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Continuous Positive Airway Pressure Reduces Serum 
Levels of Alzheimer Disease-Related Proteins in 

Patients with Obstructive Sleep Apnea

Ching-Shan Luo1,2, Shang-Yang Lin3, Sheng-Ming Wu1,4, Cheng-Yu Tsai5,
Wen-Te Liu1,3,6, Po-Hao Feng1,4

Introduction: Alzheimer disease (AD) is the most common form of dementia, and 
patients with obstructive sleep apnea (OSA) show significantly high serum levels of AD-
related proteins. Because of the high AD prevalence, the heavy burden on the medical 
system, and the lack of promising pharmacological options, treatments focusing on reducing 
AD risk must be urgently explored. Hypoxia causes the accumulation of AD-related proteins, 
and sleep disruption may disturb the clearance process. Continuous positive airway pressure 
(CPAP) is supposed to improve nocturnal oxygen saturation and sleep quality, thus reducing 
AD risk. 

Methods: The role of short-term CPAP in reducing the serum level of AD-related proteins 
in patients with OSA was evaluated using immuno-magnetic reduction technology. Twenty-
three OSA patients were divided into 4 groups according to whether they had received CPAP 
or not, and their AD risk was assessed by calculating the product of 2 AD-related proteins. 
The serum levels of tau and amyloid β (Aβ)42 were determined before and after 3–6 months 
of CPAP treatment (with a corresponding time for those patients who refused CPAP).

Results: After short-term CPAP treatment, the serum levels of tau and Aβ42 were 
significantly reduced in the high AD risk group. 

Conclusion: Our preliminary result shows that short-term CPAP treatment efficiently 
reduces the serum level of AD-related proteins in OSA patients with a high AD risk. We highly 
recommend incorporating hematological biomarker examinations into routine tests for OSA 
patients, as well as the use of CPAP treatment for patients with a high AD risk. (Thorac Med 
2023; 38: 1-9) 

Key words: Continuous positive airway pressure, Obstructive sleep apnea, Alzheimer disease, Amyloid 
beta protein, Tau proteins, Immuno-magnetic reduction assay
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Introduction

Alzheimer disease (AD) is the most com-
mon cause of dementia (72%), and has become 
a growing global concern following the changes 
in worldwide demographics [1]. AD is com-
monly observed in the older population, and 
its prevalence has increased exponentially with 
age, reaching a level of 47.2% in the popula-
tion >85 years old [2]. According to the World 
Health Organization, the current global cost of 
treating and caring for people with dementia is 
>US$604 billion per year, and Alzheimer Eu-
rope (a nongovernmental organization that pro-
motes the rights of people with dementia) esti-
mates that the cost could increase by 43% from 
2008 to 2030 [3]. However, so far, the efficacy 
of AD treatment is controversial. Certain drugs 
that target cholinergic and glutamatergic neu-
rotransmission are only partly successful, and 
although they may improve symptoms, their 
neuro-protective activity is doubtful [4]. Owing 
to the large amount of manpower required, and 
the social and economic burden of AD manage-
ment, identifying AD risks early and developing 
treatments that reduce those risks are urgently 
needed.

The mechanism of AD development is un-
clear, but it usually features an accumulation 
of extracellular amyloid β (Aβ) plaques and 
abnormal hyperphosphorylation of the micro-
tubule-associated protein tau, which aggregates 
into neurofibrillary tangles in the brain [5]. 
Previously, clinical AD diagnosis involved ce-
rebrospinal fluid (CSF) biomarker sampling [6]. 
Although such sampling has excellent diagnos-
tic accuracy, obtaining CSF is far more difficult 
than drawing blood, and is rarely performed 
during routine hematology tests. Ultrasensi-

tive measurement techniques have made blood 
biomarkers of neurodegeneration a reality. 
Immuno-magnetic reduction (IMR) assays can 
sensitively detect trace proteins (including the 
proteins tau and Aβ42, which are the greatest 
contributors to AD) in blood through the mea-
surement of magnetic flux reduction, and these 
assays have become a commonly used commer-
cial examination for AD patients [7].

In recent years, an increasing number of 
studies have reported the relationship between 
sleep and AD. In a randomized clinical trial, 
sleep deprivation was proved to increase Aβ42 
levels [8]. Moreover, combining the results of 
images obtained through Pittsburgh compound-
B positron emission tomography (PiB-PET) 
and a questionnaire, Aβ burden was found to 
be reversely associated with sleep duration [9]. 
Among patients with sleep disorders, obstruc-
tive sleep apnea (OSA) syndrome is a common 
subgroup, and is known as an independent risk 
factor for several diseases, such as hyperten-
sion, cardiovascular disease, cerebrovascular 
accident, and diabetes mellitus [10]. OSA is 
also a crucial public health issue due to its rela-
tionship to hypersomnolence, traffic accidents, 
cardiovascular events, metabolic disorder, cog-
nitive impairment, depression, and anxiety [11]. 
A study showed that OSA patients exhibited 
considerably higher serum Aβ40, Aβ42, and 
total Aβ levels than age- and sex-matched con-
trols [12].

In clinical practice, continuous positive 
airway pressure (CPAP) therapy is the standard 
treatment for patients with moderate to severe 
OSA, and studies have shown that it effectively 
eliminates obstructive respiratory events [13]. 
This study aims to understand whether CPAP 
reduces AD-related proteins in OSA patients.
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Materials and Methods

Participants
This study was conducted according to hu-

man study protocols approved by the Institu-
tional Review Board of Taipei Medical Univer-
sity (approval number: N201709023). Patients 
aged between 20 and 80 years with at least 2 of 
the following 5 clinical features were included: 
(1) daytime sleepiness and fatigue; (2) sleep 
fragmentation or sleeping difficulty; (3) snor-
ing during sleep; (4) witnessed sleep apnea, and 
(5) an apnea–hypopnea index (AHI) ≥ 5 times 
per hour, assessed through polysomnography. 
Patients with the following medical conditions 
were excluded: anemia, pregnancy, cancer, se-
vere heart disease (myocardial infarction, heart 
failure, arrhythmia, etc.), and severe mental or 
psychological disorders such as dementia. Thir-
ty-two patients gave written informed consent 
and were enrolled. After conventional CPAP 
instruction, the patients were assigned to the 
CPAP or CPAP-free group, based on their own 
choice, and a first hematological biomarker ex-
amination was conducted. Using the examina-
tion results, we further divided the patients in 
both the CPAP and CPAP-free group into high- 
or low-AD risk subgroups, based on the product 
of tau and Aβ42 protein levels [greater or less 
than 382.68 (pg/mL)2] [14]. After 3–6 months 
of CPAP treatment (with a corresponding time 
for the CPAP-free group), we conducted a sec-
ond hematological biomarker examination in 
all 4 groups, to evaluate the effect of CPAP on 
the serum level of AD-related proteins. Assays 
were performed without personally identifiable 
information and medical records. 

Hematological Test
A hematological biomarker examination 

was conducted by MagQu Co. Ltd. (New Taipei 
City, Taiwan), using IMR technology. For each 
patient, 16 mL of whole blood was collected in 
an EDTA tube, and samples were centrifuged at 
2,500 g for 15 min at room temperature within 
15 min after the blood had been drawn. Plasma 
was collected and stored at −80°C. Frozen plas-
ma aliquots were shipped on dry ice to MagQu 
Co. Ltd. for IMR assays. The reagent of IMR is 
a solution with magnetic nanoparticles, which 
are coated with a bio-probe (e.g., antibodies) 
and oscillated under external magnetic fields. 
Once these magnetic nanoparticles associate 
with target antigens, they aggregate and become 
larger, hence the response to external magnetic 
fields is much less than that of the original in-
dividual ones. The greater the number of target 
antigens in the reagent, the greater the number 
of aggregated magnetic nanoparticles, so there 
is a larger reduction in magnetic flux for the re-
agents. The reduction in the magnetic property 
of the reagent precisely indicates the amount of 
the target antigen in the reagent. The concentra-
tion of the target protein is determined based on 
the reduction in the magnetic field.

Treatment
For the CPAP treatment group, APEX iCH 

Auto 2 was provided and technologically sup-
ported online by APEX Co. (New Taipei City, 
Taiwan). The CPAP-free group included pa-
tients accepting the oral appliance and the phar-
macological and surgical treatments, based on 
the physician’s advice.

Statistics
Nine of the participants were excluded be-

cause of either loss to follow-up or a lack of 
compliance (eligible compliance was defined 
as CPAP use of at least 4 hours a day for more 
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than 70% of the time during the trial period, 
based on patient self-report, for example, 
“greater than 4 hours a day and more than 5 
days usage a week”). Twenty-three patients 
were included in the final analysis. To evaluate 
the effect of CPAP on AD risk in OSA patients, 
we used the mean reduction of the tau and Aβ42 
protein levels and the product of these 2 values 
as indicators for AD risk reduction. Kruskal-
Wallis (K-W) tests were conducted, and if the 
results were significant, post hoc Bonferroni-
adjusted t-contrasts were computed.

Results

Twenty-three patients were included in 
the final analysis of this study, and their de-
mographic data are presented in Table 1. All 
patients were cognitively normal and were as-
signed to 1 of the 4 groups according to their 
treatment (CPAP or other treatment) and AD 
risk (high or low). Age, height, weight, body 

mass index, neck circumference, and waistline 
were not significantly different among the 4 
groups (K-W test: p = 0.82, 0.53, 0.38, 0.44, 
0.36, and 0.12, respectively). Furthermore, 
OSA severity, which was assessed using the 
AHI, was not significantly different among the 
4 groups (K-W test: p = 0.09).

Regardless of their treatment program, a he-
matological biomarker test was conducted again 
after treatment for 3–6 months. Comparing the 
first and second test outcomes, we obtained the 
serum level reductions of tau and Aβ42, and 
the product of these 2 protein levels. These 3 
indexes were all significantly different among 
the 4 groups (K-W test: p = 0.0069, 0.0207, and 
0.0068, respectively) (Figure 1(A), 1(B) and 
1(C)). Post hoc Bonferroni-adjusted contrasts 
are presented in Figure 1(D) using capital let-
ters, and the results revealed that patients with 
high AD risk showed a significant reduction in 
the product of tau and Aβ42 protein levels after 
CPAP treatment. Conversely, these indexes in 

Table 1.  Demographic characteristics of participants. Group 1: Low AD risk with CPAP treatment; Group 2: High AD risk with CPAP treatment; 
Group 3: Low AD risk with CPAP-free treatment; and Group 4: High AD risk with CPAP-free treatment

Total Group 1 Group 2 Group 3 Group 4 p

Number 23 4 4 12 3

Men/Women 17/6 4/0 4/0 6/6 3/0

Age (years) 53.17 ± 11.10 51.75 ± 10.01 56.25 ± 13.96 53.75 ± 11.34 48.67 ± 12.22 0.44

Height (cm) 165.30 ± 6.93 165.00 ± 3.56 169.75 ± 9.54 163.25 ± 6.03 168.00 ± 9.85 0.82

Weight (kg) 74.72 ± 14.34 83.75 ± 13.07 79.75 ± 15.15 70.25 ± 14.23 73.83 ± 14.63 0.53

Body mass index 27.30 ± 4.70 30.72 ± 4.24 27.60 ± 4.06 26.40 ± 5.32 25.93 ± 2.06 0.38

Neck (cm) 39.13 ± 4.10 40.75 ± 2.63 40.75 ± 4.92 37.67 ± 4.25 40.67 ± 3.51 0.36

Waistline (cm) 93.09 ± 12.94 101.75 ± 10.87 98.25 ± 9.50 88.17 ± 14.35 94.33 ± 6.66 0.12

AHI (1/hr) 34.37 ± 23.99 54.10 ± 13.13 41.43 ± 26.97 27.13 ± 24.33 27.60 ± 21.53 0.09

CPAP compliance* > 70% > 70%
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Fig. 1. Comparisons of AD-associated protein levels in serum before and after treatment. (A) Tau protein (pg/mL), (B) Aβ42 protein (pg/mL), and (C) 
the product of tau and Aβ42 (pg/mL)2 are shown with grouping based on AD risk (by initial level product of tau and Aβ42) and treatment chosen. 
Gray and black colors indicate values before and after treatment. (D) Comparison of the reduction of the product of tau and Aβ42 protein levels 
among the groups. Group 1: Low AD risk with CPAP treatment; Group 2: High AD risk with CPAP treatment; Group 3: Low AD risk with CPAP-
free treatment; and Group 4: High AD risk with CPAP-free treatment.
* CPAP compliance was defined as percentage of CPAP use days (at least 4 hours) during the trial period, based on patient self-reporting.

patients with low AD risk were invariant, re-
gardless of the treatment strategies. The results 
of the three protein indexes of the patients in 
the CPAP-free group who had high AD risk 
showed an ambiguous outcome, which did not 
differ from the outcome of patients in the CPAP 
treatment groups with high and low AD risk. 
However, a remarkable difference was observed 
between the high and low AD risk groups of 
patients receiving CPAP. More subjects are 
needed to diminish the deviation within groups 
and clarify the effects. The effectiveness of 
CPAP-free treatment in patients with high AD 

risk was confirmed through a statistical inspec-
tion of these 3 indexes (null hypothesis: reduc-
tion of protein level index was equal to zero; all 
3 indexes: p < 0.001).

Discussion

This is the first investigation to show that 
CPAP therapy in patients with moderate/severe 
OSA reduces the serum level of AD-related 
proteins. Patients with high AD risk showed 
considerable reduction in tau and Aβ42 pro-
tein levels after CPAP therapy for 3–6 months, 
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which indicates that CPAP therapy decreases 
AD risk in this group of patients. Conversely, 
patients with low AD risk showed neither risk 
reduction nor side effects with CPAP therapy. 
Although the sample size was small, the out-
come is significant. Furthermore, therapies oth-
er than CPAP therapy, such as weight loss, oral 
appliance use, and pharmacological and surgi-
cal treatment, caused a reduction in serum AD-
related proteins in high-risk patients, but were 
less effective than CPAP therapy. This report 
reveals that commonly used clinical treatments 
may also reduce AD risk in OSA patients with a 
high AD risk.

OSA is characterized by recurrent episodes 
of breathing cessation during sleep due to up-
per airway collapse. In clinical practice, CPAP 
therapy is the first choice of treatment for OSA 
patients, and shows effectiveness in multiple 
respects. CPAP has been reported to completely 
prevent upper airway occlusion during sleep in 
all patients and to allow overnight uninterrupted 
sleep [13]. One study that used the Epworth 
Sleepiness Scale for sleep assessment found 
that with CPAP, sleep quality considerably im-
proved, and the probability of sleep-related road 
traffic incidents considerably decreased [15]. In 
addition, CPAP treatment resulted in improve-
ments in daytime activities, including work 
efficiency and the ability to drive safely [16]. 
Moreover, the odds of experiencing a response 
with CPAP treatment were almost triple when 
compared with conservative treatment [17]. 
However, the effect of CPAP varied among in-
dividuals and studies due to variations in patient 
compliance and differing experimental designs. 
In addition to opening the upper airway with 
continuous positive pressure, other strategies 
such as weight loss, oral appliance use, and 
pharmacological and surgical treatment, or even 

lifestyle changes, could improve sleep quality 
and quantity.

Although a lack of sleep is long known to 
impair brain function, the possible mechanism 
has been reported only recently. Sleep depri-
vation or poor sleep quality is associated with 
learning and cognitive performance impairment 
[18]. Sleep loss adversely affects pineal mela-
tonin production, which disturbs the circadian 
physiology of cells, organs, neurochemicals, 
neuroprotective effects, and other metabolic 
functions [19]. Using the Drosophila model, 
Tabuchi et al. showed that chronic sleep de-
privation increases Aβ accumulation through 
changes in intrinsic neuronal excitability [20]. 
They further suggested that neuronal hyper-
excitability is an essential mediator of Aβ toxic-
ity. To maintain a constant environment in the 
brain in the absence of the effect of the con-
ventional lymphatic system, the mechanism of 
waste product clearance during neural metabo-
lism may rely on CSF circulation. During sleep, 
the cortical interstitial space could increase by 
>60%, resulting in an obvious increase in the 
CSF convective exchange with interstitial fluid 
[21]. In other words, interstitial fluid convec-
tive fluxes increase the Aβ clearance rate during 
sleep.

The most well-known proteins associated 
with neurodegenerative disease are tau and Aβ, 
which are used as biomarkers for evaluating 
the risk and severity of AD [22]. Tau is a criti-
cal component in promoting the stabilization 
of microtubules. Once the dynamic equilibrium 
of tau binding to microtubules is disrupted, the 
abnormal increase in free (phosphorylated) tau 
enhances the probability of pathogenic confor-
mational changes, which in turn result in aggre-
gation and fibrillization, and finally contribute 
to synaptic dysfunction and neurodegeneration 
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[23]. Another pathological hallmark of AD is 
senile plaques, which primarily constitute the 
Aβ-peptide. The mechanisms leading to Aβ-
mediated neurotoxicity are unclear, but a grow-
ing body of evidence indicates that oxidative 
stress plays a crucial role [24]. Aβ aggregation 
is neurotoxic both in vitro and in vivo, and free 
radicals peroxidize membrane lipids and oxi-
dize proteins, causing severe cellular damage 
[25]. Antioxidants such as melatonin that are 
mainly secreted in the dark during sleep have 
had neuroprotective effects on Aβ-mediated 
cytotoxicity [26]. Thus, CPAP reduces AD risk 
through 2 possible mechanisms: first, providing 
steady pressure to prevent patients from arous-
al, which facilitates the clearance of tau and Aβ 
protein directly; and second, preventing apnea 
events, which reduces intermittent hypoxic 
pressure during sleep.

In addition to the observation bias due to 
the small sample size in our study, a limitation 
of our hypothesis may result from the meth-
odology. Considering the safety, comfort, and 
convenience of the patient, AD markers in the 
plasma were assayed, and were assumed to 
be the same as or correspond to the levels in 
the CSF, using an extremely sensitive detec-
tion method. Although a study using an animal 
model showed that intermittent hypoxia did 
not alter blood–brain barrier (BBB) perme-
ability [27], another study has suggested that 
BBB permeability to peptides may be altered 
through oxidative stress [28]. In addition, a 
human BBB model (in vitro) showed that the 
integrity decreased after incubation with sera 
from OSA patients [29]. A similar outcome was 
observed in pediatric patients [30]. Cyclic inter-
mittent hypoxia diminished with CPAP therapy; 
thus, we could not exclude the possibility the 
BBB may be strengthened with CPAP therapy, 

thereby reducing the transport of tau and amy-
loid into the plasma. Another consideration is 
the uneven distribution of OSA severity in the 
4 groups, in which, AHI tended to be higher in 
the CPAP groups. It is reasonable that patients 
with higher AHI would respond more favorably 
to CPAP treatment after conventional CPAP 
instruction or physician advice. As revealed in 
Figure 1(A) and 1(B), this might lead to higher 
initial AD-related protein levels in the group 
with high AD risk with CPAP treatment (group 
2). In high AD risk patients, this might partially 
explain why CPAP therapy decreases AD risk 
more than other commonly used clinical treat-
ments.

Conclusion

In this article, we reported that CPAP ef-
ficiently reduces AD risk in the high-risk group. 
Moreover, alternative treatments commonly 
suggested to OSA patients also may be helpful. 
However, more investigations are needed to 
examine the differences between treatments and 
to explore possible mechanisms. For low-risk 
groups, CPAP showed neither risk reduction nor 
side effects. Therefore, we highly recommend 
incorporating hematological biomarker exami-
nations in routine tests for OSA patients and ap-
plying CPAP treatment for patients with a high 
AD risk.
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Prediction of Pulmonary Rehabilitation in Patients 
with Chronic Lung Disease Using 6-minute Walk 

Distance

Yu-Shan Li1, Hui-Chuan Chen1, Jung-Yien Chien2, Huey-Dong Wu1,
Li-Ying Wang3,4, Ping-Lun Hsieh3,4

Background: Pulmonary rehabilitation (PR) is an important part of the management and 
health maintenance of chronic lung disease (CLD) patients. This study aimed to identify the 
predictor of the percent predicted of the 6-minute walk distance (6MWD) in CLD patients. 

Methods: Patients suffering from CLD, including both chronic obstructive pulmonary 
disease (COPD) (n=102) and non-COPD (n=39), who received an outpatient 8-week 
structured PR program between 2017 and 2019, were included, and their performance was 
analyzed.

Results: A total of 141 patients were included in the study. The patients were divided 
into 2 groups depending on whether the increase in the 6MWD reached the minimal clinically 
important difference (MCID) of 30 m after PR. A total of 78 and 63 patients were classified 
into the responders (> 30 m) and non-responders (≤ 30 m) group, respectively. All patients 
showed significant improvements in the 6MWD and modified Medical Research Council 
dyspnea scale. Multivariable logistic regression analysis showed that younger age (p= 0.005, 
OR = 0.89, 95% CI: 0.83 – 0.97) and < 60% predicted of the 6MWD value were independent 
factors predicting PR responders. 

Conclusion: This study found that physical performance was improved after 8-week 
structured PR in patients with CLD. Younger age and 6MWD < 60% of the predicted value 
could predict a significant functional exercise capacity response to PR. (Thorac Med 2023; 
38: 10-19) 
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Introduction

Patients with chronic lung disease (CLD) 
are markedly inactive in daily life and are often 
characterized by a downward spiral of symp-
tom-induced inactivity, leading to decondition-
ing and muscle weakness [1], and consequently, 
reduced time being spent walking and standing 
compared with sedentary healthy elderly sub-
jects.

There is convincing evidence of the posi-
tive effects of pulmonary rehabilitation (PR), 
as a comprehensive intervention that includes 
exercise training, education and behavioral 
change, on the progression of various pulmo-
nary diseases, particularly for patients with 
chronic obstructive pulmonary disease (COPD) 
[2-3]. Even seriously ill lung patients without 
COPD can experience significant and clinically 
relevant improvements with PR [4]. 

In patients post-acute COPD exacerba-
tion, PR significantly reduces the number of re-
hospitalizations and can possibly even lead to a 
reduced risk of mortality [5]. In CLD patients, 
the main adverse effects are ventilatory limita-
tion and skeletal muscle dysfunction; in lung 
fibrosis patients, in addition to impaired gas 
exchange, cardiovascular dysfunction appears 
to be a limiting factor [6-9]. There is substantial 
evidence to support the importance of PR in 
the management of COPD. Daily symptoms, 
exercise performance and health status are gen-
erally improved following PR. However, this 
is not true for all patients [10]. There is some 
evidence that approximately 30% of patients 
who completed a PR course did not respond in 
aspects of quality of life and physical perfor-
mance [11]. 

