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Effects of Repeated Acupuncture on Peak Expiratory
Flow Variation and Serum Eosinophil Cationic Protein
Concentration in Asthmatic Patients

Sheng-Che Lin*, Kuo-An Chu*,**, Chien-Wei Hsu*,**, Min-Hsi Lin*,**, Yi-Ching Wu*,
Hong-Chung Wang*,**, Yao-Ming Ting*,**, Ruay-Sheng Lai*,**

Background: The mechanism involved in acupuncture’s immediate bronchodilating
effects remains unclear. This prospective randomized crossover controlled study aimed
to determine the possible anti-inflammatory effects and clinical and physiologic benefits
of repeated acupuncture using serum eosinophil cationic protein (ECP), an indicator of
asthmatic inflammation.

Methods: Thirty asthmatic patients were randomly assigned to initially receive real
acupuncture (RA) or sham acupuncture (SA) for 3 weeks in a blinded manner. Each patient
was then crossed-over with a 3-week wash-out period. The ECP, spirometry, variation of peak
expiratory flow rate (PEFR) and frequency of rescue bronchodilator use of each patient were
recorded before and after RA and SA.

Result: The 27 patients who completed the trial showed significant improvements in
post-RA forced expiratory volume in 1 second, serum ECP concentration, variation of PEFR,
and frequency of rescue bronchodilator use compared to post-SA (p<0.05).

Conclusion: Asthmatic patients who received repeated acupuncture had improvements

in ECP and better clinical and physiologic responses. (Thorac Med 2013; 28: 138-146)

Key words: acupuncture, asthma, inflammation, spirometry

Introduction

Acupuncture has been used to treat many
chronic conditions, including asthma, for thou-
sands of years [1-4]. Previously published
literature has reported that acupuncture can im-
prove spirometry [5] and provide symptom re-
lief in patients with asthma [6]. Although there

are also reports showing that acupuncture has
immuno-modulatory effects on inflammatory
cells and cytokines in some asthma patients [7],
a solid explanation of the possible mechanism
of the clinical and physiologic improvements is
still lacking.

Eosinophil cationic protein (ECP) has long
been used in asthma management as a good
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clinical indicator of the inflammatory activity of
asthma [8-9]. It has also been an objective labo-
ratory indicator of asthmatic control, and an ef-
ficient guide for chronic asthma therapy [10-11].
However, the relationship between the clinical
effect of acupuncture and ECP response in asth-
matic treatment remains unclear. It has been
posited that repeated acupuncture may have
some anti-inflammatory effect on asthmatic pa-
tients, which results in their clinical and physi-
ologic improvement. Hence, this study aimed
to evaluate the possible anti-inflammatory and
clinical effects of repeated acupuncture on asth-
matic patients.

Materials and Methods

Study design

This prospective, randomized, crossover
study was conducted in a medical center. The
hospital’s institutional review board approved
the study and the study participants provided
informed consent.

Subjects

Asthmatic patients aged 20-75 years con-
sulting at the outpatient clinic of Kaohsiung-
Veterans General Hospital were screened for
the study. The inclusion criteria were typical
chronic recurrent asthma symptoms, use of
inhaled rapid-onset bronchodilator as required
only, forced expiratory volume in 1 second
(FEV1)/forced vital capacity (FVC) <70%, pre-
bronchodilator FEV1 35-80% of the predicted
value (as calculated with respect to age and
height), and at least 12% improvement in FEV1
after the administration of beta-2 agonist medi-
cation within 1 month before the study in any
pulmonary physiology laboratory. Patients also
had to be interested in acupuncture as alterna-

tive therapy for asthma and have an initial base-
line ECP concentration >12 pg/l.

The exclusion criteria were current smoker,
bleeding tendency, severe heart disease, asthma
treatment in an emergency department within
1 month before the study, hospitalization for
asthma within 2 months before the study, recent
upper respiratory tract infection within 2 weeks
before the study, and recent history of systemic
corticosteroid use within 3 months prior to the
study. However, fixed-dose inhalation of cor-
ticosteroid or combined inhaled corticosteroid
and long-acting beta-agonist and previous ex-
perience with acupuncture treatment were al-
lowed.

