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Clinical Features and Outcomes of Patients with 
Interstitial Pneumonia with Autoimmune Features and 

Acute Respiratory Failure

Shan-Yao Yang1, Wei-Ling Lain1, Kuang-Yao Yang1,2,3,4, Wei-Chih Chen1,2,3

Introduction: The clinical features and outcomes of patients with interstitial pneumonia 
with autoimmune features (IPAF) who developed acute respiratory failure (ARF) are not well 
understood. We aimed to analyze IPAF patients who developed ARF and compare them with 
patients with connective tissue disease-related interstitial lung disease (CTD-ILD). 

Methods: This was a retrospective, observational study conducted in a 24-bed intensive
care unit (ICU) of a tertiary medical center in Taiwan during a 3-year period. Patients 

admitted to the ICU with ARF requiring MV and who had a diagnosis of IPAF or CTD-ILD 
were included for analysis. Patient characteristics, including demographics, critical illness 
factors, management and outcome data, were recorded and analyzed.

Results: During the study period, a total of 13 patients with IPAF and 13 patients with 
CTD-ILD who developed ARF were admitted to the ICU. Overall, 28-day mortality was 50% 
for the enrolled subjects. Patients with IPAF had significantly lower 28-day mortality than 
those with CTD-ILD (23.1% vs 76.9%, p=0.006). The independent risk factor for 28-day 
mortality was a diagnosis of CTD-ILD. 

Conclusion: High mortality rates were observed among both IPAF and CTD-ILD patients 
with ARF requiring MV. A diagnosis of IPAF seemed to have a better outcome than that of 
CTD-ILD. (Thorac Med 2022; 37: 58-67) 

Key words: acute respiratory failure, intensive care unit, interstitial lung disease, interstitial pneumonia 
with autoimmune features, connective tissue disease, mechanical ventilation, mortality
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Introduction

Interstitial lung disease (ILD) covers a 
broad spectrum of lung parenchymal diseases 

[1], and includes a group of diseases with sig-
nificant heterogeneity, which leads to differenc-
es in their clinical presentation, prognoses and 
management [2]. Some ILD subgroups, such as 
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sarcoidosis, idiopathic pulmonary fibrosis (IPF), 
and hypersensitivity pneumonitis, are known as 
idiopathic interstitial pneumonias (IIPs). More-
over, connective tissue disease-related intersti-
tial lung disease (CTD-ILD) is also a type of 
ILD [3]. Some patients exhibit characteristics of 
both IPF and CTD-ILD, and the term interstitial 
pneumonia with autoimmune features (IPAF) 
was coined for them in the European Respira-
tory Society (ERS)/American Thoracic Society 
(ATS) consensus published in 2015 [4]. Patients 
with IIPs other than CTD-ILDs with clinical, 
serologic and morphologic features of autoim-
munity without characteristic connective tissue 
disease are diagnosed with IPAF [5]. For the di-
agnosis of IPAF, patients must have interstitial 
pneumonia without alternative etiologies, must 
not meet the criteria of certain connective tissue 
diseases, and must have at least 1 feature from 
at least 2 of the 3 domains of clinical, serologic 
and morphologic features [4]. 

The prevalence and pathophysiology of 
IPAF remain elusive. The prognosis of IPAF 
also varies among different study groups. 
In their prospective cohort, Sambataro et al. 
showed a female predominance of IPAF com-
pared to IPF. The most common findings are 
nonspecific interstitial pneumonia, antinuclear 
antibody positivity and Raynaud phenomenon. 
Compared with IPF, IPAF patients showed a 
younger age, better performance on pulmonary 
function tests and a reduced need for O2 support 
[6]. The prognosis of IPAF generally lies be-
tween that of IPF and CTD-ILD [7]. Despite a 
growing number of studies on IPAF and CTD-
ILD, the prognosis of these patients with ARF 
is still not well understood. Thus, this study 
aimed to analyze the characteristics of patients 
with IPAF and ARF and their prognostic factors 
compared to those of CTD-ILD patients.

Methods

This was a retrospective observational study 
conducted in the medical intensive care unit 
(ICU) of a tertiary medical center in Taiwan. 
Patients admitted to the ICU with ARF requir-
ing mechanical ventilation (MV) between Janu-
ary 2014 and December 2016 were screened 
for eligibility. All patients admitted to the ICU 
with ARF requiring MV during the study period 
were enrolled if they had a past history or a new 
diagnosis of IPAF or CTD-ILD during their 
ICU stay.

We excluded patients based on the follow-
ing: age less than 20 years, pregnant, repeated 
ICU admission during the same hospitalization, 
or MV use for more than 48 hours before ICU 
admission. Patient characteristics, including de-
mographics, critical illness factors and outcome 
data, were recorded and analyzed. The study 
was approved by the institutional review board 
of Taipei Veterans General Hospital (TPEVGH 
IRB No. 2017-09-010AC). 

Definition of IPAF and CTD-ILD
Two pulmonologists (SYY and WCC) care-

fully reviewed all medical records, clinical data 
and images for each study subject whenever 
available. The confirmation of IPAF was based 
on the criteria of the latest ERS/ATS task force 
of ILD. A diagnosis of CTD-ILD was made 
when the patient had an established autoim-
mune disease known to cause ILD based on 
published criteria [8-12].

Data collection and measurement
Data were extracted from the electronic 

medical record database. These variables 
included age, sex, smoking status, and co-
morbidities. We also recorded critical illness 
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data, such as the cause of respiratory failure, 
laboratory values, and arterial blood gas at the 
onset of ARF. Acute exacerbation (AE) of ILD 
was defined as rapid worsening of respiratory 
symptoms with increased dyspnea with new ra-
diologic abnormalities within 1 month without 
evidence of other causes, such as myocardial 
infarction, pulmonary embolism, or fluid over-
load. Clinical management, including the type 
of MV, vasopressor use, sedative use, cortico-
steroid pulse therapy and steroid dosage, oxy-
genation, and fluid balance, was recorded. The 
primary outcomes were 28-day mortality and its 
risk factors. Secondary outcomes included ICU 
mortality and overall mortality.

Statistical analysis
The results are presented as the mean ± 

standard deviation or number with percent-
age as appropriate. We used the Kolmogorov-
Smirnov and Shapiro-Wilk tests to examine 
the normality of continuous variables. The in-
dependent t test was used to compare normally 
distributed continuous variables, and the Mann-
Whitney U test was used to compare nonnor-
mally distributed continuous variables. We 
used the Pearson χ2 test or Fisher’s exact test to 
compare categorical variables. Variables show-
ing significant differences between survivors 
and non-survivors were entered into univariate 
and multivariate logistic regression analyses 
using the enter method to determine factors 
independently associated with mortality. Odds 
ratios and 95% confidence intervals were also 
calculated. A P-value less than 0.05 was consid-
ered to be statistically significant. All statisti-
cal analyses were performed using IBM SPSS 
Statistics for Windows/Macintosh, Version 24.0 
(IBM Corp., Armonk, NY).

Results

During the study period, 1368 patients were 
admitted to the ICU with ARF requiring MV. A 
total of 1286 of the 1368 patients did not have 
a diagnosis of ILD and were excluded from 
the study. Patients with a diagnosis of IPAF or 
CTD-ILD were selected from the remaining 82 
patients: 13 patients had IPAF and 13 had CTD-
ILD (Figure 1). Twenty-eight-day mortality was 
50% for the enrolled subjects, and was statisti-
cally higher among patients with CTD-ILD 
than among those with IPAF (Table 1, Figure 2).

Baseline characteristics are summarized in 
Table 1. More survivors were diagnosed with 
IPAF. Data, management and outcomes of criti-
cally ill patients are presented in Table 2. Survi-
vors had significantly lower APACHE II scores 
at the onset of ARF. In addition, survivors had a 
reduced need for vasopressors. In the outcome 
analysis, survivors had reduced ICU mortality 
and longer hospital stays.

We also compared baseline characteristics 
between patients with IPAF and those with 
CTD-ILD (Table 3). There were more male pa-
tients in the IPAF group. The clinical features 
during hospitalization were also analyzed (Table 
4). The IPAF group had favorable outcomes, 
including lower ICU mortality, lower 28-day 
mortality and lower in-hospital mortality.

We used univariate and multivariate logis-
tic regression analyses to further elucidate the 
clinical predictors of 28-day mortality (Table 
5). Significant variables included diagnosis 
of CTD-ILD, vasopressor use, and APACHE 
II score. After multivariate logistic regression 
analysis, diagnosis of CTD-ILD (OR: 22.369, 
CI: [1.462-342.353]) remained an independent 
poor prognostic factor.
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Figure 2 

 

Table 1.  Baseline Characteristics of Enrolled Subjects

Survivors (n=13) Non-survivors (n=13) P value
Age (years) 84.2 ± 12.2 78.2 ± 11.1 0.197
Males 11 (84.6%) 8 (61.5%) 0.378
Ever-smokers 2 (15.4%) 1 (7.7%) 1.000
Comorbidities
Hypertension 8 (61.5%) 7 (53.8%) 0.691
Type 2 diabetes 3 (23.1%) 3 (23.1%) 1.000
COPD 3 (23.1%) 1 (7.7%) 0.593
Heart failure 2 (15.4%) 7 (53.8%) 0.097
CKD 2 (15.4%) 2 (15.4%) 1.000
CVA 2 (15.4%) 2 (15.4%) 1.000
Cancer 0 (0) 3 (23.1%) 0.220
ILD classification 0.006
IPAF 10 (76.9%) 3 (23.1%)
CTD-ILD 3 (23.1%) 10 (76.9%)

COPD: chronic obstructive pulmonary disease; CKD: chronic kidney disease; CVA: cerebrovascular accident; ILD: interstitial lung disease; IPAF: 
interstitial pneumonia with autoimmune features; CTD-ILD: connective tissue disease-related interstitial lung disease.

Fig. 1. 
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Table 2.  Clinical Features of Enrolled Subjects During Hospitalization

Survivors (n=13) Non-survivors (n=13) P value
At the onset of ARF
APACHE II 12.8 ± 5.3 17.5 ± 5.8 0.039
WBC (cells/mm3) 9,830.8 ± 4,033.7 10,461.5 ± 3,740.9 0.683
Hemoglobin (g/dl) 11.5 ± 3.3 10.8 ± 3.0 0.548
Platelets (cells/mm3) 244,538.5 ±175,942 197,769.2 ±144,822 0.466
Albumin (g/dl) 2.8 ± 1.1 2.5 ± 0.9 0.552
BUN (mg/dl) 28.5 ± 19.3 32.3 ± 43.6 0.774
Creatinine (mg/dl) 1.2 ± 0.6 1.3 ± 0.9 0.843
Na (mmol/l) 140.9 ± 9.4 134.6 ± 6.6 0.059
K (mmol/l) 4.1 ± 0.6 4.5 ± 1.1 0.255
Total bilirubin (mg/dl) 0.8 ± 0.5 0.6 ± 0.3 0.276
Cancer 0 (0) 3 (23.1%) 0.220
ALT (U/l) 28.9 ± 23.0 22.9 ± 14.5 0.429
AST (U/l) 27.3 ± 17.4 39.8 ± 43.5 0.454
Glucose (mg/dl) 150.8 ± 51.8 164.7 ± 60.2 0.550
LDH (U/l) 516.0 ± 359.2 400.6 ± 210.8 0.427
CK (U/l) 77.5 ± 56.2 47.9 ± 29.8 0.108
CRP (mg/dl) 8.4 ± 8.3 6.3 ± 4.2 0.435
Procalcitonin (ng/dl) 0.9 ± 1.1 0.4 ± 0.5 0.148
Lactate (mg/dl) 43.9 ± 54.2 25.6 ± 17.2 0.265
NT-pro-BNP (pg/ml) 1,685.5 ± 1,816.9 3,352.9 ± 3,439.3 0.167
Arterial blood gas
pH 7.4 ± 0.2 7.4 ± 0.1 0.184
PaCO2 (mmHg) 36.4 ± 12.5 37.9 ± 9.0 0.746
HCO3- (mmol/l) 21.3 ± 6.9 25.3 ± 4.7 0.097
PaO2/FiO2 165.2 ± 85.7 164.3 ± 74.3 0.564
Management and follow-up Type of MV 1.000
Invasive MV 6 (46.2%) 6 (46.2%)
Noninvasive MV 7 (53.8%) 7 (53.8%)
Vasopressor 1 (7.7%) 8 (61.5%) 0.011
Sedation 6 (46.2%) 10 (76.9%) 0.107
Muscle relaxant 0 (0) 4 (30.8%) 0.066
Corticosteroid pulse therapy 12 (92.3%) 12 (92.3%) 1.000
Mean daily IO (ml) 141.9 ± 430.0 472.2 ± 399.8 0.054
ICU mortality 2 (15.4%) 7 (53.8%) 0.039
ICU days 14.0 ± 10.0 11.5 ± 6.3 0.447
Hospital days 35.3 ± 21.1 19.0 ± 10.4 0.019
MV days 22.4 ± 17.8 15.0 ± 9.0 0.208
ARF: acute respiratory failure; APACHE II: Acute Physiology and Chronic Health Evaluation II; WBC: white blood cells; BUN: blood urea 
nitrogen; ALT: alanine aminotransferase; AST: aspartate aminotransferase; LDH: lactate dehydrogenase; CK: creatine kinase; CRP: C-reactive 
protein; NT-pro-BNP: N-terminal pro-B-type natriuretic peptide; MV: mechanical ventilation; IO: intake and output; ICU: intensive care unit.
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Table 3.  Baseline Characteristics of IPAF and CTD-ILD Patients

IPAF (n=13) CTD-ILD (n=13) P value
Age (years) 83.5 ± 12.4 78.9 ± 11.3 0.339
Male 12 (92.3%) 7 (53.8%) 0.027
Smoking 2 (15.4%) 1 (7.7%) 0.539
Comorbidities
Hypertension 8 (61.5%) 7 (53.8%) 0.691
Type 2 diabetes 3 (23.1%) 3 (23.1%) 1.000
COPD 2 (15.4%) 2 (15.4%) 1.000
  Heart failure 4 (30.8%) 5 (38.5%) 0.680
CKD 3 (23.1%) 1 (7.7%) 0.277
CVA 1 (7.7%) 3 (23.1%) 0.277
Cancer 0 (0) 3 (23.1%) 0.066

IPAF: interstitial pneumonia with autoimmune features; CTD-ILD: connective tissue disease-related interstitial lung disease; COPD: chronic 
obstructive pulmonary disease; CKD: chronic kidney disease; CVA: cerebrovascular accident.

 

Figure 2 

 
Fig. 2. 
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Table 4.  Clinical Features of IPAF and CTD-ILD Patients During Hospitalization

IPAF (n=13) CTD-ILD (n=13) P value
At the onset of ARF
APACHE II 14.7 ± 5.7 15.6 ± 6.4 0.703
WBC (cells/mm3) 10,823.1 ± 4,726.7 9,469.2 ± 2,673.1 0.380
Hemoglobin (g/dl) 11.7 ± 3.8 10.6 ± 2.2 0.371
Platelets (cells/mm3) 233,692 ± 172,110 208,615 ± 152,157 0.697
Albumin (g/dl) 2.7 ± 1.0 2.6 ± 1.0 0.810
BUN (mg/dl) 30.0 ± 18.7 30.7 ± 44.0 0.961
Creatinine (mg/dl) 1.4 ± 0.8 1.1 ± 0.7 0.481
Na (mmol/l) 140.9 ± 9.6 134.7 ± 6.4 0.066
K (mmol/l) 4.3 ± 0.6 4.2 ± 1.1 0.795
Total bilirubin (mg/dl) 0.8 ± 0.4 0.6 ± 0.3 0.231
ALT (U/l) 28.5 ± 24.0 23.3 ± 13.1 0.503
AST (U/l) 23.2 ± 15.5 47.2 ± 41.0 0.135
Glucose (mg/dl) 155.8 ± 56.4 159.7 ± 56.7 0.867
LDH (U/l) 507.1 ± 345.3 394.7 ± 203.0 0.428
CK (U/l) 76.1 ± 61.8 49.3 ± 19.7 0.158
CRP (mg/dl) 6.1 ± 6.2 8.6 ± 6.8 0.353
Procalcitonin (ng/dl) 0.9 ± 1.0 0.2 ± 0.3 0.090
Lactate (mg/dl) 46.8 ± 53.7 22.4 ± 14.4 0.137
NT-pro-BNP (pg/ml) 1,656.8 ± 1,839.2 3,379.2 ± 3,414.4 0.152
Arterial blood gas
pH 7.34 ± 0.1 7.4 ± 0.1 0.110
PaCO2 (mmHg) 37.2 ± 13.4 37.2 ± 9.2 0.993
HCO3- (mmol/l) 21.5 ± 7.2 25.1 ± 4.4 0.138
PaO2/FiO2 172.2 ± 73.5 147.2 ± 94.0 0.463
Management and follow-up Type of MV 0.431
Invasive MV 7 (53.8%) 5 (38.5%)
Noninvasive MV 6 (46.2%) 8 (61.5%)
Vasopressor 3 (23.1%) 6 (46.2%) 0.216
Sedation 7 (53.8%) 9 (69.2%) 0.420
Muscle relaxant 2 (15.4%) 2 (15.4%) 0.592
Corticosteroid pulse therapy 11 (84.6%) 13 (100%) 0.141
Mean daily IO (ml) 159.2 ± 470.5 455.0 ± 367.5 0.087
ICU mortality 1 (7.7%) 8 (61.5%) 0.004
28-day mortality 3 (23.1%) 10 (76.9%) 0.006
In-hospital mortality 5 (38.5%) 11 (84.6%) 0.016
ICU days 11.9 ± 6.2 13.5 ± 10.2 0.629
Hospital days 33.8 ± 20.7 20.5 ± 13.0 0.063
MV days 21.7 ± 17.7 15.8 ± 9.6 0.314
IPAF: interstitial pneumonia with autoimmune features; CTD-ILD: connective tissue disease-related interstitial lung disease; ARF: acute 
respiratory failure; APACHE II: Acute Physiology and Chronic Health Evaluation II; WBC: white blood cells; BUN: blood urea nitrogen; ALT: 
alanine aminotransferase; AST: aspartate aminotransferase; LDH: lactate dehydrogenase; CK: creatine kinase; CRP: C-reactive protein; NT-pro-
BNP: N-terminal pro-B-type natriuretic peptide; MV: mechanical ventilation; IO: intake and output; ICU: intensive care unit.
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Discussion

The aim of this study was to analyze the 
clinical features and outcomes of those with 
IPAF who were admitted to the ICU due to 
ARF, and to compare them with CTD-ILD pa-
tients. Higher APACHE II scores, more CTD-
ILD patients and increased vasopressor use 
were observed among non-survivors. The di-
agnosis of CTD-ILD was the only risk factor 
affecting 28-day mortality, based on multivari-
ate logistic regression. IPAF patients had bet-
ter outcomes than CTD-ILD patients. To our 
knowledge, this is the first study to describe pa-
tients with IPAF who developed ARF and were 
admitted to the ICU.

To date, the clinical course and prognosis of 
IPAF with ARF is not completely understood, 
and optimal management has not been estab-
lished. For other ILDs, for example, IPF, the use 
of MV during ARF is debated. Blivet et al. sug-
gested that patients with IPF and ARF should 
not be intubated with MV support because the 
prognosis is very poor and is not improved by 
MV [8]. However, based on a nationwide analy-
sis, the trends in MV use with patients with IPF 
and ARF have shown no decline, and MV use 
was associated with higher costs and increased 
mortality. Those at a younger age and with 

fewer chronic medical conditions were likely 
to receive MV [9]. AE of IPF carries the worst 
outcome among patients with AE-ILD [10]. 
The only condition under which MV should be 
provided is the postsurgical setting, given that 
patients with MV can be successfully weaned 
in most cases [11].

In a study from Finland, CTD-ILD was the 
most prevalent condition among patients with 
non-IPF ILDs who required hospitalization, and 
the outcome could be relatively favorable [12]. 
Another study also confirmed a better prognosis 
for CTD-ILD than for IPF, regardless of the ra-
diographic patterns [13]. Suda et al. found that 
age and rheumatoid arthritis were associated 
with AE of CTD-ILD [14]. The patient charac-
teristics of those with AE of CTD-ILD and AE 
of IPF were mostly the same, except patients 
with CTD-ILD were younger. AE of CTD-ILD 
also had better outcomes than AE of IPF [15]. 
Patients with AE of CTD-ILD requiring MV 
had reduced ICU mortality compared to those 
with AE of IPF [16].

Our study cohort reported a 76% 28-day 
mortality rate among patients with CTD-ILD 
who had ARF and needed MV. We did not iden-
tify an association between the type of MV and 
28-day mortality. Huie et al. reported a cohort 
of ILD patients with acute respiratory decline, 

Table 5.  Risk Factors for 28-Day Mortality Based on Univariate and Multivariate Logistic Regression Analyses

Univariate Multivariate

Odds ratio
95% confidence 

interval
p-value

Odds 
ratio

95% confidence 
interval

p-value

APACHE II 1.173 0.997-1.380 0.054 1.161 (0.856-1.575) 0.338
Diagnosis of CTD-ILD 11.1 1.792-68.894 0.010 22.369 (1.462-342.353) 0.026
Vasopressor use 19.2 1.876-196.53 0.013 11.495 (0.514-256.83) 0.123

CTD-ILD: connective tissue disease-related interstitial lung disease; APACHE II: Acute Physiology and Chronic Health Evaluation II.
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and the 1-year follow-up mortality was high 
regardless of the presence of IPF or not, with 
100% and 72% mortality, respectively. The 
use of MV and a higher APACHE score were 
2 predictive factors for in-hospital and 1-year 
mortality [17]. Another study also found that a 
higher APACHE score predicted the mortality 
of patients with chronic ILD and ARF needing 
MV support, as did a high positive end expira-
tory pressure ventilator setting [18]. A Turkish 
cohort study reported that an APACHE II score 
greater than 20 and continuous noninvasive 
ventilation use indicated a significant risk of 
NIV failure in patients with ILD admitted to the 
ICU [19]. In our study, the APACHE II score 
was not statistically significant after multivari-
ate regression analysis. Thus, the APACHE II 
score might not truly reflect the disease charac-
teristics of IPAF or CTD-ILD.

Refractory shock has been identified as 
a risk factor for in-hospital 28-day mortality 
among patients with acute respiratory distress 
syndrome (ARDS) [20]. Some authors also 
found a relationship between the use of vaso-
pressors and 28-day mortality in neutropenic 
patients with ARDS [21]. However, in our 
study, the use of vasopressors was not associat-
ed with mortality. It seemed that patients with a 
more severe disease status, such as ARDS with 
concomitant hemodynamic compromise, would 
exhibit worse outcomes.

Our study suggested a favorable outcome 
for IPAF compared to CTD-ILD. However, 
Oldham et al. noted poorer survival in their 
IPAF cohort than in the CTD-ILD cohort [22]. 
This finding appeared to be related to the un-
derlying radiographic and histological pattern, 
as those meeting IPAF criteria with a pattern of 
typical interstitial pneumonia had survival rates 
similar to those in the IPF cohort [23].

There are several important limitations to 
our study. First, it was a retrospective study. 
Some data might be missing. Second, this study 
was conducted in a single center with a small 
number of patients. Further studies enrolling 
more patients are warranted. Third, the diag-
nostic rate of IPAF and CTD-ILD might be un-
derestimated due to a lack of clinical and labo-
ratory data. Given that the number of patients 
with IPAF might be limited within 1 center, a 
multicenter ILD registry is needed. In addition, 
prospective research should be considered for 
a more complete collection of clinical informa-
tion.