The 6-minute walk distance (6MWD) is a 

widely used, practical basic test for assessing 
exercise performance, and reflects the func-
tional exercise level for daily physical activi-
ties [12-13]. The 6MWD and percent predicted 
6MWD (% 6MWD) are important measures for 
assessing cardiopulmonary function [14-15]. 
Previous studies have proposed that % 6MWD 
was a better method for assessing subjects’ 
clinical status [16]. Several reference equations 
already exist to calculate % 6MWD based on 
an individual's age, gender, height and weight, 
and can be used to assess functional exercise 
capacity [17-20]. However, studies on the % 
6MWD predictor of PR program outcomes are 
lacking. In this study, we hypothesized that the 
% 6MWD may be a reliable predictor of PR re-
sponders among patients with CLD. We aimed 
to assess 8-month PR outcome predictions us-
ing the % 6MWD in patients with CLD.

Materials and Methods

Study Population
One hundred forty-one COPD patients 

were screened at the Outpatient Chest Clinic of 
National Taiwan University Hospital between 
2017 and 2019. All subjects were > 20 years of 
age. Subjects with concomitant confounding 
diseases, such as malignant disorders, cardio-
vascular abnormalities or recent surgery, were 
excluded. All subjects underwent physical ex-
aminations, assessment of lung function and 
anthropometric measurements, including body 
mass index (BMI). BMI was calculated as body 
weight in kilograms divided by height in meters 
squared. 

Pulmonary function and 6MWD
Patients were instructed to walk in a 15-m 

corridor for 6 minutes, receiving standard en-
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couragement during the test. Spirometry was 
performed with a computerized spirometer 
(MST-PFT, Germany) by a trained technician, 
according to the American Thoracic Society 
(ATS) criteria. The tests were performed with 
the patient seated in an upright position, using 
a nose-clip and breathing through a non-com-
pressible mouthpiece. All baseline spirometric 
measurements (forced expiratory volume in 1 
second [FEV1], forced vital capacity [FVC], 
and FEV1/FVC) were obtained. COPD was 
diagnosed as stable airway obstruction with 
FEV1/FVC 70%, according to the Global Ini-
tiative for Chronic Obstructive Lung Disease 
(GOLD) criteria. Subjective scores of dyspnea 
included a modified version of the Borg vi-
sual analog scale (Borg scale) and the modi-
fied Medical Research Council dyspnea scale 
(mMRC). The Dyspnea Scale quantifies disabil-
ity attributable to breathlessness and is useful 
for characterizing baseline dyspnea in patients 
with respiratory diseases.

The outpatient PR program
The PR program consisted of 1 supervised 

session per week over an 8-week period, for 
a total of 8~10 sessions. The PR program was 
conducted by a multidisciplinary team, including 
physicians, nurses, physiotherapists, respiratory 
therapists and a dietician. Participants received 
an individually tailored exercise program. The 
supervised exercise training in this study con-
sisted of moderate-intensity aerobic exercises 
and strengthening exercises that focused on 
upper and lower extremities. The intensity of 
exercise training was targeted at 60-80% of the 
age-predicted maximal heart rate, 40-60% of 
the heart rate reserved, or the modified Borg 
Dyspnea Scale 4-6/10, depending on the par-
ticipants’ vital signs, medication use, and any 

condition that might influence their exercise re-
sponses [26-27]. Our PR program also included 
instructions in breathing techniques (pursed-lip 
breathing and diaphragmatic breathing), air-
way clearance techniques, energy-conservation 
techniques, and medication use. The exercise 
prescription included supervised dyspnea or 
fatigue-limited exercise training. Supplemental 
oxygen was used during training for patients 
with exercise-induced oxygen desaturation (and 
exercise SpO2 less than 90%) and in patients 
who were already using home oxygen. Educa-
tion included the importance of exercise and 
physical activity, proper use of medications, in-
haler technique, diet, hypoxemia management, 
oxygen treatment, coping and relaxation strate-
gies, bronchial hygiene techniques, and breath-
ing retraining, as well as self-management plans 
for exacerbations. Supervised PR included at 
least 2 hours of exercise conditioning and edu-
cation.

Data collection
Demographic data (current age, sex, BMI, 

and age at diagnosis) were obtained from the 
subject’s medical records. A 6MWD was per-
formed before and after completion of the PR 
program using published guidelines. % 6MWD 
prediction equations from a study are profiled 
below [17]:

Men: % 6MWD = (7.57 × height cm) – (1.76 
× weight kg) – (5.02 × age) – 309 m

Women: % 6 MWD = (2.11 × height cm) – 
(2.29 × weight kg) – (5.78 × age) + 667 m

The patients were divided into 2 groups 
depending on the change in the 6MWD (re-
sponders > 30 m and non-responders ≤ 30 m) 
during PR. The “minimum clinically important 
difference” (MCID) of 30 m was reported by 
Polkey [21]. The total distance walked, and the 
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initial and final dyspnea scores were recorded. 
Dyspnea was scored with the mMRC Dyspnea 
Scale [22], and measured during exercise using 
a modified Borg scale [23-24].

Outcome measures
All subjects completed PR if they attended 

100% of the PR sessions (minimum of 8 ses-
sions). In the present study, the patients were 
divided into 2 groups depending on the change 
in 6MWD MCID (responders > 30m and non-
responders ≤ 30m) before and after PR. All pa-
tients were assessed to determine whether there 
was a subjective and/or objective improvement 
following the structured PR program.

Data analysis
Data analyses and graphs were produced 

using SPSS V.21 (IBM, USA). Descriptive 
statistics (means, SD, counts, and frequen-
cies in percent) were used to present patients’ 
baseline characteristics. Differences between 
the responder and non-responder groups were 
calculated using unpaired t-tests. P-values were 
derived from an independent sample t-test for 
continuous variables and from the chi-square 
test for categorical variables. Multivariate re-
gression analysis was used to identify patient 
variables associated with response to PR.

Ethical approval
The study was performed in accordance 

with current ethical guidelines (Declaration of 
Helsinki) and was approved by the Research 
Ethics Committee of National Taiwan

University Hospital (No. 201905059RINB).

Results

Subjects Baseline Characteristics:

During the study period, 141 patients who 
came to the outpatient clinic for PR and com-
pleted > 8 sessions between 2017 and 2019 
were reviewed. Our study demographic char-
acteristics revealed that more than 75% of the 
patient groups were males. This is similar to 
other studies that have shown a male predomi-
nance (78.9%) among combined COPD cohorts 
in Taiwan. The prevalence rates of COPD in 
Taiwan seem to have peaked in men. However, 
it is possible there was selection bias in our 
study population, since the outpatient chest 
clinic indicated that patients be referred to the 
PR department. The mean (± SD) age of the 
participants was 67.9±11.4 years, with 111 male 
subjects (78.7%). Subject demographics and 
characteristics included spirometry use, inclu-
sion in the COPD group or non-COPD group, 
cardiovascular co-morbidity, and hospital uti-
lization, such as emergency department (ED) 
visits and hospitalizations (Table 1). 

The COPD and non-COPD groups were 
compared using the Dyspnea Severity Scale in 
response to PR. The COPD group results ac-
cording to GOLD stage are shown in Table 2. 
Among the 141 patients, 102 (72.3%) were 
classified as having COPD. The non-COPD 
subjects were diagnosed as having bronchiecta-
sis (13, 33.3%), pulmonary fibrosis (7, 17.9%), 
and other diseases (19, 48.7%), classified as in-
terstitial lung disease or asthma associated with 
dyspnea. Seventy-eight participants (55%) had 
a responder outcome after PR. Patients in the 
responder group were significantly younger (P= 
0.001), with a mean FEV1 of 51.3% ± 22.7% 
versus 61.4% ± 23.4% in the non-responder 
group (P= 0.012). The responder group had less 
cardiovascular co-morbidity (P= 0.015). The 
gender distribution, BMI, smoking history, ED 
visits, and hospitalizations were not significant-
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ly different between the 2 groups.

Six-minute walk distance, % 6MWD, and dys-
pnea score

COPD severity was staged by the degree 
of airflow limitation (i.e., GOLD stage). The 
responder group had significant improvement 
(P< 0.001) in both 6MWD (absolute values 
and percent of predicted) and mMRC, with 
equal effectiveness in different stages of COPD. 
After our comprehensive PR program, the % 
6MWD was greatly improved in the responder 
group (65.05% vs 82.42%). The 6MWD mean 
change of 113 m in the non-COPD group post-
PR was much more than the 90 m in the COPD 
group (Table 2). The non-responder group with 
COPD GOLD stages 1 and 2 had significant 
decreases in 6MWD (absolute values) post-8 
weeks of PR (mean 338.20 ± 86.03 m versus 

325.10 ± 93.19 m; P=0.014), as did the non-
responder group with COPD (349.49 ± 90.91 m 
versus 337.05 ± 95.70 m; P=0.013). In contrast, 
the non-responder groups with COPD and with 
non-COPD showed no significant change in % 
6MWD after 8 weeks of PR.

The mMRC was significantly decreased be-
tween the responder group and the total group. 
However, the Borg score after PR was not sig-
nificantly decreased in either the responder or 
non-responder group.

Predictors of response in CLD post-pulmonary 
rehabilitation

Univariate logistic regression was used 
to determine the associations between patient 
characteristics and response outcome variables, 
and showed a univariate association with re-
sponse post-PR (at P< 0.10). This was included 

Table 1.  Baseline Characteristics Stratified According to Outcome

Variables Total (N=141)
Response improved > 30 m

(n = 78)
No response improved ≤ 30 m

(n = 63)
P

Age (year) 67.9 ± 11.3 65.1 ± 11.3 71.4 ± 10.5 .001
Male 111 (78.7%) 63 (80.8%) 48 (76.3%) .509
BMI (kg/m2) 23.6 ± 10.1 22.9 ± 4.8 24.6 ± 14.0 .311
Smoking status .772
    Non-smoker 63 (44.7%) 34 (43.6%) 29 (46.0%)
    smoker 78 (55.3%) 44 (56.4%) 34 (54.0%) 0.09
COPD group 102 (72.3%) 59 (75.6%) 43 (68.3%) .330
Non-COPDa .404
    Bronchiectasis 13 (33.3%) 6 (31.6%) 7 (35.0%)
    Lung fibrosis 7 (17.9%) 2 (10.5%) 5 (25.0%)
    Others 19 (48.7%) 11 (57.9%) 8 (40.0%)
FEV1 % pred. 55.8 ± 23.5 51.4 ± 22.7 61.4 ± 23.4 .012
FEV1/FVC 55.7 ± 20.4 53.4 ± 19.9 58.6 ± 20.9 .137
Cardiovascular co-morbidity 69 (48.9%) 31 (39.7%) 38 (60.3%) .015
ED visits 1.5 ± 2.43 1.7 ± 2.41 1.3 ± 2.5 .352
Hospitalizations 0.9 ± 1.4 0.9 ± 1.2 0.9 ± 1.6 .917
Data are presented as the mean ± SD for continuous variables and n (%) for categorical variables. BMI: body mass index; COPD: chronic 
obstructive pulmonary disease; FEV1: forced expiratory volume in the first second; FVC: forced vital capacity; ED: emergency department.
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Table 2.  Six-minute Walk Distance and  % 6MWD after Pulmonary Rehabilitation (PR)

Response group / Outcome pre-PR M ± SD post-PR M ± SD P
Responder (n = 78)
    % 6MWD, % 63.27 ± 20.55 81.64 ± 18.05 <.001
   6MWD, m 309.28 ± 101.95 405.28 ± 90.94 <.001
   COPD GOLD 1,2 % 6MWD, % (n = 18) 71.77 ± 21.08 90.59 ± 17.95 <.001
   COPD GOLD 1,2 6MWD, m (n = 18) 326.96 ± 105.27 428.42 ± 86.32 <.001
   COPD GOLD 3,4 % 6MWD, % (n = 41) 59.02 ± 19.09 77.16 ± 16.51 <.001
   COPD GOLD 3,4 6MWD, m (n = 41) 65.05 ± 20.67 82.42 ± 18.14 <.001
   COPD group % 6MWD, % (n = 59) 71.77 ± 21.08 90.59 ± 17.95 <.001
   COPD group 6MWD, m (n = 59) 310.08 ± 99.60 400.69 ± 87.92 <.001
   Non-COPD group % 6MWD, % (n = 19) 57.73 ± 19.65 79.21 ± 18.02 <.001
   Non-COPD group 6MWD, m (n = 19) 306.79 ± 111.77 419.53 ± 100.93 <.001
   Borg scale 3.97 ± 1.37 4.05 ± 1.86 .726
   mMRC 2.10 ± 0.95 1.63 ± 0.86 <.001
Non-responder (n = 63)
    % 6MWD, % 72.87 ± 16.44 71.65 ± 16.93 .092
    6MWD, m 342.37 ± 86.73 328.41 ± 100.18 .015
    COPD GOLD 1,2 % 6MWD, % (n = 20) 76.23 ± 15.93 74.16± 16.95 .128
    COPD GOLD 1,2 6MWD, m (n = 20) 338.20 ± 86.03 325.10 ± 93.19 .014
    COPD GOLD 3,4 % 6MWD, % (n = 23 74.94 ± 17.85 74.28 ± 18.11 .583
    COPD GOLD 3,4 6MWD, m (n = 23) 359.30± 95.77 347.43± 98.70 .151
    COPD group % 6MWD, % (n = 43) 75.54 ± 16.80 74.22 ± 17.37 .139
    COPD group 6MWD, m (n = 43) 349.49 ± 90.91 337.05 ± 95.70 .013
    Non-COPD group % 6MWD, % (n = 20) 66.84 ± 14.22 65.83 ± 14.68 .435
    Non-COPD group 6MWD, m (n = 20) 327.05 ± 76.88 309.85 ± 109.42 .250
    Borg scale 3.79 ± 1.69 3.71 ± 1.34 .738
    mMRC 2.14 ± 0.94 1.95 ± 1.07 .154
Total (n = 141)
    % 6MWD, % 67.52 ± 19.37 77.21 ± 18.19 <.001
    6MWD, m 324.06 ± 96.54 370.94 ± 102.30 <.001
    COPD GOLD 1,2 % 6MWD, % (n = 38) 77.29 ± 17.73 83.64 ± 20.04 <.001
    COPD GOLD 1,2 6MWD, m (n = 38) 345.08 ± 94.63 383.00 ± 105.98 .008
    COPD GOLD 3,4 % 6MWD, % (n = 64) 64.83 ± 19.53 76.19 ± 16.55 <.001
    COPD GOLD 3,4 6MWD, m (n = 64) 315.78 ± 98.34 368.44 ± 90.25 <.001
    COPD group % 6MWD, % (n = 102) 69.47 ± 19.74 78.96 ± 18.19 <.001
    COPD group 6MWD, m (n = 102) 326.70 ± 97.55 373.86 ± 96.15 <.001
    Non-COPD group % 6MWD, % (n = 39) 62.28 ± 17.53 72.52 ± 17.57 <.001
    Non-COPD group 6MWD, m (n = 39) 317.18 ± 94.76 363.28 ± 117.89 .003
    Borg scale § 3.89 ± 1.52 3.90 ± 1.64 .965
    mMRC 2.11 ± 0.94 1.77 ± 0.97 <.001
Data are presented as mean ± standard deviation
6MWD: 6-minute walk distance; % 6MWD: percent predicted for 6-minute walk distance; GOLD stage: Global Initiative for Chronic Obstructive 
Lung Disease stage; mMRC: modified Medical Research Council.
§This visual is designed for rehabilitation therapists to assess and document perceived exertion throughout a therapy task. Based on the Borg scale 
and numbered 1-10
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in stepwise backward multivariate logistic 
models to adjust for confounders. This study 
addressed an important clinical issue regard-
ing the role of % 6MWD in the predictors of 
response in CLD post-PR. The thresholds of % 
6MWD on response between groups had obvi-
ously changed to 57% (Figure 1). The univari-
ate analysis shows that < 60% 6MWD may be a 
stronger predictor of response.

After adjustment for possible confound-
ing factors, including age, pre-PR % 6MWD < 
60%, FEV1, and cardiovascular co-morbidity, 
multivariate analysis showed that age (OR = 
0.89, P = 0.005) and % 6MWD < 60 % (OR = 
8.11, P = 0.032) were independently confirmed 
as predictors of response in CLD after PR (Table 
3).

Fig. 1. Distribution of responses and non-responses stratified by > 80%, 60-79%, 40-59%, < 39% predicted 6MWD (% 6MWD) before pulmonary 
rehabilitation.

Table 3.  Multivariate Analysis for Identifying Predictors of Response Post-PR

Factors
Univariate Multivariate

OR (95%CI) P OR (95%CI) P

Age (years) 0.95 (0.92 - 0.98) .002 0.89 (0.83–0.97) .005

Pre-PR % 6MWD < 60% 2.40 (1.12–5.15) .024 8.11 (1.20 – 54.8) .032

FEV1% 0.98 (0.97 - 1.00) .016 0.94 (0.87 - 1.01) .094

CV co-morbidity 1.88 (0.22 - 0.86) .011 0.41 (0.55–10.7) .239
Factors included in the multivariate analysis in order to identify independent predictors of response. CV: cardiovascular; OR: odds ratio; CI: 
confidence interval.
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Discussion

The present study sought to identify factors 
that could predict clinical outcomes after PR in 
CLD patients. The results showed that age and 
% 6MWD < 60 were independent predictors as-
sociated with response to PR. In current clinical 
practice, the 6MWD is the only critical factor 
for physicians when making clinical decisions, 
but the significant value of % 6MWD is un-
known in CLD patients. In a past study, the % 
6MWD was better correlated with respiratory 
function than the actual 6MWD [17]. However, 
no recent study has explored the correlations 
between the percentage values of % 6MWD 
and response to PR. In the present study, it was 
necessary to standardize the use of % 6MWD, 
and we suggested that < 60% predicted 6MWD 
would be a higher predicted response post-PR. 

Our study reinforced the existing scien-
tific evidence regarding the benefit of PR in 
improving exercise capacity and decreasing 
mMRC in all patients. Fifty-five percent of 
patients in the study had a response post-PR. 
The response rates were comparable to those 
of previous studies that reported improvements 
of 50%–68% [18-19] and 50%–75% [20-21] 
in 6MWD, respectively. These previous stud-
ies showed that reference equations, actual 
6MWD and % 6MWD are important for as-
sessing cardiopulmonary function. Gender was 
an important bias factor for actual 6MWD, and 
%6MWD was better related to pulmonary func-
tion than 6MWD. In the present study, we used 
reference equations for 6MWD in CLD patients 
after outpatient PR, and assessed their value in 
reflecting exercise capacity. We endeavored to 
demonstrate whether the percentage predicted 
value is a better predictor for the response post-
PR.  

Hence, knowledge of the factors predict-
ing response is crucial for ensuring better PR 
efficacy. The role of baseline lung functions in 
predicting benefit after PR for COPD patients 
has been investigated previously. However, the 
results have been discordant, with a few stud-
ies showing a negligible value, while others 
demonstrated a positive association between a 
worse baseline lung function and improvement 
in exercise capacity [21-24]. In the present 
study, patients with FEV1 demonstrated that 
the exercise capacity of a responder was signifi-
cantly lower than that of a non-responder, com-
pared to those with a preserved lung function, 
and in the present population, FEV1 percent 
of predicted was a weak predictor for outcome 
of PR. Nevertheless, this study demonstrated 
the positive outcomes of a comprehensive PR 
program in COPD patients at all stages of the 
disease.

This study did not reveal an association be-
tween BMI, smoking and the COPD group after 
a PR response. Other variables such as dyspnea 
score and cardiovascular co-morbidity have 
also been evaluated previously, but these factors 
did not yield a predictive response in this study. 
Certain cardiovascular co-morbidities, such as 
coronary artery disease, heart attack, arrhyth-
mia, peripheral artery disease and heart failure, 
have also been evaluated as predictors of re-
sponse to PR. But, in our population, the inci-
dence of cardiovascular co-morbidities was sig-
nificantly lower in the responder group. Despite 
the fact that impairment is different in patients 
with CLD or cardiovascular co-morbidity, the 
underlying symptoms reported by these patients 
during exercise are common, and are related 
predominantly to leg discomfort and shortness 
of breath. A PR program significantly increases 
functional capacity in patients with CLD or 
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congestive heart failure after completion of the 
program. Cardiovascular risk assessment and 
management is an important component of the 
initial evaluation at the start of a PR program. 
This is a part of the integrated approach to PR, 
and provides optimal management and safety.
[25] In patients with CLD, the ability of the 
lungs to maintain arterial oxygen content is of-
ten impaired, oxygen delivery is compromised, 
and exercise ability is typically reduced. During 
PR training, patients may experience worsened 
hypoxemia with exercise. In our study, admin-
istration of oxygen in patients with SpO2 below 
88% to adjust oxygen supplementation with 
exercise during PR can maintain and/or further 
improve physical capacity.

In conclusion, the present study, compris-
ing patients with CLD after an outpatient PR 
program, revealed that younger age and < 60% 
predicted 6MWD were associated with a high 
probability of predicting the response to PR. In 
addition, a significant < 60% predicted 6MWD 
was an important predictor. This information 
may help clinicians in their advanced manage-
ment and increase the effectiveness of PR, even 
if the physical performance of the patient is less 
than 60% predicted 6MWD.
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Three-Dimensional Reconstruction for Mediastinal 
Surgery in a Patient with Left-Sided Superior Vena Cava

Pei-Hsing Chen1, Chien-Lun Chen2, Jin-Shing Chen3

Persistent left-sided superior vena cava, the most common congenital malformation of 
the thoracic venous return, occurs most frequently in patients with congenital heart disease. 
We reported the case of a 64-year-old man with a mediastinal tumor complicated with left-
sided superior vena cava, which was incidentally found on a computed tomography scan. 
The patient underwent tumor excision via median sternotomy. His postoperative course was 
uncomplicated, and he continued to be well during his regular follow-ups. Three-dimensional 
reconstruction for left-sided superior vena cava before thoracic surgery could easily facilitate 
a safer surgery. (Thorac Med 2023; 38: 20-24) 
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Introduction

Persistent left-sided superior vena cava 
(SVC) (PLSVC) is the most common congeni-
tal malformation of the thoracic venous return. 
If an individual has congenital heart disease, 
the probability of a PLSVC increases to 4.5% 
[1]. The PLSVC passes lateral to the aortic 
arch, anterior to the left hilum, and crosses 
posterior to the posterior wall of the left atrium 
[2], then drains into the right atrium, where 
there is no heart abnormality or hemodynamic 
consequences [3]. In early fetal life, the left an-
terior cardinal and left common cardinal veins 
regress, persisting only in some small parts, and 

result in the left-sided superior intercostal vein 
and coronary sinus, respectively [1]. 

Case description

A 64-year-old man with underlying hyper-
tension, but a stable health status, was acciden-
tally found to have mediastinal widening after 
undergoing chest radiography at a local clinic 
(Figure 1). He denied any discomfort. The me-
diastinal widening was suspected to be caused 
by a thymic mass. As a result, he was admitted 
to the hospital. The laboratory tests showed 
normal alpha-fetoprotein, beta-human chorionic 
gonadotropin, and carcinoembryonic antigen 
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values. The anti-acetylcholine receptor antibody 
screening test showed negative results. No my-
asthenia gravis-related symptoms or abnormal 
laboratory results were noted.