The study began with a 2-week screening
period. Of the 126 asthmatic patients evalu-
ated, 105 received the ECP test; 35 had an ECP
concentration >12 pg/l, 30 were enrolled after
signing informed consent, and 27 completed the
study.

Randomization and intervention

After informed consent, the patients were
randomly assigned to initially receive real acu-
puncture (RA) or sham acupuncture (SA) via
random numbers generated by software with
simple randomization without blocking. The
peak expiratory flow rate (PEFR) and frequen-
cy of rescue use of a bronchodilator within 7
days before randomization were recorded. The
patients were randomly assigned to receive 3
weeks of either RA or SA (9 sessions, 3 sessions
a week) using a single-blinded method (i.e., the
patients were blinded). A washout period of 21
days was designed into the study to avoid the
lasting effect of previous acupuncture treat-
ment. After the washout period, acupuncture
was crossed-over and patients who received RA
first then received SA, and vice versa.

frafeeges B 102 4 28 % 3 H
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Acupuncture

Acupuncture was performed by a single
certified and experienced doctor. Single-use,
sterile acupuncture needles were used, and acu-
points were selected on limbs related to asthma
treatment to increase patient compliance in this
long-term study. The acupoints used were lung
7, large intestine 4, pericardium 6, stomach 40,
large intestine 11, and pericardium 3. “De Qi”,
defined by the typical sensations of soreness,
numbness, fullness, and pain for effective acu-
puncture, was achieved at all acupoints during
the RA sessions. In contrast, SA was applied on
2 non-meridian points on the extremities and
treatment was directed to the subcutaneous tis-
sue with the same depth and stimulation as RA.
However, a typical sensation of “De Qi” was
not necessary during SA. Each acupuncture
manipulation lasted for 10-15 minutes and the
needles were manipulated twice during each
session to intensify the effect. All treatments
were completed within 30 minutes.

Patients were withdrawn from the study if
they missed 3 sessions or 2 consecutive ses-
sions of acupuncture, in the event of worsening
asthma that required treatment with systemic
corticosteroids or admission for therapy, or any-
time they requested to withdraw from the study
for any reason. Inhaled corticosteroid or com-
bined inhaled long-acting beta-agonist, if used,
was limited to a fixed-dose during the entire
course of the study.

Data collection

Spirometry was performed and blood sam-
pling for ECP was collected at both the begin-
ning and the end of each course of RA or SA.
Each patient was supplied with a peak flow me-
ter and instructed in its use. The patients were
asked to measure their PEFR twice per day at

Thorac Med 2013. Vol. 28 No. 3

home, in the morning and in the evening before
taking any medication, and to record the best 1
of 3 attempts within 7 days before the 1st day
of acupuncture. The patients were taught and
requested to record the frequency of use of res-
cue beta-2 agonist inhalers at home.

Outcomes

Primary outcome: FEV1

Patients underwent spirometry using a
single KoKo spirometer (Louisville Co, USA)
in the same laboratory by the same technician.
Patients were encouraged to perform at least 3
maneuvers during each measurement to meet
the criteria of the American Thoracic Society
for acceptability and reproducibility. The high-
est FEV1 value from each set of measurements
was used for analysis.

Primary outcome: Serum ECP (w/L)

The ECP in serum was measured by ma-
chine (Pharmacia & Upjohns). Blood serum
was separated from the blood sample and fro-
zen at -40°C within a maximum period of 2
hours post-extraction.

Secondary outcome

Daily PEFR and the frequency of rescue in-
haled beta-2 agonist were recorded throughout
the study period.

Definitions
The following formulae were used:

(i) AECP = ECP at the beginning of the 3-
week period — ECP at the end of the 3-week
period

(i1)) AFEV1 (%)= 100*(FEV1 at the end of the
period — FEV1 at the beginning of the pe-
riod)/FEV1 at the beginning of the period

(iii) Daily PEFR variation (DPEFRV) (%) =
100*(maximum PEFR — minimum PEFR)
/ (Evening PEFR + Morning PEFR)*(1/2)
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(iv) APEFR variation (%) = (mean DPEFRV
during the week before the first day of the
3-week period — mean DPEFRV during
the last week of the 3-week period) / mean
DPEFRV during the week before the first
day of the 3-week period

(v) ARBD/W (mean change of weekly rescue
bronchodilator) = mean weekly number of
times of rescue bronchodilator use during
the week before the first day of the period
— mean weekly number of times of rescue
bronchodilator use during the last week of
the period

Statistical analyses

All data were analyzed by statistical soft-
ware. Data were presented as mean + standard
deviation (SD) or number and percentage. The
t-test was used to compare continuous vari-
ables. All p values were 2-tailed.

