm [1].

Since the first human dirofilariasis case was
described in 1887, approximately 1,782 cases
of human dirofilariasis have been reported,
mostly in areas with the highest canine dirofila-
riasis prevalence rate; a total of 372 pulmonary
manifestations and 1,410 extrapulmonary cases
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have been detected up to July 2012 [2]. Several
articles have reported single or multiple HPD
nodules mimicking lung cancer [4-6]. Only 2
cases of HPD coexisting with lung cancer have
been reported [7-8], and 1 case coexisting with
extrapulmonary neurilemmoma was recently
described [9]. Here, we report a case of lung
adenocarcinoma coexisting with an HPD.

Case Report

A 71-year-old female with a medical his-
tory of hyperthyroidism under oral methimazole
treatment presented with the chief complaint of
cough with scanty whitish sputum for 2 weeks.
She denied cigarette smoking or a family his-
tory of malignancy. The patient had raised a
dog for 13 years that died from heart disease 1
year previously. A chest computed tomography
(CT) scan was performed for cancer screen-
ing in 2015.A pulmonary nodule about 1.6 cm
in length with a well-demarcated border was
detected in the right lower lobe (Fig. 1A). Due
to a suspicion of malignancy, tissue sampling
was suggested, but the patient refused surgical
excision. Therefore, annual repeat CT screen-
ings were performed instead. Consecutive
serial CT chest scans over 3 years showed a
stationary lung nodule in the right lower lobe.
In 2019, in addition to the stationary nodule in
the right lower lung, a newly developed, spicu-
lated pulmonary nodule, 1 cm in length in the
right middle lobe, was seen on a CT image (Fig.
1B). Detailed blood sampling for hemogram
and biochemistry tests showed normal findings,
with an absolute eosinophil count of 130/uL.
Due to the increasing possibility of malignancy,
tissue sampling was recommended, but the
patient hesitated to undergo invasive interven-
tion, including bronchoscopy. Instead, clinico-
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radiological follow-up was performed.

The 2 pulmonary nodules remained stable
during the interval up to 2021. Subsequently,
the right middle lung nodule grew from 1 cm
to 1.5 cm in diameter (Fig. 1C), and a newly
developed nodule, 0.4 cm in diameter, was
detected in the right lower lobe, abutting the
major fissure (Fig. 1D). Due to a suspicion of
synchronous pulmonary tumors, the patient
underwent video-assisted thoracic surgery for
histological confirmation. A right middle lobec-
tomy with complete mediastinal lymph node
removal and right lower tumor wedge resection
was performed. The postoperative histopatho-
logical diagnosis of the right middle lobe nod-

Fig. 1. A series of transverse non-enhanced CT images of a

71-year-old woman. Nodular lesion in the right lower lobe
(1A, measured 1.6cm). Growing pulmonary nodule in the
right middle lobe measuring 1 cm in 2019 (1B) and 1.5 cm in
2021 (1C). Newly developed nodule measuring 0.4 cm in the
right lower lobe (1D).
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Fig. 2. Postoperative histological images of a slowly growing pulmonary nodule in the right middle lobe (2A). Nodule is consistent with non-
small-cell lung cancer, with TTF-1 positive (2B) and a solid pattern predominant (2C).

Fig. 3. Postoperative histological sections of the stationary pulmonary nodule in the right lower lobe showing a partial portion of larvae of

nematode (3A), specific findings under PAS stain (3B), and GMS stain (3C).

ule was consistent with that of non-small-cell
lung cancer (Fig. 2A) with thyroid transcription
factor-1 (TTF-1) positivity (Fig. 2B) and a solid
pattern predominance (Fig. 2C), compatible
with invasive adenocarcinoma. A pathological
specimen of the right lower lobe wedge resec-
tion revealed a partial portion of nematode
larvae (Fig. 3A). Within the larvae, the general
body cavity, cuticle, subcuticle muscular layer,
and intestinal component were highlighted by
periodic acid-Schiff (PAS) staining of the lung
parenchyma (Fig. 3B). Under Modified Gomori
Methenamine-Silver Nitrate (GMS) staining,
the larvae were surrounded by blood vessels,
causing intravascular thrombosis, pulmonary
infarction, and necrosis (Fig. 3C). These find-
ings indicated a diagnosis of pulmonary dirofi-
lariasis. The patient was finally diagnosed with
right middle-lung invasive adenocarcinoma

pT1cNOMO Stage IA3 and a right lower lobe
HPD. After surgery, the patient recovered suc-
cessfully and postoperative surveillance re-
vealed no evidence of recurrence.