Chest computed tomography (CT) scan 
revealed a solid anterior mediastinal tumor 
located between the aortic arch and an inci-
dentally found left-sided SVC. Chest CT also 
revealed that the right brachiocephalic vein 
passing through the left common carotid artery 
flowed into the left brachiocephalic vein and 
formed the left-sided SVC. Then, the left-sided 

SVC passed laterally to the aortic arch and the 
anterior mediastinal tumor and anteriorly to the 
left pulmonary vein, flowing into the coronary 
sinus (Figures 2, 3). Formal echocardiography 
revealed the left and right ventricles had normal 
sizes and functions. Moderate aortic regurgita-
tion, mild pulmonary hypertension, and an en-
larged coronary sinus were noted.

Due to the complicated vessel structure, a 
high-speed, high-quality 3-dimensional (3D) 
image analysis system (Synapse Vincent, Fuji 
Film Co., Ltd., Tokyo, Japan) was used to ob-

Fig. 1.  a. Chest radiograph showing a widened mediastinum. b. Contrast-enhanced CT revealing an anterior mediastinal tumor with great vessels 
entrapment, as well as an incidentally left-sided superior vena cava. A solid anterior mediastinal tumor, with trace enhancement and without cystic 
change, was found between the aortic arch and the left-sided superior vena cava.
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tain 3D images of the pulmonary vessels and 
the tracheobronchial tree. The system automati-
cally extracts information on the structures and 
displays 3D images. The simulations then were 
used for pre-surgical planning (Figure 4a, b).

Later, the patient underwent a median ster-
notomy with dissection of the thymus gland and 
the fibro-fatty tissues anterior to the pericardi-
um. The left-sided SVC, left phrenic nerve, and 
left recurrent laryngeal nerve were identified 
and preserved. During dissection of the medias-
tinal tumor, severe adhesion between the tumor 
and pericardium was noted. After dissection, 
the tumor was removed with part of the pericar-
dium. The resected mass was 5.3 × 4.0 × 0.8 cm 
in size. Histopathological examination revealed 
type AB thymoma with capsular invasion but 
without regional lymph node metastasis or lym-
phovascular invasion. The modified Masaoka 
stage for the thymoma was stage II, represent-

Fig. 2. Contrast-enhanced CT revealing an anterior mediastinal tumor with great vessels entrapment, as well as an incidentally left-sided superior 
vena cava. A solid anterior mediastinal tumor, with trace enhancement and without cystic change, was found between the aortic arch and the left-
sided superior vena cava.

Fig. 3. Contrast-enhanced CT coronary view.
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Fig. 4. (A). Three-dimensional reconstruction showing that the left brachiocephalic vein ran on the left side of the aortic arch to the caudal side 
and outside of the left upper pulmonary vein on the caudal side. Tumor and vessels together. (B). Three-dimensional reconstruction with vessels 
only.

was performed. The simulation showed detailed 
information of the vascular variations and re-
gional structure information.

In some cases, PLSVC may be misidenti-
fied as lymph node metastasis or lymphadenop-
athy during preoperative cancer staging using 
horizontal CT slices [3]. Multidetector-row CT 
can help differentiate between PLSVC and me-
diastinal lymph nodes [2].

In cases of mediastinal tumor surgery with 
PLSVC, surgeons should pay close attention 
to the blood flow in large vessels, including 
the PLSVC near the tumor. Proper tumor exci-
sion and identification of the great vessels and 
nerves require a firm grasp of anatomic details 
and more precise imaging. Pagini et al. reported 
a wedge resection of the left upper lobe of the 
lung through thoracotomy in a patient with 
PLSVC. Yoshida et al. reported that left lower 
pulmonary vein excision can be performed 
without difficulty in PLSVC patients after iden-

ing both gross and microscopic encapsulation. 
The patient was discharged on postoperative 
day 6 and the postoperative course was unre-
markable.

Discussion

A diagnosis of PLSVC is usually reached 
during cardiovascular imaging or surgery. 
Transthoracic echocardiography is also a useful 
way to diagnose PLSVC, by revealing the pres-
ence of a dilated coronary sinus on 2-dimen-
sional echocardiography without evidence of 
elevated right-sided filling pressure. Multi-slice 
CT or magnetic resonance imaging can also be 
used to confirm the diagnosis and rule out other 
variations [4]. 

We confirmed the diagnosis of PLSVC us-
ing a CT scan. However, CT could not realize 
the detailed structure of the large vessels near 
the PLSVC. As a result, 3D CT reconstruction 

(A) (B)
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tifying the PLSVC [2]. 
In our case, we successfully identified the 

nearby vessels preoperatively, including the in-
nominate vein (Figures 2, 3), which is absent in 
65% of PLSVC cases [5], thus preventing pos-
sible surgical errors. Some research has dem-
onstrated the possibility of using video-assisted 
thoracoscopic surgery (VATS) thymectomy 
with partial SVC resection for advanced thymic 
tumors. But patient selection is very important 
[6]. For our patient, we decided to perform a 
median sternotomy due to suspected local adhe-
sion and an unusual anatomy. However, with 
3D CT reconstruction, VATS could be consid-
ered for patients with a less advanced tumor. 

To the best of our knowledge, this is the 
first reported case of PLSVC treated with 3D 
CT reconstruction in mediastinal surgery. In the 
future, we hope that the 3D CT reconstruction 
method we employed will be more extensively 
applied for various anatomic anomalies. 3D re-
construction for left-sided SVC preoperatively 
could facilitate safer thoracic surgery, and be 
routinely used in future surgeries for these pa-
tients. 
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Accidentally Found Lung Cancer in Teenager Donor 
Lung

Hao-Yun Liu1, Yen-Lin Huang2, Pei-Hsing Chen3, Hsao-Hsun Hsu1,4

For most post-transplantation patients, the meantime from transplantation to the diagnosis 
of lung cancer was 76 months (range, 9-192 months). In previous, the cases were considered 
as induced lung cancer. Advances in immunosuppression management have led to prolonged 
survival in many transplant recipients. A by-product of this improvement, however, has been 
the identification of several complications of chronic immunosuppression. Among the most 
important of these is the substantially increased incidence of malignancies in transplant 
recipients. But in our recipient, a left upper lung adenocarcinoma was accidentally found, 
which is 0.001 cubic centimeter in size, and resected randomly due to the oversize of the 
lung during the sternum closure. In past, most post-transplantation lung cancer is considered 
immunosuppression related. But our case showed the incidence might be underestimated, 
especially in the high lung cancer prevalence area like Taiwan. The combination of the 
donor's family history and the routine pre-transplantation donor’s chest CT might be help for 
early detection of donor's lung malignancy. The frozen pathology could be applied after the 
pre-donation lung computed tomography scan if suspected lesion was identified. In this way, 
we believe the pre-donation evaluation could be more adequate. (Thorac Med 2023; 38: 25-
28) 
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Introduction

Lung transplantation is a procedure for end-
stage lung disease (ESLD). The first human 
lung transplantation was operated in 1963 [1]. 
Up to now, lung transplantation has become 
a viable treatment option for patients with a 

variety of ESLD. With the knowledge improve-
ment of post-operative care, the primary and the 
long-term outcome focus on the pre-lung trans-
plantation evaluation of recipient, even donor.

The same as donor liver, computer tomog-
raphy (CT) can give much information when 
a primary survey of the donor lungs. We could 
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find lung nodules in donor lungs by CT scan. 
Unfortunately, unlike donor liver, the donor 
lung CT scan is not popular for fear of less or-
gan harvest. The donor lung evaluation is most-
ly based on the short time palpation and grossly 
view by the donor team. Some nodules would 
be missed. 

Case report

This report describes a case of a 23-year-
old female with history of acute myeloblastic 
leukemia. Then she received 3 times of stem 
cell transplantation between 2013 and 2014, 
and with complete remission. However, 2 
years after, severe chronic graft versus host 
disease (GVHD) developed in the lung, which 
caused bronchiolitis obliterans, and with recur-
rent pneumothorax from 2016 to 2019. During 
this period, the pulmonary function test (PFT) 
showed decreasing forced vital capacity (FVC) 
and forced expiratory volume in one second 
(FEV1). The latest PFT showed FVC 24.4% and 
FEV1 14.7%, under the impression of severe 
mixed ventilatory defect, obstructive predomi-
nant. Then, she received a lung transplantation 
evaluation in 2020. Later, she received lung 
transplantation with the donor lungs in the same 
year.

The donor is a 17-year-old male non-smok-
er and did not have any underlying disease. 
There was no family history about lung cancer. 
A traffic accident occurred and caused an in-
tracranial hemorrhage. After 3 days of treat-
ment, brain death was declared and he became 
a potential donor. The pre-donation survey was 
done. Fortunately, unlike previous lung trans-
plantation, the CT with contrast was arranged 
from the lower neck to the upper abdomen was 
arranged. Besides contusion hemorrhage and 

pneumonia in bilateral lungs, no other abnor-
mality was found by the radiologist (figure 1). 
The NTUH donor team went to the donor’s hos-
pital. After no abnormal finding under palpation 
and grossly view, the donor lung was harvested 
and sent back to NTUH. 

The evaluation before the operation, the 
donor height is 170 cm, the weight is 85 kg and 
the chest circumference is 99 cm. However, the 
recipient height is 160 cm, the weight is 41 kg, 
and the chest circumference is only 69 cm. Dur-
ing the operative period of lung transplantation, 
to make the size of the donor lung to fit the 
recipient’s chest cavity for the obviously size 
discrepancy, a part of lung was resected and 
was sent for pathology. After some days of lung 
transplantation, the pathology report showed 
0.2cm, mix type (Acinar: 40%, papillary: 20%, 
lepidic: 40%) adenocarcinoma (Figure 2). Dur-
ing the period of hospital stay, she received 
immunosuppression drugs as the protocol. No 
obvious structure abnormal was found during 
the following chest image. After postoperative 
day 60, she was discharged healthily.  

The following chest CT at 2020/06 and 
2020/12 showed no change, comparing to the 
CT after 1 week of the operation, under the radi-
ologist visit. The patient is still healthily in fol-
lowing in outpatient clinic of NTUH up to now.

Comment

For most post-transplantation patients, the 
meantime from transplantation to the diagnosis 
of lung cancer was 76 months (range, 9-192 
months) [2]. In previous, the cases were consid-
ered as induced lung cancer. We could be hard 
to know the existence of malignant cell in do-
nor's lung in the short time of survey if no assist 
of image study. 
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Fig. 1. The chest CT image of the donor before the lung transplantation. The multiple lesions of contusion in bilateral lungs.

Fig. 2. (a). One small focus of adenocarcinoma arranged predominant in acinar and papillary patterns (100x). (b). On higher magnification, acinar 
arrangement with crowded and hyperchromatic nuclei are seen (200x).

In the real world, there was less young do-
nor lung harvested. According to the United 
Network for Organ Sharing (UNOS) database, 

there was less than 10% of donor lung belong-
ing to < 18 years [3]. So, the young donor lung 
less than 18 years is very rare. This is the same 
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if the size of malignancy were large enough 
and could be distinguished from the changes 
of trauma and infection. If needed, the frozen 
pathology could be applied during the pre-do-
nation evaluation. Active surveillance by annual 
post-transplantation chest CT might be a more 
practical option to find the lung abnormalities 
early. 
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in Taiwan. 
Turn back to our case, we accidentally find 

lung adenocarcinoma in the 17-year-old do-
nor. This event showed some hints. First, even 
young age, there was also the possibility of hav-
ing lung cancer. This fact lets us think outside 
the box. In normal thinking, there would be less 
possibility of lung cancer in so young teenag-
ers. When we survey the young age donor, there 
might ignore the existence of cancer. Second, 
there might be some cases of immunosuppres-
sion induced lung cancer, in reality, caused by 
the existed cancer in donor organs, and the rou-
tine survey protocol could be hard to find out. 
The previous studies showed the prevalence of 
lung cancer after lung transplantation was 1.9% 
to 3.6% [4,5]. Some of them might suffer lung 
cancer from the undetected malignancy donor 
lung. Third, with the limited of donor organ sur-
vey, a chest CT scan could be helpful to identify 
small nodule which may be ignored during the 
palpation. Although the routine CT scan for the 
donor lungs was currently not suggested by the 
guideline, we believed it could decreased the 
risk of undetected malignancy in donor lungs. 
Moreover, if the suspected lesion was noticed 
at the pre-donation lung CT scan, the resection 
could be made at the initial evaluation period 
and send the specimen for the frozen pathology 
to determine the etiology. In this way, we be-
lieve the pre-donation evaluation could be more 
adequate.

In conclusion, in past, most post-transplan-
tation lung cancers are considered immuno-
suppression-related. But our case showed lung 
cancer from the donor’s undetected malignancy 
incidentally. We suggested that combination of 
the donor's family history and the routine pre-
transplantation donor’s chest CT might be help 
for early detection of donor's lung malignancy 
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Localized Pleural Amyloidosis

Pei-yi Chu1, Kuan-Hsun Lin1, Tsai-Wang Huang1, Shih-Chun Lee1

Amyloidosis, defined as the deposition of fibrous protein amyloid, usually involves 
systemic organs and produces symptoms. Localized asymptomatic amyloidosis is rare. We 
describe the case of an asymptomatic 67-year-old woman who was admitted for investigation 
of multiple abnormal pleural tumors that were detected on chest radiography. Localized 
pleural amyloidosis was diagnosed after video-assisted thoracoscopic resection. We discuss 
this case and review the relevant literature. (Thorac Med 2023; 38: 29-33) 
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Introduction

Amyloidosis is characterized by the ex-
tracellular deposition in various organs of a fi-
brous protein termed amyloid (1); it is classified 
into systemic and localized types. In systemic 
disease, amyloid accumulates in several organs, 
such as the kidneys, heart, and liver, and in the 
peripheral nervous system; fatigue and weight 
loss are the most common presenting symp-
toms. Localized disease is usually asymptom-
atic, because the amyloid deposits affect only 
1 target organ. Although the lung parenchyma 
is sometimes a target organ, amyloidosis in the 
pleura is extremely rare. We herein report a rare 

case of multiple asymptomatic amyloid depos-
its in the visceral and parietal pleura without 
systemic disease. 

Case report

Our patient was a 67-year-old woman who 
was an elementary school teacher and had been 
exposed to chalk dust for more than 40 years. 
Approximately 7 years prior, a regular chest 
radiograph had shown a round pleural tumor in 
the left lung field, but she did not pay attention 
to it. About 2 months before she was admitted, 
she had undergone a health check-up, wherein 
a radiograph and computed tomography (CT) 
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scan of the chest both found multiple bilateral 
pleural tumors without involvement of any oth-
er organs. Mediastinal lymphadenopathy, hilar 
lymphadenopathy, and distant metastasis were 
absent. There was no abnormal fluid accumula-
tion. Laboratory data and physical examination 
were unremarkable. 

The patient underwent video-assisted tho-
racoscopy (VATS) with excisional biopsy of the 
pleural tumor. Intraoperative findings revealed 
multiple visceral and parietal pleural tumors at 
the left lower lung, pericardium, diaphragm, 
and para-sternum (Figures 1A and 1B). Resec-

tion of the visceral and parietal pleural tumor 
was performed. The pathological examinations 
of all the resected specimens yielded amyloid 
deposition. Histochemical staining with thiofla-
vin-S and Congo red yielded a positive result 
(Figures 2A, 2B, Figures 3A, 3B, 3C, 3D). The 
tumors were pathologically confirmed to be 
amyloidosis. 

Recovery was uneventful, without any 
nosocomial infection or other complication, and 
the patient was discharged on postoperative day 
10. As of 4 months after surgery, no systemic 
symptoms of amyloidosis related to other or-

Fig. 1. (A). Pleural tumor at the left chest wall. (B). Intraoperative finding of a nodule at the lingular segment.

Fig. 2. (A). HE stain 100×: Pale and pink amorphous material around the pleura. (B). HE stain 100×: Pale and pink amorphous 
material around the pulmonary tissue.
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Fig. 3. (A). Congo red stain 100×: amorphous material around the pleura. (B). Congo red stain 100×: amorphous material around 
the pulmonary tissue. (C). Thioflavin S stain 100×: apple-green material around the pleura. (D). Thioflavin S stain 100×: apple-green 
material around the pulmonary tissue.

gans such as the heart, kidneys, liver, spleen, or 
adrenals have been detected. The patient’s treat-
ment was approved by the ethics committee and 
carried out in accordance with the principles 
outlined in the Declaration of Helsinki.

Discussion

Amyloidosis is a heterogeneous group of 
disorders characterized by deposition of autolo-
gous protein fibrils in the extracellular space. 
Histological findings are characterized by 
amorphous, eosinophilic, extracellular material 
that shows an apple-green birefringence when 

stained with Congo red. The pathological ex-
aminations of our patient revealed the presence 
of multiple pleural amyloidosis. The patient had 
no relevant medical history, including any con-
nective tissue disease (especially rheumatoid 
arthritis or Sjogren’s syndrome), chronic infec-
tion (especially tuberculosis), bronchiectasis, 
or neoplasms. The patient did not have a family 
history of amyloidosis and had never undergone 
dialysis. Amyloidosis either affects multiple 
organs, ultimately leading to organ failure, or 
can be localized to a single organ. Nevertheless, 
amyloidosis with overlapping features is com-
mon (2). 
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dosis, surgical resection is considered curative.
Localized amyloid deposition in the pleura 

is extremely rare. To the best of our knowledge, 
incidental detection of pleural amyloid deposits 
is rare in a patient without pleural effusions. 
Very few cases of pleural amyloidosis are re-
ported (5). Amyloid accumulation in the pleura 
might be an accidental finding (6). In spite of 
the unusual distribution of amyloid along the 
pleural surface, it is difficult to make a precise 
diagnosis without pleural tumor biopsy. The 
differential diagnosis of pleural tumors includes 
pleural amyloid, mesothelioma, sarcomatoid, 
metastatic lesions, and solitary fibrous tumor of 
the pleura. Most cases with systemic amyloi-
dosis with pleural involvement causing pleural 
effusion are commonly due to heart failure or 
nephrotic syndrome. 

Blackboard chalk is usually composed of 
calcium carbonate, and long-term exposure can 
affect health to a great extent. Chalk powder 
can cause respiratory discomfort, asthma, em-
physema, or chronic bronchitis. Long-term ex-
posure to calcium carbonate powder may cause 
difficulty in breathing and related systemic 
problems, such as substance accumulation (7). 
However, the relationship between powder and 
amyloidosis is still uncertain.

In our case, the patient had a history of 
chalk inhalation for more than 40 years. The 
pleural lesion was found via chest radiography, 
and systemic disease was absent. The patient 
was asymptomatic and various examinations 
revealed no abnormalities. However, the patho-
logical examination revealed multiple amyloid 
deposits in the visceral and parietal pleura, left 
lower lung, pericardium, diaphragm, and para-
sternal region. Therefore, we diagnosed the 
tumor as multiple localized pleural amyloidosis 
without systemic disease.

 In systemic disease, the symptoms and 
signs may be nonspecific; fatigue, weakness, 
and weight loss are common symptoms, but the 
diagnosis is usually reached once the condition 
affects a particular organ. Amyloid material par-
ticularly affects the kidneys, heart, liver, spleen, 
and peripheral nervous system. Symptoms and 
signs in such cases depend on the type of or-
gan involvement: arrhythmias on ECG, dilated 
atrium, ventricular hypertrophy, and pleural 
effusion are found in cases of cardiac involve-
ment-related congestive heart failure; dyspnea, 
cough, and occasionally hemoptysis in cases 
of pulmonary amyloidosis; and proteinuria in 
cases of amyloid deposits in the kidney. Reduc-
ing the supply of precursor proteins for amyloid 
fibril is considered in the treatment of systemic 
amyloidosis. Chemotherapy and immunomodu-
latory agents are used in certain types of amy-
loidosis. In addition, supportive care is crucial 
to control symptoms and maintain organ func-
tion (3).

 In localized disease, amyloid deposition 
usually occurs in a single organ. In many cases 
of localized amyloidosis, there are no specific 
symptoms. The most common sites of local 
amyloid deposition include the skin, urethra, 
bladder, larynx, eyes, thyroid, pancreas, atrium, 
heart, joints, cerebral area, tracheobronchial 
area, lung parenchyma, and lymph nodes. Ab-
dominal CT, echocardiography, electrocardi-
ography, and urine biochemistry examinations 
should be carried out to distinguish between lo-
calized and systemic amyloidosis. Other inves-
tigations such as abdominal fat aspiration, bone 
marrow aspiration, rectal biopsy, and biopsy of 
the suspected organ can also enable diagnosis. 
Diagnosis may be difficult with a small biopsy 
specimen (4). The final diagnosis depends on 
the pathological findings. In localized amyloi-
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Conclusion

The differential diagnosis of pleural tumors 
is a major challenge. Long-term exposure to 
carbonate powder can cause systemic problems 
such as substance accumulation. A detailed his-
tory including the patient’s occupation and sys-
temic disease history, as well as pre-operative 
examinations are important to determine the fi-
nal diagnosis. Excision biopsy enables a precise 
diagnosis. 
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A case of Primary Pleural Epithelioid Angiosarcoma 
Mimicking Malignant Pleural Effusion of Advanced 

Prostate Cancer

Cheng-Kang Lu1, Chun-Liang Tung2, Hung-I Kuo1

Angiosarcomas are rare cancers and are often aggressive. A pleural origin is extremely 
rare, and seen only in some case reports. We reported the case of a patient with advanced 
prostate cancer presenting with pleural effusion that was initially assumed to be pleural 
metastasis. This 84-year-old smoker presented with bilateral chest pain. The chest X-ray and 
chest computed tomography revealed bilateral pleural effusion. Evaluation of the pleural fluid 
obtained from a thoracentesis revealed an exudative effusion with no evidence of malignant 
cells. Diagnostic pleuroscopy was performed, and the pleural biopsy revealed primary 
pleural epithelioid angiosarcoma. The patient died 1 month after the diagnosis. Pleural 
epithelioid angiosarcoma often leads to a poor prognosis, with the majority of patients dying 
within months of diagnosis. This unusual case that was diagnosed as primary epithelioid 
angiosarcoma mimicking malignant pleural effusion of prostate cancer is a reminder that 
clinical physicians should make a differential diagnosis for emerging clinical signs and 
symptoms less common in the patient’s underlying disease. (Thorac Med 2023; 38: 34-39) 
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Introduction

Angiosarcoma is a rare and highly ag-
gressive endothelial cell malignancy that is 
seen most commonly in the deep soft tissues, 
although various solid organ primary sites are 
also reported [1]. Primary pleural angiosarcoma 
is extremely rare, with fewer than 30 cases re-
ported in the English literature [2]. Herein, we 

report a case of primary pleural epithelioid an-
giosarcoma mimicking malignant pleural effu-
sion of prostate cancer, diagnosed by proactive 
examination with diagnostic pleuroscopy. 