Conclusion

For patients with IPAF or CTD-ILD, 28-
day mortality was high in the presence of ARF 
needing MV. The diagnosis of CTD-ILD was 
the only prognostic factor predicting 28-day 
mortality. IPAF patients had better outcomes 
than CTD-ILD patients.
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Effect of Using a Recruitment Maneuver in Morbidly 
Obese Patients during Weight Reduction Surgery: A 

Systematic Review and Meta-analysis

Yu-Ching Lu1*, Ching-Yi Chen1,2, Ho-Sheng Lee1,5*, Mei-Hua Ceng1, Yu-Feng Wei3,4,5

Introduction: Obese people are prone to develop atelectasis during general anesthesia. 
Whether the use of an intraoperative recruitment maneuver (RM) during weight reduction 
surgery is associated with improved intraoperative and postoperative outcomes is unknown. 

Methods: We performed comprehensive searches of randomized-controlled trials that 
investigated the use of RM during weight reduction surgery. The research subjects were 
morbidly obese patients (BMI >40 kg/m2), and the intervention measures were positive end 
expiratory pressure (PEEP) combined with RM. The primary outcome was oxygenation 
capacity during operation.

Results: Eight articles with a total of 359 morbidly obese patients were included. These 
articles were published between 2006 and 2020, and the average body mass index (BMI) 
of these patients was 46.6 kg/m2. Six studies of them were included for the analysis of 
oxygenation capacity. We found that the group treated by PEEP combined with RM had 
higher oxygenation capacity (measured by the ratio of arterial oxygen partial pressure to 
inspiratory oxygen concentration [PaO2/FiO2], P/F ratio) (standard mean difference [SMD] 
0.956, 95% confidence interval [CI] 0.680-1.232; p<0.001) and better pulmonary compliance 
(SMD 0.745, 95%CI 0.380-1.110; p<0.001) than the control group. The P/F ratio after 
extubation was similar in both groups (SMD 0.219, 95%CI-0.627-1.065; p=0.611). 

Conclusion: Intraoperative RM improved gas exchange and pulmonary compliance in 
morbidly obese patients undergoing weight reduction surgery. There was no difference in 
oxygenation status after extubation. (Thorac Med 2022; 37: 68-79) 

Key words: morbid obesity, recruitment maneuver, positive end expiratory pressure, pulmonary 
mechanics, gas exchange
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Introduction

The World Health Organization (WHO) de-
fines obesity as a body mass index (BMI) above 
30 kg/m2, and morbid obesity as a BMI above 
40 kg/m2. According to the WHO statistics in 
2016, the proportion of obesity throughout the 
world was more than 39% [1]. There is a signif-
icant linear correlation between BMI and lung 
volume, including functional residual capacity 
(FRC) and expiratory reserve volume, which 
will decrease exponentially with the increase 
in BMI. Hence, morbid obesity causes patients’ 
breath to be close to the residual volume [2]. A 
large amount of adipose tissue exists in the ribs, 
abdominal cavity and visceral cavity, which 
increases the burden on the thoracic cavity and 
leads to the reduction of the residual volume [3].

Weight loss methods for obese patients in-
clude diet adjustments, increased activity, and 
behavioral therapy. When the BMI is 30 kg/m2 
or 27–29 kg/m2, medications can be initiated 
for those with existing comorbidities, while for 
those with a BMI >40 kg/m2 or a BMI lower 
than the operation standard, but with existing 
comorbidities (e.g., cardiovascular diseases, hy-
pertension, diabetes, etc.), it is recommended to 
undergo weight reduction surgeries. Common 
weight reduction surgeries include Roux-en-Y 
gastric bypass, sleeve gastrectomy, and adjust-
able gastric banding [4].

More than 11% of obese patients will have 
postoperative pulmonary complications after 
weight reduction surgery, and with an increase 
in weight, the incidence will be higher [5]. Fur-
thermore, about 90% of patients under general 
anesthesia will develop atelectasis [6]. As such, 
obese people are more likely to experience 
atelectasis during anesthesia and mechanical 
ventilation. In obese patients, the end expiratory 

volume may be lower than the residual volume, 
which can easily cause alveolar collapse, lead-
ing to uneven ventilation and perfusion, as well 
as shunting [7-8].

It has been pointed out that when using 
a ventilator in morbidly obese patients, a re-
cruitment manoeuver (RM) can improve lung 
volume, respiratory system resistance, and oxy-
genation [9]. RM helps to continuously increase 
airway pressure to open the collapsed alveoli, 
and then apply enough positive end expiratory 
pressure (PEEP) to prevent the alveoli from 
collapsing again. There are many approaches 
to this, and continuous positive airway pres-
sure (CPAP), wherein the ventilator is set to the 
CPAP mode, and the pressure is increased to 
30–40 cmH2O for 30–40 seconds, is the most 
commonly used. Another way is to gradually 
decrease the PEEP after applying RM and mon-
itor the dynamic compliance of the lungs at the 
same time; the pressure point when the dynamic 
compliance starts to decrease is the best PEEP 
[10]. 

Many trials have adopted different ventila-
tion modes under anesthesia during an opera-
tion, such as PEEP and RM. However, the ideal 
ventilation strategy for obese patients has not 
been established [11]. Souza et al. published a 
meta-analysis in 2020, which included the lit-
erature as of 2015, and proposed that RM could 
improve oxygenation capacity (measured by the 
ratio of arterial oxygen partial pressure to inspi-
ratory oxygen concentration [PaO2/FiO2], the P/
F ratio) and pulmonary compliance during op-
eration [12]. As of this point, the effect of RM 
on oxygenation capacity after extubation and 
hospitalization days has not undergone meta-
analysis. Therefore, this study used a systematic 
review and meta-analysis to integrate the lat-
est literature on randomized-controlled trials 
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(RCTs), and investigated the effect of applying 
PEEP combined with RM in morbidly obese 
patients under anesthesia. The primary outcome 
was oxygenation capacity during operation.  
Respiratory compliance and post-extubation 
oxygenation capacity were also analyzed. Thus, 
the results could serve as a reference for clinical 
technical operation to improve quality of care 
for obese patients receiving bariatric surgery.

Methods

Search strategies and inclusion criteria
In this study, we searched for articles pub-

lished as of December 31, 2020 from the Co-
chrane Library, PubMed, Web of Science, Sco-
pus, and Embase databases, and used the key-
words “morbid obesity”, “obesity”, “morbidly 
obese”, “bariatric surgery”, “gastric bypass”, 
“Roux-en-Y”, “sleeve gastrectomy” “morbidly 
obese”, “recruitment maneuver”, “positive end 
expiratory pressure”, “lung mechanics”, “pul-
monary mechanics”, “gas exchange”, “PaO2/
FiO2 ratio”, “P/F ratio,” “gas exchange”, and 
“oxygenation index” to search the databases us-
ing Boolean logic operators.

Inclusion criteria were as follows: (1) 
RCTs; (2) research subjects with morbid obe-
sity (BMI >30 kg/m2); (3) with PEEP combined 
with RM used in the experimental group, and 
PEEP in the control group; (4) measurement 
results should include gas exchange, pulmonary 
mechanics, oxygenation index after extuba-
tion or hospitalization days. Exclusion criteria 
included articles irrelevant to the topic, articles 
in which the research subjects or intervention 
measures were inconsistent with the inclusion 
criteria, and duplicate articles. After screening 
based on the exclusion criteria, the titles or ab-
stracts of the articles were reviewed individu-

ally. If the inclusion criteria were met, the full 
text would be obtained, resulting in a total of 8 
articles.

Evaluation method for research quality
Research quality and risk of bias in the 

included studies were independently assessed 
by 2 reviewers (C.-Y.C. and Y.-C.L.), accord-
ing to the recommendations in the Cochrane 
Handbook for Systematic Reviews of Interven-
tions 5.1. The following criteria were used: (1) 
random sequence generation; (2) allocation 
concealment; (3) blinding of participants and 
personnel; (4) blinding of outcome assessments; 
(5) incomplete outcome data; (6) selective re-
porting; and (7) other bias. Each criterion was 
marked as “low risk,” “high risk,” or “unclear 
risk” of bias. Any disagreements were resolved 
by consensus or assessed by other authors (Y.-F.
W.).

Statistical method
Comprehensive Meta-Analysis software 3.0 

was used for meta-analysis. Before analyzing 
and merging the results of the literature, Co-
chran’s Q test was used to check the heteroge-
neity of the research results among the collected 
articles. At the same time, the relative impor-
tance of each study and the direction of the 
research results were marked through a visual 
presentation of a forest plot. Then, the pooling 
effect size was calculated using a fixed-effects 
model or a random-effects model.  Sensitivity 
analyses were performed to assess the impact 
of each study by excluding one individual study 
and recalculating the pooled hazard ratio esti-
mates for the remaining studies. Egger’s regres-
sion test with the funnel plot was used to evalu-
ate publication bias.
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Results

Literature search results and risk of bias as-
sessment

The search of online databases yielded a to-
tal of 583 studies (Figure 1). In the end, a total 
of 8 studies with 359 morbidly obese patients 
were enrolled. These articles were published 
between 2006 and 2020, and the average BMI 
was 46.6 [13-20]. The surgical procedures were 
gastric bypass, sleeve gastrectomy, and partial 
gastrectomy. Different ventilator intervention 
methods were adopted in different articles. The 
characteristics of the patients enrolled in the 
studies are detailed in Table 1.

Risk of bias assessments for the included 
studies were performed independently by the 
review authors (Figure 2). All the studies had 
a low risk of bias, since there was sufficient 
evidence of random sequence generation and 

a complete outcome assessment. However, a 
high risk of performance bias and detection 
bias were determined in most studies due to the 
open-label study design.

Evaluation of results
P/F ratio (oxygenation capacity)

A total of 6 articles (289 patients) were in-
cluded for the P/F ratio assessment (Figure 3). 
Two of the 8 trials were not included for analy-
sis, since there was only a figure for the P/F 
ratio but no place value available in 1 study [13], 
and no assessment of the P/F ratio in the other 
study [18]. The random-effects model was se-
lected, and the results showed that the P/F ratio 
of the intervention group was higher than that 
of the control group (standard mean difference 
(SMD) 0.956, 95%CI 0.680-1.232; p<0.001). 
The heterogeneity test was not statistically sig-
nificant (p>0.05), with a heterogeneity degree (I 

Fig. 1.  Flow Diagram of Study Identification -- use “Non-pulmonary” below.
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Table 1.  Characteristics of Patients Enrolled in the Studies

Study Study patients
Case 
number

Intervention and Compara-
tors

Surgical  ap-
proach

RM time point Measure outcomes

Whalen et al.
2006[13]

BMI>40
kg/m2

10
PEEP 4 cmH2O +RM in-
censement from 10 to 15 
to 20 cmH2O

b a r i a t r i c 
Roux-en-Y

5 minutes after pneu-
moperitoneum was 
established

P/F ratio, other variables 
related to gas exchange, 
oxygenation, ventilation, 
respiratory mechanics, and 
hemodynamics10 PEEP 4 cmH2O

Chalhoub et al.
2007[14]

BMI≥40
kg/m2

26
PEEP 8 cmH2O +RM 40 
cmH2O for 15 seconds open gastric 

bypass
10 minutes after lapa-
rotomy

Arterial blood gases, 
ETCO2, PAP, eTV, RR, 
MAP, and HR26 PEEP 8 cmH2O

Reinius et al.
2009[15]

BMI≥40 kg/m2

10
PEEP 10 cmH2O + RM 55 
cmH2O for 10 seconds

gastric bypass 
w i t h  Y- e n -
Roux

10 minutes after anes-
thesia is induced

P/F ratio,  ETCO2, MAP, 
eTV and RR

10 PEEP 10 cmH2O

10
RM 55 cmH2O for 10 sec-
onds

Souza et al.
2009[16]

BMI≥40 kg/m2

16
PEEP 5 cmH2O+ RM 30 
cmH2O for 120 seconds

open gastric 
bypass

After suturing the 
aponeurosis

SpO2, PaO2, PaCO2, P/F 
ratio; Pplateau, and MAP; 
and intraoperative compli-
cations, HR, SBP, DBP 

17
PEEP 5 cmH2O +RM 20 
cmH2O for 120 seconds

14  PEEP 5 cmH2O

Futier et al.
2011[17] BMI≥40 kg/m2

22
NPPV + PEEP 10 cmH2O 
+ RM 40 cmH2O for 40 
seconds

laparoscopic 
sleeve gastrec-
tomy or Roux-
en-Y gastric 
bypass

5 minutes after anes-
thesia is induced

Ers; PAP; Pplateau; RR; 
eTV22 NPPV +PEEP 10 cmH2O

22 PEEP 10 cmH2O

Dufresne et al.
2014[18]

BMI≥35 kg/m2
25

2. PEEP 10 cmH2O +RM 
40 cmH2O for 40 seconds

laparoscopic

gastric bypass

5 minutes before 
pneumoperitoneum 
is established and 5 
minutes after pneumo-
peritoneum is finished

the change in FRC at
postoperative day 1
changes in FVC, FEV1 and 
postoperative SaO2 and 
AHI25 1. PEEP 10 cmH2O

Wei et al.
2018[19]

BMI≥40 kg/m2

11
PEEP 8 cmH2O+ RM 40 
cmH2O for ten breaths, 
RM once laparoscopic 

sleeve

gastrectomy

After pneumoperito-
neum is finished

PaO2; FiO2; HR; MAP

11
PEEP 0 cmH2O +RM 40 
cmH2O for ten breaths, 
once every 30 minutes

12 PEEP 0 cmH2O

Sümer et al.
2020[20]

BMI40-55 kg/m2

30
2. PEEP 8 cmH2O +RM 40 
cmH2O for 40 seconds Laparoscopic 

sleeve gastrec-
tomy

5 minutes after pneu-
moperitoneum is fin-
ished

Arterial blood gases (pH, 
pO2, pCO2, HCO3, lactate) 
respiratory mechanics of 
compliance, PIP, Pplateau, 
and Raw

30 1. PEEP 8 cmH2O

*AHI = apnea–hypopnea index; BMI = body mass index; DBP = diastolic blood pressure; ETCO2 = end tidal carbon dioxide concentration; eTV = 
expiratory tidal volume; Ers = static elastance of the respiratory system; FVC = forced vital capacity; FEV1 = forced expiratory volume in the first 
second; HR = heart rate; MAP = mean arterial pressure; PAP = peak airway pressure; P/F ratio = ratio of arterial oxygen partial pressure (PaO2) to 
inspiratory oxygen concentration (FiO2); PEEP = positive end expiratory pressure, PIP = peak inspiration pressure; Pplateau = plateau airway pressure; 
Raw = airway resistance; RM = recruitment manoeuver; RR= respiratory rate; SBP = systolic blood pressure.
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square) percentage of 39.81%, which indicated 
low heterogeneity. Sensitivity analyses dem-
onstrated a similar pooling effect size of the 
included 6 studies (supplementary Figure S1). 
In addition, no publication bias was detected by 
funnel test and Egger’s regression test (p>0.05). 
(Supplementary Figure S2).

Respiratory compliance
A total of 3 articles that included 140 pa-

tients with evaluated respiratory compliance 
were analyzed (Figure 4). The fixed-effects 
model showed that the compliance of the inter-
vention group was better than that of the con-
trol group (SMD 0.745, 95%CI 0.380-1.110; 
p<0.001). Similarly, there was a statistically 
significant difference in the heterogeneity test 
(p<0.001); the percentage of heterogeneity (I 
square) was 84.91%, which revealed a high de-
gree of heterogeneity.

Post-extubation P/F ratio (oxygenation capac-
ity after extubation)

In all, 103 patients from 3 articles were 
finally included for evaluation of the post-
extubation P/F ratio. As shown in Figure 5, the 
random-effects model indicated that the after-
extubation P/F ratio of the intervention group 
was similar to that of the control group (SMD 
0.219, 95%CI-0.627-1.065; p=0.611). The het-
erogeneity test still showed a statistically sig-
nificant difference (p=0.0021), with an I square 
of 74.06%, which indicated high heterogeneity.

Discussion

The results of this meta-analysis showed 
that the P/F ratio and pulmonary compliance in-
creased significantly when RM was used in the 
operation; however, the oxygenation capacity 
after extubation did not change significantly.

The results of the current study are the 
same as those published by Aldenkortt et al. 
(2017) and Souza et al. (2020); that is, when 
morbidly obese patients undergo weight reduc-
tion surgery, better oxygenation and pulmonary 
compliance can be achieved by RM [11-12]. In 
non-obese patients, the FRC after the induction 
of anesthesia decreased to about 50% of that 
before anesthesia, causing insufficient ventila-

Fig. 2.  Risk of Bias of Each Item Presented as Percentages across All 
Included Studies
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tion and perfusion, which resulted in shunting. 
With an increase in body weight, the decrease 
in respiratory system compliance is mainly 
determined by the decrease in pulmonary com-
pliance, rather than the decrease in chest wall 
compliance. A more important factor regarding 
the decrease in pulmonary compliance may be 
the decrease in FRC [21-22]. When morbidly 
obese patients used a ventilator, RM could 
improve lung volume, respiratory system resis-
tance and oxygenation.[9]

Pulmonary gas exchange and respiratory 
mechanics were affected in approximately 
90% of patients undergoing general anesthesia. 
The main cause of gas exchange disorder was 
atelectasis. Compared with non-obese people, 
atelectasis was more likely to occur in obese 
people and persist for 24 hours after the opera-
tion [23]. Research has shown that patients 
with a BMI >40 kg/m2 had a higher chance of 
postoperative pulmonary complications, such 
as respiratory failure, pneumonia, and use of a 
ventilator, as well as increased days of hospital 
stay [5]. Shereen E. et al. (2020) performed 
sleeve gastrectomy on 69 patients with severe 
obesity, and the RM intervention helped to 
preserve the diaphragm displacement during 
operation, improve forced vital capacity (FVC) 
and forced expiratory volume in the first second 
(FEV1) within the 24 hours after the operation, 
and reduce atelectasis during laparoscopic gas-
trectomy [24]. A meta-analysis published by Yu 
Cui et al. in 2019 showed that after using RM 
in patients under general anesthesia, pulmonary 
complications, including hypoxemia, pulmo-
nary infections, and atelectasis during hospital-
ization were significantly reduced (RR=0.67; 
95%CI, 0.49 to 0.90; p<0.05) [25]. In the sub-
group analysis, RM could significantly reduce 
the incidence of postoperative pulmonary com-

plications in non-obese patients, but could not 
significantly reduce the difference in the obese 
population (RR = 0.65; 95%CI, 0.46 to 0.91; 
P = 0.01 I2 = 76% vs. RR = 1.94, 95%CI, 0.49 
to 7.74; P = 0.35; I2 = 0%). However, only 2 
small-sample studies on obese people were 
included in the analysis, while 8 studies were 
included in this meta-analysis [25]. 

As of this time, no meta-analysis has con-
firmed the postoperative benefit of RM for 
morbidly obese patients. Therefore, this meta-
analysis analyzed the P/F ratio after extubation. 
The results showed that the standard deviation 
of the P/F ratio after extubation in the RM 
group was 0.219 times higher than that in the 
control group; however, there was no statisti-
cally significant difference. According to Wei et 
al. (2018), intraoperative intervention using RM 
in morbidly obese patients shortened the time 
for extubation (21.3±9.5 vs 13.7±3.2 minutes; 
P<0.05) [19].

However, this meta-analysis has some 
limitations. First, the research subjects were 
mostly non-Asians. The definition of obesity in 
the Asia-Pacific population and that set by the 
WHO are different. In Taiwan, the Ministry of 
Health and Welfare defines BMI ≥27 in adults 
as being obese. Second, there is no unified 
RM operation mode, and the modes of RM in 
the literature are different. The RM mode in 7 
articles included continuously providing posi-
tive airway pressure with a PEEP value ranging 
from 0–10 cmH2O, an airway pressure of 40 
cmH2O lasting for 15–40 seconds, an airway 
pressure of 30 cmH2O lasting for 120 seconds, 
and an airway pressure of 55 cmH2O lasting for 
10 seconds. Only one article adopted a gradual 
increase in PEEP value, with 10 cmH2O for 3 
breaths, 15 cmH2O for 3 breaths, 20 cmH2O for 
10 breaths, and 12 cmH2O for 3 breaths. Third, 
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this meta-analysis hoped to analyze whether 
there was any difference in postoperative pul-
monary complications and hospitalization days 
in morbidly obese patients who received RM. 
As only 2 articles among the RCTs mentioned 
relevant results, the meta-analysis could not 
be conducted. However, the results of these 2 
articles showed that there was no difference be-
tween the 2 groups. Most of the included trials 
lacked data on long-term results, and the sample 
sizes were small; therefore, studies on a larger 
scale are necessary in the future. However, the 
primary outcome of this study remained un-
changed in the sensitivity analysis, which could 
strengthen the results of this meta-analysis.

In conclusion, when morbidly obese pa-
tients undergo weight reduction surgery, in-
traoperative lung dilatation can improve gas 
exchange and increase pulmonary compliance, 
and there is no evidence for significant differ-
ences in oxygenation status after extubation. In 
addition, there is no consensus on the mode of 
RM or the timing of RM intervention. Although 
our results show that RM intervention during 
operation is beneficial to morbid obesity, large-
scale RCTs are still required to confirm the best 
mode of RM in the future for clinical applica-
tion.
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Tracheobronchopathia Osteochondroplastica: A Rare 
Incidental Diagnosis

Chun Lin1, Kuo-Hsuan Hsu1,2

Tracheobronchopathia osteochondroplastica (TO) is a rare disease with a benign nature. 
The etiology and incidence remain unclear. We present the case of a 67-year-old male with 
a history of completely treated pulmonary tuberculosis and chronic obstructive pulmonary 
disease who was admitted due to productive cough. Imaging studies of the thorax, including 
chest radiography and chest computed tomography, showed partial collapse of the right upper 
lobe of the lung. Bronchoscopy revealed multiple hard nodular lesions at the anterior tracheal 
wall, and biopsy was performed. Pathological evaluation of the lesions revealed results 
compatible with TO. The patient is currently being followed up regularly at our outpatient 
department. (Thorac Med 2022; 37: 80-84) 
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Introduction

Tracheobronchopathia osteochondroplastica 
(TO) is a rare benign disease with an unclear in-
cidence and etiology [1]. Most patients with this 
disease are asymptomatic and are diagnosed 
incidentally by bronchoscopic or radiologic 
examination. According to previous reports, 
the most common symptoms of TO, such as 
dyspnea on exertion, chronic cough and sputum 
production, resemble those of other pulmonary 
diseases [2-5]. Bronchoscopy remains the gold 
standard for diagnosis. We herein present a case 
of TO diagnosed incidentally during bronchos-

copy and provide a review of the literature. 

Case Report

The patient was a 67-year-old man who 
was transferred to our hospital because of in-
termittent fever and decreased appetite. He had 
a medical history of completely treated pulmo-
nary tuberculosis, hypertension, and chronic 
obstructive pulmonary disease. He was a retired 
sewer cleaner (he had worked for about 20 
years), and was a carpenter for 8 years. He did 
not smoke tobacco, drink alcohol, or use illicit 
drugs or herbs.
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Five years before this admission, he under-
went 9 months of anti-tuberculosis therapy for 
pulmonary tuberculosis at another hospital and 
had completely recovered. His regular medi-
cations included inhaled bronchodilators for 
chronic obstructive pulmonary disease (tiotro-
pium/olodaterol) and an anti-hypertensive agent 
(valsartan). 

Seven days before transfer to this hospital, 
intermittent fever with temperatures of up to 
38°C, chills, and productive cough with yel-
lowish sputum developed. The symptoms were 
accompanied with sweating, anorexia, mild 
dyspnea, and general soreness. He had no head-
ache, sore throat, abdominal discomfort, or 
body weight loss. The symptoms persisted for 4 
days, and 3 days before this admission, the pa-
tient presented to the outpatient department of 
another hospital. 