Results

Twenty-seven of the 30 patients completed
the study and were available for analysis. Three
patients discontinued the study due to acute
exacerbation (1 patient) and inability to fulfill
the study requirements (2 patients). Fourteen
patients received RA treatment first before SA
and 13 patients received SA first. Their de-
mographic data are presented in Table 1. The
results of changes in ECP, FEV1, PEFR, and
rescue bronchodilator use frequency between
RA and SA that were statistically significant are
summarized in Table 2. Differences in param-
eters before and after each session between RA
and SA in patients who received RA first are
summarized in Table 3, while those of patients
who received SA first are summarized in Table 4.

Change in FEV1 percentage

The mean change in FEV1 values during
RA was better than that during SA (0.10 = 0.08
vs. 0.02 £ 0.11 L) and the mean post-acupunc-
ture AFEV1 (%) measured during RA and SA
were 5.9 £ 5.2% and 2.3 = 6.9%, respectively
(both p<0.05). FEV1 improved in both patient
groups.

Change in ECP (u/L)

The AECP was 2.8 + 3.5 u/L during RA
sessions and 1.0 + 3.0 WL during SA sessions
(n=27, p<0.05). ECP showed improvement in
both patient groups.

Data recorded at home

The post-acupuncture changes in PEFR
variation during the RA and SA sessions were
5.6 £4.2% and 0.5 + 3.9%, respectively. (n=27,
p<0.05) The change in RBD/W during RA was
better than that during SA (2.2+ 1.6 vs. 0.4+ 1.5,
n=27, p<0.05). There was improvement in the
data of both patient groups.

Discussion

Acupuncture has been used to treat many
kinds of diseases for more than 2,500 years and
has attracted considerable attention in research
related to various chronic conditions. Tradi-
tional Chinese medicine (TCM) is considered
when restoring the balance between 2 forces (yin
and yang) and acupuncture is considered ef-
fective as treatment for many chronic diseases,
including asthma. Many studies have examined
the effect of short-term acupuncture on asthma
and reported clinical improvements in how the
patients feel [6]. Yu and Lee et al. demonstrated
the effect of short-term acupuncture on bronchi-
al asthma in 1976 [4] and Virik et al. performed

frafeeges B 102 4 28 % 3 H
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Table 1. Baseline characteristics of the study population

Patient number
Sex

Age (years)

Baseline average ICS dosage (budesonide equivalent dosage)

Baseline ACT score

Baseline FEV1 % of predicted (%)
Baseline FEV1/FVC (%)

Baseline ECP before RA (ng/L)
Baseline ECP before SA (ug/L)
PEFR variation (%) within 1 week

Frequency of rescue bronchodilator use within 1 week

n=27
M: 15, F: 12
57.0 £ 15.6 (20-75)
499.26 +254.53
21.00 £2.06
57.3+8.8
582+12.0
21.5+£13.2
18.0+£9.3
17.8+8.2
44+1.6

Abbreviations: ACT, asthma control test; ECP, eosinophil cationic protein; FEV1, forced expiratory volume in 1 second; FVC, forced vital

capacity; ICS, inhaled corticosteroids; PEFR, peak expiratory flow rate

Note: PEFR variation (%) = 100*(maximum PEFR — minimum PEFR)/(Evening PEFR + Morning PEFR)*(1/2)

Table 2. Changes in FEV1 (%), ECP, PEFR variation (%) and RBD/W before and after each 3-week session of RA and SA

RA SA p-value
Mean + SD Mean + SD
AFEV1 (%) 59+52 23+£69 <0.05
AECP (ug/L) 2.8+3.5 1.0£3.0 <0.05
APEFR variation (%) 5.6+4.2 0.5+3.9 <0.05
ARBD/W 22+1.6 04+1.5 <0.05