Case Presentation

This 84-year-old smoker was retired from 
construction work, and had underlying disease 
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with hypertension and coronary artery dis-
ease status post-coronary artery bypass graft 
20 years ago. Dysuria with elevated prostate-
specific antigen (PSA) was noted in 2018, fol-
lowed by a diagnosis of prostate cancer with 
liver metastasis after biopsy and a series of im-
age examinations. He received hormone ther-
apy and regular outpatient department follow-
up at Chiayi Chang Gung Memorial Hospital. 
Chemotherapy was suggested by the urologist, 
under the impression that the prostate cancer 
was progressing along with the pleural effusion, 
based on the family’s description. However, the 
patient was lost to follow-up at the urology out-
patient department because of the panic among 
the public regarding hospital visits during the 
coronavirus disease-2019 outbreak period in 
2020.  

The patient had experienced bilateral chest 
pain for 2 weeks, so he visited the emergency 
room at Chia-Yi Christian Hospital in Novem-
ber, 2020. The chest X-ray (CXR) and comput-
ed tomography (CT) showed bilateral pleural 
effusion (Figure 1). He was then admitted to 
the chest ward under the impression of bilateral 
pleural effusion with pleuritic pain. Thoracen-
tesis showed bloody pleural effusion, and the 
laboratory examination revealed exudative 
pleural effusion with non-hematopoietic cells 
predominant (Table 1). The pleural effusion 
cell block revealed some atypical cells with 
enlarged nuclei and prominent nucleoli, rather 
than malignant cells. Immunohistochemistry 
(IHC) staining was positive for calretinin (+) 
and Wilms’ tumor 1 (WT1) (+), and negative 
for thyroid transcription factor-1 (TTF1) and 

Fig. 1. (A). Chest radiograph showing bilateral pleural effusion and surgical wires from the previous coronary artery bypass graft surgery. (B). 
Chest CT showing mild bilateral pleural effusion with mild infiltration in the bilateral lower lobes.
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Table 1.  Laboratory and Pathology Parameters of Pleural Effusion

Pleural effusion Normal range

Color/clarity Reddish/Bloody NA

pH 7.69 NA

RBC count (/µL) 63200 NA

Nucleated cell count (/µL) 3132 NA

WBC count (/µL) 1848 NA

Neutrophil (%) 39 NA

Lymphocytes (%) 11 NA

Monocyte (%) 9 NA

Eosinophil (%) 0 NA

Basophil (%) 0 NA

Non-hematopoietic (%) 41 NA

TP (g/dL) 3.5 NA

LDH (U/L) 165 NA

TP (blood) (g/dL) 5.5 6~8.3

LDH (blood) (U/L) 194 106~211

Cell block Calretinin (+), WT1(+) NA

RBC, red blood cell; WBC, white blood cell; TP, total protein; LDH, lactate dehydrogenase; NA, not available.

carcinoembryonic antigen (CEA).  
Diagnostic pleuroscopy performed for the 

uncertain pleural effusion etiology showed 
some fleshy nodules with an irregular surface 
covered with bloody secretions, scattered on the 
parietal pleura with some whitish fibrinous ma-
terial (Figure 2). The pathological examination 
of the pleuroscopy biopsy of the pleural tissue 
revealed poorly differentiated hyperchromatic 
pleomorphic neoplastic cells with prominent 
nucleoli and pale-to-eosinophilic cytoplasm in 
loose clusters with occasional slit spaces under 
the microscope. The IHC results were positive 

for cytokeratin (CK), ERG and CD31 (Figure 
3), but negative for CK20, TTF-1, napsin A, 
p63, Hepa-1, arginase, glypican 3, synaptophy-
sin, CD34, NKX 3.1, alpha-methylacyl-CoA 
racemase (AMACR), and PSA. CK7 showed 
weak positive staining, but prostate-specific 
membrane antigen (PSMA) revealed equivocal 
positive staining. The pathological examination 
indicated primary pleural epithelioid angiosar-
coma, rather than pleural metastasis of prostate 
cancer. The patient decided to receive palliative 
treatment only and died 1 month later.
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Fig. 3. The sections show pleural tissue infiltrated by poorly differentiated hyperchromatic pleomorphic neoplastic cells with prominent nucleoli 
and pale-to-eosinophilic cytoplasm in loose clusters with occasional slit spaces (A, hematoxylin and eosin stain (H&E stain) 200X; B, H&E stain 
400X). IHC results revealed positivity for CK, CD31 (C, CD31 stain, 200X) and ERG (D, ERG stain, 200X).

Fig. 2. Diagnostic pleuroscopy revealed small fleshy nodules with an irregular surface, covered with bloody secretions and some whitish fibrinous 
material scattered on the parietal pleura.
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Discussion

Epithelioid angiosarcoma is a rare and ag-
gressive malignancy. Primary epithelioid an-
giosarcoma originating from the pleura or chest 
wall is extremely rare [1]. Although the patho-
genesis and etiology are still unclear, pleural 
vascular sarcomas and occupational exposure 
to asbestos are reported as risk factors [3]. The 
most commonly reported clinical signs and 
symptoms of primary epithelioid angiosarcoma 
include chest pain, pleuritic chest pain, dys-
pnea, cough, hemoptysis, recurrent hemothorax 
and anemia [4]. Most terminal prostate cancers 
show progression with bone, lymphoid node 
and lung metastases, but less commonly with 
pleural metastasis [5]. 

CXR and CT initially revealed bilateral 
pleuritic chest pain with bilateral pleural effu-
sion in our patient (Figure 1). Further survey 
was arranged due to the unusual pleuritic pain 
in the progressing prostate cancer. Diagnostic 
pleuroscopy showed fleshy nodules scattered 
on the parietal pleura (Figure 2), similar to the 
finding of Durani, et al [2]. 

IHC plays an important role in identifying 
this rare cancer, and in confirming the endo-
thelial origin of the neoplasm. Previous case 
reports in the English literature have described 
positive findings for CD31, CD34, CK, WT1 
and ERG [3, 6-8]. CD31, CD34, factor VIII and 
FLI-1 are specific markers of angiosarcoma, 
and at least 1 of them must be positive to make 
the diagnosis [9]. CD31 is the most specific and 
sensitive endothelial marker, reacting rarely and 
only weakly with non-vascular tumors [6, 9]. 
WT1 protein expression is maintained during 
the angiogenesis and malignant transformation 
of endothelial cells, and is considered a specific 
endothelial marker [7]. ERG, another marker 

for endothelial cell neoplasms, is expressed 
in vascular tumors, such as angiosarcomas, 
and helps to distinguish cutaneous and non-
cutaneous angiosarcomas from other histologic 
mimics [8]. IHC is the most important factor in 
diagnosing certain rare cancers, such as angio-
sarcoma, and CD31and ERG findings can cor-
roborate this diagnosis [6, 8]. 

The positive IHC findings for CD31 and 
ERG (Figure 3) in the pleural tissue and for 
WT1 in the pleural effusion cell block in our 
case indicated that the cancer was an angio-
sarcoma. CK7 positivity is characteristic of an 
epithelioid angiosarcoma [9]. Negative staining 
of CK20, TTF-1, synaptophysin and napsin A 
signify that the cancer did not originate from 
the lung [10-11]. In addition, negativity for p63, 
Hepa-1, arginase, glypican 3 and synaptophysin 
imply that the cancer was not related to the liver 
mass [12]. Otherwise, specific markers for di-
agnosing prostate cancer, such as PSA, NKX 3.1 
and AMACR, were negative, and only PSMA 
showed equivocal positive staining, which 
would indicate that it is metastasis of advanced 
prostate cancer [13-14]. As stated above, prima-
ry pleural epithelioid angiosarcoma, rather than 
pleural metastasis of prostate or lung or liver 
cancer, was the most likely diagnosis. 

This patient died 1 month after diagnosis 
under palliative care. Previous studies have 
also shown that epithelioid angiosarcomas are 
very aggressive and often incurable, with most 
patients dying within months of diagnosis, even 
while undergoing treatment [9, 15]. 

Conclusion

Primary pleural angiosarcoma is an ex-
tremely rare and aggressive malignant disease. 
Its unspecific clinical sign and symptom of 
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chest discomfort might distract clinical physi-
cians from the underlying malignant disease 
progressing with pleural metastasis. This case is 
a reminder that clinical physicians should make 
a differential diagnosis of emerging clinical 
signs and symptoms that are less common in 
the patient’s underlying disease. 
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Multiple Ground-Glass Nodules Treated with Surgery and 
Radiofrequency Ablation–A Case Report

Pei-Chin Su1, Frank Cheau-Feng Lin1,2*

A feasible therapeutic plan for ground-glass nodules is surgical resection. Operation plays 
an important role in both diagnosis and treatment. But, for a patient with multiple ground-glass 
nodules, adequate preservation of lung volume is an important issue. We present the case 
of a female with multiple ground-glass nodules who was treated using minimally invasive 
lobectomy, pre-operative localization followed with wedge resections, and radiofrequency 
ablation. The outcome was satisfactory. The combined treatment was effective, but further 
application and discussion are needed. (Thorac Med 2023; 38: 40-45) 

Key words: Ground glass nodule, lobectomy, wedge resection, RFA
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Introduction

With its increasing incidence, lung cancer is 
the leading cause of cancer-related death in Tai-
wan. Low-dose computed tomography (CT) of 
the chest is commonly used for cancer screen-
ing. Early diagnosis and treatment can lead to 
excellent cancer survival and a better quality of 
life. 

Malignant pulmonary nodules can be de-
tected incidentally in a CT scan [1]. Lung nod-
ules are defined as small (≤ 30 mm) lesions in 
the lung parenchyma. The malignant etiologies 
of pulmonary nodules can include primary lung 
cancer, metastatic cancer, carcinoid tumors, and 
benign lesions such as infection, harmatoma, 
and arteriovenous malformations. In addition, 

the features of nodules can be described in 
terms of size, attenuation, growth or stable size, 
calcification, and location. To attain a definite 
diagnosis, management options include non-
surgical biopsy (bronchoscopic techniques, CT-
guided percutaneous biopsy) and surgical exci-
sion, which is the gold standard for diagnosis of 
a lung nodule.

Percutaneous radiofrequency ablation 
(RFA) of pulmonary malignancies, a less inva-
sive procedure, has a promising survival benefit 
[2]. Surgical resection is the standard treatment 
for early lung cancer. However, for the patient 
who cannot undergo surgery because of certain 
clinical conditions, such as poor lung function, 
previous lung surgery, or COPD, lung ablation 
approaches are alternative choices [3]. In addi-
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tion, for early-stage lung cancer patients with 
resected stage IA disease, adjuvant systemic 
therapy such as chemotherapy and targeted 
therapy is not indicated [4]. For these patients, 
RFA would be a method of choice. 

With the advent of the era of low-dose CT 
screening, the incidence of multiple primary 
lung cancer has increased [3]. For these pa-
tients, lung volume preservation is emphasized. 
We report the case of a patient with bilateral 
multiple ground-glass nodules (GGN). The 
treatment plan included a combination of surgi-
cal resection of the most affected region, pre-
operative localization for targeted resection, 
and percutaneous RFA to treat the patient and 
preserve as much lung function as possible. 
Follow-up studies yielded satisfactory results. 

Case Report

A 50-year-old female treated for diabetes 
mellitus for more than 20 years was referred to 
our thoracic surgery clinic because of incidental 
abnormal findings on low-dose chest CT in a 
health examination. The CT images revealed 
bilateral GGN. Eleven GGNs were located on 
the right side, and 5 GGNs were found on the 
left-side lung (Figure 1). The most affected lobe 
was the right upper lobe, within which were 9 
GGNs (nodules 1-9 (N1-N9)). The other nod-
ules were in the right middle lobe (nodule 10, 
N10), right lower lobe (nodule 11, N11), left 
upper lobe (nodules 12-15, N12-N15) and left 
lower lobe (nodule 16, N16). The patient denied 
any specific respiratory symptoms and signs. 

Fig. 1. Multiple bilateral ground-glass nodules in an axial view.
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Since the affected regions included both 
lungs, the treatment plan combined surgical 
intervention for the most affected part and RFA 
for the remaining tumors. The pre-operative 
lung function test of forced expiratory volume 
in 1 second (FEV1) was 2.38 liters, forced vital 
capacity (FVC) was 2.91 liters, and diffus-
ing capacity of the lung for carbon monoxide 
(DLCO) was 17.83 ml/min/mmHg.

First, lobectomy of the right upper lobe and 
wedge resection of the right middle lobe and 
right lower lobe were arranged. To discriminate 
the location of the nodules with limited targeted 
resection, pre-operative CT guidance using 
Laser Angle Guide Assembly® (LAGA) assis-
tance and injection of patent blue dye was per-
formed (Figure 2) [8]. Under general anesthesia 
with the patient in a left decubitus position, 
right upper lobe lobectomy for N1-N9 resec-
tion was performed using a 2 minimal-incisions 
approach. Then, 2 gray-yellowish nodules with 
pleural dimpling at the right middle and lower 
lobes, which were marked by a tattoo, were re-
sected (N10, N11). The pathological report was 
minimally invasive adenocarcinoma and atypi-
cal adenoid hyperplasia for N1-N9, atypical 
ductal hyperplasia for N11, and atelectasis with 

anthracosis for N10. 
One and a half months after the operation, 

and before RFA, the follow-up pulmonary func-
tion was FEV1: 1.97 liters, FVC: 2.08 liters, 
and DLCO: 14.38 ml/min/mmHg. There were 
no changes in pulmonary function after the 
RFA interventions. We were able to preserve 
adequate lung function without influencing the 
patient’s daily life.

Two months post-operation, 3 percutaneous 
CT-guided RFA procedures under LAGA assis-
tance were scheduled to eliminate the residual 
tumors (N12-16) of the left upper and lower 
lobe. The intervals for RFA were 18 days and 
28 days. Using RF electrode needle probe punc-
tures, the actual RFA mean time was 6 minutes. 
The patient experienced no pneumothorax, he-
mothorax, hemoptysis, or shortness of breath. 
The clinical course was smooth and no compli-
cations occurred. 

Follow-up CT every 3 months disclosed no 
obvious tumor enlargement, but the scar forma-
tion of the GGN region which had been treated 
by RFA could be seen (Figure 3). We used 3D 
imaging to clarify the lesions (Figure 4a,b). The 
outcome showed good local control of the dis-
ease, with no recurrence or residual tumor.

Fig. 2. Pre-operative CT-guided localization with patent blue dye.
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Fig. 4. (A).3D images of the lung.  (B).3D images of the lung (lateral view).
N1-N9 GGO (right upper lobe) were resected by lobectomy. 
N10 (right middle lobe) and N11 (right lower lobe) underwent wedge resection with pre-operative CT-guided localization.
N12-N14 (left upper lobe) ablated in the 1st RFA. 
N15 (left upper lobe) ablated in the 2nd RFA. 
N16 (left lower lobe) ablated in the 3rd RFA.

Fig. 3. Follow-up imaging every 3 months showed scarring after RFA.

Discussion

Pulmonary GGN is defined as an opacity 
that does not obscure the underlying structures 
or vessels in the CT scan. In clinical practice, 
pulmonary GGN has become an important is-
sue, as its diagnosis rate has increased with the 
increased use of low-dose CT screening. The 

incidence of malignancy in resected GGN was 
63% and 83% in previous studies [5, 6]. But, 
GGN-dominant tumors were also characterized 
by a lower incidence of pathologic invasion, 
and rare pleural invasion and lymph node or 
vascular metastasis. GGN can be successfully 
treated with surgical intervention, and has an 
extremely favorable prognosis [7].

(A) (B)
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The high incidence of malignancy in GGN 
and lung cancer is the main cause of cancer-
related death in the world. There is now much 
more evidence revealing the benefits of low-
dose CT screening of lung cancer, and detecting 
early-stage lung cancer via low-dose CT scan 
may reduce the mortality rate [8]. In Western 
countries, most studies have focused on patients 
with a smoking history. However, the diversity 
of clinical, epidemiological, and demographic 
features should be taken into account.

Depending on the affected region or num-
bers of nodules, anatomic resection such as lo-
bectomy and segmentectomy, or non-anatomic 
wedge resection can be chosen as a definite 
treatment. Lobectomy and segmentectomy li-
gate the contributing pulmonary arteries, veins 
and bronchi. The 2 procedures may ensure a 
safe margin of the disease, but are accompanied 
with a certain extent of lung volume loss. By 
contrast, wedge resection preserves much more 
lung tissue and is often chosen for pathologi-
cal diagnosis and lesion removal. To evaluate 
where the nodule is located, pre-operative local-
ization can be used. A variety of methods, such 
as CT-guided needle localization, dye marking, 
and use of a hybrid operating room, are effec-
tive. These are all effective techniques to ensure 
a successful wedge resection [9].

Furthermore, pre-operative CT-guided lo-
calization plays an important role in allowing 
the operation to be performed precisely with 
limited resection. To arrive at the target nodule 
in this case, the use of LAGA and CT imaging 
can provide a 3D space, including longitudinal 
position, depth of distance and direction of an-
gle. The result is reliable because of the precise 
angle provided through laser guidance, and the 
procedure can be finished in minutes. Due to 
the accuracy of 1-shot localization, complica-

tions with this procedure are rare [10].
After adequate resection of the nodules, 

calculating postoperative lung function using 
predicted postoperative values for FEV1 (ppo 
FEV1) and predicted postoperative values for 
DLCO (ppo DLCO) is important. There may be 
an increased incidence of postoperative morbid-
ity in patients with ppo FEV1 or ppo DLCO 
< 40% [11]. In our case, ppo FEV1 and ppo 
DLCO decreased after right-side lung surgery 
with lobectomy and 2 wedge resections. Post-
surgery management of the left lung nodules 
should be continued.

RFA is an alternative, effective treatment. It 
is the most widely used ablative technique for 
lung tumors. Lung RFA yields satisfactory out-
comes and a promising long-term survival [12]. 
In a systematic review, complete tumor necrosis 
rates of 38-97% (median, 90%) were reported 
[13]. In addition, the technique is safe. It has 
acceptable risks, including pneumothorax, and 
is not associated with increased mortality [14]. 
With regard to preservation of lung function, in 
most cases, there was no significant worsening 
of FEV1, FEV1% predicted, FVC, or FVC% 
predicted at 6 months after RFA [15].

In patients with multiple nodules, known as 
synchronous lesions, hybrid approaches com-
bining both surgical and nonsurgical interven-
tions have been considered. A comprehensive 
pre-operative evaluation is conducive to further 
management.

There is some discussion comparing the 
clinical outcome of surgical resection and that 
of CT-guided percutaneous ablation. For resec-
tion of early-stage lung cancer, surgery remains 
the recommended choice; for those patients not 
suitable for operation, RFA still has promising 
results,  including overall survival. 

Few reports have mentioned the use of RFA 
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for GGN lesions after surgical resection. The 
use of minimally invasive procedures and per-
cutaneous intervention as a strategy for dealing 
with multiple GGNs would be beneficial. Even 
for the definite diagnosis and management of 
lesions, a combined multiple therapeutic plan 
could be individualized. Further cases studies 
and discussions are warranted. 

Conclusion

The use of a combination of minimally 
invasive lobectomy, pre-operative localization 
wedge resection and RFA for multiple GGNs 
is curative and safe, and preserves pulmonary 
function. 
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Pulmonary Cavitary Lesion as A Rare Radiologic Finding 
of Organizing Pneumonia: A Case Report

Yu-Chi Tsai1, Fan-Min Lin1,2

Organizing pneumonia, a type of interstitial lung disease, has a unique pathologic and 
radiologic presentation. Manifestations of cryptogenic organizing pneumonia on plain film are 
typically quite distinctive, with features similar to extensive pneumonia, including bilateral, 
patchy or diffuse, consolidative or ground glass opacities. A cavitary lesion is a rare radiologic 
presentation of organizing pneumonia. We present a case of organizing pneumonia with a 
cavitary lesion on chest films. Timely diagnosis and corticosteroid use are the cornerstones of 
treatment for organizing pneumonia. (Thorac Med 2023; 38: 46-53) 
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Introduction

Organizing pneumonia (OP) is a type of 
interstitial lung disease with characteristic 
pathologic features, such as intraluminal fibro-
blastic plugs, also called Masson bodies, seen 
in respiratory bronchioles, alveolar ducts, and 
alveoli, surrounded with mild interstitial inflam-
mation in the adjacent lung. The disease reflects 
a reparative process for alveolar epithelial in-
jury. The pathologic presentation consists of 
inflammatory exudates, foamy cells recruitment 
in alveolar spaces, and alveolar epithelial cells 
hyperplasia within the small airways [1]. 

Successful diagnosis of OP should be based 
on an adequate clinical history, imaging, labora-

tory data, and pathological clues. OP can result 
from various causes, such as an infectious dis-
ease, including pathogens of human immuno-
deficiency virus, influenza virus, bacteria, and 
even fungus. Drugs, connective tissue disorder, 
hematologic malignancy, organ transplantation, 
and radiation are also found in association with 
OP. In most cases, the cause remains unknown 
[2].

Most patients respond well to systemic 
corticosteroids and have an excellent prognosis 
[1-6]. Patients with OP have a subacute pro-
cess, and imaging typically reveals findings of 
ground glass or consolidative opacities. Howev-
er, pleural effusion, mediastinal adenopathy, and 
even cavitary lesions have been documented as 
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rare presentations in previous case reports. We 
report a case of excavated cryptogenic organiz-
ing pneumonia (COP), after excluding other 
possible contributive etiologies. Biopsy is man-
datory to exclude other common etiologies of 
cavitary lesions. 

Case Report

A 61-year-old man presented to our chest 
medicine clinic with a 5-day history of wors-
ening cough with much gray turbid sputum 
production, and a 1-month history of left upper 
back pain. The illness occurred off and on and 
was associated with drenching night sweats. 
His tenderness was relieved after taking pain 
killers, and was not related to a changing of po-
sition. The patient had smoked cigarettes since 
he was 24 years old, and infrequently drank al-
cohol. He was a bus driver and had been in his 
usual state before this visit. The patient denied 
any use of medication and claimed no history of 
significant disease. 

On physical examination, he was noted to 

have dull percussion in his left upper back and 
rhonchi breathing sounds in the same area. The 
patient looked well and was without respiratory 
distress. His temperature was 36.7°C; blood 
pressure, 121/95 mm Hg; heart rate, 105 beats 
per minute; and respiratory rate,18 breaths per 
minute. Chest radiograph revealed a patchy 
consolidation with multiple cavitation and an 
air-fluid level content at the left upper lobe 
(Figure 1a). 

The hemogram disclosed leukocytosis with 
neutrophils predominant and normocytic ane-
mia. Blood levels of electrolytes and glucose, 
and hepatic and renal function were normal. 
The other laboratory test results are shown in 
Table 1. The patient was admitted to our ward 
for left upper lung lesion management. The 
differential diagnosis included lung abscess, 
pulmonary tuberculosis, neoplasm, and chronic 
fungal infection.