On presentation to the other hospital, his 
body temperature was 39.8°C. Auscultation of 
the chest revealed bilateral expiratory wheez-
ing. Chest radiograph showed increased radi-
opacity in the medial aspect of the right upper 
lung field. Laboratory data showed a white 
blood cell count of 10680 /μL with a left shift 
(neutrophils: 87%), and elevated serum high-
sensitivity C-reactive protein (18.68 mg/dL). 
He was admitted to the general ward at the hos-
pital and intravenous cefuroxime was initiated. 
Chest computed tomography (CT) scan showed 
an area of increased opacity extending from the 
right hilum. Fluid bronchogram and pulmonary 
vessels were found within the opacity, com-
patible with right upper lobe collapse. He was 
hospitalized there for 3 days and subsequently 
transferred to the emergency department of our 
hospital. 

On examination, his body temperature was 
36.8°C, heart rate was 78 beats per minute, and 

blood pressure was 204/98 mm Hg. The oxy-
gen saturation was 96% under ambient air. No 
increased breathing effort was noted. Ampicil-
lin/sulbactam were administered as empiric 
antibiotics for suspected obstructive pneumo-
nitis. The symptoms subsided after medical 
treatment. Two sets of cultures from the blood 
yielded negative results. A review of previous 
CT scans showed progressive volume reduction 
of the right upper lobe of the lung, which was 
suspected to be related to the previous pulmo-
nary tuberculosis. Also, calcified lesions along 
the tracheal wall were found (Figure 1). Flex-

Fig. 1.  Chest computed tomography showed calcified lesions (arrows) 
on the tracheal wall.
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ible bronchoscopy was performed on hospital 
day 2, but there were no obvious endobronchial 
lesions nor signs of external compression. 
However, multiple hard nodular lesions on the 
anterior and lateral tracheal wall without in-
volvement of the posterior portion were found 
(Figure 2). Biopsies of these nodular lesions 
were obtained. The patient was discharged on 
hospital day 6. Microscopic examination of the 
specimens revealed blood and tiny fragments of 
bronchial tissue, as well as some floating epi-
thelial cells, which showed mild cellular atypia. 
Cultures from the biopsy specimens were nega-
tive for mycobacteria and pathogenic fungus.

The patient was readmitted 19 days after 
discharge for repeated endobronchial biopsy 
and histopathologic confirmation. Flexible 
bronchoscopic biopsy of the nodular lesions 
was performed on hospital day 2 of this admis-
sion. The patient was discharged on hospital 
day 3 without complications related to the 
procedure. Pathological examination of the 
specimens revealed bronchial mucosa with 

submucosal inflammatory cells infiltration and 
calcification (Figure 3). The pathological result 
was compatible with the diagnosis of TO. The 
patient was seen at our outpatient department 
8 days after discharge, and no recurrent symp-
toms were observed. He is being followed up 
regularly at our outpatient department.

Fig. 2.  Bronchoscopy revealed nodular lesions (arrows) on the tracheal wall.

Fig. 3.  Pathology showed bronchial mucosa with inflammatory cells 
infiltrating the submucosal area. Calcification (arrow) was seen.
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The typical CT finding was calcified nod-
ules in the cartilaginous trachea (with sparing 
of the posterior membrane). Other clinical con-
ditions such as amyloidosis, warfarin usage, 
and relapsing polychondritis may also cause 
tracheal calcification; these characteristics are 
listed in Table 1 [5]. Biopsy of the lesion for 
diagnostic confirmation was considered reason-
able by some authors. Typical histolopatholgic 
findings in TO included inflammatory cell infil-
tration, squamous metaplasia, submucosal carti-
lage, submucosal ossification, and calcification. 
[2,4,6]. 

In our case, the pathological reports of 2 
biopsies were different. We believe that this 
result may be due to the difficulty of obtaining 
specimens with biopsy forceps because of the 
hard nature of these osseous lesions. A previ-
ous study had reported a diagnostic yield of 
55% after the initial biopsy with flexible bron-
choscopy, and 70% after repeated biopsies [6]. 
Another possible reason for our differing patho-
logical reports may be that various biopsy sites 
were used, since we biopsied the lesions more 
randomly during the first exam.

Treatment
In the previous literature, no widely ac-

cepted standard therapeutic approach was used, 
and treatment was mainly with antitussives and 
expectorants for symptom relief [2,4,6]. Inter-
ventional bronchoscopy for symptom relief in 
affected patients has been reported, either with 
laser therapy or direct removal of the lesions 
with biopsy forceps [3,6]. The progression of 
TO is usually slow and minimal. 

In conclusion, TO is a rare and relatively 
benign disease. The symptoms are non-specific. 
Bronchoscopy and radiologic examination can 
help to establish the diagnosis. Treatment is 

Discussion

Epidemiology
Tracheobronchopathia osteochondroplastica 

(TO) is a rare benign disease with an unclear 
etiology, and was first described by Wilks in 
1857 [6]. In previous reports, the detection rate 
for this disease ranged from 3/1000 autopsies to 
0.05% in a single institute cohort of 41,600 pa-
tients who had undergone fiberoptic bronchos-
copies [1,2]. However, the overall incidence is 
unknown, as most patients are asymptomatic 
or have non-specific symptoms. No gender dif-
ference was observed in previous studies [1-3], 
and most cases were diagnosed in the fourth to 
seventh decade of life [6]. 

Clinical characteristics
In the literature, the clinical presentations 

of TO varied greatly. Most patients were as-
ymptomatic and were diagnosed incidentally 
by bronchoscopy or radiology exam. The most 
common symptom was chronic cough. Other 
symptoms included dyspnea on exertion, spu-
tum production, chest pain, hemoptysis, and 
stridor [2-5]. Central airway obstruction related 
to TO has been reported, as well [6]. 

Diagnosis
The diagnosis of TO mainly relied on bron-

choscopy. The typical bronchoscopy finding 
was the presence of hard nodules and ossified 
lesions arising from the anterior and lateral wall 
of the airway. This disease involved the carti-
laginous portion of the trachea, and usually did 
not involve the posterior wall [6-7].  In some 
cases, amyloidosis or papillomatosis was noted, 
presenting as nodular lesions within the tracheal 
lumen, and in these patients, the posterior tra-
cheal wall was not spared.
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largely conservative, and intervention bron-
choscopy may provide some degree of symp-
tom relief in severe cases. Long-term follow-up 
is necessary for these patients. 
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Systemic Air Embolism Occurring after Transthoracic 
Needle Biopsy -- a Rare but Lethal Post-Procedural 

Complication

Yi-Jhih Huang1,2, Chung-Kan Peng3, Shih-Chun Lee1, Cheng-Kuang Chang4, and 
Kun-Lun Huang3

Chest computed tomography (CT)-guided percutaneous core needle biopsy (PCNB) is a 
well-established, but relatively less invasive procedure than surgical open lung biopsy for the 
diagnosis of pulmonary lesions. The physician should be aware of possible fatal complications 
during this procedure, such as massive bleeding, tension pneumothorax, or systemic air 
embolism (AE). Systemic AE is a rare but critical complication that occurs following CT-
guided PCNB. Although the occurrence of systemic AE might be underestimated, the overall 
incidence rate after performing a CT-guided PCNB is less than 1%. Documented risk factors 
for AE were positive pressure ventilation, targeting a cavitary lesion, location of the tumor, 
depth of the targeting lesion, or special position of the patient during the biopsy. The possible 
mechanisms might be related to the direct puncture of a pulmonary vein, or transient fistula 
between the airway and a pulmonary vein. Physicians should always keep this complication 
in mind. The immediate management includes 100% oxygen supplementation, a left lateral 
decubitus position, and hyperbaric oxygen therapy. (Thorac Med 2022; 37: 85-89) 
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embolism
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Introduction

Systemic air embolism (AE) is defined as 
the air or gas that presents in the pulmonary 
venous system and flushes into systemic circu-
lation due to the pressure gradient. The overall 
incidence rate of AE after percutaneous core 

needle biopsy (PCNB) has varied enormously 
between institutions [1-3]. Several factors may 
also have affected the occurrence rate or the de-
tection rate of systemic AE. An acceptable state-
ment of the incidence rate of life-threatening 
AE is an estimated 0.01 to 0.89%, but the true 
incidence of AE after computed tomography 
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(CT)-guided PCNB may be still underestimated 
due to asymptomatic or subclinical presenta-
tions [1-5]. Systemic AE is a rare disease, but it 
can be a lethal complication following PCNB. 
Herein, we report a critical case of systemic AE 
that presented with synchronous acute coronary 
syndrome and acute ischemic stroke and was 
successfully treated by timely hyperbaric oxy-
gen (HBO) therapy. 

Case

A 62-year-old male had a history of adeno-
carcinoma of the sigmoid colon, pT4aN0M0, 
stage IIB. He underwent laparoscopic resection 
in July 2000 and finished adjuvant chemother-
apy. Chest CT, which was arranged in March 
2018, revealed a solitary pulmonary nodule 
measuring 1.3 cm, peripherally located at the 
lateral segment of the right middle lobe of the 
lung. CT-guided PCNB was performed on the 
left side in a semi-prone position (Figure 1A). 
After completion of the biopsy process, the pa-
tient felt agitated, and had chest pain and cold 

sweating. Bradycardia (33 bpm) with hypoten-
sion (75/46 mmHg) occurred. He also com-
plained of left-side hemiparalysis at the same 
time. The post-puncture CT image showed a re-
markable air-fluid level at the ascending aorta, 
and air thrombus at the left anterior descending 
coronary artery (Figure 1B, arrow and star). 
The electrocardiogram showed bradycardia, 
with ST-elevation at leads II, III, aVF, and V1-3 
(Figure 2A). Acute ST-elevation myocardial 
infarction and concurrent ischemic stroke were 
suspected.

With a diagnosis of systemic pulmonary 
arterial AE, 100% oxygen was given via a non-
rebreathing mask, and emergency HBO was 
initiated within 1-hour post-PCNB (treatment 
protocol: 50 ft. depth, 138 minutes). The elec-
trocardiogram showed a return to a normal 
sinus rhythm immediately after HBO (Figure 
2B), and the muscle power of the left-side ex-
tremities completely recovered. He underwent 
chest CT again 2 hours after HBO, and the 
intravascular air bubble had disappeared. The 
troponin-I level was <0.010 ng/mL (baseline), 

Fig. 1.  Chest computed tomography-guided transthoracic needle biopsy (Figure 1A), intra-aortic air-fluid level (Figure 1B, arrow), and air bubble 
in the left anterior descending coronary artery (Figure 1B, star).
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0.224 ng/mL (4 hours later), 0.198 ng/mL (18 
hours later), and 0.109 ng/mL (36 hours later). 
The diffusion-weighted magnetic resonance 
imaging of the brain showed a small, residual 
lacunar infarction at the right occipital region. 
Otherwise, there was no neurologic sequela or 
associated end-organ damage.

Discussion

The true incidence rate of systemic AE 
after PCNB is still debated. A recently pub-
lished cohort study, which enrolled 2,026 CT-
guided PCNB procedures, asserted that only 
19 patients had been diagnosed as having AE, 
and the incidence rate was 0.9% [6]. Among all 
the cases in this cohort, the major distribution 
of the accumulated air was at the left atrium or 

ventricle. All the patients received 100% oxy-
gen. Yet, HBO therapy was given only to those 
patients who developed low blood pressure 
or shock. The outcome of these patients was 
excellent: they all survived and there were no 
negative sequelae. 

There are 3 possible mechanisms that can 
contribute to this phenomenon. Aside from the 
direct puncture of a pulmonary vein or tran-
sient fistula between the airway (bronchioles 
or alveoli) and pulmonary veins, direct passage 
from pulmonary arteries to pulmonary veins is 
possible [7]. Ibukuro et al. offered a pathologi-
cal review of an AE case and argued that the air 
might have entered the large pulmonary vein 
via the injured vessels [5]. However, since the 
large pulmonary vein was invisible on the CT 
scan of this patient, and the radiologist always 

Fig. 2.  Electrocardiogram performed before (Figure 2A) and after (Figure 2B) hyperbaric oxygen therapy.
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horizontal level of the left atrium. Compared 
with the previous cohort that did not apply 
the protective measurement, this “ipsilateral-
dependent position” significantly reduced the 
occurrence of systemic AE from 3.77% to 0.16% 
(p<0.001). However, Fintelmann et al. dis-
agreed with the suggestion and contended that 
the optimal position of the patient is dependent 
on the relative location of the tumor, pulmonary 
fissures, and vessels. Furthermore, they also 
point out that, by applying some normal saline 
in the needle hub, radiologists can significantly 
prevent air from filling the pulmonary ves-
sels while removing the stylet of the puncture 
needle. Apparently, there are several technical 
issues that have not been completely addressed.

Management of these life-threatening com-
plications includes early recognition, rapid 
resuscitation, 100% oxygen inhalation by non-
rebreathing mask, and prompt HBO [9-10]. The 
optimal timing of HBO for these systemic AE 
patients is not conclusive. Previous studies have 
found that, ideally, it is beneficial to initiate 
HBO within 1 to 6 hours. Nevertheless, some 
studies also suggested that HBO still had a ben-
eficial role 30 hours after the episode for these 
AE patients. For near-fatal AE patients, if HBO 
is not accessible, 100% oxygen supplementa-
tion with or without endotracheal tube intuba-
tion may also be helpful [8]. The Trendelenburg 
position is also reported to be a proper position 
for patients with systemic AE.

In conclusion, systemic AE after PCNB is a 
rare but life-threatening complication. Although 
the true causes and risk factors of AE are still 
being debated, physicians should be alert for 
any abnormal clinical manifestation after each 
thoracic puncture. Post-procedural CT scan 
should be arranged routinely for early detection 
of AE. 

plans the puncture path in order not to penetrate 
large vessels, this point of view is highly ques-
tionable. Consequently, risk factors for systemic 
AE after performing CT-guided PCNB of pul-
monary lesions are still controversial.

Reported risk factors for AE were positive 
pressure ventilation (including intubated gen-
eral anesthesia), targeting a cavitary lesion, lo-
cation or depth of the biopsied tumor, or special 
positioning of the patient, such as in a prone or 
right lateral decubitus position, during PCNB 
[3, 7-8]. Monnin-Bares et al. recently reported 
a series of 27 patients that had been reported 
as having systemic AE. Multivariate analysis 
of the risk factors associated with systemic AE 
revealed that the position of the patient during 
biopsy was a risk factor of utmost importance. 
Compared to the supine or left lateral decubitus 
position, the odds ratios for the prone position 
and right lateral decubitus position were 3.12 
and 6.15, respectively [3]. Other contributing 
risk factors include the number of biopsy sam-
ples and the number of pleural passes.

Since the risk factors are known, physi-
cians and radiologists try to make changes in 
order to prevent systemic AE from happening. 
Freund et al. placed emphasis on the frequency 
and the risk factors associated with the inci-
dence of systemic AE after CT-guided PCNB. 
The occurrence rate of systemic AE was 3.8% 
and the incidence rate of symptomatic systemic 
AE was 0.49%. Likewise, penetration depth, 
general intubated anesthesia, prone positioning, 
and the location of the lesion were proven to be 
independent risk factors for the entire cohort. 
In 2017, Glodny et al. reexamined the effect of 
patient positioning on post-procedural systemic 
AE [7]. They implemented a “protective mea-
surement” by adjusting patient positioning so 
that the target lung lesion was located below the 
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Diffuse Alveolar Hemorrhage Shortly After Breast 
Augmentation Surgery: A Case Report

Ting-Chia Chang1, Hsiu-Nien Shen2

Diffuse alveolar hemorrhage (DAH) associated with negative-pressure pulmonary 
edema (NPPE) is a rare cause of acute respiratory failure that occurs after an extreme 
inspiratory effort against an obstructed airway, such as post-extubation laryngospasm after 
surgery. Herein, we report a 27-year-old previously healthy woman who underwent breast 
augmentation surgery in a cosmetic surgery clinic and presented with dyspnea and acute 
hypoxemic respiratory failure associated with the classic triad of DAH (i.e., hemoptysis, 
anemia and pulmonary infiltrates) shortly after extubation. A diagnosis of NPPE-related DAH 
was made based on clinical conditions and the exclusion of other potential causes. After 
supportive treatment, the patient recovered and was weaned from the ventilator within a few 
days. (Thorac Med 2022; 37: 90-95) 

Key words: diffuse alveolar hemorrhage; negative-pressure pulmonary edema; breast augmentation 
surgery
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Introduction

Diffuse alveolar hemorrhage (DAH) associ-
ated with negative-pressure pulmonary edema 
(NPPE) is a rare, potentially fatal condition [1]. 
NPPE, first reported in 1997 [2], usually occurs 
shortly after extubation [1], and is caused by 
postoperative laryngospasm with acute severe 
upper airway obstruction, which resembles a 
Müller maneuver, generates extremely negative 
thoracic pressure, increases pulmonary blood 
flow and transmural capillary pressure, and 
eventually leads to alveolar capillary membrane 
damage with pulmonary edema and hemorrhage 

[1]. The classic triad of pulmonary hemorrhage 
(i.e., hemoptysis, anemia and pulmonary infil-
trates) [3] is present in only half of the patients 
with NPPE-related DAH [1]. Therefore, aware-
ness of the clinical context is of critical impor-
tance in the diagnosis of this condition. In this 
report, we describe a case of DAH associated 
with NPPE which developed shortly after breast 
augmentation surgery. 

Case Presentation

A 27-year-old previously healthy woman 
was referred to our emergency department due 
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to hemoptysis and acute hypoxemic respira-
tory failure that developed shortly after breast 
augmentation surgery in a cosmetic surgery 
clinic. At that time, she underwent surgery with 
Motiva® Implants (Establishment Labs Hold-
ings, Inc.) under general anesthesia using a 
propofol infusion and was extubated in the re-
covery room. Shortly after extubation, dyspnea, 
hemoptysis and desaturation developed. She 
received endotracheal intubation, and then was 
referred to our hospital, where she was admit-
ted to the intensive care unit. She had been well 
before the surgery, did not smoke, drink alcohol 
or take any medication, and had no history of 
hemoptysis or a bleeding tendency.

On physical examination, she appeared pale 
and anxious, with copious pink-to-fresh-bloody 
secretions from the endotracheal tube during 
coughing episodes. Her body temperature was 
37.3℃, pulse rate was 85 (regular) per minute, 
respiratory rate was 26 per minute, and blood 
pressure was 144/74 mmHg. Initial pulse ox-
imeter showed a peripheral capillary oxygen 
saturation (SpO2) of 100% under mechanical 
ventilation with a fraction of inspired oxygen 
(FiO2) of 45% and a positive end expiratory 
pressure of 10 cmH2O. Bilateral lung crackles 
were noticed. There was no jaundice, jugular 
vein engorgement, heart murmur, peripheral 
edema, petechiae or bruises.

The results of laboratory examinations were 
remarkable, with a white cell count of 20.8 per 
cubic millimeter (normal range: 3.2-9.2), and a 
hemoglobin level of 9.6 gm/dL (normal range: 
11.6-14.8). However, the results were normal 
for liver enzymes, creatinine, platelet count, 
prothrombin and partial thromboplastin time, 
brain natriuretic peptide, and cardiac enzymes. 
Arterial blood gas analysis showed a pH of 
7.335, a carbon dioxide tension of 31.6 mmHg, 

an oxygen tension (PaO2) of 66.9 mmHg, and 
bicarbonates of 17.0 mEq per liter (under an 
FiO2 of 60%). Electrocardiography showed 
normal sinus rhythm without a significant ST-T 
change. The urinalysis result did not show pro-
teinuria or hematuria. Chest radiograph showed 
a normal heart size and bilateral dense consoli-
dations with a central distribution and almost 
complete white-out in the right lung (Figure 
1). Computed tomography (CT) of the chest 
revealed that the consolidations were located 
predominantly in the central and dependent ar-
eas, and that septal lines and peribronchial cuff-
ing were present in the background of ground 
glass opacifications in the peripheral and non-

Fig. 1.  Chest X-ray showed bilateral dense consolidations with a 
central distribution and a nearly complete white-out of the right lung.
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dependent parts (Figure 2A and 2B), a finding 
suggestive of alveolar edema. There was no 
CT evidence of pulmonary embolism. Trans-
thoracic echocardiography revealed a normal 
left ventricular function. A diagnosis of DAH 
was then made. Given the clinical presentation 
shortly after the surgery, NPPE was considered 
to be the most likely cause of the DAH. How-
ever, other potential causes such as vasculitis or 
capillaritis and infection could not be excluded.

The patient was empirically treated with 
tazobactam/piperacillin, methylprednisolone 
(2mg/kg/day), norepinephrine (10 μg /min), 
and continuous infusion of midazolam and 
propofol for protective mechanical ventilation. 
Bronchoscopy was not performed due to severe 
hypoxemia (PaO2/FiO2 ratio = 111.5, shown 
above). The hemoglobin level dropped to 6.6 
gm/dL 2 days later. There was no other source 
of blood loss, except the lungs. In the following 
days, her oxygenation improved, pulmonary 

hemorrhage decreased and lung consolidations 
resolved gradually (Figure 3). She was success-
fully weaned off the ventilator on day 5.

Microbiological workups for bacterial, 
fungal and viral infections were non-revealing. 
Immunological tests (including antinuclear 
antibodies, rheumatoid factor, anti-neutrophil 
cytoplasmic antibodies, and anti-basement 
membrane antibodies) were normal. The antibi-
otic and corticosteroid were discontinued after 
the negative results. The patient was discharged 
from the hospital on day 8 and had no hemopty-
sis thereafter.

Discussion

We described a previously healthy woman 
presenting with dyspnea and acute hypoxemic 
respiratory failure associated with the classic 
triad of DAH (i.e., hemoptysis, anemia and pul-
monary infiltrates) [1] shortly after breast aug-

Fig. 2.  Computed tomography of the thorax revealed subcutaneous emphysema associated with bilateral breast implants (A), consolidations 
predominantly in the central/dependent areas and septal lines and peribronchial cuffing in the background of ground glass opacifications in the 
peripheral/non-dependent parts (B). Note: Each Motiva implant® is incorporated with a microtransponder (Qid®) (arrow).
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radiographic findings of DAH are non-specific 
[4]. The causes of DAH are diverse, and can 
be categorized into 3 histopathologic patterns: 
pulmonary capillaritis, bland pulmonary hem-
orrhage (i.e., without vasculitis or capillaritis), 
and diffuse alveolar damage [4]. 

Patients with DAH usually present clini-
cally with 1 of 2 scenarios, i.e., DAH associated 
with or without systemic findings, and with 
another process or condition [4-5]. Surgical 
lung biopsy may be needed if serologic testing 

mentation surgery. A diagnosis of NPPE-related 
DAH was made based on the clinical context 
and the exclusion of other potential causes. 
Treatment of NPPE-related DAH is mainly sup-
portive. The patient recovered and was weaned 
from the ventilator within a few days. 

Diagnosis of DAH usually requires se-
quential bronchoscopic alveolar lavage (BAL) 
to demonstrate progressively hemorrhagic 
samples, because hemoptysis may be absent 
in up to one-third of the patients, and the chest 

Fig. 3.  Chest X-ray showed resolution of lung consolidations.
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or clinical history is unrevealing [4]. In our pa-
tient, the manifestations of hemoptysis, a falling 
hematocrit, and diffuse pulmonary infiltrates 
were consistent with the diagnosis of DAH. 
Due to the patient’s poor oxygenation and the 
development of DAH shortly after breast aug-
mentation surgery, we suspected that NPPE 
was the most likely cause, and therefore did 
not perform BAL. Moreover, we performed a 
series of tests to exclude other potential causes 
of DAH, including coagulopathy, infection, 
cardiogenic lung edema, pulmonary embolism 
and vasculitis or capillaritis. Coagulopathy was 
excluded specifically by the normal prothrom-
bin time, activated partial thromboplastin time, 
and platelet count, as well as normal test results 
for liver and kidney functions. Infection was 
excluded by the normal level of procalcitonin 
and the negative results of an influenza test and 
microbiological studies. Serological testing for 
vasculitis or capillaritis was negative. Cardio-
genic lung edema was ruled out by a normal 
level of B-type natriuretic peptide and normal 
electrocardiography and echocardiography. CT 
pulmonary angiogram revealed no evidence of 
pulmonary embolism. 