Discussion

Dirofilariasis, a zoonotic disease found
throughout the world, usually affects canines
as a definitive host, and is rarely transmitted to
humans or felines as an incidental host via an
infected vector, the mosquito [2]. According to
the latest data, dirofilariasis in Western Asia, in-
cluding Taiwan, has mostly been reported as D.
immitis. The overall prevalence rate of dirofila-
riasis in Taiwanese pet dogs has been reported
as 22.8% [10]. The prevalence was higher
among outdoor dogs and in the southern and
eastern geographical areas of Taiwan. A history
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of raising pets and living in an area endemic
for canine dirofilariasis may be risk factors for
HPD [11,12].

Human dirofilariasis usually presents with
various clinical features in accordance with
the different species of Dirofilaria. D. immitis
infection usually presents as pulmonary dirofi-
lariasis in humans. D. repens infections mostly
present as subcutaneous or ocular dirofilariasis
[2]. Other clinical features include peritoneal
infection, and male genital tract, liver, buccal
mucosa, or central nervous system infection
caused by other less common Dirofilaria spe-
cies infections.

Most patients with HPD are asymptomatic,
and an incidental pulmonary nodule is the ini-
tial presentation [12,13]. Some patients present
with non-specific symptoms such as produc-
tive cough with purulent sputum, hemoptysis,
dyspnea, fever, general malaise, and myalgia.
Eosinophilia was present in only 10-17% of
American [11,13] and Japanese [12] patients.
The serological detection of human antibod-
ies to dirofilariasis may not be reliable because
antibody levels decay after the initial infection,
and low accessibility exists in hospitals for hu-
mans.

HPD can have radiographic findings similar
to those of malignancy, and an accurate diag-
nosis is difficult before surgical excision. The
typical radiological features of HPD include a
well-circumscribed, peripheral, solitary pulmo-
nary nodule. HPD nodules, usually 1-3 cm in
diameter, are caused by trapped worm emboli-
zation [4-6]. HPD has been located more fre-
quently in the right hemi-lung, with a random
lobe distribution [11], as was the case with the
patient presented here. Some previous studies
described the HPD nodule as an angiocentric
lesion, and identified the connection to a branch
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of the pulmonary artery with a central low-
attenuation area, indicated as central necrosis
caused by infarction [2,7,14]. These findings
may provide some clues to differentiate HPD
from a pulmonary malignancy. In a previous re-
port, ovoid or spherical HPD nodules mostly re-
mained stationary without radiological modifi-
cation during follow-ups, the longest lasting for
13 years [2], usually indicating a benign profile.
In rare cases, HPD can present as a growing
nodule [6]. Positron emission tomography (PET)
scanning may be useful to differentiate HPD
from malignancy, but inflammation in HPD
can lead to hypermetabolic activity on a PET
scan [15,16]. In some cases, multiple nodules
in the same lobe or bilateral lung fields imitate
metastatic pulmonary tumors [2,3]. Needle or
transbronchial lung biopsy is not diagnostic,
and almost all cases require surgical excision to
establish a definitive diagnosis. Therefore, lim-
ited thoracoscopic resections are required for
the ultimate etiology, without excessive compli-
cations in HPD diagnosis [17].

Systemic treatment for HPD is unneces-
sary and not recommended. Antiparasitic agents
are unnecessary because humans are dead-end
hosts and the parasite is already dead at the time
of diagnosis. For these patients, no systemic
treatment is required for early-stage lung can-
cer, and wedge resection of nodules is usually
considered.

Conclusion

HPD is a rare diagnosis of solitary pulmo-
nary nodules that can coexist with pulmonary
malignancies. HPD may mimic pulmonary ma-
lignancy on radiographic examination. Limited
thoracoscopic resections are required for the
ultimate diagnosis.
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