Initially, the patient received treatment with 
amoxicillin/clavulanate after blood and sputum 
cultures were obtained.  On day 4, because of 
his persistent fever and worsening fatigue, we 

Fig. 1. (a).Chest radiograph revealed a left upper lobe cavitary lesion with an air-fluid level presentation. (b).The same patient’s chest film after a 
1-month treatment with corticosteroid, showing improvement. (c).Remission of the left upper lobe lesion with only some fibrotic band retention, 
after a half year of corticosteroid treatment.
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escalated the empiric antibiotics to piperacillin/
tazobactam and amikacin for broad spectrum 
coverage. Testing for a lung lesion was ar-
ranged. Computed tomography of the chest re-
vealed multifocal ill-defined ground glass opac-
ities with consolidation, and cavitary change at 
the left upper and left lower lung without pleu-
ral effusion (Figure 2). 

Given the lack of an initial adequate mi-
crobiological clue and the deterioration of this 
patient, bronchoscopy was performed to assist 
the diagnosis. However, there was no evidence 
of an endobronchial lesion. Repeated sputum 
culture samples and rapid serology tests, includ-
ing pneumococcus urine antigen and a crypto-
coccus antigen serum test, were negative. Four 
acid-fast stain sputum smear sets and the final 
tuberculosis culture results were negative. The 
sputum fungus culture yielded a negative result 
as well. 

After a 10-day empiric antibiotics treatment 
course without an evident response, percutane-
ous transthoracic ultrasound-guided lung biopsy 
and pleural biopsy were done. The histologic 
examination of the specimen from the left upper 

lobe disclosed an organizing pulmonary area, 
composed of plugs of young fibrous tissue dis-
tributed within alveolar ducts and spaces (Figure 
3a, 3b). Many inflammatory cells, including 
mainly lymphocytes and a small portion of 
polymorphonuclear granulocytes and macro-
phages, and proteinaceous exudate without 
evidence of malignancy, were noted. OP was 
suspected based on the pathologic evidence.

Systemic corticosteroid with oral predniso-
lone 0.5 mg/kg/day was prescribed, based on 
the patient’s body weight (67 kg, so an esti-
mated 30 mg of oral prednisolone daily divided 
into 2 doses), beginning late in the second week 
of admission. Concurrent antibiotics were con-
tinued until the third week of admission, when 
the patient reported his fever and chest pain had 
resolved. After 1 month of oral corticosteroid 
treatment, the left upper lobe lesion was signifi-
cantly improved (Figure 1b). We maintained 
corticosteroid treatment for 6 months, with dos-
es of oral prednisolone 15 mg twice daily (0.5 
mg/kg/day) for the first 2 months, 10 mg twice 
daily for the following 2 months, and finally 10 
mg daily, followed by 5 mg daily for the last 2 

Fig. 2. (a).Computed tomography of the chest disclosed left upper lobe ground glass opacity with cavitary lesion and low attenuation content. (b).
Lung window of computed tomography at the same area revealed multifocal ill-defined patchy consolidation in a perilobular pattern.
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months. Sequential chest films revealed con-
solidation resolution with some residual fibrotic 
bands (Figure 1c).

Discussion

Organizing pneumonia (OP), a type of in-
terstitial lung disease, can be involved from the 
alveolar walls to the distal bronchioles [1-6]. A 
variety of factors, including drugs, connective 
tissue disorders, hematologic malignancy, in-
fections, organ transplantation, other interstitial 
lung diseases, radiation, and environmental ex-
posure, are recognized as causes of the patho-
logic features of secondary OP.

In the early 1900s, bacterial pneumonia 
was mentioned as a cause of secondary OP [7]. 
Today, a variety of infectious pathogens, such 
as bacteria (Chlamydia pneumoniae, Legionella 
pneumophila, Mycoplasma pneumoniae, Nor-
cardia asteroides) [6,8,9], viruses (human im-
munodeficiency virus, influenza virus) [8,10], 
fungi (Aspergillus, Cryptococcus neoformans) 
[6], and even parasites [6], are found to be the 
leading causes of secondary OP. The use of 

some drugs, for example, amiodarone and bleo-
mycin, can result in secondary OP [11]. Distin-
guishing between OP caused by a drug or by 
the patient’s preexisting comorbidities is chal-
lenging. Resolution of OP after discontinuing 
the drug may be a feasible diagnostic method 
for drug-induced OP [5,11]. 

Migratory OP after radiation therapy for 
breast cancer may share pathologic features 
similar to OP [12]. Rheumatoid arthritis [13], 
Sjögren's syndrome [14], and other rheumatoid 
diseases can be associated with a secondary 
etiology of OP [13]. Hematologic malignancy 
such as leukemia [15], and chemical irritants 
such as gastric contents aspiration [6], can be 
conditions linked to secondary OP. 

However, most cases of OP are idiopathic, 
or so-called cryptogenic organizing pneumo-
nia (COP) [1,2,5,6]. The previous name used – 
bronchiolitis obliterans organizing pneumonia 
(BOOP), is confusing and overlaps with the 
category of obliterative bronchiolitis (OB), 
which is composed of bronchiole obstruction, 
but exists with minimal or no evidence of pul-
monary inflammatory cells infiltration [3,4]. 

Fig. 3. (a).(Low power field, 100x). Photomicrograph of the specimen from transthoracic biopsy. Intraluminal plugs consisted of fibroblasts 
distributed within alveolar sacs. (b).(High power field, 400x). High power photomicrograph of picture 3a revealed spindled fibroblasts constituting 
an intraluminal plug with numerous inflammatory cell infiltrations, mainly lymphocytes, and some polymorphonuclear granulocytes and 
macrophages.
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The American Thoracic Society and European 
Respiratory Society ended this confusion in 
2002 by suggesting the use of the terms OP and 
COP to avoid further misinterpretation [16,17].

COP is a rare disease with an estimated 
incidence of less than 10 cases per 100,000 per-
sons/year [18]. It occurs approximately within 
the fifth to sixth decade of life, without a sex 
predominance [4,19]. Approximately 56-68% 
of OP cases cannot be clearly linked to a known 
possible cause, so they are then reclassified as 
COP [20].

OP may reflect an inflammatory or heal-
ing process due to lung injury. When damage 
occurs at the involved alveolar epithelial cells 
and capillary endothelial cells, intra-alveolar 
space leakage of plasma proteins and coagula-
tion factors lead to fibroblasts migrating into 
the damaged area and generating fibrin clotting 
on alveolar surfaces. Small polyps composed of 
loose fibrous tissue may develop. Intraluminal 
plugs of granulation tissue proliferate and may 
coat and fill adjacent alveolar sacs and bronchi-
oles [2,5].

Subacute symptoms such as dry cough, dys-
pnea, fever, fatigue, and weight loss are report-
ed as clinical presentations of OP. Patients who 
are suspected of having community pneumonia 
at first, but do not respond well to empirical 
antibiotics, or who have delayed resolution on 
chest film, may be exhibiting the initial features 
of OP [7]. 

Both OP and COP share similar radio-
graphic presentations [19]. Three categories of 
specific imaging findings have been reported 
[2]. The first characteristic radiologic finding of 
OP is multiple alveolar opacities, which com-
monly have a peripheral, subpleural, bilateral, 
and usually migratory distribution. The lesion 
size varies from a few centimeters to a whole 

lobe [2,5]. Air bronchogram with bronchial 
wall thickening and dilatation are also common 
[1]. A peripheral, peribronchial distribution and 
recurrent migratory lesion are thought of as dis-
tinctive features of OP. Computed tomography 
may display a greater extent of bilateral multi-
focal airspace opacities than chest films, and a 
distribution that is mainly peripheral or in the 
lower lung zone [5].

Solitary focal opacity is another image pre-
sentation of OP. Since its radiologic manifesta-
tion can be confused with that of pulmonary 
malignancy, the diagnosis usually depends on 
surgical biopsy [22]. Most of the patient’s le-
sions are located in the upper lobes. Cavitation 
may be an associated manifestation [2,5]. The 
third pattern is OP as an infiltrative type, in 
which bilateral and diffuse interstitial infiltra-
tion is demonstrated [5]. The severity of inter-
stitial inflammation is consistent with the degree 
of image infiltration. Nonspecific interstitial 
pneumonia and idiopathic pulmonary fibrosis 
are possible radiologic differential diagnoses [2]. 
The reverse halo sign is described as a central 
ground glass opacity surrounded by a crescentic 
ring-like air space. Although highly specific, it 
presents in about 20% of patients with OP [21]. 
Other rare manifestations, including pleural ef-
fusion [2] and mediastinal lymphadenopathy 
[23], have been described in some case reports. 

Cavitation is seldom mentioned in text-
books, but it has existed in some case series 
since 1985 [3,24-33]. Multiple or single pul-
monary cavitary nodules, massive alveolar 
infiltrates with multiple cavities, and diffuse 
opacities with cavitations have been described. 
The range of influence is from diffuse bilateral 
to focal unilateral lesions [24-30]. Upper lobes 
are frequent sites of cavitary OP involvement 
[2,5,27-29]. Unresolved pneumonia [6] or 
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pneumatocele [31] may be present at the adja-
cent pulmonary area. Honey-combing has been 
documented in very few patients with late ad-
vanced progressive disease [6]. Cavitary OP has 
been found sporadically among patients with 
cryoglobulinemia [32], and rarely among those 
with primary non-Hodgkin’s lymphoma [33]. 

With regard to subacute cavitary pulmonary 
disease, the most important differential diagno-
ses include: chronic infection (such as fungus, 
mycobacterium), neoplasms (squamous cell), 
and a vascular etiology (granulomatosis with 
polyangiitis) [2,5,18,19]. 

Diagnosis of COP relies on pathology, im-
aging, clinical manifestations, and excluding 
all identifiable secondary factors. In this way, a 
final diagnosis can be established [16]. Invasive 
biopsy procedures including transbronchial or 
open lung biopsy are usually required, due to 
inadequate information gained from the clinical 
disease process and radiologic findings. 

Treatment for OP and COP depends on the 
severity of the disease, the degree of pulmo-
nary function impairment, and the rapidity of 
progression [6,34]. Systemic corticosteroids 
are the cornerstone of therapy for COP [4,19]. 
Although there is a lack of large clinical trials 
regarding optimal dosage and duration, start-
ing treatment at 0.75 mg/kg/day and gradually 
tapering the dosage based on clinical response 
and drug side effects during 6-12 months of 
therapy is generally suggested [16,35]. The 
overall prognosis is very good. Only 20% of 
patients experienced relapse [4,36], and about 
80% of patients have complete remission 
[4,5.16]. Improvement is radiologically docu-
mented during the first 4 weeks after treatment 
add-on [3,18]. 

Conclusion

OP is a type of interstitial lung disease. COP 
is varied, and the etiology seems idiopathic. 
COP usual occurs in patients in the fifth to sixth 
decade of life, without a sex predominance. 
Most patients have a subacute disease process, 
and migratory recurrent multiple ground-glass 
or consolidative opacities are the majority of ra-
diologic findings. Cavitary lesion as a radiolog-
ic presentation is rare, but has been reported in 
case series since the late 1900s. Clarifying the 
potential differential diagnosis is important to 
this unusual finding. Histopathology discloses 
granulation plugs that extend excessively into 
the small airway and alveoli, with infiltration of 
chronic inflammatory cells. A definite diagno-
sis of COP requires clinical, radiological, and 
pathological proof, and the exclusion of other 
secondary factors. Corticosteroid is the standard 
treatment for COP. Most patients respond well 
and have a good prognosis.

List of abbreviations:

BOOP: bronchiolitis obliterans organizing 
pneumonia

COP: cryptogenic organizing pneumonia
OB: obliterative bronchiolitis
OP: organizing pneumonia
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A Rare Case of Endobronchial Pulmonary Metastasis of 
Hepatocellular Carcinoma: Case Report and Literature 

Review

Juei-Yang Ma1, Pei-Chien Tsai2, Chia-You Kuo1, Chia-Min Chen1, Wei-An Chang1,3

Hepatocellular carcinoma (HCC) is the fourth leading cause of cancer-related deaths 
worldwide (1), and in Taiwan. According to previous reviews, the lung is the most frequently 
involved organ in extrahepatic metastases (55%). The typical presentation of pulmonary 
metastasis of HCC is noncalcified soft-tissue nodules with a lower lobe predominance. 
Another frequently reported radiologic finding of lung metastasis of HCC is pulmonary 
tumor emboli. Here, we reported the case of a 62-year-old man who suffered from frequent 
intermittent hemoptysis, progressive dyspnea, and productive cough for 2-3 weeks. He was 
diagnosed with endobronchial pulmonary metastasis of HCC, and the symptoms improved 
significantly after bronchoscopic intervention. During the procedure, we encountered massive 
hemoptysis after removing the easily detached tumor. The hemoptysis was treated using 
several methods of hemostasis along with fiberoptic bronchoscopy. A similar episode recurred 
7 months later. After 2 interventions, the patient had an uneventful recovery without further 
fatal hemoptysis or respiratory failure. Our case reveals a unique characteristic of HCC lung 
metastasis and highlights the usefulness of fiberoptic bronchoscopy in containing hemostasis. 
(Thorac Med 2023; 38: 54-61) 
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Introduction

The lung is the most common metastatic 
site of hepatocellular carcinoma (HCC), and the 
1-year overall survival (OS) rate of HCC with 
lung metastasis is approximately 10% [2]. Pul-

monary HCC metastasis commonly presents as 
parenchymal soft-tissue nodules and pulmonary 
vascular emboli [3]. Based on the pathophysiol-
ogy, extrahepatic HCC can occur in 3 distinct 
ways: direct extension, hematogenous spread, 
or lymphatic invasion. Pulmonary HCC metas-
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Fig. 1. Chest radiography and CT scan showing endobronchial 
pulmonary metastasis in the left main bronchus causing left lower 
lung collapse. The red arrows indicate the endobronchial mass.

tases occur via hematogenous dissemination to 
the pulmonary capillary network, leading to the 
common presentation of parenchymal soft-tis-
sue nodules and pulmonary vascular emboli [3]. 
Therefore, the lower lobes of the lung are more 
often involved with metastases than the upper 
lobes. The common sources of endobronchial 
metastases are breast, colorectal and kidney 
cancers, rather than hepatomas [4].

Bronchoscopic treatment strategies for 
massive bleeding include cold saline, topical 
vasoconstriction agents, balloon tamponade, 
endobronchial stent or spigot, oxidized regen-
erated cellulose, N-butyl cyanoacrylate glue, 
gel and thrombin slurry fibrinogen-thrombin, 
tranexamic acid, laser photocoagulation, argon 
plasma coagulation, electrocautery, cryotherapy, 
and brachytherapy [5, 6]. Among these meth-
ods, tranexamic acid, laser photocoagulation, 
argon plasma coagulation, electrocautery, and 
cryotherapy have been reported to be effective 
for malignant bleeding [7-12]. Here, we present 
our experience managing endobronchial pulmo-
nary metastasis of HCC with massive bleeding 
using bronchoscopic balloon tamponade. 

Case Presentation

A 62-year-old man with HCC presented 
with lung metastasis (T3aN0M1, stage IVB), 
liver cirrhosis (Child-Pugh score A), and 
chronic hepatitis C. The patient had suffered 
from productive cough for 2-3 weeks. He had 
intermittent hemoptysis of approximately 30-50 
ml each time for about 1 day, accompanied by 
progressive dyspnea (respiratory rate: 30 cycles 
per minute; pulse oximeter oxygen satura-
tion under ambient air: 84%). He denied fever, 
chills, or other symptoms related to infection. 
Chest radiography and computed tomography 

(CT) in our hospital showed lung metastasis in 
the left lower lobe of the lung with progressive 
left main bronchus invasion, leading to left lung 
collapse and consolidation. Bronchoscopy re-
vealed a solid tumor in the left main bronchus, 
which caused obstruction of the bronchus. Dur-
ing the procedure, a well-encapsulated, easily 
detached tumor (3.0 x 1.5 x 1.5 cm) was excret-
ed while the patient coughed, followed by mas-
sive hemoptysis. Urgent bronchoscope-guided 
endotracheal tube intubation was performed for 
single-lung ventilation. Topical epinephrine and 
cold saline lavage were used for hemostasis. 
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The bleeding finally was stopped using a Fogar-
ty balloon tamponade in the left main bronchus. 
Even though there was a residual tumor in his 
left lower bronchus, the patient was extubated 
smoothly 2 days after successful hemostasis.

The pathologic findings of the tumor, in-
cluding thick trabeculae, organoid structures, 
and a solid pattern of polygonal cells exhibiting 
hyperchromatic nuclei with distinct nucleoli 
and decreased pale or granular cytoplasm, were 
consistent with metastatic HCC. Seven months 
later, we performed bronchoscopy for the pro-
gressive endobronchial tumor in the left lower 
bronchus, which led to obstruction of the left 
main bronchus. We also used bronchoscopic 
cryotherapy for tumor removal. After removing 
the well-encapsulated, easily detached, large 
(2.7 x 2.3 x 1.5 cm) tumor, massive hemoptysis 
occurred. The pathologic findings of the tumor 
were consistent with metastatic HCC. The pa-
tient then received endotracheal intubation for 
airway protection. After critical care, he was 
extubated and fully recovered, and was able to 
live his daily life independently.

Discussion

Hepatocellular carcinoma (HCC) is the 
fourth leading cause of cancer-related deaths 
worldwide [1], and in Taiwan, as well. Accord-
ing to published reviews, the lung is the most 
frequently involved organ in extrahepatic me-
tastases (36.2-55%), and the most frequent site 
of the first detectable metastasis [2, 13, 14]. The 
1-year OS and cancer-specific survival (CSS) 
of HCC with lung metastasis were 10% and 
12.6%, respectively; lung metastasis was identi-
fied as a risk factor for mortality in HCC (OS, 
HR 2.63; 95% CI: 2.40-2.88; CSS, HR 2.72; 
95% CI: 2.48-2.99; both p <0.001) [2].

Even though symptoms due to HCC metas-
tases are observed more frequently in patients 
with bone and brain metastases, lung metasta-
ses can lead to death due to respiratory failure 
caused by the growth of metastatic tumors. Ow-
ing to the evolution of fiberoptic bronchoscopy, 
it is easier to approach the intra-bronchial tumor 
causing respiratory stress and airway obstruc-
tion.

Fig. 2. Bronchoscopic finding of a huge endobronchial pulmonary HCC metastasis with a totally occluding and easily detachable, well-margined 
tumor mass (Middle: first time; Right: second time)
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In a search of the Medline and Embase 
databases (from 1980 to 2021) using the fol-
lowing keywords: “endobronchial metastases” 
and “hepatocellular carcinoma,” case reports 
of 13 patients were found (Table 1) [15-27]. 
The most common symptoms were hemoptysis, 
dyspnea, and cough. The time from primary di-
agnosis varied from a synchronous presentation 
to more than 15 years. Even though endobron-
chial metastases rarely occur and are difficult 
to distinguish from primary lung cancer using 
radiographic findings and clinical symptoms, 
prompt diagnosis and management are cru-
cial for most clinical scenarios and sequelae. 
Nowadays, improvements in survival seem 
to be due to the evolution of advanced bron-
choscopic techniques, radiotherapy, and new 
medications for HCC. Kiryu et al. described 4 
types of endobronchial metastasis modes: type 
I, direct metastasis to the bronchus; type II, 
bronchial invasion by a parenchymal lesion; 
type III, bronchial invasion by mediastinal or 
lymph node metastasis; and type IV, peripheral 
lesions extending along the bronchus [28]. Due 
to the difficulty in differentiating between type 
II and type IV lesions, Akoglu et al. proposed a 
similar classification in 2005 with a modifica-
tion of type IV, defined as endobronchial inva-
sion with lymphangitis carcinomatosa [29]. In 
both classifications, type I lesions result from 
hematogenous or lymphatic metastatic spread, 
and types II to IV lesions occur by secondary 
invasion of the tracheobronchial tree, providing 
a sound developmental model of classification. 
The present case likely corresponds to a type II 
metastatic lesion, based on the image findings.

In this case, easily detached intra-bronchial 
pulmonary metastasis of HCC was removed by 
bronchoscopy twice, followed by massive he-
moptysis. The patient’s survival relied not only 

Fig. 3. Microscopic findings of the specimen with hematoxylin and 
eosin stain ((A) magnification × 40; (B) magnification × 400 (C) 
magnification × 400 revealed: (A) and (B) metastatic hepatocellular 
carcinoma composed of thick trabeculae or a solid pattern of 
polygonal neoplastic cells exhibiting hyperchromatic nuclei with 
distinct nucleoli and pale cytoplasm. (C) The tumor cells were 
immunoreactive for Hep par-1.

(A)

(B)

(C)
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on tumor debulking but also on prompt airway 
protection and bronchoscopic hemostasis for 
massive hemoptysis.

Massive hemoptysis usually originates 
from high-pressure bronchial circulation (90%), 
mostly due to the etiology of bronchiectasis, tu-
berculosis, mycetomas, necrotizing pneumonia, 
bronchogenic carcinomas, trauma, vasculitis, 
and pulmonary arteriovenous malformation [6]. 
In recent studies, the mortality rates for mas-
sive hemoptysis decreased from >75% to 13%-
17.8% owing to early operative intervention 
and advances in medical imaging, fiberoptic 
technology, and interventional radiology [5]. 
However, the mortality rate was still positively 
correlated with the proportion of patients di-
agnosed with advanced carcinoma, and non-
tumor-related hemoptysis was associated with 
better survival compared to tumor-related 
bleeding following endovascular management 
[8, 30]. Aspergilloma and bronchiectasis also 
carry a higher hemoptysis-related mortality due 
to increased risks of recurrent hemoptysis [31]. 

Initial management of massive hemopty-
sis included protection of the airways, volume 
resuscitation, and correction of any bleeding 
disorder [32]. To detect the site of bleeding, we 
usually perform chest radiography, chest CT, 
and bronchoscopy. However, chest radiography 
is known to have limited sensitivity [33, 34]. 
In a study of 80 patients with large or massive 
hemoptysis, chest radiography revealed the 
location of hemorrhage in only 46% of cases, 
and suggested a specific cause of bleeding in 
only 35% [33]. If the bleeding side is known, 
the patient should be placed laterally decubitus 
with the bleeding side down to prevent aspira-
tion into the unaffected lung. Hemostasis can be 
performed using a bronchoscope, endovascular 
therapy, or surgery. Below, we discuss the cur-

rent bronchoscopic interventions for hemopty-
sis and our practice in this case.