Drug-induced DAH should also be consid-
ered in patients undergoing general anesthesia 
[6-7]. For example, sevoflurane, a volatile in-
haled halogenated gas, is commonly used for 
rapid induction during general anesthesia, and 
has been associated with DAH [6-7]. Other 
non-anesthetic drugs such as abciximab, amiod-
arone, carbimazole, crack cocaine, leflunomide, 
nitrofurantoin, and penicillamine have also 
been associated with DAH [4-5], but the clini-
cal context was different from that of this case 
report. Moreover, none of these drugs was used 
with our patient.

The breast implants used in the patient 

were made of silicone. Hematoma is the main 
complication in the immediate post-operative 
period of breast augmentation surgery [8]. To 
our knowledge, there is still no report on the 
occurrence of DAH after breast augmentation 
surgery. Although type 1 hypersensitivity reac-
tion to silicone may occur, the reaction primar-
ily causes local pruritus, edema and erythema 
[9-10]. 

NPPE, also known as post-obstructive 
pulmonary edema, occurs in less than 0.1% of 
patients after surgery [11], and accounted for 
only 5% of 112 immunocompetent patients 
with DAH in a published study [12]. However, 
NPPE-related DAH appears to be an under-
recognized condition, because hemoptysis may 
be absent [1,13]. The pathogenesis of NPPE is 
mainly hydrostatic edema, which is caused by 
markedly negative thoracic pressure induced by 
an inspiratory effort against an obstructed glot-
tis [13]; however, in cases with NPPE-related 
DAH, high-permeability edema occurs [1,13]. 
In short, the negative thoracic pressure gener-
ates negative interstitial pressure, enhances pe-
ripheral venous return to pulmonary circulation, 
and eventually increases transmural pressures 
across the cardiac chambers and alveolar capil-
laries, leading to an increased hydrostatic gradi-
ent and alveolar flooding [13].     

A hyperadrenergic state and hypertension 
due to laryngospasm-induced respiratory dis-
tress may also contribute to the development of 
NPPE [13]. In severe cases, an extremely high 
transmural capillary pressure may induce stress 
fracture of the capillaries, leading to frank pul-
monary alveolar hemorrhage [1,13]. The diag-
nosis of NPPE-related DAH after extubation re-
lies on physician awareness and recognition of 
the clinical circumstances. When the diagnosis 
is made by further exclusion of other potential 
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causes, the treatment of NPPE-related DAH is 
mainly supportive. Most patients recover in a 
few days [1]. 

In conclusion, NPPE-related DAH may oc-
cur after an outpatient surgery such as breast 
augmentation. Physician awareness and recog-
nition of this rare, potentially fatal condition is 
key to the diagnosis. The prognosis is generally 
favorable under supportive treatment. 
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Pulmonary Alveolar Proteinosis with a Rare Presentation: 
A Case Report

Chang-Wei Wu1, Yen-Lin, Huang2, Ching-Yao Yang1

Pulmonary alveolar proteinosis (PAP) is a rare disease characterized by a diffuse 
accumulation of lipoproteinaceous material in the distal airway and alveolar space that 
causes shortness of breath, hypoxia, respiratory failure and even death in severe cases. PAP 
could be a primary or secondary disease, and most PAP patients experienced progressive 
disease requiring treatment of the underlying disease with whole lung lavage or lung 
transplant. However, self-resolving PAP has also been described in a few case reports. Here, 
we reported the case of a 46-year-old man without known systemic disease or symptoms. 
Abnormal computed tomography imaging studies revealed a bilateral subpleural peri-
bronchial crazy-paving pattern. Organized pneumonia was first suspected, but later, surgical 
resection confirmed a histological diagnosis of PAP. Partial regression of PAP was noted 
during the 7-month follow-up. (Thorac Med 2022; 37: 96-102) 
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Introduction

Pulmonary alveolar proteinosis (PAP) is a 
rare disease, and was first described in 1958 by 
Rosen and colleagues [1]. It is characterized by 
a diffuse filling of amorphous lipoproteinaceous 
material in the distal airway and alveolar space, 
resulting in gas exchange impairment. PAP can 
be classified as autoimmune (previously known 
as idiopathic), secondary or congenital, based 
on the underlying etiology [2-3]. According to a 

Japanese cohort study, about 90% of PAP cases 
are autoimmune type, with an incidence of 0.49 
per million, and mostly occur in the 30- to 60-
year old population, with a men-to-women ratio 
of around 2:1 [4]. A high proportion of patients 
are smokers or former smokers (56-64%); 
however, no causal relationship has been es-
tablished. The most common presentation is an 
insidious progression of shortness of breath and 
hypoxia, which could develop during a period 
of months to years. Other symptoms include 
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cough, fatigue, weight loss, arthralgia and fever. 
If left untreated, PAP cases progress through 
time and may develop into respiratory failure or 
even death in severe cases. [3-6]

In this case report, we describe a 46-year-
old man with a past history of smoking who 
developed PAP without any symptoms. Chest 
computed tomography (CT) revealed an atypi-
cal subpleural peri-bronchial distribution of a 
crazy-paving pattern with spontaneous regres-
sion during a 7-month follow-up. 

Case Presentation

A 46-year-old male businessman, a smoker 
(16-pack-years, quit for 10 years) without a 
known systemic disease, presented to our clinic 
with an abnormal low-dose CT image as de-
tected from his health examination. CT revealed 
multiple peri-bronchial subpleural ground glass 
opacities (GGO) in the bilateral lungs. He de-
nied cough, shortness of breath, chest pain, 
chest tightness, fever, fatigue, body weight loss, 
arthralgia, or any other new symptoms. He de-
nied any long-term medication use, contact with 
metallic dust or fumes, or a travel history in the 
most recent 3 months. His physical examina-
tion was unremarkable, with peripheral oxygen 
saturation (SpO2) of 96-100%. His chest radiog-
raphy revealed multiple subpleural faint opaci-
ties in the bilateral lungs. High-resolution CT 
showed a well-demarcated crazy-paving pattern 
scattered over the bilateral subpleural region 
asymmetrically (Figure 1). A blood test revealed 
no notable findings in the white blood cell 
count, red blood cell count, platelet cell count, 
total bilirubin, aspartate aminotransferase, ala-
nine aminotransferase, or creatinine level. Auto-
immune profiles revealed a positive antinuclear 
antibody of 1:40 with a homogenous nuclear 

pattern, but no other positive results with re-
gard to rheumatoid arthritis factor, anti-double 
stranded DNA, complement component 3 and 
4, anti-Smith antibody, anti-nuclear ribonucleo-
protein antibody, anti-Ro antibody, anti-La an-
tibody, anti-Jo-1 antibody, anti-Scl-70 antibody, 
anti-centromere antibody, and anti-neutrophil 
cytoplasmic antibody. The pulmonary function 
test revealed a forced expiratory volume in 1 
second of 4.31L, 118.6% predicted, forced vi-
tal capacity of 4.93L, 115.1% predicted, and a 
normal diffusion capacity for carbon monoxide 
(105.2%). Due to the peri-bronchial, subpleural 
radiographic distribution along with no symp-
toms or signs and a normal SpO2 level, pulmo-
nary infection, autoimmune disease or heart 
failure was less likely. Organized pneumonia 
was suspected, and in order to confirm the diag-
nosis, wedge-biopsy using video-assisted thora-
coscopy was arranged. A whitish elastic-to-firm 
2cm tumor was resected from the left lower 
lung. Under microscopy, the alveolar space was 
filled with diffuse dense acellular eosinophilic 
materials with minimal interstitial inflammation 
and well preserved alveolar architectures. The 
alveolar space material was positive under peri-
odic acid–Schiff (PAS) and diastase PAS stain. 
There was no evidence of microbes under PAS 
and Gomori’s methenamine silver stain, includ-
ing Pneumocystis jirovecii. The diagnosis of 
PAP was then made (Figure 2). 

Anti-granulocyte-macrophage colony-
stimulating factor (GM-CSF) autoantibody test-
ing was unavailable at our institute. No family 
member or colleague had been diagnosed with 
PAP. Autoimmune PAP was the most likely 
diagnosis. The patient presented no symptoms 
and had a normal O2 saturation, hence, obser-
vation was favored. The patient followed up at 
our clinic with a CT scan 7 months later that 
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Fig. 1.  High-resolution computed tomography revealed a bilateral subpleural peri-bronchial crazy-paving pattern, with spontaneous improvement 
without treatment after 7 months.
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pathologic findings to autoimmune PAP. Sec-
ondary PAP is often caused by an underlying 
hematologic disease (e.g., leukemia, lympho-
ma, myelodysplastic syndrome, etc.), infection 
(e.g., Pneumocystis jirovecii, mycobacterium 
tuberculosis, etc.), or inhalation exposure (e.g., 
metallic dust, organic dust, fumes, etc.). 

Diagnosis relies on a compatible history 
of clinical symptoms, CT, bronchoalveolar 
lavage (BAL) and biopsy. A gradual progres-
sion of dyspnea and dyspnea on exertion is the 
most commonly reported symptom in 50-90% 
of patients. Other symptoms include cough 
with or without sputum, fatigue, weight loss, 
fever, chest tightness and arthralgia. It should 
be noted that 5-30% of patients are asymptom-
atic and were detected by health examination 
[4-5]. Physical examination is unremarkable, 

showed all of the crazy-paving pattern lesions 
reduced in size without any treatment.

Discussion

PAP is a diffuse lung disease with distal 
air space filled with lipoproteinaceous content, 
mainly composed of surfactant phospholipid 
and apoprotein, along with reduced clearance 
of the surfactant. Pathogenesis is related to dis-
rupted GM-CSF signaling and disorder or sur-
factant production. Autoimmune PAP is related 
to anti-GM-CSF autoantibody causing a disrup-
tion in GM-CSF signaling, resulting in alveolar 
macrophage dysfunction. The gene mutations 
of GM-CSF receptor or surfactant protein 
production plays a role in hereditary PAP, and 
shares a similar clinical course, presentation or 

Fig. 2.  (A). A whitish elastic-to-firm lesion was resected from the left lower lung; (B). hematoxylin and eosin stain revealed acellular eosinophilic 
material within the alveolar space with intact airway architecture (100x original magnification); (C). and (D). periodic acid–Schiff (PAS) and 
diastase PAS stain showed the alveolar space material was positive (100x original magnification).
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with rales, cyanosis and finger clubbing likely 
to be observed in severe cases. Typical chest 
radiography of PAP reveals bilateral symmetric 
alveolar opacities located centrally with lower 
lung predominance. High-resolution CT is the 
main diagnostic approach, and reveals bilateral 
symmetric GGO. Intralobar and interlobar sep-
tal thickening within GGO, known as a crazy-
paving pattern, is seen in over 80% of patients 
[7-8]. To differentiate autoimmune PAP from 
secondary PAP in image findings, a crazy-pav-
ing pattern or subpleural sparing would favor 
the diagnosis of autoimmune PAP, and a diffuse 
distribution of GGO would favor secondary 
PAP [9]. A PAP presentation of a unilateral le-
sion, peripheral or upper lobe predominance, 
nodular lesion or air bronchogram is rare and 
should raise a suspicion of another possible di-
agnosis.

The BAL specimen has a signature milky 
appearance with thick sediments. Basophilic 
acellular oval bodies can be observed with 
May-Grünwald-Giemsa stain. Biopsy can pro-
vide a definite diagnosis, although HRCT and 
BAL are sufficient for most occasions. Biopsy 
was performed in only 10-20% of PAP patients 
and should be considered in cases with an atyp-
ical presentation or when there is a suspicion of 
another diagnosis. Anti-GM-CSF autoantibody 
is the only disease-specific biomarker with a 
sensitivity and specificity of 100% in cases of 
autoimmune PAP and is essential to make the 
diagnosis [10]. Other serum biomarkers such 
as lactate dehydrogenase, surfactant protein 
A, surfactant protein B, surfactant protein D, 
Krebs von den Lungen 6, and carcinoembryonic 
antigen are elevated in PAP, but have no role in 
establishing the diagnosis.

The clinical course varies greatly, from 
spontaneous recovery to progressive disease de-

veloping into respiratory failure or death. In our 
case, radiographic spontaneous improvement 
was observed at the 7-month follow-up (Figure 
1), with no alteration in clinical symptoms or 
SpO2. Tazawa et al. reported a 20% spontane-
ous improvement in oxygenation, defined as an 
alveolar-arterial oxygen difference decrease of 
10 mmHg or more 12 weeks before starting in-
halation of GM-CSF [11]. Other studies report-
ed 5-7% of patients had a spontaneous regres-
sion course [3]. In patients with radiographic 
severity, spontaneous improvement was only 
reported in cases with as much as a 14-year-
follow-up [12-13]. 

There is no international guideline for PAP 
management; hence, the treatment strategy is 
largely based on PAP classification, disease 
severity, and balancing the benefits against the 
harm of applied treatment. Whole lung lavage 
has been the mainstay therapy for PAP since it 
was first described in 1965. Segmental, single 
lung or sequential bilateral lavage with or 
without percussion under general anesthesia 
has shown improvement in PaO2, forced vital 
capacity and diffusing capacity of the lungs for 
carbon monoxide [14-15]. The procedure is 
considered safe, with commonly encountered 
adverse effects being fever, hypoxemia, pneu-
monia and pneumothorax, with incidences of 
18%, 14%, 5%, 0.8%, respectively [16]. Ex-
tracorporeal membrane oxygenation support is 
used in severe PAP cases when single lung ven-
tilation is not feasible due to severe hypoxemia 
[17]. The relapse rate was 56.25% in a median 
period of 16.9 months, and required a 2nd la-
vage or alternative medications [18].

Inhaled GM-CSF has been shown to be 
effective in autoimmune PAP, with improve-
ments in oxygenation and radiographic severity, 
a response rate of 48-65.7%, and a duration of 
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benefit up to 30 months [19-22]. However, only 
a modest benefit in the alveolar–arterial oxygen 
gradient and symptoms was noted in the latest 
randomized controlled trial. This outcome may 
be due to the exclusion of the most severe PAP 
(PaO2 <50 mmHg) patients, who may benefit 
the most from inhalation of GM-CSF [22]. 
Corticosteroid has shown no benefit in treating 
disease severity and poses an increased risk of 
infection [23]. Successful treatment with ritux-
imab, plasmapheresis and lung transplantation 
has been reported, but should be reserved for 
refractory cases due to the limited cases and 
evidence in previous studies [24-25].

Secondary PAP requires removal and avoid-
ance of exposure to causative mechanisms (e.g., 
drugs, silica, metallic dust, fumes, etc.) or treat-
ment of the underlying disease (e.g., infection, 
hematologic disorder, etc.). It can be potentially 
reversible after the underlying disease achieves 
complete remission [26-27]. Congenital PAP 
lacks effective treatment, and lung lavage has 
had limited or no success [28]. Lung transplan-
tation should be considered in severe cases; 
however, PAP recurrence after transplantation 
has been reported, especially in those with ge-
netic mutations [29]. Smoking cessation and 
vaccination for pneumococcus and influenza 
are recommended for all types of PAP cases. 

The prognosis of PAP varies among the dif-
ferent types. Recent cohort report suggested a 
100% 5-year survival rate with a 5% infection 
rate [4]. Pulmonary fibrosis, which is present in 
7-20% of cases, is a poor prognostic factor, and 
secondary PAP generally tends to have a worse 
prognosis due to underlying disease [7, 30].

We reported a case of asymptomatic PAP 
with an unusual radiographic presentation and 
spontaneous improvement at follow-up. A thor-
ough evaluation of a lesion with a crazy-paving 

pattern, including tissue biopsy, can lead to the 
correct diagnosis. Close observation with symp-
tomatic control may be considered in asymp-
tomatic or mild PAP, due to possible spontane-
ous improvement and the possible harm done 
by unnecessary treatment. 
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Fulminant and Fatal Community-Acquired Pneumonia 
Caused by Sphingomonas Paucimobilis

Chang-Hung Chen1, Chao-Tai Lee2

Sphingomonas paucimobilis is a gram-negative bacillus that is omnipresent in 
both environmental and hospital settings. S. paucimobilis is considered to have limited 
virulence, probably due to the lack of lipopolysaccharide in its cell wall. We described an 
immunocompromised patient with community-acquired pneumonia caused by S. paucimobilis 
that was both fulminant and fatal, even though the initial antibiotic treatment was appropriate. 
Chest X-ray examination revealed rapidly progressive bilateral diffuse alveolar consolidation. 
(Thorac Med 2022; 37: 103-107) 
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Introduction

Sphingomonas paucimobilis is a gram-
negative bacillus that is omnipresent in both 
environmental and hospital settings. It is well 
known as a waterborne organism, with its infec-
tions attributable to contaminated water sourc-
es. Most S. paucimobilis infections reported 
in the literature are nosocomial, and include 
ventilator-associated pneumonia or indwelling 
intravascular device–related infection. Com-
munity-acquired S. paucimobilis infections are 

sporadic, and primary bacteremia is the main 
presentation [1,2]. The virulence of S. pauci-
mobilis is considered limited. In this report, we 
describe the case of an immunocompromised 
patient with fulminant and fatal community-
acquired pneumonia caused by S. paucimobilis. 

Case presentation

A 78-year-old woman with type 2 diabetes 
mellitus presented to our emergency depart-
ment with progressive dyspnea after falling 
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into a ditch and choking on several mouthfuls 
of water about 3 hours prior to her presenta-
tion. Physical examination revealed a body 
temperature of 36.5°C, pulse rate of 104 beats/
min, respiratory rate of 26 breaths/min, and 
blood pressure of 185/95 mmHg. The oximeter 
revealed oxygen saturation under 94% with 
a non-rebreather mask. Laboratory examina-
tion yielded a white blood cell count of 18,000 
cells/mm3 with 84% neutrophils, a platelet cell 
count of 234,000/mm3, C-reactive protein level 
of 36.2 mg/dL (reference range: <0.3 mg/dL), 
blood glucose level of 264 mg/dL, and a glyco-
sylated hemoglobin level of 7.7%. Chest X-ray 

examination revealed bilateral diffuse alveolar 
consolidation (Figure 1). Aspiration pneumo-
nia was indicated. Due to progressive respira-
tory distress, intubation with ventilator support 
was performed, and the patient was sent to the 
intensive care unit for further care and treat-
ment. Antimicrobial therapy with pipracillin 
with tazobactam was initiated. Antibiotics were 
shifted to meropenem due to a deteriorated dis-
ease condition after 3 days of initial treatment 
(Figure 2). Blood culture and sputum (tracheal 
aspirate) both revealed S. paucimobilis, which 
was susceptible to cabapenem, pipracillin with 
tazobactam, third-generation cephalosporin, and 

Fig. 1.  Bilateral diffuse alveolar consolidation noted on the day of admission.
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levofloxacin. Rapid progression of pneumonia 
and multiple organ failure were noted thereaf-
ter. Unfortunately, our patient died on day 11 
after admission.

Discussion

S. paucimobilis is an omnipresent gram-
negative bacillus in both environmental and 
hospital settings. It is well known as a water-
borne organism, with its infections being attrib-
utable to contaminated water sources. Clinical 
syndromes, such as primary bacteremia, intra-

vascular catheter infection, peritoneal dialysis-
associated peritonitis, urinary tract infection, 
biliary tract infection, cutaneous infection, 
pneumonia, meningitis, myositis, osteomyelitis, 
septic arthritis, endophthalmitis, cervical adeni-
tis, keratitis and diarrheal disease, are associated 
with S. paucimobilis [1-11]. Most S. paucimobi-
lis infections reported in the literature, such as 
ventilator-associated pneumonia, or those asso-
ciated with the presence of indwelling intravas-
cular devices or systemic immunosuppressant 
use, are nosocomial [1-3,7,12]. Community-ac-
quired S. paucimobilis infections are sporadic, 

Fig. 2.  Rapidly deteriorating bilateral pneumonia 3 days after admission.
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sence of lipopolysaccharides [9,13]. A limited 
number of fatal cases has been reported. Gly-
cosphingolipids bound to the outer membrane 
of S. paucimobilis have been proposed to be the 
reason for its low virulence [12]. Even when 
the antibiotic treatment initiated is inappropri-
ate, most patients infected with S. paucimobilis-
survive [1,4,12]. The majority of patients with 
favorable outcomes are middle-aged adults and 
children. In our opinion, since community-ac-
quired pneumonia due to S. paucimobilis occurs 
infrequently, the association of this organism 
with a patient is not always initially considered. 
Our patient, according to the family’s state-
ments, did not have regular and effective dia-
betes control. Furthermore, she fell into a ditch 
and swallowed several mouthfuls of water, and 
the pathogen load was enormous. As a result, 

and primary bacteremia is the main presentation 
(Table 1) [1,2,4-6]. No standard method cur-
rently exists to determine the antibiotic suscep-
tibility of S. paucimobilis, and data vary in the 
literature [2]. S. paucimobilis has been reported 
to be susceptible to aminoglycosides, carbape-
nem, third-generation cephalosporin, fluoroqui-
nolones, β-lactam/β-lactamase inhibitor combi-
nations, and trimethoprim/sulfamethoxazole [1-
3,12]. Risk factors for S. paucimobilis infection 
include malignancy, hematopoietic stem cell 
transplantation, immunosuppressant use, dia-
betes mellitus, and alcoholism in adults [1]. In 
children, prematurity also plays a key role in S. 
paucimobilis infection [4]. The difference be-
tween S. paucimobilis and other gram-negative 
bacteria is the presence of glycosphingolipid 
as the component of cellular lipids, and the ab-

Table 1.  Cases of Community-acquired Sphingomonas paucimobilis infection in recent 20 years literatures

Reference Case numbers
Average age 

Infection foci Underlying conditions Outcomes

Toh et al. [1] 29
44 y/o

Primary bacteremia (13/29)
Pneumonia/empyema (2/29)
Soft tissue infection (7/29)
CNS infection (1/29)
Head and neck infection (6/29)

Diabetes mellitus
Malignancy
Chronic heart disease
Cirrhosis
Steroid usage
Alcoholism

1 mortality
28 recovery

Lin et al. [2] 6
40 y/o

Primary bacteremia (2/6)
Pneumonia (1/6)
Soft tissue infection (2/6)
Urinary tract infection (1/6)

Malignancy
Chronic kidney disease

Recovery

Bayram et al. [4] 13
5 y/o

Primary bacteremia (12/13)
Urinary tract infection (1/13)

Down’s syndrome
Premature birth 
PSAGN (Post-streptococcal acute
glomerulonephritis)

Recovery

Nandy et al. [5] 2
55 y/o, 2 y/o

Primary bacteremia (2/2) Malignancy Recovery

Saboor et al. [6] 1
10 y/o

Primary bacteremia None Recovery
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the combined effect of her age, her diabetes-re-
lated compromised immunity, and the bacterial 
load probably contributed to the rapid progres-
sion of pneumonia and sepsis. The drug sen-
sitivity test for the initial antibiotic revealed it 
was effective, but the final patient outcome was 
compromised; we consider the in vitro activ-
ity of antibiotics with this rare type of infection 
to be probably unreliable. Toh et al. reported 
the antimicrobial susceptibility to imipenem–
cilastatin of community-acquired and hospital-
acquired strains to be 96.9% and 92.3%, respec-
tively [1]. If we had initially used antibiotics 
belonging to the cabapenem category, perhaps 
the result would have been different. Our expe-
rience with this case shows that even though S. 
paucimobilis is an environmental pathogen and 
has low virulence, it can cause life-threatening 
pneumonia and septic shock, especially in im-
munocompromised and older hosts, and initial 
aggressive antibiotic treatment is necessary.
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The First Reported Computed Tomography Scan Images 
of Remitting-Relapsing Pleural Effusions of Malignant 

Pleural Mesothelioma

Wen-Chi Hsiao1, Jen-Wen Hsu2, Ming-Hung Chen1, Pei-Ru Wu3, Tai-Yu Chang4

Malignant pleural effusions usually accumulate progressively unless they have been 
treated. Spontaneous remitting of malignant pleural effusions without therapy and remitting-
relapsing malignant pleural effusions are rare. Until now, there have been no computed 
tomography (CT) scan images that reveal these specific conditions and only 2 chest X-rays 
have been reported. We report a 59-year-old man who was a boiler worker with asbestos 
exposure for 20 years. He suffered persistent right chest pain for 18 months, and his pleural 
effusions remitted and relapsed during this period. Video-assisted thoracoscopic surgery was 
arranged and the pathological reports showed malignant mesothelioma. The serial changes 
of the pleural effusions were clearly shown first by the CT scan. When treating these patients, 
clinicians should maintain follow-up even if the pleural effusions remit spontaneously. These 
are the first CT scan images of remitting-relapsing malignant pleural effusions caused by 
malignant pleural mesothelioma in the literature. (Thorac Med 2022; 37: 108-113) 
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Introduction

Pleural effusions may occur in many com-
mon diseases, and malignant pleural effusions 
account for 22% of cases [1]. The majority of 
the malignant pleural effusions are due to me-
tastasis of lung cancer in men and breast cancer 
in women [2]. Mesothelioma is the most com-
mon primary pleural tumor, and over 95% of 
these patients have malignant pleural effusions 
[3]. The mechanisms of malignant pleural ef-

fusions remain poorly understood, but blocked 
lymphatic drainage due to a tumor or altered 
vascular permeability may play a role [2,4]. 