Abbreviations: RA, real acupuncture; SA, sham acupuncture
Note:

AFEV1 (%) = 100*(FEV 1 after acupuncture — FEV1 before acupuncture)/FEV 1 before acupuncture

AECP = ECP at the beginning of the period — ECP at the end of the period

Daily PEFR variation (DPEFRV) (%) = 100*(maximum PEFR — minimum PEFR)/(Evening PEFR + Morning PEFR)*(1/2)
APEFR variation (%) = (mean DPEFRV within 1 week before the first day of the period — mean DPEFRV during the last week of the period)/mean

DPEFRYV within 1 week before the first day of the period
ARBD/W = Mean change in weekly rescue bronchodilator use

similar studies in 1980 [12]. Takishima et al.
revealed that acupuncture caused a short-term
reduction in airway resistance in 1982 [13]. In
a crossover study with 23 asthmatic patients in
2002, Shapira et al. reported that a short course
of acupuncture treatment did not result in any
change in lung functions or patient symptoms
[14], whereas Chu et al. reported an immedi-
ate bronchodilating effect in asthmatic patients,

Thorac Med 2013. Vol. 28 No. 3

with significantly increased FEV1 after short-
term acupuncture stimulation in 2007 [5].
However, the sustained or long-lasting ef-
fects of acupuncture as asthma treatment have
not been demonstrated up to now. In this study,
the subjects had chronic recurrent asthmatic
symptoms associated with a positive bronchodi-
lator test before the acupuncture treatment. Spi-
rometry, measurement of ECP concentration,
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and data recording were performed before and
after each 3-week acupuncture treatment period
to evaluate the lasting effect of acupuncture.
The lack of standard acupuncture stimula-
tion and standard acupoints for asthmatic treat-
ment may be 1 of the important reasons why
it is clinically challenging to prove the role of
acupuncture in asthmatic management. In the
present study, the choices of acupoints were
based mainly on previous clinical experience
with asthma. The acupoints selected were lo-
cated on the patients’ extremities in order to
increase patient compliance when acupuncture
is performed easily and repeatedly. Different re-
sults may be achieved if a greater combination
of acupoints is used. Moreover, there was an
uncertainty as to which population of asthmatic
patients (based on factors such as age, severity
classified by spirometry, acute or chronic, and
medication differences) would achieve a signifi-
cant bronchodilating effect from acupuncture.
More than half of the study patients had previ-
ous experience with acupuncture for treatment
of their medical conditions and most had a good
clinical experience. These patients may then
have a better clinical and physiologic response
to acupuncture, no matter the chronic condition,
than those without acupuncture experience.
There are still many other limitations re-
garding the design of a good controlled study
on acupuncture treatment. First, should a single
acupoint or a combination of several acupoints
be used? Many clinical trials choose a single
acupoint to evaluate the therapeutic effect.
However, when only 1 acupoint is selected, it is
highly possible that the therapeutic effect would
not be the same as in TCM. At the same time, if
a combination of points is used, more variables
will make the study more complicated. Sec-
ond, it is difficult to design a well-controlled

acupuncture study. There have been many dif-
ferent kinds of control groups. SA was initially
designed with needling at non-meridian points
with needle depth, stimulation intensity, and
manipulation methods identical to those used
in RA. Although most sham points are believed
to be inactive, they have been found to have
certain therapeutic effects and cannot always be
considered to be a valid placebo. As an alterna-
tive, minimal acupuncture (very light stimula-
tion at superficial non-meridian points) has
been assumed to minimize the therapeutic ef-
fect. Placebo acupuncture has been designed to
examine the psychological impact of needling
while minimizing both the therapeutic and non-
specific effects of needling.