To choose the most effective bronchoscopic 
methods of hemostasis, we need to consider cer-
tain aspects of the patient’s condition, whether 
it is a visible endoluminal lesion, a malignancy, 
the bleeding amount, and the availability of 
bronchial artery embolization [6]. For visible 
endoluminal lesions, cold saline, epinephrine, 
antidiuretic hormone analogs, endobronchial 
stent tamponade, Nd-YAG laser, argon plasma 
coagulation, electrocautery, and cryotherapy 
are recommended [5, 6, 32]. If the bleeding 
origin is not a visible endoluminal lesion, cold 
saline, epinephrine, antidiuretic hormone ana-
logs, balloon tamponade, endobronchial spigot, 
oxidized regenerated cellulose mesh, biocom-
patible glue, endobronchial stent tamponade, 
fibrinogen-thrombin, and tranexamic acid can 
be considered [5, 6, 32]. In this case, the bleed-
ing occurred at the left main bronchus after the 
endobronchial tumor was detached. Airway 
protection by placing the patient in the decubi-
tus position, cold saline with epinephrine spray, 
Fogarty embolectomy catheter balloon tampon-
ade, and single-lung endobronchial intubation 
were performed for the first occurrence. During 
the second occurrence, when some visible en-
doluminal bleeding sources were noted, we also 
performed cryotherapy, but in vain. Massive he-
moptysis was limited mainly by Fogarty embo-
lectomy catheter balloon tamponade and single-
lung endobronchial intubation. Successful ex-
tubation with improved clinical manifestations 
was achieved at the end of both episodes.

In summary, we reported a rare case of 
endobronchial pulmonary metastasis of he-
patocellular carcinoma that improved after 
bronchoscopic intervention. Further study may 
be needed to determine whether the bronchial 
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microenvironment or special bronchial tissue 
cells are related to peripheral necrosis of HCC 
and the difficulty of trans-bronchial invasion. In 
this case, we validated the use of bronchoscopic 
intervention for accurate diagnosis and prompt 
management.
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Pulmonary Artery Intimal Sarcoma Mimicking Pulmonary 
Embolism: A Case Report and literature Review for 

Improvement of Early Diagnosis

Wei-Fan Ou1, Chung-Chi Wang2, Yong-Chen Hsu3, Tsung-Ying Yang1,4,  
 Jeng-Sen Tseng1,5,6

Pulmonary artery intimal sarcoma (PAIS) is a rare disease with a poor outcome. Surgical 
intervention with complete tumor removal is the mainstay of treatment to prolong survival. 
However, PAIS has many clinical presentations similar to those of pulmonary embolism (PE), 
resulting in delayed diagnosis. Herein, we report the case of a 60-year-old man with the initial 
presentation of recurrent hemoptysis for 2 weeks, accompanied with significant body weight 
loss, cough, and dyspnea before admission. Based on a filling defect of the left pulmonary 
artery, as seen on computed tomography (CT) of the chest, the patient was initially diagnosed 
as having PE. After anticoagulant treatment, the patient felt his symptoms had improved. 
However, recurrent hemoptysis was still noted. Repeated chest CT showed enlargement of 
the filling defect, which suggested the possibility of tumor mass. Also, there were 2 nodules in 
the left lung field that likely represented lung metastasis. Surgical excision biopsy from the left 
pulmonary artery was performed, and pathology revealed PAIS. This case report can remind 
clinicians to be alert for a delayed diagnosis of PAIS. Our literature review focused on clinical 
symptoms, laboratory findings, and image studies to help differentiate PAIS from PE. (Thorac 
Med 2023; 38: 62-68) 
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Introduction

Pulmonary artery intimal sarcoma (PAIS), 
usually arising from the pulmonary trunk, is a 
rare malignancy with an incidence of 0.001-
0.03% [1]. PAIS has a dismal outcome, with 
a median survival of 17 months [2]. Surgical 
intervention with curative resection remains the 
mainstay of treatment to prolong survival for 
patients with PAIS [3]. However, PAIS can be 
easily misdiagnosed as pulmonary embolism 
(PE), resulting in delayed diagnosis [4]. Al-
though PAIS and PE share many similar clinical 
symptoms, laboratory findings, and image char-
acteristics, there are still subtle differences [5]. 
Herein, we present a patient with a case of PAIS 
that mimicked PE, and discuss improvement of 
the diagnosis. 

Case Presentation

A 60-year-old man was admitted to our 
hospital because of recurrent hemoptysis for 2 
weeks. Two months before admission, he start-
ed to have a dry cough, progressive dyspnea on 
exertion, and significant body weight loss, from 
70 to 64 kg. Physical examination and labora-
tory tests were unremarkable. The patient’s 
D-dimer level was 0.31 mg/L (< 0.55 mg/L fi-
brinogen equivalent units [FEU]). The sputum 
microscopy and culture, including bacteria and 
mycobacterial tuberculosis, revealed negative 
findings. Chest computed tomography (CT) at 
the mediastinal window showed a filling defect 
within the left main and left interlobar pulmo-
nary artery (Figure 1A and 1B). Echocardio-
gram revealed a dilated pulmonary artery trunk 

Fig. 1.  Initial computed tomography (CT) of the chest revealed a filling defect within the left pulmonary artery. The filling defect obstructed the 
entire left pulmonary artery, protruded toward the right ventricular outflow tract, and blurred the vascular wall of the left pulmonary artery (arrow), 
which was compatible with the description of a "wall eclipsing sign" (A and B); repeated CT scans showed enlargement of the intravascular mass 
lesion. (C and D)
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of 2.7 cm with moderate tricuspid regurgitation. 
Based on the aforementioned findings, the pa-
tient was diagnosed with PE involving the left 
pulmonary artery. After 5 days of enoxaparin 
treatment, the patient’s shortness of breath and 
hemoptysis showed partial improvement. He 
was discharged with non-vitamin K antagonist 
oral anticoagulant (NOAC).

However, the patient had recurrent dyspnea 
on exertion and hemoptysis 2 weeks later. Re-
peated chest CT showed mild enlargement of 
the low-density filling defect within the left pul-
monary artery, which suggested the possibility 
of tumor mass (Figure 1C and 1D). Also, there 
were 2 nodules in the left lung field that likely 
represented lung metastasis.

The patient underwent an endarterectomy 
of the left pulmonary artery mass. The tumor, 
which occupied the entire left pulmonary artery 
up to the partial pulmonary trunk, was exposed 
through a median sternotomy. The distal left 
pulmonary artery was checked by the scope, 
which revealed that the tumor was firmly ad-

hesive to the intima of the vessel (Figure 2A). 
Pathology showed a malignant mesenchymal 
tumor composed of spindle and epithelioid 
tumor cell proliferation with nuclear pleomor-
phism and hyperchromasia (Figure 2B). Tumor 
necrosis and increased mitotic activity (up to 11 
mitotic figures/10 high-power fields) were also 
observed. Immunohistochemical stains were 
positive for mouse double minute 2 homolog 
(MDM2) (Figure 2C), there was scanty expres-
sion of anti-pan-cytokeratin antibody (AE1/
AE3), and the stains were very focally posi-
tive for CD31 and negative for CD117. These 
findings indicated that the tumor, mimicking a 
filling defect representing PE, was an intimal 
sarcoma. 

The postoperative course was not satisfac-
tory. Before systemic treatment, repeated chest 
CT revealed a residual endovascular tumor with 
mediastinal fat invasion and increased lung me-
tastasis. The patient underwent 3 cycles of che-
motherapy with cyclophosphamide, vincristine, 
doxorubicin, and dacarbazine (CYVADIC). The 

Fig. 2. During the endarterectomy, the distal left pulmonary artery was checked using the scope. The tumor was firmly adhesive to the intima of 
the distal left pulmonary artery (arrow). (A) The high power view showed spindle and epithelioid tumor cells with nuclear pleomorphism and 
hyperchromasia (red arrow), and increased mitotic activity (black arrow). (H&E stain, magnification ×400). (B) Immunohistochemical stain of the 
tumor showed a strong positive for MDM2 (magnification ×400). (C)
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nonspecific. With the relapse of symptoms and 
the enlargement of the intravascular mass in the 
follow-up chest CT, malignant tumor came into 
the differential diagnosis. CT pulmonary angi-
ography (CTPA) remains the standard for initial 
image study for PAIS diagnosis, although the 
most common finding is a filling defect of the 
vasculature, which may lead clinicians to mis-
diagnose PAIS as PE [11]. 

There are several subtle differences in mor-
phology between these 2 diseases on CTPA. 
Gan et el. described a specific finding of PAIS 
called the "wall eclipsing sign”, which is de-
fined as the presence of the following 3 find-
ings: almost complete obstruction of the pul-
monary trunk and its branches by a low-density 
mass; protrusion of the proximal end of this 
mass toward the right ventricular outflow tract; 
and eclipsing of 1 or both walls of the pulmo-
nary trunk and its branches by this lesion. This 
sign was not observed in any acute or chronic 
PE cases [8, 13]. The presence of local inva-
sion to the mediastinum and distant metasta-
sis, usually spreading to the ipsilateral lung, is 
also a strong hint indicating a PAIS diagnosis, 
although these manifestations represent an ad-
vanced stage [9, 11]. In addition, an increase of 
25 housefield units (HU) in density after con-
trast enhancement at the venous phase also sug-
gests a diagnosis of PAIS [14]. However, nearly 
5% of patients with PAIS have the burden of a 
large thrombus simultaneously surrounding the 
tumor on histopathology, which may make a 
differentiation between PAIS and PE more dif-
ficult through CTPA alone [9]. 

Using different imaging modalities, includ-
ing positron emission tomography (PET) and 
magnetic resonance imaging (MRI), may lead 
to a more accurate diagnosis of PAIS [15]. Flu-
orodeoxyglucose (FDG)-PET scanning can help 

follow-up CT scan showed disease progression. 
Following the poor response to the above treat-
ment, the patient was lost to follow-up.

Discussion and conclusions

PAIS is a rare malignancy and has a dismal 
outcome. Its overall incidence is 0.001–0.03% 
[1]. Since Moritz Mandelstamm first described 
this disease in 1923, there have been only ap-
proximately 400 cases reported in the literature 
up to 2021 [6, 7]. The reports show that the 
usual age at diagnosis is 45-55 years (range, 
13–86 years), and that there is a slightly female 
predominance (1.3:1) [5, 8]. 

PAIS has many characteristics similar to 
those of PE. Bandyopadhyay et al. reported that 
approximately 47% of PAIS cases were initially 
misdiagnosed as PE [9]. The clinical presenta-
tions of PAIS can range from asymptomatic to 
decompensated right-side heart failure [10]. 
The most common symptoms of PAIS include 
dyspnea, cough, and chest tightness, which are 
similar to the presentations of PE [9]. A tumor 
growth can occlude the vascular lumen, and 
result in the elevation of pulmonary artery pres-
sure. Patients may have leg edema, jugular vein 
engorgement, hepatosplenomegaly, and cyano-
sis, which resemble right-side heart failure [11]. 
Other constitutional symptoms, such as weight 
loss and fever, are more likely to occur in pa-
tients with PAIS, rather than those with PE [5]. 
Kim et al. reported that patients with PE had a 
significantly higher D-dimer level than those 
with PAIS. When using a cut-off value of 2.81 
ug/mL FEU, D-dimer showed an 85% sensitiv-
ity and a 79% specificity to differentiate PAIS 
from PE [12]. 

In the present case, the patient’s initial 
symptoms, such as cough and dyspnea, were 
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distinguish between tumor and thrombus. In 
the study by Ito et al., the mean maximum stan-
dardized uptake value (SUVmax) of PAIS was 
significantly higher than that of PE (7.63 ± 2.21 
vs. 2.31 ± 0.41) [16]. Gan et al. also suggested 
that if CTPA revealed a wall eclipsing sign or 
other morphology indicating PAIS, FDG-PET 
or surgical intervention should be arranged to 
confirm the diagnosis [13]. Also, FDG-PET 
possesses an advantage in detecting distant 
metastasis [11]. However, FDG-PET would 
yield a false negative if PAIS had low cellular-
ity and was rich in myxoid tissue [17]. Because 
of advances in techniques, cardiac MRI (CMR) 
now plays a more critical role in the diagnosis 
of PAIS than before [11]. The classic CMR 
findings of PAIS are detectable tissue perfu-
sion and heterogenous enhancement on late 
CMR imaging based on differences in tumor 
cellularity [18]. Also, CMR can observe the 
floating of PAIS tumors in response to changes 
in blood flow between the pulmonary diastole 
and systole. Although CMR is a powerful imag-
ing study to confirm PAIS, many patients with 
PAIS suffer from dyspnea and have difficulty 
holding their breath long enough to allow CMR 
scanning, which limits its clinical usefulness in 
the diagnosis of PAIS [19]. 

In the present case, the initial CT images 
showed a low-density mass occluding almost 
the entire left pulmonary artery and protruding 
toward the right ventricular outflow tract. The 
low-density mass lesion also blurred the vas-
cular wall of the left pulmonary artery (Figure 
1A). These manifestations were compatible 
with the "wall eclipsing sign" described above. 
The follow-up CT scan revealed lung metas-
tasis, which also supported the diagnosis of a 
malignancy. Besides, the patient had significant 
body weight loss and a normal level of d-dimer 

in the initial presentation, which was not typical 
for PE. Clinicians should keep PAIS in mind if 
the clinical, laboratory, and radiological find-
ings are not typical for PE. 

The definitive diagnosis of PAIS remains 
tissue biopsy and histopathological presenta-
tions, which could be revealed through endo-
bronchial ultrasound-guided fine-needle aspira-
tion, CT-guided transthoracic needle biopsy, or 
surgical biopsy. Intimal sarcoma is considered 
a malignant mesenchymal tumor, developing 
within the lumina of the great vessels, mostly 
in the pulmonary trunk. Under microscopic ex-
amination, intimal sarcoma usually consists of 
poorly differentiated or undifferentiated spindle 
or epithelioid cells, with various degrees of 
pleomorphism, mitotic activity, and necrosis. 
Sometimes, the tumor may have the heter-
ologous components of rhabdomyosarcoma, 
osteosarcoma, and angiosarcoma. The classic 
immunohistochemistry stain of intimal sarcoma 
would be positive for MDM2 [8, 12, 15, 20].

Surgery remains the mainstay of treatment 
for PAIS. Blackmon et al. reported that patients 
receiving curative resection had a longer me-
dian survival of 36.5 ± 20.2 months, compared 
to the 11.0 ± 3.0 months for those undergoing 
incomplete resection [3]. Bandyopadhyay et al. 
also reported that patients receiving complete 
resection had a favorable outcome [9]. Surgical 
approaches include pneumonectomy, radical 
tumor resection with pulmonary artery recon-
struction, and palliative pulmonary endarterec-
tomy, based on the location and invasion sever-
ity of PAIS [21, 22]. The role of postoperative 
adjuvant chemotherapy or radiotherapy remains 
controversial [2, 23]. For those who are not 
suitable for surgery or have metastatic disease, 
chemotherapy combining anthracycline and 
ifosfamide is the most effective therapy, with a 
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response rate of approximately 50%-60% [24]. 
Several targetable mutations have been found, 
including amplification of platelet-derived 
growth factor receptor α (PDGFRA), epidermal 
growth factor receptor (EGFR), and MDM2 in 
PAIS. Imatinib has been used to treat metastatic 
PAIS with a PDGFRA mutation [25]. After 
progression to chemotherapy, pazopanib, a mul-
titargeted tyrosine kinase inhibitor, is a second-
line therapy that can be used for soft tissue 
sarcoma [26]. Since our patient was diagnosed 
at an advanced stage with lung metastasis, com-
plete surgical resection was not possible, which 
implied a poor outcome. 

In conclusion, although PAIS is a rare dis-
ease and easily mimics the presentation of PE, 
there are still subtle differences among clini-
cal symptoms, images, and laboratory studies. 
Multimodality studies, including FDG-PET and 
MRI, are recommended for cases suspected of 
being PAIS. For treatment, early aggressive sur-
gical intervention should be considered, since 
complete resection can prolong survival. For 
patients with metastatic disease, or those unsuit-
able for surgical intervention, chemotherapy or 
targeted therapy can be treatment options.
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Prone Positioning in Severe ARDS under Extracorporeal 
Membrane Oxygenation Support-A Case Report

Ta-Wei Chao1, Ching-Han Lai2, Wei-Chieh Lin3

Acute respiratory distress syndrome (ARDS) is a critical illness with high mortality, even 
if appropriate therapies, such as protective lung strategies, prone positioning (PP), and 
venovenous extracorporeal membrane oxygenation (VV-ECMO), are applied. PP, a natural 
lung recruitment maneuver, has fewer complications than other salvage therapies; however, 
the combination of PP and VV-ECMO support is uncommon, not only because of the risk of 
catheter dislodgement, but also because of the understaffing of healthcare facilities. Herein, 
we present the case of a patient with severe ARDS who had difficulty weaning from VV-
ECMO, but was successfully treated with PP during VV-ECMO support. (Thorac Med 2023; 
38: 69-76) 

Key words: acute respiratory distress syndrome (ARDS), prone positioning (PP), lung recruitment 
maneuver, extracorporeal membrane oxygenation support (ECMO).
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Background

Acute respiratory distress syndrome 
(ARDS) is an acute inflammatory lung injury 
associated with diffused alveolar damage, re-
sulting in increased pulmonary vascular perme-
ability. Based on the Berlin definition of 2012, 
ARDS is characterized by acute refractory 
hypoxemia (PaO2/FiO2 ≤300 mmHg) occurring 
within a week, accompanied by bilateral lung 
opacities that cannot be fully explained by car-

diac failure or fluid overload. In patients with a 
minimum of 5 cmH2O of positive end-expira-
tory pressure (PEEP), the severity of ARDS is 
classified based on the PaO2/FiO2 (P/F) ratio: 
mild (200 <PaO2/FiO2 ≤300 mmHg); moder-
ate (100 <PaO2/FiO2 ≤200 mmHg); and severe 
(PaO2/FiO2 ≤100 mmHg) [1].

ARDS constituted 10.4% of total inten-
sive care unit (ICU) admissions and resulted 
in 23.4% of all patients requiring mechanical 
ventilation (MV). Furthermore, ARDS has a 
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hospital mortality of more than 40%, despite 
the application of a low tidal volume strategy, 
high PEEP, and prone positioning (PP). Veno-
venous extracorporeal membrane oxygenation 
(VV-ECMO) is a rescue therapy used in cases 
of severe ARDS [3]. 

PP is rarely performed during VV-ECMO 
because hypoxemia/hypercapnia can improve 
with VV-ECMO alone, and many healthcare 
facilities are understaffed. PP is undoubtedly 
beneficial because it leads to better lung recruit-
ment and oxygenation; however, whether PP is 
advantageous for ARDS patients treated with 
VV-ECMO support is still unknown. 

Case Report

A 59-year-old man with a medical history 
of hypertension presented to National Cheng-
Kung University Hospital (NCKUH) because 
of productive cough. A few days before this 
presentation, he went to a local clinic due to 
a cough with yellowish sputum; however, his 
cough did not resolve, and he developed short-
ness of breath. Therefore, he was referred to 
the emergency department at NCKUH on 20 
December 2020 with a fever up to 38.9°C, and 
right upper lobe and right lower lobe pneumo-
nia that was revealed on chest X-ray (CXR) 
(Figure 1A). Laboratory data showed leuko-
cytosis (white blood cell count of 10.4 × 103/
μL), but urinalysis revealed no pyuria; other 
laboratory test results are shown in Table 1. 
Viral, bacterial, and fungal culture reports were 
all negative. The electrocardiogram and echo-
cardiography were not remarkable. He was ad-
mitted to the general ward initially, for he was 
suspected of having community-acquired pneu-
monia (CAP). After admission, he was tested 
for urine pneumococcus antigen, legionella an-
tigen, and mycoplasma IgM, all of which came 
back negative. Sputum culture revealed normal 

Fig. 1. CXRs at the Emergency Department (A) and before and after the 1st and 2nd LRM (B). (A) The CXR showed bilateral pneumonia patches 
with a right-side predominance. (B) A series of CXRs were taken: 1. Before the 1st LRM; 2. After the 1st LRM; 3. Before the 2nd LRM; 4. After the 
2nd LRM.

(A)

(B-1) (B-2) (B-3) (B-4)
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Table 1.  Laboratory Data on Initial Arterial Blood Gas, Blood Chemistry, Hemogram, and Coagulation

Arterial blood gas Biochemistry examination Hemogram Coagulation

pH 7.49 K (mmol/L) 3.4 WBC (10^3/μL) 10.4 APTT (sec) 26.5

PCO2 (mmHg) 37 NA (mmol/L) 133 Hb (g/dL) 12.7 MNAPTT (sec) 32.6

PO2 (mmHg) 47 CREA (mg/dL) 0.75 Plt (10^3/μL) 299 PT (sec) 17.1

HCO3- (mmol/L) 28.2 ALT (U/L) 27 Seg (%) 81.3 PT (MNPT)(secs) 10.8

BEb (mmol/L) 4.7
Glucose 
(random)(mg/dL)

174 Eos (%) 1.9 PT (INR)(secs) 1.58

BEecf (mmol/L) 4.9 hs-cTnT (ng/L) 15.6 Baso (%) 0.2

SO2 (%) 86.2 NTproBNP 1086 Mono (%) 8.5

CRP (mg/L) 297.5 Lymph (%) 8.1

LACTATE (mmol/L) 1.2

flora. Empirical ceftriaxone was administered 
for CAP treatment. Nonetheless, his symptoms 
progressed, and desaturation developed soon 
afterward. CXR revealed progressive bilateral 
patches, and ARDS induced by CAP was sus-
pected. The empirical antibiotic therapy was 
escalated with the addition of piperacillin/
tazobactam and doxycycline. Consequently, 
the patient was intubated with MV support and 
transferred to the medical ICU (MICU) on 27 
December 2020. 

At the MICU, the patient’s ventilator setting 
was pressure-controlled ventilation with 100% 
FiO2, a pressure control level of 16 cmH2O, 
and PEEP of 12 cmH2O. However, the hypox-
emia (PaO2: 42 mmHg) and respiratory aci-
dosis (PaCO2: 81 mmHg; pH: 7.15) were still 
overwhelming. Thus, a low tidal volume (VT) 
strategy (6 ml/kg predicted body weight) with a 
high level of PEEP, sedation and total paralysis, 
and PP were applied. Despite the above strate-
gies, the severe hypoxemia (PaO2: 50 mmHg) 

and hypercapnia (PaCO2: 90 mmHg) did not 
improve. Hence, VV-ECMO was performed for 
this patient in a supine position on the first day 
of MICU admission. 

The hypoxemia and hypercapnia improved 
after the initiation of VV-ECMO (Table 2). 
Nevertheless, improvement in the P/F ratio 
stopped at around 130, as we tried to wean 
the patient from the VV-ECMO. Considering 
the high risks and possible complications of 
PP during VV-ECMO, we first tried a lung re-
cruitment maneuver (LRM) with incremental 
pressure-controlled ventilation, according to 
the ART trial [14], as rescue therapy on the 7th 
day of MICU stay, while the optimal PEEP was 
set at 13 cmH2O (optimal PEEP defined as the 
PEEP associated with the best compliance plus 
2 cm H2O). The detailed parameters are shown 
in Table 3. However, the P/F ratio, tidal volume, 
and CXR (Figure 1B) did not show improve-
ment as expected. 

Based on the chest computed tomography 
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Fig. 2. Chest CT before prone positioning during VV-ECMO 
support. The chest CT showed pulmonary consolidations with air-
bronchogram in both lungs; the lesions were mostly at the dependent 
parts.