Malignant pleural effusions continue to 
accumulate unless they receive effective can-
cer treatment, or pigtail catheter drainage and 
pleurodesis [2,4]. Spontaneous remitting of 
malignant pleural effusions without therapy 
and remitting-relapsing malignant pleural ef-
fusions are rare. Only 2 chest X-rays (CXR) of 
remitting-relapsing malignant pleural effusions 
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been published [5]. Here, we present the first 
computed tomography (CT) scan images of 
remitting-relapsing malignant pleural effusions 
caused by malignant pleural mesothelioma. 

Case Report

A 59-year-old man had chronic hepatitis B 
and smoked 1 pack of cigarettes per day for 40 
years. He was a boiler worker with asbestos ex-
posure for 20 years.

He was admitted in October 2016 due to 
persistent right chest pain for 1 month. Associ-
ated symptoms included right upper abdomi-
nal pain and fever once. Physical examination 
showed no edema in the 4 limbs. Laboratory 
evaluation revealed normal renal functioning, 
and serum albumin within a normal range. CXR 
demonstrated no cardiomegaly but blunting of 
the right costophrenic angle, which suggested 

Fig. 1.  Chest X-ray (CXR) (a) demonstrated the right-side pleural effusion and computed tomography (CT) (e) revealed right-side pleural effusion 
at the first presentation on October 14 ,2016. One month later, CXR (b) and CT (f) showed spontaneous remission of the right-side pleural effusion 
before laparoscopic cholecystectomy. Two and a half months post-operation, CXR (c) and CT (g) revealed only pleural thickening, and no pleural 
effusion.  Eighteen months later, CXR (d) showed blunting of the right costophrenic angle and CT (h) revealed recurrence of the right-side pleural 
effusion, pleural thickening and multiple subpleural nodules.

right-side pleural effusion (Figure 1a). The spu-
tum acid-fast stain was negative. An abdominal 
ultrasound examination revealed gallstones, 
but no cholecystitis finding. CT scan showed 
normal lung parenchyma, and no lesions such 
as tumors, tuberculosis or pneumonia, but right-
side pleural effusion (Figure 1e). The pleural 
effusion was too small for aspiration. A Tc99m 
methylene diphosphonate whole-body bone 
scan showed negative findings. After symp-
tomatic and analgesic treatment, the abdominal 
pain improved, and he was discharged without 
a definite diagnosis of pleural effusion.

One month later, he suffered from intermit-
tent right upper abdominal pain. CXR showed 
no more blunting of the right costophrenic 
angle and suggested resolution of the right-side 
pleural effusion (Figure 1b). CT scan also re-
vealed remission of the right-side pleural effu-
sion (Figure 1f). Laparoscopic cholecystectomy 
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Fig. 2.  Histopathological specimens with hematoxylin and eosin stain showed epithelioid tumor cells in the stroma  (a, magnification X 100) (b, 
magnification X 400). Immunohistochemical stains of the tumor cells were positive for calretinin (c), CK5/6 (d), and WT-1 (e), and negative for 
TTF-1 (f).

was arranged due to the above symptoms and 
multiple gallstones in the images.

Two and a half months post-operation, the 
patient still felt right chest and right abdominal 
pain. Both CXR and CT scan were performed 
again (Figure 1c and g), but the images revealed 
only pleural thickening, and no pleural effusion 
was found. The patient maintained follow-up at 
the chest medicine outpatient department.

Eighteen months later, right upper abdomi-
nal pain was noted again. The CXR showed 
blunting of the right costophrenic angle and 
CT scan revealed recurrence of the right-side 
pleural effusion, pleural thickening and mul-
tiple subpleural nodules (Figure 1d and h). Di-
agnostic video-assisted thoracoscopic surgery 
then was performed. Dense adhesions in the 
pleural cavity and subpleural nodules with firm 
content were found. It was decided in a multi-
disciplinary discussion that the multiple pleural 

masses found by CT scan could not be totally 
removed by decortication. The tissues that were 
removed were sent for histopathological di-
agnosis. Hematoxylin and eosin stain showed 
epithelioid tumor cells in the stroma. Immu-
nohistochemical stains of the tumor cells were 
positive for calretinin, CK5/6, and WT-1, and 
negative for TTF-1 (Figure 2). This confirmed 
the diagnosis of malignant epithelioid mesothe-
lioma [6]. There were no significant mediasti-
nal lymph nodes and no obvious other distant 
metastasis. According to the 8th TNM clas-
sification for malignant pleural mesothelioma 
published by the International Association for 
the Study of Lung Cancer (IASLC), the staging 
was cT4N0M0, stage IV [7].

Thus, the patient first received 6 cycles of 
Alimta (pemetrexed) and cisplatin-based com-
bination chemotherapy for stable disease [3]. 
Since the pleural masses showed mild shrink-
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pleural nodules or pleural thickening, and the 
amount of pleural effusions [2,6,10], but these 
findings have had low sensitivity in confirming 
cancer [2]. 

The American Thoracic Society has stated 
that annual screening of mesothelioma is not 
suggested [11]. Malignant pleural mesothe-
lioma screening is not practical [12]. But our 
case indicates that if pleural effusions present 
in a remitting and relapsing manner, mesothe-
lioma must be taken into consideration. Pleural 
effusions accompanied with pleuritic pain may 
be a manifestation of malignant mesothelioma 
[10]. Impaired lymphatic outflow caused by the 
tumor or increased fluid production due to fluid 
extravasation from a hyper-permeable pleura 
leads to the accumulation of pleural effusion 
[2,4]. So, management of malignant pleural ef-
fusions involves treatment of the cancer or ob-
struction of the pleural cavity (pleurodesis) [2-
4]. Spontaneous remitting of malignant pleural 
effusions without therapy and remitting–relaps-
ing malignant pleural effusions are rare: only 
2 CXR images have been reported [5]. The CT 
scan images presented herein are the first to ap-
pear in the literature.

Our patient had an asbestos exposure his-
tory, which made BAPE a possible differential 
diagnosis. The mean interval between exposure 
and presentation of BAPE was 16.3 years [13]. 
BAPE may present with fever or asymptomati-
cally. Spontaneous resolution is a characteristic 
of BAPE, but it may recur several times [9,13]. 
To diagnose BAPE is to exclude tuberculosis 
and malignancy [9-10]. The serial images for 
our patient did not reveal pneumonia, tubercu-
losis, or malignancy. Sputum acid-fast stain and 
culture showed negative findings.

Considering the symptoms of right upper 
abdominal pain and gall bladder stone find-

age, we continued the combination therapy to 
a total of 11 cycles. Another re-staging with a 
CT scan also showed stable disease. After that, 
we shifted to maintenance therapy with single 
Alimta (pemetrexed) with bevacizumab for an-
other 4 cycles. However, the tumors showed a 
gradual mild increase in size. He has survived 
up to this writing (over 20 months).

Discussion

The estimated prevalence of pleural effu-
sion is 320 cases per 100,000 people in industri-
alized countries [8]. The most common etiolo-
gies are heart failure, pneumonia, and cancer [9]. 
There are 2 types of pleural effusion: transudate 
and exudate. Transudate effusion is caused by 
high hydrostatic pressure in the blood vessel, 
such as in cases of heart failure. Exudate effu-
sion results from damage to the vascular endo-
thelium caused by inflammation, infection or 
malignancy. Pleural effusions can be divided 
into benign and malignant. Benign pleural ef-
fusion can spontaneously resolve or improve 
by treating the underlying disease, or can recur 
multiple times, such as in cases of benign as-
bestos pleural effusion (BAPE) [6,9].

There are about 50,000 new cases of ma-
lignant pleural effusion in the United Kingdom 
each year [2]. Metastatic diseases (lung cancer 
in men and breast cancer in women) cause the 
majority of malignant pleural effusions [2]. Me-
sothelioma is the most common type of primary 
pleural tumor and is associated with malignant 
pleural effusions in more than 95% of mesothe-
lioma cases [3]. The most common symptom of 
malignant mesothelioma is dyspnea caused by 
pleural effusion [10]. CXR often reveals uni-
lateral pleural effusions. CT scan images dem-
onstrate the changes in the pleura, including 
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ings in CT scan images, cholecystitis could be 
another cause of pleural effusions. However, 
pleural effusion occurred in the early stage of 
chest pain in our patient, and spontaneously 
remitted before laparoscopic cholecystectomy, 
which could exclude cholecystitis as the cause 
of his pleural effusion. After the operation, the 
pleural pain continued for nearly 1 year, with 
recurrent pleural effusion, so malignant pleural 
mesothelioma was suspected and confirmed by 
thoracoscopic surgery.

We decided to arrange video-assisted thora-
coscopic surgery biopsy for the patient because 
there were pleural masses with a small amount 
of pleural effusion. We first arranged chest 
echography and thoracentesis, but there was too 
little pleural effusion for a definite cytological 
diagnosis of malignant mesothelioma. How-
ever, mesothelioma should be suspected in any 
person with an unexplained exudative pleural 
effusion [3]. After excluding a transudate cause 
and tuberculosis, malignancy was the possible 
diagnosis. The patient was a boiler worker and 
had an asbestos exposure history which raised a 
suspicion of mesothelioma.

A previous report described 2 cases of 
remitting-relapsing pleural effusions of malig-
nant pleural mesothelioma [5]. But, the images 
were only CXR films, and there were no further 
CT scan images to clarify the differences [5]. 
Our report adds CT scan films, which are the 
first in the literature showing changes in pleural 
effusions at critical moments to better under-
stand the changes in pleural membranes, pleural 
tumors, and pleural thickening. Mesothelioma 
has 3 cell types: epithelioid, sarcomatoid, and 
mixed [6]. Our pathological type was epitheli-
oid, the same as in the other 2 cases [5]. Thus, 
we assumed the epithelioid type of malignant 
pleural mesothelioma is associated with recur-

rent malignant pleural effusions. The pathogen-
esis of recurrent malignant pleural effusion is 
still unknown, and requires more cases to reach 
an understanding.

In conclusion, remitting-relapsing pleural 
effusions are rare, and when they are encoun-
tered, mesothelioma should be considered. 
History-taking for mesothelioma, such as as-
bestos exposure, should be done, even though it 
may not be part of the regular procedure. Fur-
ther studies such as a CT scan, thoracoscopic 
surgery, and pleural biopsy also should be ar-
ranged. An earlier diagnosis would lead to the 
best treatment results.
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Hard Metal Lung Disease: A Case Report Using 
Transbronchial Cryobiopsy in the Diagnosis

Chiung-Hung Lin1, Chih-Hao Chang1, Jia-Shiuan Ju1, Tzu-Hsuan Chiu1,
Pi-Hung Tung1, Shu-Min Lin4

Hard metal lung disease (HMLD) is a rare disease diagnosed pathologically by the 
presence of multinucleated giant cells in the alveoli with interstitial pneumonitis and 
centrilobular fibrosis. In the past, surgical lung biopsy and transbronchial lung biopsy (TBLB) 
were the only means of obtaining a tissue specimen. Transbronchial cryobiopsy (TBC) is 
an emerging and excellent technique in the diagnosis of diffuse parenchymal lung disease, 
but it has never been used in the diagnosis of HMLD. We reported the case of a 41-year-old 
female turner who presented with progressive dyspnea on exertion for 3 years. Tissues from 
TBLB failed to yield a specific diagnosis, while those from TBC confirmed the diagnosis of 
HMLD. Cryobiopsy offers diagnostic advantages compared with conventional techniques and 
appears to be a useful diagnostic tool for diagnosing HMLD. (Thorac Med 2022; 37: 114-119) 
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Introduction

Hard metal lung disease (HMLD) is a rare 
occupation-related pulmonary disease (1). The 
hard metal is produced by pressurizing and 
heating powders, including tungsten carbide 
powder (often additionally mixed with tantalum 
carbide or titanium carbide) and cobalt. The 
hard metal has a diamond-like hardness and 
extreme strength, and is resistant to heat, so it 
has a wide variety of applications in industry as 

drill tips, cutting and tunneling tools, and grind-
ing wheels (2). Hard-metal workers are exposed 
in hard-metal dust, which may lead to asthma, 
rhinitis, hypersensitivity pneumonitis and inter-
stitial fibrosis (3). The characteristic feature of 
HMLD is interstitial fibrosis combined with the 
presence of multinucleated giant cells, resulting 
in a pathologic pattern called giant cell intersti-
tial pneumonia (GIP) (4). In diagnosing inter-
stitial lung disease (ILD), surgical lung biopsy 
(SLB) is the most frequently used tool for ob-
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taining adequate tissue samples for pathologic 
diagnosis. Compared with SLB, transbronchial 
lung biopsy (TBLB) by flexible forceps may 
not provide an adequate tissue sample for di-
agnosis of diffuse parenchymal lung diseases 
(DPLDs). Emerging evidence shows that cryo-
biopsy via flexible bronchoscopy may be more 
able to obtain an adequate specimen than SLB 
for diagnosis of DPLDs (5). Here, we present 
a case of HMLD diagnosed by cryobiopsy via 
flexible bronchoscopy. 

Case Presentation

A 41-year-old female nonsmoker came to 
our chest outpatient clinic due to progressive 
dyspnea on exertion for 3 years. She denied any 
systemic disease. She had worked as a turner, 
mainly using a drill grinder, for 10 years. She 
also had a dry cough for 1 year. The cough usu-
ally developed at night, and physical examina-
tion showed an injected throat with a cobble-
stone appearance. The pulmonary function test 
results were as follows: Pre-bronchodilator 
forced vital capacity (FVC): 1.76L (55% of pre-
dicted value); forced expiratory volume in 1 s 
(FEV1): 1.47L (55% of predicted value); FEV1/
FVC: 83.5%; maximal mid-expiratory flow 
(MMEF): 1.50L/s (48% of predicted value); 
post-bronchodilator FVC: 2.32L (73% of pre-
dicted value); FEV1: 1.84L (69% of predicted 
value); FEV1/FVC: 79.3%, MMEF: 1.74L/
s (56% of predicted value); and FEV1 change 
ratio: 25%. There was reversibility on the bron-
chodilator. Chest X-ray showed increased in-
terstitial infiltrations in the bilateral lower lung 
fields. Inhaled corticosteroid and a long-acting 
bronchodilator were given due to a suspicion of 
asthma, and an anti-histamine was given due to 
a suspicion of allergic rhinitis.

Fig. 1.  Chest X-ray showing increased interstitial infiltrations in 
bilateral lung fields.

However, she was lost to follow-up for 3 
years and the dyspnea gradually aggravated. So, 
she went to a pulmonologist at a local clinic. 
Chest X-ray showed increased interstitial infil-
trations in bilateral lung fields (Figure 1). Chest 
high-resolution CT (HRCT) was arranged and 
showed diffuse and symmetric ground-glass 
opacities and interstitial infiltrations in bilat-
eral lungs (Figure 2). So, she came back to our 
outpatient clinic in September 2018 for further 
evaluation and treatment. Hemogram showed a 
normal white blood cell count and no left shift. 
Biochemistry profile showed normal renal and 
liver function. Autoimmune surveys, including 
antinuclear antibody, rheumatoid factor, anti-
Smith antibody, anti-histone antibody, anti-ribo-
nucleoprotein antibody, anti-Jo-1 antibody, anti-
SSA, anti-SSB, and anti-Scl-70, were all nega-
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Fig. 3.  Pulmonary function test showed severe restrictive lung disease.

tive. The pulmonary function test showed FVC: 
1.20 L (38% of predicted value), FEV1: 0.86 
L (32% of predicted value), FEV1/FVC: 72%, 
MMEF: 0.55 L/s (18% of predicted value), total 
lung capacity: 2.48 L (51% of predicted value), 
residual volume: 0.92 L (57% of predicted 
value), and carbon monoxide diffusion capacity 
(DLCO) of the lung: 3.8 mL/mmHg/min (18% 
of predicted value) (Figure 3). 

Due to ILD, we arranged bronchoscopy 
for survey. The patient was fiberoptically intu-
bated with a 7.5-mm endotracheal tube under 
midazolam sedation in the bronchoscopy suite. 
A radial probe endobronchial ultrasound was 
used and no peribronchial mass lesion was 
found in the right upper lobe apical and anterior 
segments, right lower lobe superior segment, 
left upper lobe apico-posterior segment, or left 
lower lobe superior segment. Bronchoalveolar 
lavage (BAL) was done through the upper lobe 
apico-posterior segment. TBLB by forceps and 
transbronchial cryobiopsy (TBC) by a 1.9-mm 

cryoprobe were performed at the left lower lobe 
superior segment. Minor bleeding from the bi-
opsy site was noted during the procedure, but 
was controlled by scope tamponade. No pneu-
mothorax developed after the procedure. 

The BAL fluid was whitish-cloudy in ap-
pearance. The microbiologic study showed neg-
ative for bacteria, fungi, Mycobacterium tuber-
culosis, virus, and Pneumocystis jiroveci. Cell 
analysis revealed 155 cells/μl in total cell count, 
with a differential count of 2.7% eosinophils, 
32% neutrophils, 21.8% lymphocytes, and 
43.5% macrophages. The lymphocyte subset 
analysis showed the CD4/CD8 T cell ratio was 
1.1. The BAL fluid cytology was negative for 
malignancy, but multinucleated giant cells were 

Fig. 2.  HRCT showing diffuse and symmetric ground-glass 
opacities and interstitial infiltrations in bilateral lungs.
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specimens (7). The clinical presentation usually 
includes dyspnea, cough, wheezing, hypoxia, 
body weight loss, and clubbing fingers. Either 
restrictive lung disease or obstructive lung dis-
ease is found by pulmonary function tests. The 
DLCO test usually shows a decreased value. 
Ground-glass opacities and irregular linear 
opacities are the most common findings on 
HRCT. Other CT scan findings include consoli-
dations, and centrilobular nodules. In advanced 
disease, there is a presence of parenchymal dis-
tortion, traction bronchiectasis and honeycomb-
ing (8). BAL fluid analysis often shows an in-
creased proportion of lymphocytes, eosinophils, 
and giant cells.

The most common and specific pathology 
pattern is known as GIP. It is characterized as 
multinucleated giant cells in the alveoli with 
interstitial pneumonitis and centrilobular fibro-
sis. In the older literature, GIP is considered 
a chance finding in HMLD. But studies have 
discovered the correlation between GIP and 
HMLD (9). Ohori et al. reviewed the published 
literature and concluded that GIP is indeed 

found. The pathology of the TBLB specimen 
revealed bronchioalveolar tissue with chronic 
inflammatory cells infiltrations and fibrosis. The 
pathology of the TBC specimen revealed cen-
trilobular chronic inflammation and multinucle-
ated giant cells within the airspace, consistent 
with HMLD (Figure 4). 

For HMLD, we prescribed systemic corti-
costeroid with prednisolone 10 mg per day. We 
also advised her to change her working environ-
ment, but she refused. Her symptoms were par-
tially improved and she maintained outpatient 
clinical follow-up.

Case Discussion

HMLD was first reported by Jobs and Ball-
hausen in 1940 in Germany, as a type of pneu-
moconiosis caused by occupational exposure 
to hard metals (6). In 1971, Coates and Watson 
brought out a diagnostic framework for HMLD, 
including occupational exposure, characteristic 
radiographic, clinical, and pathologic findings, 
and the presence of hard metal in lung tissue 

Fig. 4.  Specimen of cryobiopsy showed centrilobular chronic inflammation and multinucleated giant cells (black arrow) within the airspace 
(hematoxylin and eosin stain, 200x).
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highly specific for HMLD (10). In advanced 
disease, a fibrotic lung pattern such as usual in-
terstitial pneumonitis (UIP) is more frequently 
seen. Elemental analysis combined with elec-
tron microscopy and energy-dispersive X-ray 
fluorescence spectrometry are essential for the 
diagnosis when the histological pattern is incon-
sistent with GIP. Proper prevention of exposure 
to dust is the mainstay of treatment for HMLD. 
Withdrawal from exposure to dust can stabilize 
or even improve pulmonary function. Most 
HMLD patients respond well to corticosteroid 
treatment. However, in advanced fibrotic lung 
cases, there seems to be more resistance to cor-
ticosteroid (6). Immunosuppressants are occa-
sionally used in severe cases, but the evidence 
is not well established. In cases with the most 
advanced disease, lung transplantation may be 
the only treatment option (1).

BAL is commonly used in the evaluation of 
ILD. An abnormal proportion of immune cell 
types may help to differentiate different types 
of ILD. A BAL fluid cell differential count with 
greater than 3% neutrophils is called neutro-
philia, and greater than 15% lymphocytes is 
called lymphocytosis (11). Idiopathic pulmo-
nary fibrosis tends to show a neutrophilic pat-
tern instead of a lymphocytic pattern in BAL 
studies (12). The cellular distribution of BAL in 
HMLD has shown diverse patterns of inflam-
mation. For most patients, a normal cellular dis-
tribution, like a high number of macrophages, 
is usually found. For others, there may be an 
increased number of neutrophils, lymphocytes, 
or eosinophils (9). Moriyama et al. reported the 
presence of CD163+ macrophages surrounded 
by CD8+ lymphocytes in the centrilobular fi-
brosis and peribronchioles (13). Other than the 
inflammatory cell distribution, the finding of 
multinucleated giant cells in the BAL is more 

specific and pathognomonic for HMLD (9). 
In our case, there were multinucleated giant 
cells in the BAL, and the cellular distribution 
revealed neutrophilic and lymphocytic cellular 
patterns, which are compatible with the findings 
reported in the above literature.

In the present case, HMLD was diagnosed 
by TBC via bronchoscopy. TBC via bronchos-
copy was initially used to diagnose and manage 
central airway lesions. In recent years, there has 
been an increasing role for TBC in the diag-
nosis of DPLD, even though SLB remains the 
gold standard. Compared to SLB, TBC has the 
advantages of an avoidance of operative and 
anesthesia risks, shorter hospitalization dura-
tion, less mortality, and adequate diagnostic ac-
curacy (14). TBLB by flexible forceps usually 
yields a small sample size with significant crush 
artifacts, which is usually inadequate for DPLD 
diagnosis. In comparison to traditional TBLB, 
TBC has the advantages of a larger sample size 
and more preserved tissue architecture (5). TBC 
has higher rates of bleeding complications than 
forceps TBLB, but they were generally man-
ageable. Higher pneumothorax rate (1.4% to 
33%) is also found, and chest tube drainage is 
usually needed if pneumothorax develops (15). 
HMLD is grouped as DPLD based on its histo-
pathologic entity. To the best of our knowledge, 
there is currently no case report on the diag-
nosis of HMLD through TBC. Our case shows 
that cryobiopsy is a useful tool in the diagnosis 
of HMLD.

In conclusion, we present the first case re-
port using cryobiopsy for diagnosis of HMLD. 
HMLD is rare, but it should be evaluated care-
fully once the exposure history and typical ra-
diographic findings are presented. Performing 
cryobiopsy to obtain a tissue specimen should 
be taken into consideration when HMLD is 
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suspected. Further study is needed to clarify the 
role of cryobiopsy in diagnosing HMLD.
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Multiple Nodular Pulmonary Amyloidosis Mimicking 
Metastatic Lesions: A Case Report

Po-Chun Lo1, Chi-Lu Chiang1

Amyloidosis is a group of diseases caused by extracellular tissue deposition of insoluble 
fibrils. Pulmonary amyloidosis may present as a nodular form, a diffuse interstitial disease or 
as localized to the transbronchial tree. Nodular pulmonary amyloidosis that is not associated 
with primary systemic amyloidosis is rare. We reported a 48-year-old female who was initially 
suspected of having metastatic lung cancer with bilateral multiple pulmonary nodules on chest 
computed tomography (CT). CT-guided needle biopsy of the pulmonary nodules revealed 
nodular pulmonary amyloidosis. (Thorac Med 2022; 37: 120-125) 
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Introduction

Amyloidosis is a group of diseases caused 
by extracellular tissue deposition of insoluble 
fibrils [1]. It could be localized or systemic 
in nature, resulting in a wide range of clinical 
manifestations. Pulmonary amyloidosis is more 
often a localized process and may present as 
a nodular form, a diffuse interstitial disease, 
or as localized to the transbronchial tree [2]. 
Although the presence of amyloidosis may be 
suggested by the history and clinical manifes-
tations, definitive diagnosis of amyloidosis is 
made by tissue biopsy. Patients should undergo 
complete assessment and amyloid typing to 
determine their optimal treatment. Nodular 

pulmonary amyloidosis that is not associated 
with primary systemic amyloidosis is rare [3]. 
Here, we describe a case of nodular pulmonary 
amyloidosis without systemic involvement that 
resembled metastatic lung cancer. 

Case Report

A 48-year-old female presented to our 
chest clinic with a complaint of dry cough for 2 
months. There were no other respiratory symp-
toms. There was no history of fever, dry eye, 
night sweats, anorexia or unintentional weight 
loss. She denied a history of smoking, chronic 
lung disease, malignancy, or connective tissue 
disorders. She was not taking any regular medi-
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cations. Recent travel or exposure to individuals 
with infectious diseases was denied. There was 
no apparent history of alcohol consumption, or 
usage of illicit drugs, herbs, or immunosuppres-
sants. Physical examination was unremarkable. 
There was no palpable lymphadenopathy, pur-
pura, clubbing finger, or other signs of connec-
tive tissue disease. Blood test showed a normal 
peripheral blood count. Baseline serum chem-
istry screening tests and urinalysis were also 
within normal values. Chest radiograph showed 
bilaterally distributed multiple pulmonary nod-
ules of varying sizes (Figure 1). A computed 
tomography (CT) scan of the chest was per-
formed, and revealed multiple nodules diffused 
in bilateral lungs and varying in shape and size. 
The distribution of amyloid nodules was in the 
lower lobe with a subpleural predominance. 
(Figure 2). There was no evidence of interstitial 

Fig. 1.  Chest radiograph showing bilaterally distributed multiple 
pulmonary nodules of varying size.

Fig. 2.  (A1) (A2) Pulmonary window and (B) mediastinal window computed 
tomography (CT) images showing multiple nodules in bilateral lung 
parenchyma. The nodules were diffused in the lungs and varied in shape and 
size.
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Fig. 3.  Histology of nodular pulmonary amyloidosis (A) showing amorphous acidophilic homogeneous material; (B) (arrowhead) showing a 
positive result of Congo red staining.

lung disease, cystic lung disease, or mediastinal 
lymphadenopathy. The differential diagnosis of 
the patient included primary or metastatic ma-
lignant nodules, granulomatous disease, and be-
nign pulmonary hamartomas. Sputum cytology 
revealed negative malignant cells. Neither acid-
fast bacilli staining, nor mycobacterial culture 
were positive. We carried out shared decision-
making with the patient for pulmonary nodule 
management. CT-guided biopsy was suggested 
because of the small nodules and subpleural 
distribution. Biopsy of the lung nodules re-
vealed a deposition of fragments of amorphous 
pink materials, which showed an apple-green 
birefringence in polarized light after Congo red 
staining (Figure 3). The immunostains for kap-
pa and lambda were non-contributory. The di-
agnosis of nodular pulmonary amyloidosis then 
was established. To exclude other underling 
disease, NT-proBNP, echocardiogram, serum-
free kappa, serum-free lambda, electrophoresis 
of serum and urine, immunoelectrophoresis 
of serum, cryptococcal antigen, anti-nuclear 
antibody (ANA) titer, and extractable nuclear 
antigen (ENA) were evaluated and all showed 

normal findings. Her symptoms resolved after 
the use of antitussive agents. The prognosis 
of pulmonary nodular amyloidosis was excel-
lent, so we decided that further treatment was 
not required, and the patient could be regularly 
followed up in our clinic. Follow-up chest CT 
revealed there was no interval change compared 
with the image 6 months previous (Figure 4). 
She is still under active follow-up in our chest 
clinic.

Discussion

Pulmonary amyloidosis is a disorder that 
is more often localized than systemically in-
volved. Pulmonary amyloidosis can be divided 
in 3 different forms: nodular pulmonary amy-
loidosis, diffuse alveolar-septal amyloidosis, 
and tracheobronchial amyloidosis. Chronic lung 
disease (such as bronchiectasis) can lead to 
systemic AA (apolipoprotein serum amyloid A) 
amyloidosis [2]. Nodular pulmonary amyloido-
sis is most often localized and is an incidental 
finding on chest radiography. It is defined as 
solitary or multiple nodular amyloid deposits, 
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60% of patients exhibit a solitary nodular de-
posit [10]. Multiple pulmonary nodular deposits 
in varying sizes are common and may present 
smooth, lobulated, or spiculated margins and 
occasional central or punctate calcification [11-
13]. Cavitated lesions are rare. Larger masses 
measuring up to 15 cm at their greatest dimen-
sions have been reported [8]. Amyloid nodules 
usually tend to be localized to the lower lobes 
and towards the peripheral and subpleural ar-
eas. A nodular lesion associated with a thin-
wall cyst may be most common in patients with 
Sjogren’s syndrome [11, 14-15]. The imaging 
features of our case included multiple nodules 
with smooth margins distributed peripherally 
in different sizes. It is difficult to reliably dif-
ferentiate nodular amyloidosis from metastasis 
since they have a similar appearance, as demon-
strated in our case. Amyloid lung deposits can 
also have positron emission tomography (PET) 

and is usually associated with immunoglobulin 
light chains (AL type) or AL/AH (mixed immu-
noglobulin light chain/heavy chain) amyloidosis 
[4-5]. In some reports, localized AL amyloido-
sis could be found not only in the lung but also 
in the urinary tract, larynx, skin, and eyelids [6-
7]. 

A single center case series of pulmonary 
amyloidosis found that the mean age of patients 
is 67 years, and the male:female ratio is 3:2 [9]. 
Clinical manifestations were determined by the 
type of precursor protein, the tissue distribu-
tion, and the amount of amyloid deposition. 
Almost all patients with tracheobronchial and 
diffuse interstitial amyloidosis had respiratory 
symptoms. Dyspnea was the symptom most of-
ten presented. Patients with nodular pulmonary 
amyloidosis are usually asymptomatic. Some 
may rarely present with shortness of breath, he-
moptysis, or cough, as in our case [7-8]. About 

Fig. 4.  (A1) (A2) Pulmonary window and (B) mediastinal window 
computed tomography (CT) images showing multiple nodules in bilateral 
lung parenchyma. There was no interval change compared with the image 
6 months previous.
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uptake. Increased uptake of 18F-FDG, particu-
larly with a SUVmax greater than 3, increases 
suspicion about an associated lymphoma or 
plasmacytoma [16]. 

Due to the varying imaging appearances, 
diagnosis cannot be made by image evaluation 
alone. Diagnosis may be suggested if complete 
clinical information is available, but biopsy is 
often required for a definite diagnosis. Amyloid 
deposits appear as amorphous hyaline material 
on light microscopy. The fibrils bind Congo red, 
leading to green birefringence under polarized 
light and thioflavin T, producing an intense yel-
low-green fluorescence [17-18]. An association 
between nodular pulmonary amyloidosis and 
cancer has been reported recently. A previous 
report described extranodal marginal zone lym-
phoma of mucosa-associated lymphoid tissue 
(MALT lymphoma) with localized amyloid de-
position in the lung tissue [4]. Sjogren’s disease 
was also found to be associated with nodular 
pulmonary amyloidosis [19]. 

In general, the natural history of nodular 
pulmonary amyloidosis is benign. Lesions may 
slowly grow in size and numbers, but the long-
term prognosis is excellent. The outcome of 606 
cases of localized amyloidosis was reported in 
a recent series [7]. The estimated 5-year overall 
survival was 90.6% (95% CI 87.7–92.9), and 
10-year overall survival was 80.3% (75.1–84.1). 
Nodular pulmonary amyloidosis was identified 
in 47 patients. Median (range) age was 65.5 
(36–80) years and 13 cases were male. Surgi-
cal intervention was required for 4 patients and 
only 2 received chemotherapy due to symptom-
atic pulmonary amyloid deposits. The dearth of 
controlled clinical studies shows that manage-
ment decisions must be made on an individual 
empirical basis. Complete evaluation of pul-
monary amyloidosis is required to determine 

the treatment. Nodular pulmonary amyloidosis 
rarely requires intervention, based on the litera-
ture.

The differential diagnosis of nodular amy-
loidosis includes both malignant and benign 
granulomatous disease. For this patient, meta-
static tumor was considered before biopsy. 
Thorough assessment was done to exclude 
systemic amyloidosis, lymphoproliferative dis-
orders, or autoimmune disease. The outcome of 
nodular pulmonary amyloidosis was excellent 
in our patient and the symptoms resolved. She 
did not receive aggressive treatment, but choose 
to be closely followed up in our clinic. 

In conclusion, we presented a rare case of 
nodular pulmonary amyloidosis without sys-
temic involvement, in which the radiographic 
features mimicked metastatic tumor. An ad-
equate classification of pulmonary amyloidosis 
helps in assessing its natural course and progno-
sis, and differentiating patients with or without 
systemic involvement is necessary. Systemic 
involvement indicates a poor prognosis and re-
quires more aggressive management. A compre-
hensive examination is necessary to determine 
optimal treatment and prognosis.
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Chronic Eosinophilic Pneumonia Associated with Heat-
Not-Burn Tobacco Cigarette Use

Tung-Chi Yeh1, Chun-Chieh Wu2,3, Chia-Min Chen1, Ming-Ju Tsai1,4, Jen-Yu Hung1,4

Heat-not-burn (HNB) tobacco cigarettes are devices that heat tobacco below the 
temperature at which traditional tobacco burns, producing fewer toxic chemical compounds. 
However, the potential health risk of HNB tobacco cigarette use remains unclear. We reported 
the case of a 25-year-old healthy male who suffered from afebrile cough with whitish sputum 
for 4 months after switching from conventional cigarettes to smuggled HNB tobacco cigarettes 
for 1 year. Chest computed tomography showed bilateral consolidation patches and ground-
glass patches. Peripheral and bronchoalveolar lavage fluid eosinophilia were noted. After 
steroid treatment for chronic eosinophilic pneumonia (CEP), his symptoms improved rapidly. 
CEP is a rare disease. Diagnosis of CEP is made by exclusion of other possible causes of 
eosinophilic pneumonia. E-cigarettes, or vaping product use-associated lung injury has been 
widely reported recently, so smokers may choose HNB instead. Thus, we elucidate the risk to 
health of HNB cigarette use. (Thorac Med 2022; 37: 126-131) 

Key words: heat-not-burn tobacco, chronic eosinophilic pneumonia

1Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Kaohsiung Medical University 
Hospital, Kaohsiung, Taiwan, 2Department of Pathology, School of Medicine, College of Medicine, Kaohsiung 
Medical University, Kaohsiung, Taiwan, 3Department of Pathology, Kaohsiung Medical University Hospital, 
Kaohsiung, Taiwan, 4Department of Internal Medicine, School of Medicine, College of Medicine, Kaohsiung Medical 
University, Kaohsiung, Taiwan.
Address reprint requests to: Dr. Jen-Yu Hung, Division of Pulmonary and Critical Care Medicine, Department of 
Internal Medicine, Kaohsiung Medical University Hospital, Kaohsiung Medical University No.100, Tzyou 1st Road, 
Kaohsiung 807, Taiwan

Introduction

Heat-not-burn (HNB) tobacco cigarettes are 
devices that heat tobacco to a temperature of 
250-350℃, below the temperature at which nor-
mal tobacco burns (about 600℃) [1]. HNB to-
bacco cigarettes are different from e-cigarettes, 
another form of battery-operated device, which 
heats liquid or wax to produce vapor. By heat-

ing tobacco only, aerosol and vapor containing 
lower levels of nicotine and fewer toxic chemi-
cal compounds than conventional cigarettes 
will be generated. The chemical compounds 
include volatile organic compounds, polycyclic 
aromatic hydrocarbons, and carbon monoxide 
[2-3]. IQOS (an acronym for “I Quit Ordinary 
Smoking”) is 1 of the HNB tobacco cigarettes 
designed by Philip Morris International, and 



127Chronic Eosinophilic Pneumonia Caused by Heat-Not-Burn Tobacco Cigarette Use

Thorac Med 2022. Vol. 37 No. 2

includes a battery charger, a holder and tobacco 
sticks, plugs or capsules. Tobacco sticks are 
heated with an electronically controlled heating 
element by insertion into the holder. This device 
has been on the market in Japan since 2014 and 
in the United States since 2019 [4]. However, 
the potential risk of using HNB tobacco ciga-
rettes remains unclear. 

Case Report

This 25-year-old male had no underlying 
disease. He had smoked 0.2 pack-per-day for 6 
years. He switched from conventional cigarettes 
to smuggled HNB tobacco cigarettes (brand 
name: IQOS) 1 year previous to this presenta-
tion. He suffered from afebrile cough with whit-
ish sputum for 4 months. Progressive dyspnea 
on exertion and recent body weight loss were 
noted 1 month before admission. He denied 
any recent contact with sick persons or a travel 
history. Family history was also unremarkable. 
Lung auscultation revealed mild wheezing in 
the left lower lobe. Examination of other sys-
tems was unremarkable. Chest posteroanterior 
radiograph showed infiltrations and opacities 

in bilateral lung fields (Figure 1A). Pulmonary 
tuberculosis (TB) was first suspected. Complete 
blood count showed no leukocytosis (10690/
μL) with 36% neutrophils, 21% lymphocytes, 
and 34% eosinophils. C-reactive protein (52.42 
mg/L) and erythrocyte sedimentation rate (43 
mm/h) were both elevated. Sputum acid-fast 
stain study yielded negative results. Chest high-
resolution computed tomography (CT) showed 
consolidation patches and ground-glass patches 
at bilateral lung fields (Figure 1B). Lung func-
tion test showed a reduced forced vital capacity 
(FVC) (51%) and forced expiratory volume in 
1 second (FEV1) (52%), but normal FEV1/FVC 
(86.6%), and an increased diffusing capac-
ity of the lungs for carbon monoxide (DLCO) 
(128%). We performed a bronchoscopic ex-
amination, but there was only scanty sputum 
in the airways, and no endobronchial lesion 
was found. The cells recovered from the bron-
choalveolar lavage (BAL) fluid (BALF) were 
765/μL, which included 68% eosinophils, 12% 
lymphocytes, 18% macrophages, and 2% neu-
trophils (Figure 2). Microorganisms, including 
bacteria, fungi and TB, were not identified in 
the BALF study. The histopathologic assess-

Fig. 1.  (A) Chest posteroanterior radiograph showing infiltration and opacity in bilateral lungs; (B) High-resolution computed tomography axial 
and reformatted coronal view revealed consolidation patches and ground-glass opacities in both lungs; (C) Chest posteroanterior radiograph after 
16 days of systemic steroid treatment.
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Fig. 2.  Papanicolaou stain of bronchoalveolar lavage fluid showed numerous eosinophils (some labeled with red arrows).

ment performed using transbronchial forceps 
biopsies showed numerous eosinophils aggre-
gations within alveolar spaces with some lipid-
laden macrophages and fibrinopurulent materi-
als (Figure 3). Under the impression of chronic 
eosinophilic pneumonia (CEP), we prescribed 
prednisolone 30 mg daily for 17 days. The pa-

tient responded well, with complete resolution 
of symptoms. Chest radiograph findings at the 
outpatient department (OPD) on day 17 of ste-
roid therapy showed a clearing of the bilateral 
lung infiltration and opacities (Figure 1C). We 
then gradually tapered the prednisolone dosage. 
The total duration of steroid use was about 3 

Fig. 3.  Histologic sections of transbronchial biopsy showed (A) numerous eosinophil aggregations (red dashed circles) within alveolar spaces with 
focal thickening of the alveolar septi. (B) Lipid-laden macrophages (black arrow) and fibrinopurulent materials were also noted.



129Chronic Eosinophilic Pneumonia Caused by Heat-Not-Burn Tobacco Cigarette Use

Thorac Med 2022. Vol. 37 No. 2

CEP associated with HNB tobacco cigarettes 
use. There were just 2 case reports of HNB 
tobacco cigarettes-induced AEP in the litera-
ture [10-11]. Kamada T, et al. reported the 
case of a 20-year-old man who had smoked 
HNB cigarettes for 6 months. After he double-
dosed for another 2 weeks, he suffered from 
fever and dyspnea. Chest CT revealed bilateral 
infiltrations, smooth interlobular septal thicken-
ing, and bilateral pleural effusion. The patient 
required oxygen therapy without mechanical 
ventilation. BALF showed an increased eosino-
phil count [10]. Aokage T, et al. reported the 
case of a 16-year-old male who suffered from 
severe cough, fatigue, and dyspnea after smok-
ing HNB tobacco cigarettes for only 2 weeks. 
Chest CT showed GGO spreading over bilateral 
lung fields. BALF showed slightly elevated eo-
sinophil counts. His lung function deteriorated 
rapidly, and both mechanical ventilation and 
extracorporeal membrane oxygenation were 
used [11]. There was no peripheral eosinophil-
ia, a characteristic of AEP [7], in either case. 
Both cases had rapid improvement after steroid 
therapy. As for our case, the sputum study and 
BALF, including cultures for bacteria, fungi, 
and mycobacteria, were all negative, and the 
patient had no asthma history or other medica-
tion exposure. An elevated eosinophil percent-
age in the BALF (>25%) is a characteristic of 
both AEP and CEP. But peripheral eosinophilia, 
a characteristic of CEP, was present in our 
case. CEP usually has more slowly progressive 
symptoms. Both AEP and CEP respond well to 
steroid therapy.

E-cigarette use attracts young people, and 
the prevalence of e-cigarette use among this 
population is increasing rapidly [12]. E-ciga-
rettes are another form of battery-operated de-
vice that heats liquid or wax to produce vapor, 

months. No recurrence of symptoms was noted. 
The patient had already quit smoking.

Discussion

Due to the absence of combustion, fire, 
ash, or smoke, the population of HNB tobacco 
cigarette users is increasing worldwide, espe-
cially among young people [5]. HNB tobacco 
cigarettes are reported to produce a lesser 
amount of tar, nicotine, and other toxic chemi-
cal compounds than conventional cigarettes [2, 
6]. However, there is no evidence that people 
using HNB tobacco cigarettes will have a lower 
health risk.

CEP is a rare disease that is characterized 
by clinical symptoms persisting for weeks to 
months, abnormal chest radiographic findings, 
and pulmonary eosinophilia. Diagnosis of CEP 
is made by exclusion of other causes of eosino-
philic pneumonia, like drug-induced eosinophil-
ic pneumonia, parasites, allergic bronchopulmo-
nary aspergillosis and eosinophilic granuloma-
tosis with polyangiitis [7]. CEP is unlike acute 
eosinophilic pneumonia (AEP), which usually 
occurs within 1 month of symptoms onset and 
may present with acute hypoxemic respiratory 
failure. Instead, CEP has a gradual onset, and 
usually requires about 5 months until the diag-
nosis is confirmed. Clinical symptoms of CEP 
include cough, sputum, mild fever, dyspnea, 
and body weight loss. Acute respiratory failure 
is rare [8]. CEP is female-predominant and is 
usually correlated with asthma, allergic rhinitis 
and atopic dermatitis [9]. Chest computed to-
mography (CT) of CEP may reveal subpleural 
ground-glass opacities (GGO). Mediastinal 
lymphadenopathy may also be present. Pleural 
effusion is rare [7]. 

To our knowledge, this is the first case of 
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which may contain various substances, such as 
nicotine, cannabinoids, tetrahydrocannabinol, 
cannabidiol, or flavorings [13]. However, e-
cigarettes, or vaping product use-associated 
lung injury (EVALI) has been widely reported. 
EVALI is a variety of acute or subacute pulmo-
nary illness and may be life-threatening. The 
pathogenesis of EVALI remains unknown. The 
radiological features of EVALI vary, and may 
present as bilateral consolidation and ground-
glass patches with subpleural sparing on chest 
CT. It has been reported that the radiological 
patterns of vaping-associated lung injury can 
mimic hypersensitivity pneumonitis, AEP, dif-
fuse alveolar damage, lipoid pneumonia, or or-
ganizing pneumonia [14-15]. Hypersensitivity 
pneumonitis occurs when there is an exposure 
to the allergen in the environment. Chest CT 
may present bilateral basilar-predominant cen-
trilobular ground-glass nodules. AEP is linked 
to toxin inhalation, and CT may present diffuse 
GGO and consolidation with interlobular septal 
thickening. Unlike CEP, pleural effusion may 
also be present. Diffuse alveolar damage is the 
histopathological presentation of the acute lung 
injury. CT may reveal diffuse consolidation and 
GGO in the dependent lung. Lipoid pneumonia 
is related to lipid materials inhalation or aspi-
ration. In these cases, CT may reveal bilateral 
basilar GGO and consolidation. Focal fat atten-
uation within consolidation (<–30 Hounsfield 
unit (HU)) characterizes lipoid pneumonia, but 
is not seen in EVALI cases. Organizing pneu-
monia is associated with chronic inflammation 
and is characterized by fibroblast proliferation 
and intraluminal granulation tissue polyps in-
volvement in alveolar ducts and surrounding 
alveoli. CT may present perilobular consolida-
tion patches and GGO in bilateral lungs, and a 
“reversed halo” sign [15]. The BAL cell counts 

tend to show an increase in neutrophils (65%, 
with a range of 10% to 91%). Eosinophils are 
minimal (0%, with range of 0% to 6%) [16]. 
This differs from eosinophilic pneumonia, 
which is characterized by eosinophils >25% in 
the BAL fluid. Histopathology findings are non-
specific and usually reveal acute lung injury, 
including acute fibrinous pneumonitis, diffuse 
alveolar damage, or organizing pneumonia [17].