(CT), which showed significant lung consoli-
dation and atelectasis at bilateral dorsal sites 
(Figure 2), we added PP while the patient was 
on the 10th day of VV-ECMO support in the 
MICU. To prevent complications, the whole PP 
process was closely monitored and performed 

by our MICU staff and the ECMO team (at 
least 5 people were involved each time). The 
staff assignments included: 1 for securing the 
location of the airway/endotracheal tube, 1 for 
the ECMO cannulation, and 3 for moving the 
patient’s position. 

The P/F ratio on the 1st day of combined 
PP and VV-ECMO increased slightly to 160. 
Consequently, the ECMO FiO2 could be gradu-
ally reduced to 21%, which resulted in the P/F 
ratio being increased significantly, from 140 to 
over 200 on the 2nd and 3rd days of combined PP 
with VV-ECMO (Table 2). The VV-ECMO was 
removed on the 4th day of combined treatment 
(on the 13th day of MICU admission) (Table 2). 
The patient was extubated successfully on the 
19th day of MICU admission.

Discussion

Our patient had severe ARDS caused by 
CAP, which is known as the most common di-

Table 3.  Lung recruitment Maneuver (LRM) According to the Protocol of the ART Trial

Total PEEP
(cmH2O)

Intrinsic PEEP
(cmH2O)

Tidal volume
(ml)

Plateau pressure
(cmH2O)

Driving pressure
(cmH2O)

Compliance
(mL/cmH2O)

1st LRM 23 0 280 37 14 20
20 0 350 33 13 27
17 0 450 31 14 32
14 0 540 27 13 41
11 0.2 630 23 12 52

Optimal PEEP: 11+2=13 cmH2O

2nd LRM 23 0.6 308 37 14 22
20 0 372 34 14 27
16 0 463 31 14 33
14 0.3 534 28 14 38
11 0.1 600 24 13 46

Optimal PEEP: 11+2=13 cmH2O
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rect risk factor for lung injury [4]. ARDS is an 
inflammatory process of the lungs that induces 
non-hydrostatic protein-rich pulmonary edema 
[5]. The immediate consequences that result in 
hypoxemia and hypercapnia include decreased 
lung compliance, increased intrapulmonary 
shunting, and an increase in pulmonary dead 
space. Special interventions or procedures, such 
as a neuromuscular blockade agent, PP, and 
VV-ECMO, may be needed to solve those un-
desirable problems. 

As a salvage therapy for refractory hypox-
emia, early PP (within 48 h) for at least 16 h 
per day can improve oxygenation and improve 
the survival rate of patients with moderate to 
severe ARDS (P/F ratio <150 mmHg) [6]. In 
the PROSEVA trial, the investigators reported 
a significant reduction in 28-day and 90-day 
mortality in patients treated with PP [7]. PP can 
naturally recruit the lung through mechanisms 
that include reduced ventilator-induced lung 
injury, increased lung homogeneity, increased 
compliance, and better oxygenation, resulting 
in improved survival [7-9]. 

VV-ECMO is also a rescue therapy for 
more severe ARDS. In a meta-analysis study 
which included 2 randomized controlled tri-
als (RCTs) (CESAR and EOLIA) of individual 
patients with severe ARDS, 90-day mortality 
was significantly lower in the ECMO group 
compared with conventional management (77 
of the 214 [36%] ECMO group and 103 of the 
215 [48%] control group patients had died) [10]. 
In addition to improving hypoxemia and hyper-
capnia, VV-ECMO provides the patient with 
total lung rest during the acute phase. In our 
patient, hypercapnia improved significantly (pH: 
7.12 to 7.32; PaCO2: 90 to 41 cmH2O) after ini-
tiation of VV-ECMO; however, severe hypox-
emia did not improve as expected (P/F <150), 

which did not allow us to wean the patient from 
VV-ECMO. The tidal volume also did not sig-
nificantly improve as we titrated PC levels.

The chest CT revealed large regions of 
bilateral consolidation and atelectasis in the 
dependent parts of the lungs, which theoreti-
cally made PP an ideal way to manage intrapul-
monary shunting. However, this procedure is 
difficult, and when it is performed during VV-
ECMO, it has high risks, such as low-grade 
pressure sores, unexpected drop in VV-ECMO 
flow, accidental decannulation, endotracheal 
tube displacement, or accidental extubation. 
Therefore, we first used an LRM, before com-
bined treatment with PP and VV-ECMO. How-
ever, some studies have demonstrated the safety 
of PP during VV-ECMO when performed by an 
experienced medical team [11-12]. One system-
atic review and meta-analysis reported that PP 
during VV-ECMO appeared safe with a cumu-
lative survival of 57%. The most common com-
plication related to PP is the development of 
low-grade pressure sores (PP complications in 
12 out of 24 patients), whereas accidental tube 
decannulation, endotracheal tube displacement, 
or accidental extubation were not reported in 
any study [13]. 

There is no evidence that the routine use of 
LRM and PEEP titration in patients with mod-
erate to severe ARDS could improve survival or 
increase the number of ventilator-free days. The 
ART trial reported that LRM might increase 28-
day all-cause mortality, decrease the number 
of ventilator-free days during the first 28 days, 
increase the risks of pneumothorax requir-
ing drainage and barotrauma, increase the use 
of vasopressors, and increase the occurrence 
of hypotension [14]. In addition, a post-hoc 
analysis showed that LRM might be harmful in 
ARDS patients with pneumonia or in those re-
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quiring vasopressor support [15]. Our patient’s 
blood pressure was stable without any vaso-
pressor support during his first week of MICU 
stay while on VV-ECMO support. Thus, we 
considered LRM as a rescue therapy to improve 
oxygenation and “keep the lungs open.”

Some retrospective or observational stud-
ies have reported the use of PP during VV-
ECMO. In some medical centers, the decision 
to perform PP during ECMO support was based 
on the clinician’s judgment or specific indica-
tions such as an unsuccessful ECMO weaning 
attempt, refractory hypoxemia under ECMO 
support, persistent high plateau pressure, and 
more than 50% lung consolidation [11, 16-19]. 
In contrast, PP in other facilities was routinely 
performed or encouraged to be used on patients 
without hemodynamic instability or contrain-
dication [20-21]. Although PP and VV-ECMO 
are both well-known suggested treatments for 
severe ARDS, the benefits of the combined use 
of PP and VV-ECMO are still unclear. Rilinge 
et al. reported that the timing of PP was an in-
dependent predictor of survival. Early initiation 
of PP (<17 h on Youden’s Index) after ECMO 
cannulation was strongly associated with better 
survival compared to late or no PP (81.8% vs. 
33.3%, p = 0.02) [16]. Guervilly et al. reported 
that PP during ECMO support increased the P/
F ratio. The P/F ratio was also increased signifi-
cantly 6 h after PP (p = 0.03), and this persisted 
for 1 h (p = 0.017) and 6 h (p = 0.013) after re-
turning the patients to the supine position [17]. 

In our patient, the critical reason for refrac-
tory hypoxemia, even under VV-ECMO, was 
the large portion of pulmonary shunting (col-
lapsed lungs) on the dependent parts, which can 
theoretically benefit from PP. Although previ-
ous studies emphasized the advantages of per-
forming PP in early-stage ARDS, the dependent 

parts of the lungs tend to collapse in both early 
and late stages of ARDS, making PP potentially 
beneficial even in late-stage ARDS. Therefore, 
we decided to use PP 9 days after VV-ECMO 
support, and this improved lung compliance 
from 32 ml/cmH2O to 41 ml/cmH2O, conse-
quently allowing us to wean the patient from 
VV-ECMO on the 4th day of adding PP treat-
ment.

Conclusion

We reported a patient with CAP with a 
severe ARDS complication, who was treated 
with VV-ECMO for refractory hypoxemia and 
hypercapnia. Due to the difficulty in weaning 
the patient from the ventilator, we applied PP 
during VV-ECMO support and had an excel-
lent outcome. However, future large RCTs are 
needed to verify whether the combination of PP 
and ECMO treatment is more beneficial than 
treatment without PP.
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Prolonged Spontaneous Pneumothorax in Patients with 
Pleuroparenchymal Fibroelastosis – Report of 2 Cases

Hsin-Jung Hsieh1, Ping-Hung Kuo1

Pleuroparenchymal fibroelastosis (PPFE) is a rare interstitial lung disease, characterized 
by pleural and subpleural parenchymal fibrosis, predominantly in the upper lobes. Around 
60% of patients with PPFE develop spontaneous pneumothorax during the disease course. 
Previous studies, however, rarely addressed the natural course and duration of pneumothorax 
in these patients. Here, we reported 2 patients with PPFE who developed spontaneous 
pneumothorax lasting for more than 6 months. Serial chest images and pulmonary function 
tests were also provided. It was notable that both patients could still perform the forced 
expiratory maneuver during spirometry without further lung collapse, probably due to 
thickening and fibrosis of the visceral pleura and subpleural lung parenchyma. Our experience 
with these 2 cases suggests that prolonged pneumothorax can develop in patients with 
PPFE, due to its unique pathophysiology. (Thorac Med 2023; 38: 77-82) 
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Introduction

Pleuroparenchymal fibroelastosis (PPFE) is 
a rare interstitial lung disease that was first re-
ported in 2004 by Frankel et al [1]. It is charac-
terized by fibrosis involving the visceral pleura 
and fibroelastotic changes, predominately in the 
subpleural lung parenchyma [2]. Common pre-
sentations include progressive breathlessness, 
cough and non-specific chest discomfort. Many 

patients with PPFE develop platythorax due to 
upper lobe volume contraction and progressive 
weight loss during the disease course [3]. Due 
to pleural involvement, pneumothorax is a com-
mon complication in patients with PPFE [3]. 
Previous reports, however, rarely described the 
clinical course and duration of pneumothorax in 
these patients. Here, we report 2 patients with 
PPFE, who developed spontaneous pneumotho-
rax lasting for more than 6 months. 
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Case Report

CASE 1
A 67-year-old man presented to our out-

patient clinic with dry cough and exertional 
dyspnea for 4 years. He was a non-smoker. 
His past history was notable for hepatocellular 
carcinoma with complete remission after treat-
ment. Physical examination revealed slightly 
decreased breathing sounds in the right lung 
and diffuse crackles in both lungs. Significant 
decrease in the anteroposterior diameter of the 
chest wall (platythorax) was also noticed. Chest 
radiograph showed patchy subpleural consoli-
dations and pleural thickening in bilateral upper 
lungs. Chest computed tomography (CT) dis-
closed pleural thickening, subpleural consolida-

tions, reticulation and mild bronchiectasis in 
bilateral upper lungs (Fig.1). The autoimmune 
and microbiology profiles were unremarkable. 
Pulmonary function tests revealed a forced vital 
capacity (FVC) of 75.6% of the predicted value, 
and a diffusing capacity for carbon monoxide 
(DLCO) of 57.5% predicted (Table 1). 

Six months after the initial visit, right 
pneumothorax was incidentally noticed on the 
follow-up chest CT (Fig.1). The patient did not 
experience exacerbation of chest tightness or 
dyspnea. He could still perform the forced expi-
ratory maneuver during spirometry, and pulmo-
nary function results remained stationary (Table 
1). Suggestions of lung transplantation and in-
tervention for his pneumothorax were declined. 
Off-label use of nintedanib 150 mg twice per 

Fig. 1. Chest computed tomography serial axial and coronary views for case 1 at baseline (A1, A2), and at 6 months (B1, B2) and 12 months (C1, 
C2) after diagnosis of persistent pneumothorax.
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day was initiated thereafter, and the follow-up 
chest images revealed no significant progres-
sion of pneumothorax (Fig.1). Unfortunately, 
the patient did not respond well to the antifi-
brotic therapy and passed away due to chronic 
respiratory failure 2 years later.
CASE 2

An 18-year-old man presented with persis-
tent cough, exertional dyspnea and recurrent 
bilateral pneumothorax for 3 years when visit-
ing the clinic. He had received tube drainage at 
another hospital due to recurrent pneumothorax. 
During the serial image follow-up at the other 
hospital, pneumothorax remission was found to 
be not satisfactory after tube removal. Due to 
the above symptoms, he came to our clinic for a 
second opinion. He was a non-smoker, and had 

a past medical history of right post-auricular 
neuroblastoma in childhood, with complete 
remission when he was 15 years old. Physical 
examination revealed diffuse crackles in both 
lungs and platythorax. Chest CT disclosed bi-
lateral pleural thickening and volume reduction 
in the upper lungs. Imaging also revealed bi-
lateral pneumothorax, with the right side more 
severe than the left side (Fig. 2). The pathologic 
report of the pleuroscopic biopsy of the pari-
etal pleural at the previous hospital revealed 
chronic inflammation and fibrosis. The autoim-
mune profiles, tumor markers and microbiology 
studies were all negative. Pulmonary function 
tests revealed a FVC of 770 mL (17.1% of the 
predicted value) (Table 1). Based on the image 
findings, the patient was diagnosed with PPFE 

Fig. 2. Chest computed tomography serial axial and coronary views for case 2 at baseline (A1, A2), and at 6 months (B1, B2) after diagnosis of 
persistent bilateral pneumothorax, which resolved 12 months (C1, C2) after diagnosis.
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and was admitted for further management. 
During the admission course, a pigtail cath-

eter was placed on the right side for pneumo-
thorax management. After partial remission of 
pneumothorax, the drainage tube was removed. 
The residual pneumothorax gradually resolved 
during the following 2 years (Fig. 2). Nonethe-
less, his FVC rapidly declined, even under med-
ical treatment (Table 1). He eventually passed 
away due to respiratory failure as the disease 
progressed.

Discussion

In this report, we described the serial chest 
imaging and pulmonary function testing re-
sults of 2 patients with PPFE complicated with 
spontaneous pneumothorax lasting more than 6 
months. To our knowledge, few previous stud-
ies have reported these findings of this unique 
phenomenon in PPFE patients.  

In our patients, the diagnosis of PPFE was 
not confirmed by surgical lung biopsy. Enomoto 
et al. proposed that PPFE can be diagnosed if 
the following criteria were met: classical im-
age findings, radiologic confirmation of disease 
progression, and exclusion of other lung dis-
eases [2]. In a retrospective study of 89 patients 
diagnosed based on modified criteria, only 14 
(15.7%) cases were confirmed pathologically 
[4]. The clinical manifestations, radiological 
features and natural course were consistent with 
those reported in patients with typical PPFE.

Spontaneous pneumothorax is a common 
complication in patients with PPFE [2, 4, 5]. 
According to a recent largescale retrospective 
study that included 89 patients with idiopathic 
PPFE, the incidence of pneumothorax was 
around 60%, and the recurrence rate of pneu-
mothorax was 56.6% [4]. The risk factors in 
these patients included male sex, a history of 
receiving steroid treatment, and a higher value 

Table 1.  Summary of Baseline Demographic Characteristics and Serial Pulmonary Function Testing Results of the 2 Cases

Case 1 Case 2

Age and sex 67-year-old man 18-year-old man

Height (cm) 170.5 172.6

Body weight (kg) 58.5 54.2

Body mass index (kg/m2) 20.24 18.32

Ratio of chest wall AP to the 
transverse diameter 57.2% 37.1%

Baseline 6 months 12 months Baseline 6 months 12 months

FVC (% predicted) 75.6 74 63.3 17.1 14.4 9.5

FEV1 (% predicted) 89.1 86.6 78.1 18.6 16.1 10.6

FEV1/FVC (%) 94.1 93.2 98.1 97.4 100.0 100.0

TLC (% predicted) 76.02 N/A 74.8 N/A 25.9 N/A

DLCO (% predicted) 57.5 72.5 65.4 Undetectable due to small FVC
Acronyms: AP, anteroposterior; DLCO, diffusing capacity for carbon monoxide; FEV1, forced expiratory volume in 1 second; FVC, forced vital 
capacity; N/A, not applicable; TLC, total lung capacity.
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for the residual volume/total lung capacity 
ratio. Furthermore, the incidence of pneumo-
thorax in patients with PPFE is higher than that 
in patients with other interstitial lung diseases. 
Kano et al. reported that the 3-year cumulative 
incidence of pneumothorax in patients with 
PPFE was 53.9%, but only 17.7% in patients 
with idiopathic pulmonary fibrosis [4]. In addi-
tion, those patients with pneumothorax have a 
poorer survival rate than patients without [4]. 
Therefore, when treating patients with PPFE, 
we emphasize that serial images should be fol-
lowed regularly to monitor the occurrence of 
pneumothorax. 

Based on its etiologies, PPFE can be clas-
sified as idiopathic in form (without a known 
cause) or secondary in form (with a known 
cause). Previous studies have shown that ra-
diotherapy, chemotherapy, autoimmune dis-
ease, hematopoietic stem cell transplantation 
(HSCT) and lung transplantation are related to 
secondary PPFE [6]. A retrospective analysis 
revealed that the prevalence rate was 0.28% in 
HSCT recipients and 7.54% in lung transplant 
recipients [7]. In our case 1, the patient was 
classified as having idiopathic PPFE, since no 
related condition was noticed. In case 2, we 
presumed that the patient might have secondary 
PPFE due to the history of chemotherapy re-
lated to neuroblastoma. The difference between 
idiopathic and secondary PPFE is not only in 
etiology, but also in age at disease onset. A ret-
rospective study conducted by Oda et al. found 
that patients with secondary PPFE tended to be 
younger than those with idiopathic PPFE. How-
ever, there were no differences in the incidence 
of pneumothorax and the survival rate between 
the 2 groups [6]. 

Up to the present, there is no treatment spe-
cific to pneumothorax with PPFE. Management 

of pneumothorax in PPFE should follow general 
principles of treatment. Symptoms, severity of 
pneumothorax and underlying conditions should 
be taken into account. Around 70% of events of 
pneumothorax in patients with PPFE were small 
in size and asymptomatic. Therefore, providing 
conservative oxygen therapy with close moni-
toring should be sufficient. Since the remaining 
30% of pneumothorax events were large in size 
and symptomatic, they required tube drainage. 
Nonetheless, despite receiving tube drainage, 
more than half of them still had a prolonged air 
leak [4]. Management of a prolonged air leak 
included medical pleurodesis (autologous blood 
patch, minocycline, talc, etc.), bronchial occlu-
sion and surgical intervention [4]. In both of our 
cases, the pneumothorax was small in size and 
with prolonged duration. Without further inter-
vention, the pneumothorax remained stationary, 
and in case 2, the pneumothorax resolved spon-
taneously 1 year after diagnosis. At present, 
there is no study discussing which treatment is 
more effective in managing prolonged pneumo-
thorax, or which is able to reduce the recurrence 
of pneumothorax. Therefore, clinical physicians 
should closely follow the treatment response of 
the patient. 

In clinical practice, the presence of a recent 
pneumothorax is usually considered as a contra-
indication for performing the forced expiratory 
maneuver during pulmonary function testing, 
to avoid the risk of further lung collapse [8]. 
Nevertheless, it is interesting that our 2 patients 
could still tolerate serial pulmonary function 
testing without deterioration of oxygen satura-
tion and chest imaging after the procedure. We 
speculate that the limited progression of pneu-
mothorax was related to the natural course of 
pleural fibrosis and adhesion, and therefore pre-
vented lung collapse during expiration. 
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In conclusion, we have described 2 cases of 
PPFE with prolonged spontaneous pneumotho-
rax, and with serial images and PFT. The patho-
physiology of prolonged pneumothorax remains 
unknown and requires further investigation.
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Crouzon Syndrome with Severe Obstructive Sleep Apnea 
and Restrictive Ventilatory Impairment -a Case Report 

and Literature Review

Lun-Yu Jao1,2, Yao-Kuang Wu1,2, Mei-Chen Yang1,2, Chih-Wei Wu1,2, Chung Lee1,2,
Li-Ping Tsai2,3*, Chou-Chin Lan1,2

Crouzon syndrome is a rare autosomal-dominant genetic disorder characterized by 
premature fusion of the cranial sutures. Clinical features include midface hypoplasia, maxillary 
hypoplasia, and prognathism, which can lead to difficulty breathing. Patients with Crouzon 
syndrome are reported to have a high prevalence of obstructive sleep apnea syndrome 
(OSAS). Non-cranial orthopedic deformities such as kyphoscoliosis are also reported. We 
reported the case of a 41-year-old female with exophthalmos, midface hypoplasia, and 
mandibular prognathism. She was diagnosed with severe kyphoscoliosis with restrictive 
ventilatory impairment. Surgical treatment was not recommended due to her very poor lung 
function. However, she developed dyspnea and edema of the legs 5 years later. A cardiac 
echogram revealed cor pulmonale. Owing to pneumonia and respiratory failure, intubation 
with an invasive mechanical ventilator was initiated. She was successfully extubated after 1 
month on mechanical ventilation and was maintained on noninvasive bilevel positive airway 
pressure (BiPAP). Due to the typical facial appearance, Crouzon syndrome was suspected 
and confirmed by genetic analysis. Polysomnography revealed severe OSAS with an apnea-
hypopnea index score of 105.8/h with prominent desaturation. The apnea-hypopnea and 
desaturation were significantly improved after non-invasive positive pressure ventilation. Due 
to severe OSAS and the above problems, she was maintained on long-term BiPAP. Although 
subsequent polysomnography and pulmonary function testing revealed some decline in the 
apnea-hypopnea index and lung function, she continues to maintain a good quality of sleep 
and daily activities under BiPAP. (Thorac Med 2023; 38: 83-91) 

Key words: Crouzon syndrome; kyphoscoliosis; obstructive sleep apnea; restrictive ventilatory 
impairment
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Introduction

Crouzon syndrome is a rare autosomal-
dominant genetic disorder characterized by 
premature fusion of the cranial sutures [1]. The 
syndrome has a highly variable phenotype [1]. 
There is premature synostosis of the coronal 
and sagittal sutures leading to facial dysmor-
phism, skull deformities, and exophthalmos. 
The features of Crouzon syndrome include cra-
niosynostosis, exophthalmos, brachycephaly, 
midface hypoplasia, maxillary hypoplasia, 
prognathism, hypertelorism, strabismus, and a 
shallow nasal septum [2]. Cognitive ability of 
patients with Crouzon syndrome is typically 
normal; however, mental retardation has been 
reported [3]. Hearing loss is common, with an 
incidence of 55% [2]. 

Patients with Crouzon syndrome are prone 
to obstructive sleep apnea syndrome (OSAS), 
due to anatomical facial abnormalities [4]. 
Spinal abnormalities leading to kyphoscoliosis 
have been reported in these patients. Severe 
kyphoscoliosis leads to restrictive ventilatory 
impairment [3]. Surgical treatment is usually 
recommended for midface hypoplasia and ky-
phoscoliosis. However, some patients have a 
high risk of complications following surgery 
or anesthesia. We present here, the report of a 
patient with Crouzon syndrome who had OSAS 
and kyphoscoliosis with severe restrictive ven-
tilatory impairment. Surgical treatment was not 
recommended because of very poor lung func-
tion; however, she was successfully treated with 
non-invasive positive pressure ventilation using 
bilevel positive airway pressure (BiPAP) for 
many years. 