Since EVALI has been widely reported 
recently, the general public may choose HNB 
cigarette use as a safer alternative. Therefore, 
elucidating the risk to health with HNB tobacco 
cigarette use is important and urgent. To our 
knowledge, this is the first case of CEP induced 
by HNB tobacco cigarette use. Due to the diver-
sity of HNB devices, products and user habits, 
determining the specific chemical compound 
causing lung injury requires further investiga-
tion. HNB tobacco cigarettes are not legally 
approved in Taiwan. However, HNB tobacco 
cigarettes are already marketed or are going to 
be marketed in more than 40 countries world-
wide. HNB cigarette use could cause a public 
health burden, and its adverse effects need more 
detailed confirmation.
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Influenza Pneumonia Associated with Invasive 
Pulmonary Aspergillosis Requiring Venovenous 
Extracorporeal Membrane Oxygenation Support: 

A Case Report and Literature Review

Tzu-Hsuan Chiu1, Chiung-Hung Lin1, Jia-Shiuan Ju1, Han-Chung Hu1

Invasive pulmonary aspergillosis (IPA) is an often underdiagnosed, lethal coinfection in 
critically ill patients who have influenza pneumonia. Here, we reported the case of a 49-year-
old man without classic immunocompromised host factors for IPA. The patient was diagnosed 
with influenza and IPA coinfection complicated by acute respiratory distress syndrome. He 
recovered successfully after antifungal agent treatment and venovenous extracorporeal 
membrane oxygenation (ECMO) support. With regard to the effect of ECMO on the 
pharmacokinetics of voriconazole, therapeutic drug monitoring was performed to ensure an 
optimal antifungal agent dose. This case report highlights the importance of early diagnosis 
and treatment of IPA, and the role of therapeutic drug monitoring in patients receiving ECMO. 
(Thorac Med 2022; 37: 132-139) 
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Introduction

Invasive pulmonary aspergillosis (IPA) is 
seen mostly in immunodeficient patients asso-
ciated with high morbidity and mortality rates 
[1]. In the past 20 years, several studies have 
pointed out that IPA also affects critically ill pa-
tients in the intensive care unit (ICU) who lack 
a classical host factor for IPA [2-3]. Moreover, 
influenza infection has been identified as an in-
dependent risk factor for developing IPA [4]. 

Venovenous extracorporeal membrane oxy-

genation (vv-ECMO) is an effective treatment 
to support patients with acute respiratory dis-
tress syndrome (ARDS) unresponsive to opti-
mal medical therapy and mechanical ventilation 
management [5]. Since there is considerable 
change in the pharmacokinetics of voriconazole 
during ECMO, therapeutic dose monitoring is 
indicated to reduce unanticipated changes in 
drug concentrations [6]. 

Here, we describe a case of coinfection 
with influenza and aspergillus complicated with 
ARDS that required vv-ECMO support. 
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Case Presentation

A 49-year-old man with type 2 diabetes 
mellitus and hypertension was sent to our emer-
gency department with a 5-day history of dry 
cough and shortness of breath. In triage, his 
vital signs were blood pressure: 136/82 mmHg, 
HR: 102 bpm, RR: 33/min, BT: 37.2°C, and 
SpO2: 92%. On physical examination, he ap-
peared acutely ill with severe shortness of 
breath and accessory muscle usage. Bilateral 
crackles were noted on auscultation. The pa-
tient remained desaturated while using a non-
rebreathing mask with 15 L/min. 

Laboratory tests revealed slightly elevated 
aspartate transaminase (AST) (66 IU) and C-
reactive protein (CRP) levels (221.5 mg/dL). 
Initial chest X-ray showed bilateral lung diffuse 
interstitial infiltration (Figure 1). Intubation was 
performed immediately, and empiric antibiotics 
including intravenous piperacillin/tazobactam, 
teicoplanin and oral oseltamivir were adminis-
tered in their usual doses. He was admitted to 
the ICU subsequently.

Echocardiogram showed adequate left 
ventricular function with a left ventricular 
ejection fraction of 68% without regional wall 
abnormality. After intubation, arterial blood 
gas (ABG) analysis showed both hypercapnia 
and hypoxemia (pH: 7.285, PaCO2: 64 mmHg, 
PaO2: 74 mmHg, FiO2 0.8). The PaO2/FiO2ra-
tio (PFR) was 92.5 mmHg with a positive end 
expiratory pressure (PEEP) of 16 cm H2O. The 
sputum Gram stain, influenza rapid test and 
influenza polymerase chain reaction (PCR) test 
were all negative, but the sputum culture yield-
ed mold on the 4th day of admission (day 4). 
Meanwhile, the serum Aspergillus Galactoman-
nan antigen (GM Ag) was 6.54. The tentative 
diagnosis was atypical pneumonia with severe 

Fig. 1.  Chest radiography on day 1 after admission.

ARDS. Voriconazole (4.4 mg/kg q12h IV) and 
peramivir were then given.

Chest CT scan showed bilateral opacity 
with an antero-posterior density gradient (dense 
consolidation in the dependent region and 
ground-glass attenuation in the non-dependent 
region) (Figure 2A-D). Microbial investigation 
via bronchoalveolar lavage revealed the pres-
ence of Aspergillus flavus, an Aspergillus GM 
Ag of 5.63 and positive SWH1N1 PCR. A diag-
nosis of coinfection with influenza and aspergil-
lus was confirmed.

On day 7, deteriorating hypoxia was noted, 
with ABG analysis showing pH 7.44, pCO2 
63.9 mmHg and pO2 56 mmHg on ventilator 
support using FiO2 100%, PEEP 16, and Vt 480 
ml/min. He had a PFR of 56, oxygenation index 
of 25, and RESP score of 4 (estimated survival 
rate: 76%). VV-ECMO (2000 rpm; blood flow, 
3.8 L/min; sweep gas flow, 4 L/min: Circuit 
FiO2, 1) was established accordingly. Protective 
mechanical ventilator settings were used.

Therapeutic dose monitoring of serum 
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Fig. 2.  A-D: Chest CT showing bilateral opacity with an antero-posterior density gradient.

Fig. 3.  Therapeutic drug monitoring of voriconazole.
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voriconazole was performed on day 13, and the 
result was higher than the target dose (serum 
dose: 7.3 ug/mL; target dose: 1-5.5 ug/mL). Af-
ter tapering voriconazole to 2.2 mg/kg q12h on 
day 19, the serum dose on day 24 was within a 
therapeutic range (1.8 ug/mL) (Figure 3). Serial 
follow-up chest radiography from day 6 to day 
22 showed improvement in Aspergillus flavus, 
aspergillus GM Ag 5.63  the bilateral infiltration 
(Figure 4 A-F). We started to wean ECMO on 
day 21, since the patient was hemodynamically 
stable with improvement of lung function. After 
stepwise reduction of the ECMO blood flow to 
1.5 L/min, we tapered the ECMO gas flow and 
increased ventilator support at the same time. 
VV-ECMO was shut down on day 22. The pa-

tient was weaned from the ventilator success-
fully on day 29, and then discharged from the 
ICU on day 31. Follow-up chest radiography 
on day 40 and day 70 (after discharge) showed 
complete resolution of the bilateral infiltration 
(Figure 5 A-B).

Discussion

According to the criteria of the European 
Organization for the Research and Treatment of 
Cancer/Mycoses Study Group (EORTC/MSG) 
in 2008, a diagnosis of “proven” IPA requires 
histopathologic confirmation [7]. In addition, 
“probable” or “possible” IPA is diagnosed for 
those who have classic immunocompromised 

Fig. 4.  A-F: Serial chest radiography from day 6 to day 22.
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host factors. Considering that histopathology is 
often unfeasible in clinical practice, EORTC/
MSG criteria might result in underdiagnosis of 
IPA. Blot SI et al establish an alternative clini-
cal diagnostic algorithm via a cohort study, 
which discriminates aspergillus colonization 
from IPA in ICU patients with aspergillus-
positive endotracheal aspiration culture (Table 
1). The algorithm revealed a specificity of 61%, 
sensitivity of 92%, PPV of 61%, and a NPV of 
92% [8]. In this case, the patient had no classic 
immunocompromised host factors nor typical 
signs of IPA on CT. He would be excluded us-
ing EORTC/MSG criteria, but was classified as 
“putative IPA” based on an alternative clinical 
algorithm. H1N1 infection was later proven by 
positive influenza PCR in a bronchoalveolar 
lavage specimen, and he was promptly treated 
with voriconazole and neuraminidase inhibi-
tors. In 2018, Schauwvlieghe A et al. reported 
a retrospective multicenter cohort study that 

found the incidence of severe influenza-related 
IPA was 19%, and that severe influenza was an 
independent risk factor for IPA with a 90-day-
mortality rate of 51% [9]. Rodriguez-Goncer I 
et al. found that patients with IPA receiving vv-
ECMO had a higher 6-month mortality rate than 
those who used vv-ECMO with other diagnoses 
(80% vs 11%) [10]. Our patient successfully 
recovered from ARDS without obvious compli-
cations, probably due to the early diagnosis and 
intervention. A clinical algorithm is useful and 
more practical than the EORTC/MSG algorithm 
for critically ill patients in the ICU.

According to the 2016 Infectious Diseases 
Society of America (IDSA) guidelines for the 
diagnosis and management of aspergillosis, 
voriconazole was recommended for primary 
treatment of IPA with a minimum duration of 
6-12 weeks. Alternative therapies include lipo-
somal amphotericin B (AmB), isavuconazole, 
or other lipid formulations of AmB. A primary 

Fig. 5.  A-B: Follow-up chest radiography on day 40 and day 70.
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combination therapy (a combination of poly-
enes or azoles with echinocandins) is not rou-
tinely recommended, while it may be consid-
ered as a salvage therapy for refractory IPA [11].

Voriconazole exhibits highly variable inter-
individual pharmacokinetics, especially for 
those who are critically ill. The pharmacokinet-
ics of voriconazole is affected by body weight, 
gastrointestinal absorptive function, drug-drug 
interaction and the cytochrome P450 2C19 
(CUP2C19) polymorphism [12]. All patients 
in the ICU receiving voriconazole therapy are 

indicated for TDM, and the target steady-state 
trough blood concentration is 1-5.5 mg/L [13]. 
Winiszewski H et al. reported an IPA patient 
with episodic decreased voriconazole concen-
trations each time the ECMO membrane was 
changed, possibly resulting from drug seques-
tration on the ECMO membrane [14]. Thus, 
therapeutic drug monitoring TDM is highly 
recommended for patients receiving ECMO. 
In our case, the patient’s serum voriconazole 
concentration was supratherapeutic and toxic 
(7.3 ug/mL), even though we administered a 

Table 1.  Comparison of Differences Between Pulmonary Parenchymal Calcification and Ossification

1. Aspergillus (+) lower respiratory tract specimen culture (entry criterion)

2. Compatible signs and symptoms (1 of the following)
◆	 Fever refractory to at least 3 days of appropriate antibiotic therapy
◆	 Recrudescent fever after a period of defervescence of at least 48 h while still on antibiotics and without 

other apparent cause
◆	 Pleuritic chest pain
◆	 Pleuritic rub
◆	 Dyspnea
◆	 Hemoptysis
◆	 Worsening respiratory insufficiency in spite of appropriate antibiotic therapy and ventilatory support

3. Abnormal medical imaging by portable chest X-ray or CT scan of the lungs

4. Either

4a. Host risk factors (1 of the following conditions)

◆	 Neutropenia (absolute neutrophil count less than 500/mm3) preceding or at the time of ICU admission

◆	 Underlying hematological or oncological malignancy treated with cytotoxic agents
◆	 Glucocorticoid treatment (prednisone or equivalent, >20 mg/day)
◆	 Congenital or acquired immunodeficiency

OR

4b. Semiquantitative Aspergillus-positive
◆	 Culture of BAL fluid (+ or ++) without bacterial growth together with a positive cytological smear showing 

branching hyphae
Probable IPA: 1 + 2 + 3 + either 4a or 4b

Aspergillus colonization: when ≥1 criterion is not met
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standard adult dose (4 mg/kg Q12H IV, using 
actual body weight). Five days after decreas-
ing the voriconazole dose by 50%, the serum 
concentration was within therapeutic range (1.8 
ug/mL). The patient did not receive any medi-
cation that would induce drug-drug interaction 
with voriconazole. The high voriconazole con-
centration might have resulted from his obesity. 
The patient was 81.1 kg in weight and 175 cm 
in height. His body mass index (BMI) was 26.5, 
and his ideal body weight (IBW) and adjusted 
body weight (AJBW) were 70.47 kg and 74.7 
kg, respectively. Though the evidence was lim-
ited, several retrospective studies found that us-
ing actual body weight to dose voriconazole in 
obese patients resulted in overdose, and IBW or 
AJBW is suggested for dosing adjustment [15-
16]. 

To reduce the risk of IPA, antifungal pro-
phylaxis with posaconazole or voriconazole is 
recommended for those who are at high risk 
of IPA (including patients who are expected to 
experience prolonged severe neutropenia for 
>7 days, those who are allogeneic hematopoi-
etic stem cell transplant recipients with Graft-
Versus-Host Disease, and those who received a 
lung transplant within the previous 3 months) 
[11]. Since our patient had none of the tradition-
al risk factors, antifungal prophylaxis played no 
role in his condition.

In our case, we noted that IPA is a lethal 
infection in ICU patients even without classic 
immunocompromise host factors. Early clinical 
suspicion and prompt initiation of anti-fungal 
therapy for these patients is crucial and may 
result in a better outcome. We also highlight the 
role of voriconazole dose adjustment via body 
weight and TDM for obese patients receiving 
vv-ECMO.
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Pulmonary Arteriovenous Malformation in a Woman with 
Chronic Obstructive Pulmonary Disease and Recurrent 

Stroke: A Case Report

Ting-Chia Chang1, Shian-Chin Ko2

Pulmonary arteriovenous malformation (PAVM) is a rare cardiovascular anomaly that 
can cause serious complications, such as stroke and cerebral abscess. We present the case 
of a 55-year-old woman with old stroke, who presented with dyspnea and severe hypoxia 
refractory to high-concentration oxygen therapy. A large mass-like opacity in the right lower 
lung field was noted on the chest radiograph. Diagnosis of PAVM was considered based on 
the clinical and radiological findings. Spiral computed tomography pulmonary angiogram 
showed 2 arteriovenous malformations with right-to-left shunts, a large one in the right lower 
lobe and a smaller one in the left lingula. After successful embolization, her hypoxemia was 
corrected and there were no embolic stroke episodes thereafter. (Thorac Med 2022; 37: 140-
146) 
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Introduction

Pulmonary arteriovenous malformation 
(PAVM) is a rare clinical condition involving 
abnormal communication between pulmonary 
arteries and pulmonary veins without interposi-
tion of a capillary bed. The first reported PAVM 
in a living patient was in 1939. Asymptomatic 
hypoxemia is a common clinical presentation, 
with resting oxygen saturation of 80% to 96% 
[1]. A retrospective series found that only half 

of patients with PAVMs presented because of 
dyspnea [2]. Dyspnea was more likely to be 
reported if the patient had coexisting cardio-
pulmonary disease, such as airflow obstruction 
and/or elevated pulmonary artery pressure [3]. 
Higher-grade contrast echocardiography shunts 
have been linked to an increased rate of cere-
bral complications [4]. Therefore, PAVMs are 
an important consideration in the differential 
diagnosis of recurrent stroke refractory to medi-
cal therapy. In this report, we describe a case of 



141PAVM in A Woman with COPD and Recurrent Stroke

Thorac Med 2022. Vol. 37 No. 2

PAVM diagnosed in a 55-year-old woman with 
chronic obstructive pulmonary disease (COPD) 
and recurrent stroke. 

Case Report

This 55-year-old woman presented at our 
emergency department with the chief complaint 
of progressive dyspnea for 1 day. She was an 
ever-smoker and had quit smoking 6 years be-
fore this presentation. Her past medical history 
was significant for hypertension, dyslipidemia 
and iron deficiency anemia. She had experi-
enced 2 episodes of ischemic stroke, once when 
she was 35 and once when she was 46 years 
old. She underwent salpingo-oophorectomy 
because of a serous papillary cystic ovarian 
borderline tumor at 38 years of age. She denied 
fever, productive cough, chest pain, hemopty-

sis, epistaxis or a history of asthma. Chest X-
ray revealed a lobulated soft tissue opacity in 
the anterobasal segment of the right lower lobe 
(Figure 1).

  The patient’s vital signs were afebrile, with 
a pulse rate of 58 beats/min regularly, respira-
tory rate of 30 breaths/min, blood pressure of 
152/102 mm Hg, and pulse oximetry saturation 
of 83% to 90% on nearly 100% inspired oxy-
gen via a non-rebreather mask. Her lips were 
cyanotic and she had clubbing fingers on both 
hands. She also had telangiectasia on her lips 
and tongue. Breathing sounds revealed bilateral 
diffuse expiratory wheezes on auscultation. 
Laboratory examinations showed hemoglobin 
of 12.8 g/dL and a normal coagulation panel. 
Her arterial blood gas (ABG) (under 100% oxy-
gen through a non-rebreather mask) revealed 
a pH of 7.368, PaCO2 of 49.9 mm Hg, PaO2 of 

Fig. 1.  Chest radiography. Posteroanterial (A) and lateral (B) views showed a lobulated soft tissue opacity in the anterobasal segment of the right 
lower lobe.
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Fig. 2.  Chest computed tomography scan. (A) Lung window showed emphysematous changes in the bilateral upper lobes and a fibrotic nodule 
at the left apex, up to 1.2 cm in size, suspected of being sequelae of a previous inflammatory process. (B) In the lung window, pulmonary 
arteriovenous malformations were found at the anterobasal segment of the right lower lobe and medial segment of the left lingular lobe. (C,D) 
Transverse and frontal views of the soft tissue window after contrast enhancement.

45.7 mm Hg, and O2 saturation of 77%. She 
did not demonstrate platypnea or orthodeoxia. 
Pulmonary function tests from 6 years previous 
revealed mild restriction and moderate obstruc-
tion (FVC, FEV1, and PEF of 56%, 54%, and 
55% predicted, respectively). Carbon monoxide 
diffusion capacity was not done.

The initial impression was COPD, but the 
arterial oxygen levels were unusually low, even 
under oxygen supplementation. Chest computed 
tomography (CT) with contrast-enhancement 
revealed 2 entangled vascular lesions, a small 
one in the left lingular lobe and a large one in 

the right lower lobe (4.4 cm in diameter), con-
sistent with PAVMs (Figure 2). Neither medi-
astinal lymphadenopathy nor other pulmonary 
nodule was observed. The diagnosis of major 
pulmonary embolism or neoplasm was exclud-
ed on chest CT images. Subtle inhomogeneous 
myometrial tubular structures were also detect-
ed in the uterus, compatible with uterine AVM 
and suggestive of Osler-Weber-Rendu Disease. 

Pulmonary angiography revealed a large 
AVM in the anterobasal segment of the right 
lower lobe with 2 arterial feeders from a single 
segmental artery, and a smaller AVM in the me-
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AVM, and 1 Amplatzer® Vascular Plug IV fol-
lowed by a pushable coil (MWCE-35-14-4-
Nester®) was placed in the arterial feeder of the 
lingular AVM (Figure 3).

dial segment of the left lingular lobe with a sin-
gle segmental arterial feeder. Two Amplatzer® 
Vascular Plug II devices (16×12 mm and 20×16 
mm) were deployed, respectively, in the large 

Fig. 3.  Pulmonary angiography. (A) A large arteriovenous malformation (AVM) in the anterobasal segment of the right lower lobe with 2 arterial 
feeders from a single segmental artery was found. (B) Two Amplatzer® Vascular Plug II devices were deployed, respectively, in the large AVM. 
(C) A smaller AVM in the medial segment of the left lingular lobe with a single segmental arterial feeder was found on the left-side pulmonary 
angiography. (D) One Amplatzer® Vascular Plug IV followed by a pushable coil (MWCE-35-14-4-Nester®) was placed in the arterial feeder of 
the lingular AVM.
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Oxygen saturation improved significantly 
and promptly after successful vascular em-
bolization. The patient had an uncomplicated 
course subsequently and was discharged home 
2 days later. DNA testing for hereditary hemor-
rhagic telangiectasia (HHT) was not performed 
during this hospitalization. A follow-up chest 
radiograph 1 month later showed marked reduc-
tion of the lung lesion in the right lower lung 
field (Figure 4). There were no embolic events 
after discharge.

Discussion

Pulmonary arteriovenous malformations 
(PAVMs) are rare anomalies caused by abnor-
mal direct connections between a pulmonary 
artery and a pulmonary vein. PAVMs provide 
an anatomic right-to-left shunt, allowing de-
oxygenated systemic venous blood to bypass 
the lungs and return to the body. Dyspnea is the 
most common symptom (34%), followed by 
hemoptysis (12%), but the majority of patients 
remain asymptomatic.

Most (50-90%) PAVMs are associated with 
HHT, also called Osler-Weber-Rendu syndrome 
[5]. HHT is an autosomal-dominant genetic 
disorder caused by mutations of endoglin 
at chromosome 9q34.1 and activin A recep-
tor type II-like 1 (ACVRL1) at chromosome 
12q31, known to produce HHT1 and HHT2, 
respectively. The genetic disorder leads to AVM 
and smaller telangiectatic vessels formation at 
multiple sites, including the skin, mucous mem-
branes, lung, liver, and brain. Idiopathic PAVM 
is the second leading etiology of single PAVMs. 
More sporadic PAVMs are detected in the gen-
eral population especially given the increasing 
use of CT scans in medical practice. In the pres-
ent study, the lower lobes were the most com-

mon location of PAVMs [2]. 
Hypoxemia due to right-to-left shunting 

can be severe. It is of note that significantly 
hypoxemic patients were mildly symptomatic 
and had dyspnea on exertion only when a com-
pensatory mechanism (such as polycythemia 
and/or an increase in cardiac work) began act-
ing to preserve oxygen delivery to the tissues 
and avoid hypoxic end-organ dysfunction [6-
7]. An increase in hemoglobin concentration 
was enough to maintain an unchanged arterial 
oxygen content (CaO2) [6]. A compensatory 
increase in stroke volume is responsible for rise 
in the cardiac output during exercise among 
patients with PAVM [5]. An obvious increase in 
heart rate when standing could be observed, and 
this compensation is sufficient to balance the 
orthostatic fall in arterial oxygen saturation and 
content (SaO2/CaO2) [8]. 

Fig. 4.  Chest radiograph 1 month after transcatheter embolization 
showing multiple plugs and coils.
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Neurologic symptoms have been reported 
in up to 40% of patients [9]. Direct right-to-left 
shunting through pulmonary AVMs bypassing 
the pulmonary capillary bed may result in para-
doxical emboli to the brain. Paradoxical emboli 
lead to strokes and brain abscesses. The risk of 
stroke from paradoxical emboli in patients with 
PAVM is higher in those with a larger shunt size 
[4].       