We reviewed reports on the management 
of patients with Crouzon syndrome and OSAS. 
Because of the high prevalence of OSAS in pa-

tients with Crouzon syndrome and the possibil-
ity of sudden death in childhood or infancy, we 
recommend attention to and evaluation of sleep-
related breathing disorders in these patients. 

Case Presentation

The patient was a 41-year-old female pre-
senting with exophthalmos, midface hypoplasia, 
and mandibular prognathism. She had a short 
stature with a weight of 34.5 kg, height of 133.5 
cm, and a body mass index of 19.4 kg/m2. She 
reported that her father and 2 sisters had similar 
physical appearances.

In 2007, she first visited our orthopedic de-
partment for severe kyphoscoliosis. X-ray (Fig 
1A) and CT scan (Fig. 1B) images revealed 
severe kyphoscoliosis of the thoracolumbar (T-
L) spine. Her pulmonary function test (PFT) 
revealed forced expiratory volume in 1 second 
(FEV1)/forced vital capacity (FVC) of 81%, 
FVC of 1.13 L (49% of predicted value), and 
FEV1 of 0.92 L/min (44% of predicted value). 
Surgical treatment for the severe kyphoscoliosis 
was not recommended due to her severe restric-
tive ventilatory impairment, which put her at a 
high risk of complications following surgery or 
anesthesia. However, her symptoms of dyspnea 
were not prominent at that time.

In 2013, she visited our chest outpatient 
department with the complaints of significant 
dyspnea and edema of the legs for 3 months. 
She also had wheezing, nasal obstruction, rhi-
norrhea, and sore throat. The chest X-ray (Fig 
2A) images revealed severe dextroscoliosis of 
the T-L spine. Due to her severe dyspnea, she 
was admitted to the hospital. At admission, her 
body temperature was 36.8°C, pulse rate was 
102 beats/min, and blood pressure was 136/86 
mmHg. Her respiratory rate was 28 breaths/
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min with a mildly rapid breathing pattern, and 
oxygen saturation was 95% in ambient air. Lab 
examination results revealed a white blood 
cell count of 6780 /uL, hemoglobin of 11.3 g/

dL, normal renal function (blood urea nitrogen 
15 mg/dL, creatinine 0.6 mg/dL), and mildly 
elevated liver enzymes (aspartate aminotrans-
ferase 53 IU/L, aspartate aminotransferase 82 

Fig. 2. Chest X-ray during admission

Fig. 1. X-ray and CT scan of the thoracolumbar spine
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IU/L). Intravenous injection of furosemide and 
inhaled Atrovent and Bricanyl were prescribed 
for the leg edema, dyspnea, and wheezing. A 
cardiac echogram revealed moderate pulmonary 
hypertension and cor pulmonale, suspected of 
being due to severe kyphoscoliosis with severe 
restrictive ventilatory impairment. After admis-
sion and treatment as above, edema of the legs 
persisted. Lung auscultation revealed rhonchi in 
the lower lobes, bilaterally. Her symptoms ag-
gravated with progressive dyspnea and drowsi-
ness. Arterial blood gas analysis revealed pH 
7.302, PaO2 166.1 mmHg, PaCO2 88.9 mmHg, 
HCO3 43.1, and SaO2 99.3%. Invasive me-
chanical ventilation (MV) through endotracheal 
intubation was initiated. The chest X-ray (Fig 
2B) images revealed pneumonic patches in the 
lower lobes, bilaterally. Parenteral antibiotic 
therapy with piperacillin/sulbactam 4.5 g every 
6 hours was administered. She was then trans-
ferred to the intensive care unit (ICU). 

Following treatment with antibiotics, the 
pneumonic patches seen in the bilateral lower 
lobes improved. However, weaning her off MV 
was difficult because of severe kyphoscoliosis 
with severe restrictive ventilatory impairment. 

We suggested a tracheostomy after 2 weeks 
of MV, but the patient refused and her mother 
agreed with her decision. Following respira-
tory training with pressure support and T-piece 
training, she was successfully extubated after 
1 month of MV use. Noninvasive BiPAP then 
was initiated due to her very poor lung function. 
Initially, BiPAP use throughout the day was 
recommended. Following progressive improve-
ment in her respiratory function, only nocturnal 
BiPAP was recommended. We suggested long-
term nocturnal use of BiPAP since she had 
chronic respiratory failure with cor pulmonale. 
She then was transferred to the general ward 
and was discharged in stable condition.

Owing to her unusual appearance with ex-
ophthalmos, midface hypoplasia, and mandibu-
lar prognathism, we had a high degree of suspi-
cion of Crouzon disease and performed genetic 
analysis. The gene test revealed a fibroblast 
growth factor receptor 2 (FGFR2) mutation, 
which was diagnostic of Crouzon disease. She 
then underwent a series of studies on Crouzon 
disease. Computed tomography (CT) images of 
her head revealed midface hypoplasia (Fig 3A), 
mandibular prognathism, sinusitis, exophthal-

Fig. 3. CT scan of the skull and brain
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mos (Fig 3B), and an absence of hydrocephalus 
(Fig 3C). Polysomnography (PSG) revealed an 
obstructive-type apnea-hypopnea index (AHI) 
of 105.8/h, a mean oxygen saturation on pulse 
oximeter (SpO2) of 55%, and a minimum SpO2 
of 30% without continuous positive airway 
pressure (CPAP) use. CPAP titration results 
suggested her CPAP level was 13 cmH2O with 
a minimum SpO2 of 94% and a mean SpO2 of 
95.2%. However, her reported Epworth Sleepi-
ness Scale (ESS) was only 1. 

Since she had OSAS combined with severe 
restrictive ventilatory impairment, we recom-
mended continued use of BiPAP at night. The 
patient tolerated BiPAP well and her compli-
ance with BiPAP remained good. A PSG (Table 
1) in the following year revealed an improve-
ment in AHI to 66.8/h, mean SpO2 of 89%, and 

minimum SpO2 of 60% without CPAP use. The 
suggested CPAP level was 12 cmH2O with min-
imum SpO2 of 94.1% and mean SpO2 of 95.0%. 
Her ESS was 2. The PSG in 2020 showed AHI 
of 98.6/h, mean SpO2 of 89%, and minimum 
SpO2 of 80% without CPAP use. The suggested 
CPAP level was 13 cmH2O with a minimum 
SpO2 of 94.0% and mean SpO2 of 95.0%. Her 
ESS was 0. Although the AHI increased from 
66.8/h to 98.6/h during this period, her subjec-
tive sleep quality was stable with maintenance 
on night BiPAP. For evaluation of the severe 
restrictive ventilatory impairment, a PFT (Table 
2) was performed. Although there was some 
decline in FVC and FEV1, her respiratory con-
dition was stable with mild exertional dyspnea. 
Her dyspnea has been under control and with-
out any acute exacerbation since 2013.

Table 1.  Polysomnography in the Following Years

Year 2013 2014 2020
Total AHI (/h) 105.8 66.8 98.6
DI (/h) 114.2 63.8 98.6
Mean SPO2 (%) without CPAP 55% 89% 89%
Minimum SPO2 (%) without CPAP 30% 60% 80%
Suggested CPAP level (cmH2O) 13 12 14
Mean SPO2 (%) with suggested CPAP 95.2% 95.0% 95.0%
Minimum SPO2 (%) with suggested CPAP 94.1% 94.1% 94.0%
ESS 1 2 0
Acronyms: AHI: apnea-hypopnea index; DI: desaturation index; SpO2: oxygen saturation on pulse oximeter; ESS: Epworth Sleepiness Scale

Table 2.  Pulmonary Function Test in the Following Years

Year 2007 2009 2010 2013 2014 2015 2018 2019
FVC (L) 1.13 0.98 1.06 1.01 1.12 1.05 1.10 0.97
FVC (%) 49% 34% 32% 31% 41% 39% 39% 34%
FEV1 (L/min) 0.92 0.80 0.90 0.83 0.93 0.88 0.96 0.82
FEV1 (%) 44% 32% 31% 30% 40% 38% 39% 33%
Acronyms: FVC: forced vital capacity; FEV1: forced expiratory volume in 1 second
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Discussion

In 1912, Dr. Crouzon first described an 
autosomal dominant syndrome of craniofacial 
dysplasia in a mother-daughter family, with the 
triad of cranial deformities, facial abnormali-
ties, and proptosis [5]. Our patient presented 
with the typical triad of features of Crouzon 
syndrome. She also had a family history, with 
her father and sisters having similar facial ap-
pearances. She was diagnosed as having Crou-
zon syndrome after a genetic analysis. The 
patient also presented with severe OSAS and 
kyphoscoliosis with severe restrictive ventila-
tory impairment. She was even admitted to the 
ICU due to respiratory failure. 

Over the years, she has been successfully 
treated with BiPAP and has maintained a good 
quality of sleep and daily life. Her PSG data 
showed that SpO2 at baseline (without BiPAP) 
was 30%, and that it increased to 60% and 80% 
after using BiPAP for a long time. This may be 
related to the residual effect of using BiPAP [6, 
7]. In previous studies, some patients with good 
compliance with BiPAP use had better SpO2 or 
AHI when BiPAP was temporarily discontinued 
[6, 7]. This effect is possibly related to improve-
ment in the mucosal edema of the pharyngeal 
airway and an increase of the upper airway size 
[6, 7]. However, the residual effect lasts several 
days only, and the patient still has to use Bi-
PAP regularly. This case indicates that BiPAP 
therapy is a useful treatment option for OSAS 
combined with severe restrictive ventilatory 
disorders in patients with Crouzon syndrome.

Crouzon syndrome is usually diagnosed 
during labor or during the prenatal period 
through clinical and physical evaluation [2]. 
Experienced obstetricians can identify signs 
of premature closure of the cranial sutures on 

ultrasound scanning [2]. Proptosis and shallow 
eye sockets are diagnostic features of Crouzon 
syndrome, and are seen in almost all cases. 
Plain radiography and CT scan of the skull 
might help in the diagnosis and evaluation of 
Crouzon syndrome [2]. Some patients also have 
hydrocephalus, which can be detected on a CT 
scan of the brain [2].

OSAS is common in patients with Crouzon 
syndrome, with a prevalence of 40-85% [4]. 
The causes of the high prevalence of OSAS in 
these patients are multifactorial, including mid-
face hypoplasia, adenotonsillar hypertrophy, 
mandibular hypoplasia, and others [8]. Midface 
hypoplasia with retraction and subsequent soft-
tissue abnormalities are believed to be the ma-
jor causes of upper airway obstruction leading 
to OSAS [8, 9]. An abnormal shape of the head 
with brachycephaly, maxillary hypoplasia, and 
a small nasal cavity can also lead to upper air-
way obstruction and OSAS [9].

There are many approaches to treating pa-
tients with OSAS, such as noninvasive CPAP 
therapy, an oral appliance, and surgical treat-
ment, based on the severity or causes of OSAS 
[10-14]. However, in patients with Crouzon 
syndrome, oral appliances are not suitable, due 
to the major problems of midface hypoplasia. 
Furthermore, procedures such as tonsillectomy 
or adenectomy do not lead to a significant im-
provement [15]. Unlike patients with OSAS 
only, those with Crouzon syndrome have ad-
ditional complications secondary to mid-facial 
hypoplasia and other anatomic abnormalities. 
Since midface hypoplasia is the main cause of 
OSAS in Crouzon syndrome patients, midface 
advancement is the treatment of choice [8, 15]. 
Le Fort III osteotomy with distraction osteogen-
esis advancement is recommended for increas-
ing the cross-sectional area of the nasopharyn-
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geal airway in treating OSAS in children and 
teenagers with Crouzon syndrome [8]. Howev-
er, the decision regarding the degree of midface 
advancement and the timing of surgery requires 
comprehensive analysis. Although mid-face 
advancement seems to be a good option to treat 
a compromised airway, Bannink et al. reported 
that only 55% of patients showed good results 
following Le Fort III distraction, and that some 
patients might relapse in long-term follow-up 
[15]. Since patients with Crouzon syndrome 
often have multiple anatomical abnormalities 
and multiple levels of airway obstruction, Le 
Fort III advancement does not lead to improve-
ment in all Crouzon patients who have OSAS. 
It might be possible to treat the obstructions 
at other levels using other procedures, such as 
widening the palate to enlarge the nasopharynx 
and mandibular advancement to create more 
space. Moreover, long-term follow-up is impor-
tant because OSAS might relapse after surgery 
in these patients [15]. 

Noninvasive CPAP at night is effective in 
preventing upper airway collapse and relieving 
symptoms of disturbed sleep in patients with 
OSAS; it is also a good option for treating pa-
tients with Crouzon syndrome and OSAS [15, 
16]. Bannink et al. reported that some Crouzon 
syndrome patients with moderate or severe 
OSAS underwent midface advancement and 
were under long-term CPAP dependence [15, 
16]. Our patient, who had Crouzon syndrome 
with OSAS, and who was at high risk for post-
surgical complications, was successfully treated 
with nocturnal BiPAP for OSAS. 

Some non-cranial orthopedic deformities 
associated with Crouzon syndrome have been 
reported. Umezu et al. reported that 18% to 
40% of patients have a cervical spine defor-
mity, 18% have an elbow deformity, and 7% 

have deformities of the fingers [3]. The reports 
of thoracic and lumbar spine deformities with 
kyphoscoliosis in such patients are limited [1, 3]. 
Harde M et al. reported patients with kyphosco-
liosis with severe restrictive lung functions and 
atlantoaxial dislocation [17]. Surgical treatment 
with spinal fusion is often recommended to cor-
rect spinal abnormalities. However, performing 
surgery in patients with Crouzon syndrome with 
craniofacial deformities is very challenging, 
owing to difficult airway management. This is 
due to a high-arched palate, limited neck exten-
sion, narrowing of the nasopharynx, and a tra-
cheal ring abnormality [17]. Moreover, surgery 
in patients with severe spinal deformity requires 
a longer operative duration and prolonged in-
tubation under general anesthesia in the prone 
position. Therefore, it is challenging to admin-
ister anesthesia and perform surgery in patients 
with Crouzon syndrome [9, 17]. Umezu et al. 
described the case of a patient having Crouzon 
syndrome with severe thoracic kyphoscoliosis 
who underwent surgical correction [3]. The 
patient developed serious postoperative respira-
tory complications with pneumonia and respi-
ratory failure. Tracheostomy was finally per-
formed with this patient. The report concluded 
that a comprehensive evaluation is needed prior 
to surgical treatment for kyphoscoliosis [3].

Since surgical treatment for severe kypho-
scoliosis poses a high risk for patients with 
Crouzon syndrome, a non-surgical treatment 
option is necessary. The orthopedic surgeon 
did not recommend surgery for the severe ky-
phoscoliosis and severe restrictive ventilatory 
impairment in our patient. Hence, we used 
BiPAP therapy. In patients with chronic respira-
tory failure secondary to severe kyphoscoliosis, 
BiPAP is the treatment of choice [18]. Long-
term BiPAP therapy improves daytime blood 
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gas levels, respiratory muscle performance, 
and hypoventilation-related symptoms, reduces 
hospital readmissions, and increases survival 
in patients with severe kyphoscoliosis [18, 19]. 
Our patient was therefore suggested to continue 
long-term BiPAP therapy for the severe OSAS 
and severe kyphoscoliosis.

Conclusions

Crouzon syndrome is a rare autosomal-
dominant genetic disorder characterized by 
midface hypoplasia, maxillary hypoplasia, 
and prognathism. Patients with Crouzon syn-
drome are reported to have a high prevalence of 
OSAS. Some patients also have kyphoscoliosis. 
We reported the case of a patient with severe 
OSAS and severe kyphoscoliosis, and with se-
vere restrictive ventilatory impairment present-
ing with respiratory failure and cor pulmonale. 
She was successfully treated with non-invasive 
BiPAP after respiratory failure. She continues 
to maintain good sleep quality and daily activ-
ity after long-term BiPAP use. We suggest that 
non-invasive BiPAP ventilation is a useful treat-
ment option for OSAS combined with severe 
restrictive ventilatory disorders in patients with 
Crouzon syndrome.
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Multimodality Treatment for a Huge Anterior Mediastinal 
Seminomas: A Case Report

Tzu-Lung Lai1, En-Kuei Tang1, Yen-Chiang Tseng1

Huge anterior mediastinal seminomas are rare mediastinal tumors. The diagnosis is 
usually delayed because there are only a few initial symptoms; most of the seminomas were 
large and bulky at the time of diagnosis with tumor compression of the lung, trachea, or heart. 
We present the case of a 29-year-old man who complained of progressive dyspnea and 
cough. Chest radiography revealed a huge mediastinal tumor, and mediastinal seminoma was 
diagnosed by computed tomography-guided biopsy. Induction chemotherapy with cisplatin, 
etoposide, and ifosfamide was administered for 4 courses, leading to remarkable tumor 
shrinkage. Surgical intervention was recommended by the multidisciplinary team, since a 
residual viable tumor was noted on the positron emission tomography/computed tomography 
scan. Complete R0 resection was achieved. As of this writing, the patient is alive with a good 
performance status. (Thorac Med 2023; 38: 92-95) 
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Introduction

Anterior mediastinal seminoma is uncom-
mon, accounting for 2%-4% of mediastinal tu-
mors [1]. Anterior mediastinal seminomas have 
no specific symptoms, such as cough and dys-
pnea, and therefore are mostly diagnosed after 
compression symptoms of the bronchus, lungs, 
heart, or great vessels appear. In this report, 
we present the case of a 29-year-old man with 
a huge mediastinal seminoma who underwent 
induction chemotherapy followed by complete 
surgical resection. 

Case Description

A 29-year-old man with underlying hyper-
tension without regular medication control was 
diagnosed with gastroesophageal reflux disease 
at a local clinic. He visited our hospital because 
of symptom progression despite medication, 
and that he had dyspnea while lying down. His 
vital signs were normal, and he had no fever, 
chest pain or consciousness disturbance. Chest 
radiography (CXR) revealed mediastinal wid-
ening and complete consolidation of left hemi-
thorax. Computed tomography (CT) scan of the 
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chest revealed a huge anterior mediastinal tu-
mor, measuring 20x15 cm, with pericardial in-
vasion and moderate pericardial effusion(Fig. 1). 
Levels of tumor markers were measured. The 
beta-human chorionic gonadotropin (beta-HCG) 
and alpha-fetoprotein (AFP)levels were within 
a normal range, but the lactate dehydrogenase 
(LDH) level was elevated(3799U/L, normal 
range: 140-271U/L). An anterior mediastinal 
tumor biopsy was performed, and yielded a di-
agnosis of germ cell tumor (GCT). 

The tumor’s morphology led to a consider-
ation of seminoma, and most immunomarkers 
were also compatible with this tumor, includ-
ing positive for SALL4, CD117, and OCT3/4. 
Induction chemotherapy was administered with 
cisplatin, ifosfamide and etoposide (a VIP regi-
men) for 4 courses. After chemotherapy, the 
LDH level was down to 137U/L, and re-staging 
CT scan of the chest revealed a residual anterior 
mediastinal tumor, measuring 7.5 cm in maxi-
mum diameter(Fig. 2). Median sternotomy was 
performed to completely remove the anterior 
mediastinal tumor (Fig. 2),with partial resec-
tion of the invaded pericardium and left upper 
lobe of the lung. Pathology revealed a GCT 
resembling a seminoma (faint staining of 
SALL4 and OCT3/4 in the tumor necrosis 

area), status post-induction chemotherapy with-
out residual tumor. The mediastinal tumor was 
finally staged as ypT0Nx. The patient recovered 
well post-operation, and had no recurrence in 
the 6-month follow-up.

Fig. 2. (A)Chest radiography; (B)Chest computed 
tomography; (C)Positron emission tomography after 4 
courses of cisplatin, ifosfamide and etoposide;(D) The 
specimen after sternotomy.

Fig. 1. Anterior mediastinal tumor with pericardial invasion before 
treatment.(A)Chest radiography; (B)Computed tomography of the 
chest.
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Discussion

Primary anterior mediastinal seminoma 
is always initially asymptomatic. Mediastinal 
seminoma is a slow-growing tumor that is usu-
ally diagnosed after mass compression of the 
great vessels, bronchus, or the heart. Approxi-
mately 39% of patients complain of chest pain, 
29% have dyspnea and 22% experience cough 
at the time of diagnosis[2]. Anterior mediastinal 
seminoma commonly occurs in men aged 20-
40 years with testicular tumors, usually with 
peritoneal lymph node metastasis [3]. Testicular 
palpation and sonography are necessary to as-
sess the GCT. If a testicular tumor is detected, 
orchiectomy should be performed. In the differ-
ential diagnosis of anterior mediastinal tumor, 
seminoma or non-seminomatous GCT requires 
needle or open biopsy for confirmation. Semi-
nomas do not produce AFP. Thus, an elevated 
serum AFP is inconsistent with the diagnosis of 
a pure seminoma and indicates that nonsemi-
nomatous elements are present, even if the his-
topathologic diagnosis is pure seminoma. Such 
tumors are treated as nonseminomatous GCTs.

Seminomas are sensitive to radiotherapy 
and chemotherapy. It is essential to identify dis-
tant metastasis because pulmonary metastasis 
and non-pulmonary metastasis have different 
outcomes, with extra-thoracic metastases asso-
ciated with a poorer prognosis.

Most centers prefer chemotherapy rather 
than radiotherapy for patients with mediastinal 
seminoma, even when disease is limited to the 
mediastinum. This is due to concern about an 
increased risk of cardiovascular events, second-
ary malignancies, and other toxicity following 
mediastinal radiotherapy.

Efficacies of chemotherapy, radiotherapy 
and surgery have not been evaluated in random-

ized controlled trials, and treatments are still 
based on small case series and retrospective 
studies. First-line chemotherapy usually in-
volves 4 courses of bleomycin, etoposide, and 
cisplatin. If patients cannot tolerate bleomycin, 
a non-bleomycin regimen should be chosen[4, 
5].

Mediastinal radiotherapy should be care-
fully monitored to avoid radiotoxicity to other 
organs. Mediastinal radiotherapy is associated 
with coronary artery disease, lung fibrosis, 
and endocrine dysfunction[5].Most patients 
who receive primary radiotherapy are cured, 
but have a higher distant metastasis rate; thus, 
patients who relapse following primary radio-
therapy can undergo salvage chemotherapy. In 
the study by Napieralska et al. [6], 5-, 10- and 
15-year overall survival was 100%, 91% and 
91%, respectively, after chemoradiotherapy. In 
our patient , a residual viable tumor was noted 
on the follow-up PET/CT scan after induction 
chemotherapy; thus,  the multidisciplinary team 
recommended surgical resection for the remain-
ing viable tumor, but no residual tumor in the 
pathology examination. At the 6-month follow-
up, there was no recurrence noted on the CT 
scan of the chest. Whether the prognosis of me-
diastinal seminomas in all cases is as good with 
chemotherapy followed by surgical intervention 
is unclear; further research on the optimal treat-
ment of mediastinal seminomas is still needed.
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