Transcatheter embolization is a minimally 
invasive procedure, most commonly performed 
with high treatment success (83.3%-100% of 
cases) [10]. Higher-grade contrast echocardiog-
raphy shunts can predict the size of PAVMs that 
are associated with detectable PAVMs on a tho-
racic CT angiogram, and may be a reliable indi-
cator for the necessity of embolization. The risk 
of stroke is reduced after successful emboliza-
tion. Surgical resection is reserved for cases of 
massive hemoptysis or hemothorax. The most 
recent comprehensive study recommended fol-
low-up pulmonary CT scans 6-12 months after 
embolization to confirm successful occlusion 
and evaluate the existence of any residual or 
new PAVM, and then every 3-5 years thereafter 
[11]. 

Going back to our patient, her dyspnea 
and hypoxemia may have been associated 
with PAVM and COPD exacerbation. ABG 
measurements taken before the acute episode 
were consistent with marked hypoxemia and 
hyperventilation: pO2, 55.3 mmHg; pCO2, 30.3 
mmHg, and SaO2, 90.4%. After applying high-
flow oxygen via a non-rebreather mask, ABG 
revealed pH of 7.432, pCO2 of 42.6 mmHg, pO2 
of 36.4 mmHg, and SaO2 67% during exacerba-
tion of COPD. ABGs in patients with mild-to-
moderate COPD are near-normocapnic, with 
increased respiratory effort as compensation. 
As COPD progresses to a severe stage, the hy-

poxemia becomes more severe and hypercapnia 
may develop due to an increasing expiratory 
flow limitation and dynamic lung hyperinfla-
tion. In a study of stable severe COPD patients 
(FEV1 35±12% PaCO2 42±5 mmHg) using 
nasal high-flow therapy, the average PaO2 was 
73±13 mmHg [12]. Our patient’s lower-than-
expected PaO2 in the emergency room was 
consistent with the clinical scenario of mixed 
COPD and PAVM. The physical finding of 
wheezing also indicated that her dyspnea was 
attributed not only to PAVM, but also to COPD. 
Her central cyanosis and hypoxemia refractory 
to supplemental oxygen administration were in-
dicative of a right-to-left shunt. After correction 
of the hypoxemia by PAVM embolization, the 
cyanosis improved significantly.

In conclusion, recurrent stroke-like events, 
especially when the patient is undergoing prop-
er medical treatment, raises the clinical suspi-
cion of an alternative diagnosis. Therefore, it is 
imperative to investigate the lung mass, which 
would lead to early diagnosis. Embolization 
is mandatory for clinically significant PAVMs 
and may prevent severe complications. PAVMs 
grow over time, so regular follow-up appoint-
ments every 5 years, even after embolization, 
are a must to detect the growth of small PAVMs 
that may reach a size large enough to cause 
paradoxical embolization and stroke.

References

  1. Howard LS , San th i r apa la V, Murphy K, e t a l . 
Cardiopulmonary exercise test ing demonstrates 
maintenance of exercise capacity in patients with 
hypoxemia and pulmonary arteriovenous malformations. 
Chest 2014; 136: 709-18.  

  2. Wong HH, Chan RP, Klatt R, et al. Idiopathic pulmonary 
arteriovenous malformations: clinical and imaging 
characteristics. Eur Respir J 2011; 38(2): 368-75.



146 Ting-Chia Chang, Shian-Chin Ko, et al.

Thorac Med 2022. Vol. 37 No. 2

  3. Shovlin CL, Chamali B, Santhirapala V, et al. Ishcaemic 
strokes in patients with pulmonary arteriovenous 
malformations and hereditary hemorrhagic telangiectasia: 
associations with iron deficiency and platelets. PLoS One 
2014; 9: e88812.

  4. Vel thuis S , Buscar in i E , van Gent MWF, et a l . 
Grade of pulmonary right-to-left shunt on contrast 
echocardiography and cerebral complications: a striking 
association. Chest 2013; 144: 542-8. 

  5. Shovlin CL, Guttmacher AE, Buscarini E, et al . 
Diagnost ic cr i ter ia for heredi tary hemorrhagic 
telangiectasia (Rendu-Osler-Weber syndrome). Am J Med 
2000; 91: 66-7. 

  6. Santhirapala V, Williams LC, Tighe HC, et al. Arterial 
oxygen content is precisely maintained by graded 
erythrocytotic responses in settings of high/normal 
serum iron levels, and predicts exercise capacity: 
an observational study of hypoxaemic patients with 
pulmonary arteriovenous malformations. PLoS One 
2014; 9(3): e90777.

  7. Grocott MP, Martin DS, Levett DZ, et al. Arterial blood 
gases and oxygen content in climbers on Mount Everest. 
N Engl J Med 2009; 360(2): 140-9.

  8. Santhirapala V, Chamali B, McKernan H, et al . 
Orthodeoxia and postural orthostatic tachycardia in 
patients with pulmonary arteriovenous malformations: a 
prospective 8-year series. Thorax 2014; 69: 1046-7.

  9. Lacombe P, Lagrange C, Beauchet A, et al. Diffuse 
pulmonary arteriovenous malformations in hereditary 
hemorrhagic telangiectasia: long-term results of 
embolization according to the extent of lung involvement. 
Chest 2009; 135: 1031-7.

10. Adachi A, Ohta K, Jahangiri Y, et al. Treatment of 
pulmonary arteriovenous malformations: clinical 
experience using different embolization strategies. Jpn J 
Radiol 2020 Apr; 38(4):382-386.

11. Majumdar S, McWilliams JP. Approach to pulmonary 
arteriovenous malformations: a comprehensive update. J 
Clin Med 2020 Jun 19;9(6): 1927.

12. Cirio S, Piran M, Vitacca M, et al. Effects of heated 
and humidified high-flow gases during high-intensity 
constant-load exercise on severe COPD patients with 
ventilatory limitation. Respir Med 2016 Sep; 118: 128-
32.



147

Thorac Med 2022. Vol. 37 No. 2

Bilateral Cunninghamella Bertholletiae Empyema and 
Pneumothorax: A Case Report and Literature Review

Wei-Cheng Hong1, Chien-Wei Hsu1,2, David-Lin Lee1,2

Pulmonary mucormycosis is a rare fungal infection that is difficult to diagnose and causes 
high mortality in immunocompromised patients. Cunninghamella bertholletiae accounts for 
only 7% of mucormycosis infections. Due to its angioinvasive characteristic and the narrow 
spectrum of antifungal therapy, Cunninghamella species infection has a poor prognosis 
and a high mortality rate. Pulmonary infection is a common outcome of C. bertholletiae. C. 
bertholletiae results in high mortality, and most surviving patients undergo early anti-fungal 
therapy with amphotericin B or liposomal amphotericin B along with aggressive surgical 
intervention. Thus, early recognition is essential and aggressive surgery should be considered 
for these patients. (Thorac Med 2022; 37: 147-153) 
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Introduction

Pulmonary mucormycosis infection most 
often occurs in immunocompromised patients, 
especially in those with hematological disorders 
and transplant recipients [1].

Cunninghamella species, an unusual mu-
cormycosis, are a saprobic fungius commonly 
found in the soil of temperate climates [2]. The 
predominant mode of acquisition of C. ber-
tholletiae infection is presumed to be via the 
respiratory tract [3]. Pulmonary infection was 

reported in 30.2% of proven C. bertholletiae 
infections [3].

Management of mucormycosis infection 
depends on recognizing disease patterns and on 
early diagnosis [4]. An early complete surgical 
treatment for mucormycosis is recommended 
whenever possible, in addition to systemic anti-
fungal treatment [5]. Herein, we reported a rare 
case of mucormycosis empyema with pneumo-
thorax caused by C. bertholletiae that was diag-
nosed postmortem. 



148 Wei-Cheng Hong, Chien-Wei Hsu, et al.

Thorac Med 2022. Vol. 37 No. 2

Fig. 2.  Serial follow- up CXR during admission, (A) Day 5, (B) Day 12, (C) Day 19, showed progressive bilateral infiltration and CP angle 
blunting, indicating pleural effusion.

Case Description

A 73-year-old healthy Taiwanese non-
smoker was admitted in February, 2018 with the 
initial presentation of hemoptysis for a month 
and progressive shortness of breath for a day. 
Chest CT (Figure .1) showed mixed consolida-
tion and ground-glass infiltration in both lung 
fields. In addition to antimicrobials, high- dose 
steroids were given for suspected interstitial 
pneumonia. The patient was discharged on day 
14. 

However, fever and a progressive cough 
with hemoptysis occurred on the day the patient 
was discharged. A rapid influenza test was posi-
tive for influenza B. The patient was readmitted 
again, and Tamiflu was administered for influ-
enza B. Chest radiography showed progressive 
bilateral infiltration (Figure .2), despite the 
broad-spectrum antibiotics. Hypoxic respira-
tory failure, septic shock, and multi-organ fail-
ure occurred on day 16. The patient then was 
intubated with mechanical ventilator support. 
Chest radiography showed bilateral pleural ef- Fig. 1.  Chest CT showed mixed (A) ground-glass opacity and (B) 

consolidation infiltration in both lung fields.
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fusion and spontaneous pneumothorax (Figure 
.3). Pigtails drainage was performed for the 
bilateral pleural effusion, revealing exudative 
effusion. The pneumothorax improved soon af-
ter pigtails drainage. The patient died on day 20 
post- admission, and the pleural effusion culture 
revealed C. bertholletiae 2 days postmortem.

Discussion

Pulmonary mucormycosis infection is an 
uncommon pathogen that results in high mor-
tality in immunocompromised patients, espe-
cially in those with hematological disorders 
and in transplant recipients [1]. Hematological 
malignancy was a major risk factor (32–40%) 
in pulmonary mucormycosis, followed by dia-
betes mellitus (32–56%), hematopoietic stem 
cell transplant (1–9.8%), solid organ transplant 

(6.5–9%), and renal disease (13–18%) [1].
In a global review of more than 900 re-

ported cases of mucormycosis, Rhizopus spe-
cies (47%) were the most common cause of 
culture-confirmed mucormycosis, followed by 
Mucor species (18%), C. bertholletiae (7%), 
Apophysomyces elegans (5%), Lichtheimia 
(Absidia) species (5%), Saksenaea species (5%), 
and Rhizomucor pusillus (4%) [6]. However, 
Cunninghamella species had angioinvasion and 
a narrow spectrum of antifungal therapy, which 
contributed to a poor outcome and high mor-
tality [7]. Mucormycosis caused by Cunning-
hamella, following a fulminant course, had an 
overall mortality rate approaching 80% [8].

The diagnosis of pulmonary mucormycosis 
is challenging. Clinical manifestations of pul-
monary mucormycosis are nonspecific. Com-
mon symptoms include fever, cough, sputum 

Fig. 3.  (A) Right pneumothorax, (B) left pneumothorax.
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Pulmonary involvement was the most common 
result of C. bertholletiae infection, at  90% 
(18/20), which was higher than that in a previ-
ous study [3]. The mortality rate was very high, 
at 67% (12/18), for pulmonary C. bertholletiae 
infection. Of those that survived, 2 patients did 
not undergo operation [17, 20]. Koyama et al. 
reported the successful non-surgical treatment 
of a case of pulmonary C. bertholletiae infec-
tion, complicated with bilateral pneumothrorax 
and empyema, without surgical intervention 
[17]. Chest tube drainage may have contributed 
to debridement of the lesion [17]. In 2 success-
ful non-surgical successful cases, the glucocor-
ticoid dose was tapered to reduce suppression of 
the host defense against fungi in 1 patient [17], 
and granulocyte and granulocyte- macrophage 
colony- stimulating factors were used to aid re-
covery from neutropenia in another patient [20]. 
These cases suggest that both the rapid reversal 
of immunosuppression and the initiation of am-
photericin B therapy may eradicate pulmonary 
C. bertholletiae infection, even if surgical inter-
vention is not contraindicated [17]. However, 
further studies are needed to confirm this.

We presented a rare case of C. bertholletiae 
empyema with pneumothorax in a previously 
healthy patient who had been prescribed with 
high- dose steroids and who had post- influenza 
infection. The patient died of respiratory failure 
and multiple organ failure. The postmortem 
pleural effusion culture revealed C. bertholle-
tiae infection, and effective anti-fungal agents 
had not been used. Therefore, we need to be 
aware that not only that hematologic disease 
and immunocompromise may lead to invasive 
fungal infections, but that prolonged high- 
dose steroids may also be risk factors. Chest 
CT and microbiology examinations are key in 
diagnosing pulmonary mucormycosis. In previ-

production, hemoptysis, shortness of breath, 
chest pain, and weakness [9]. In radiological 
exams, multiple (≥ 10) nodules and pleural 
effusion were reportedly more common in 
mucormycosis [10]. In additional finding of 
the computerized tomography (CT) scans was 
the reverse halo sign (RHS), which seemed to 
indicate the presence of mucormycosis [10]. 
Microscopy (direct and histopathology) and 
cultures of the various clinical specimens are 
the cornerstones of a correctly diagnosis of 
mucormycosis. Molecular assays (conventional 
polymerase chain reaction [PCR], restric-
tion fragment length polymorphism analyses 
[RFLP], 53, 54 DNA sequencing of defined 
gene regions, 55, 56, and melt curve analysis of 
PCR products) can be used either for detection 
or identification of mucormycetes and can be 
recommended as valuable add-on tools to com-
plement conventional diagnostic procedures 
[10].

Polyene-based antifungal agents, such as 
amphotericin B or liposomal amphotericin B, 
are more active drugs for managing C. berthol-
letiae [11]. Posaconazole is a second- genera-
tion triazole that is highly lipophilic, is orally 
absorbed, and is extensively distributed in tis-
sues. Garbino reported the successful treatment 
case of a pediatric patient with graft versus 
host disease (GVHD) and pulmonary infection 
caused by C. bertholletiae in whom therapy 
with surgery and liposomal amphotericin B was 
followed by treatment with posaconazole [12].

In a search for previous reports of C. ber-
tholletiae infection, we found in a total of 20 
cases from 1959 to 2019 (Table 1) [2, 12-27]. 
Only 2 (10%) (2 patients) of the patients were 
immunocompetent [21, 23]. Among these pa-
tients, 18 had pulmonary involvement infection 
and only 6 survived [12, 13, 17, 19, 20, 24]. 
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Table 1.  Reported Cases of Cunninghamella Bertholletiae Infection

Studies Organ involvement Organ involvement Survival status Surgical lung
intervention of lung

Rickerts V, et al.
(2000)

ALL Lung Died N

ALL Lung Died N

Renal transplant Lung Died N

Lymphoma Lung Survived Y

Garey KW, et al.
(2001)

Allogeneic BMT Lung Died Y

Zhang R, et al.
(2002)

Kidney transplant Lung Died N

Kobayashi M, et al.
(2004)

ALL Lung Died N

Bibashi E, et al.
(2008)

ALL Lung Died N

Koyama N, et al.
(2008)

Scleroderma, MPA Lung Survived N

Garbino J, et al.
(2010)

AML s/p allogenic BMT, 
with GvHD

Lung Survived Y

Hsieh TT, et al.
(2013)

AML Lung Died N

Malkan AD, et al.
(2014)

ALL Lung Survived Y

Tadepalli K, et al.
(2015)

Immunocompetent Onychomycosis Survived N (toe)

Su YY, et al. 
(2016)

ALL Lung Died Y

Hirano T, et al.
(2017)

ACOS, ruptured abdominal 
aortic aneurysm, steroid

Lung Died N

Ota H, et al.
(2017)

Cord bBlood tTransplant Lung Survived Y

Bellanger AP, et al.
(2018)

CLL Lung Died N

Margoles L, et al.
(2018)

Heart transplant recipient Disseminated +
Lung

Died N

Liu YC, et al.
(2019)

AML Rhinosinusitis Survived N (Sinus endoscopic sur-
gery)

ALL: acute lymphoblastic leukemia, BMT: bone marrow transplantation, AML: acute myeloblastic leukemia, MPA: microscopic polyan-
giitis, GvHD: graft versus host disease, ACOS: asthma COPD overlap syndrome, CLL: chronic lymphocytic leukemia.



152 Wei-Cheng Hong, Chien-Wei Hsu, et al.

Thorac Med 2022. Vol. 37 No. 2

ous research and case reports, C. bertholletiae 
resulted in high mortality, and most surviving 
patients underwent early anti-fungal therapy 
with either amphotericin B or liposomal am-
photericin B, along with aggressive surgical 
intervention [19]. We should have been be more 
alert and performed a second chest CT, sampled 
to detect C. bertholletiae infection early, admin-
istered amphotericin B immediately, performed 
video-assisted thoracoscopic surgical decorti-
cations, and performed chest tube drainage for 
empyema or even lobectomy if evidence of pul-
monary parenchyma involvement was present.

References

  1. Prakash H, Chakrabarti A. Global epidemiology of 
mucormycosis. J Fungi (Basel) 2019; 5(1): 26.

  2. Bibashi E, Sidi V, Kotsiou M, et al . Pulmonary 
zygomycosis caused by Cunninghamella bertholletiae in 
a child with acute lymphoblastic leukemia. Hippokratia 
2008; 12(1): 43-5.

  3. G o m e s M Z R , L e w i s  R E ,  K o n t o y i a n n i s  D P. 
Mucormycosis caused by unusual mucormycetes, non-
Rhizopus, -Mucor, and -Lichtheimia species. Clin 
Microbiol Rev 2011; 24(2): 411-445.

  4. Cornely OA, Alastruey-Izquierdo A, Arenz D, et al. 
Global guideline for the diagnosis and management 
of mucormycosis: an ini t iat ive of the European 
Confederation of Medical Mycology in cooperation 
with the Mycoses Study Group Education and Research 
Consortium. Lancet Infect Dis 2019; 19(12): e405-e421.

  5. Pilmis B, Alanio A, Lortholary O, et al. Recent advances 
in the understanding and management of mucormycosis. 
F1000Res 2018; 7: F1000 Faculty Rev-1429. 

  6. Bennett JE, Dolin R, Blaser MJ. Mandell, Douglas, and 
Bennett's Principles and Practice of Infectious Diseases. 
Philadelphia, PA: Elsevier/Saunders, 2015; p.2909.

  7. Roden MM, Zaou t i s TE , Buchanan WL, e t a l . 
Epidemiology and outcome of zygomycosis: a review of 
929 reported cases. Clinical Infectious Diseases 2005; 
41(5): 634-53.

  8. Ribes JA, Vanover-Sams CL, Baker DJ. Zygomycetes in 

human disease. Clinical Microbiology Rev 2000; 13(2): 
236-301.

  9. Peng M, Meng H, Sun Y, et al. Clinical features of 
pulmonary mucormycosis in patients with different 
immune status. J Thorac Dis 2019; 11(12): 5042-5052.

10. Skiada A, Lass-Floerl C, Klimko N, et al. Challenges 
in the diagnosis and treatment of mucormycosis. Med 
Mycol 2018; 56(suppl_1): 93-101.

11. Simitsopoulou M, Georgiadou E, Walsh TJ, et al . 
Cunninghamella bertholletiae exhibits increased 
resistance to human neutrophils with or without 
antifungal agents as compared to Rhizopus spp. Med 
Mycol 2010; 48(5): 720-4.

12. Garbino J, Myers C, Ambrosioni J, et al. Report of a 
successful treatment of pulmonary Cunninghamella 
bertholletiae infection with liposomal amphotericin and 
posaconazole in a child with GVHD and review of the 
literature. J Pediatr Hematol Oncol 2010; 32(2): 85-7.

13. Rickerts V, Böhme A, Viertel A, et al . Cluster of 
pulmonary infections caused by Cunninghamella 
bertholletiae in immunocompromised patients. Clinical 
Infectious Diseases 2000; 31(4): 910-13.

14. G a r e y K W, P e n d l a n d S L , H u y n h V T, e t  a l . 
Cunninghamella bertholletiae infection in a bone marrow 
transplant patient: amphotericin lung penetration, 
MIC determinations, and review of the literature. 
Pharmacotherapy 2001; 21(7): 855-60.

15. Zhang R, Zhang JW, Szerlip HM. Endocarditis and 
hemorrhagic s t roke caused by Cunninghamel la 
bertholletiae infection after kidney transplantation. Am J 
Kidney Dis 2002; 40(4): 842-6.

16. Kobayashi M, Togitani K, Machida H, et al. Molecular 
polymerase chain reaction diagnosis of pulmonary 
mucormycosis caused by Cunninghamella bertholletiae. 
Respirology 2004; 9(3): 397-401.

17. Koyama N, Nagata M, Hagiwara K, et al. Survival of a 
patient with pulmonary Cunninghamella bertholletiae 
infection without surgical intervention. Respirology 2008; 
13(2): 309-11.

18. Hsieh TT, Tseng HK, Sun PL, et al. Disseminated 
zygomycosis caused by Cunninghamella bertholletiae 
in patient with hematological malignancy and review of 
published case reports. Mycopathologia 2013; 175(1-2): 
99-106.

19. Malkan AD, Wahid FN, Rao BN, et al. Aggressive 



153Case and Review: Cunninghamella Bertholletiae Empyema

Thorac Med 2022. Vol. 37 No. 2

Cunninghamella pneumonia in an adolescent. J Pediatr 
Hematol Oncol 2014; 36(7): 581-2.

20. Navanukroh O, Jitmuang A, Chayakulkeeree M, et al. 
Disseminated Cunninghamella bertholletiae infection 
with spinal epidural abscess in a kidney transplant 
patient: case report and literature review. Transpl Infect 
Dis 2014; 16(4): 658-65.

21. Tadepalli K, Gupta PK, Asati DP, et al. Onychomycosis 
d u e t o C u n n i n g h a m e l l a b e r t h o l l e t i a e i n a n 
immunocompetent male from central India. Case Reports 
in Infectious Diseases 2015.

22. Su YY, Chang TY, Wang CJ, et al . Disseminated 
Cunninghamella bertholletiae infection during induction 
chemotherapy in a girl with high-risk acute lymphoblastic 
leukemia. Pediatr Neonatol 2016; 57(6): 531-534.

23. Hirano T, Yamada M, Sato K, et al. Invasive pulmonary 
mucormycosis: rare presentation with pulmonary 
eosinophilia. BMC Pulm Med 2017; 17: 76.

24. Ota H, Yamamoto H, Kimura M, et al. Successful 

treatment of pulmonary mucormycosis caused by 
Cunninghamella bertholletiae with high-dose liposomal 
amphotericin B (10 mg/kg/day) followed by a lobectomy 
in cord blood transplant recipients. Mycopathologia 2017; 
182(9-10): 847-853.

25. Bellanger AP, Berceanu A, Rocchi S. et al. Development 
of a quantitative PCR detecting Cunninghamella 
bertholletiae to help in diagnosing this rare and aggressive 
mucormycosis. Bone Marrow Transplant 2018; 53: 1180-
1183.

26. Margoles L, DeNofrio D, Patel AR, et al. Disseminated 
mucormycosis masquerading as rejection early after 
orthotopic heart transplantation. Transpl Infect Dis 2018; 
20(1): 10.1111.

27. Liu YC, Zhou ML, Cheng KJ, et al . Successful 
treatment of invasive fungal rhinosinusitis caused 
by Cunninghamella: a case report and review of the 
literature. World J Clin Cases 2019; 7(2): 228-235.


	37-2 Cover (1校)
	37-2-0 (1校) 版權頁_目錄
	2022年06月第37卷第2期第1篇
	2022年06月第37卷第2期第2篇
	2022年06月第37卷第2期第3篇
	2022年06月第37卷第2期第4篇
	2022年06月第37卷第2期第5篇
	2022年06月第37卷第2期第6篇
	2022年06月第37卷第2期第7篇
	2022年06月第37卷第2期第8篇
	2022年06月第37卷第2期第9篇
	2022年06月第37卷第2期第10篇
	2022年06月第37卷第2期第11篇
	2022年06月第37卷第2期第12篇
	2022年06月第37卷第2期第13篇
	2022年06月第37卷第2期第14篇