Third, it is very difficult to perform a double-
blinded study of acupuncture if non-meridian
points are chosen as control points. Since all
acupuncturists are familiar with all of the tra-
ditional meridian acupoints, it is quite difficult
to ask them to consider non-meridian points as
therapeutic points. Fourth, the somato-sensation
of acupuncture on the meridian acupoints is
usually different from that of non-meridian
points. There is usually the sensation of “De Qi”
when applying RA, but not during SA. Thus,
the sensation of “De Qi” is not necessary during
SA stimulation. Last, since the diagnosis and
treatment system in TCM is very different from
that of Western science-based medicine, are
there any characteristic differences that can be
ascertained, like age, disease duration, disease
severity, and grade of bronchodilator response,
between the responders and non-responders in
the patient groups? All of these factors produce
many limitations in the design of a clinical trial
of acupuncture.

In a randomized controlled study, Joos et al.
found that repeated acupuncture could change

frafeeges B 102 4 28 % 3 H
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Table 3. Changes in FEV1 (%), ECP, PEFR variation (%) and RBD/W before and after each 3-week session of RA and SA in patients who

received RA before SA (n=14)

n=14 RA (first) SA
Mean + SD Mean + SD
AFEV1 (%) 3.8+45 14+58
AECP (ug/L) 2.7+4.4 0.7+2.6
APEFR variation (%) 37+34 0.1+£3.0
ARBD/W 2.0+1.8 0.1+1.5

Table 4. FEV1 (%), ECP, PEFR variation (%) and RBD/W before and after each 3-week session of RA and SA in patients who received SA

before RA (n=13)

n=13 SA (first) RA
Mean + SD Mean + SD
AFEV1 (%) 33+79 83+5.1
AECP (ug/L) 1.3+£3.5 30+24
APEFR variation (%) 09+438 7.8 +4.1
ARBD/W 0614 25+1.3

blood lymphocyte sub-population cytokines and
in vitro lymphocyte proliferation in asthmatic
patients [7]. They concluded that acupuncture
has some kind of immuno-modulatory effect
on inflammatory cells and cytokines in certain
asthma patients. Unfortunately, to date, there
have been very limited basic and clinical stud-
ies on the topic. Serum ECP as a measure in
asthmatic management is useful, as the serum
ECP concentration may decrease and correlate
with asthma activity after proper anti-inflam-
matory treatment [8-9]; ECP is known to be a
good potential marker of successful long-term
management of chronic asthma [11].

There is uncertainty as to whether there
are some psychological effects related to the
improvement of clinical symptoms and the
decrease in the use of rescue inhalation medi-
cation due to the “prolonged” subjectively dif-
ferent somatic sensation between RA and SA.

Thorac Med 2013. Vol. 28 No. 3

Acupuncture has been previously reported to
improve the patient’s clinical feelings, but there
is a paucity of solid evidence on the objective
improvement of physiologic and inflammatory
markers. The present study was designed to
focus only on objective findings based on the
primary outcome of FEV1 and ECP change in
asthma patients. Clinical scores, such as the
parameters recorded in the asthma control test,
were not recorded for the study patients.

An older population participated in the cur-
rent study because the hospital is a veteran’s
hospital and elderly patients have more free
time to fulfill the thrice-weekly visits to com-
plete the study. These older patients seldom like
to regularly record their subjective symptom
scores, like the asthma control test score, at
home. Thus, they were not asked to do so. Fur-
thermore, there is no standard length of wash-
out period after traditional acupuncture. It has



Effects of Acupuncture on Eosinophil Cationic Protein and Peak Expiratory Flow Rate in Asthma 145

been hypothesized that a 3-week period may
be long enough to wash out the effects of either
RA or SA, as in a previous study [14]. Despite
the limited patient numbers, the final results
here show a better response from patients who
received RA first (n=14, Table 3) than those
who received SA first (n=13, Table 4). Because
the patient population was composed of many
persistently asthmatic patients, the patients were
allowed to keep their fixed low-doses of inhaled
steroid if they had been using them before the
study.

In this prolonged acupuncture study, 27
study patients demonstrated statistically sig-
nificant improvement in FEV1 and ECP con-
centrations post-RA and had significant clinical
improvement, including decreased use of the
bronchodilator for rescue inhalation and de-
creased daily PEFR variability. Sustained acu-
puncture may have an anti-inflammatory effect
on asthma. Well-controlled large-population
studies with different acupoints and different
levels of stimulation are needed to further cor-
roborate the findings here.
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First Successful Resuscitation of Mother and Delivery
of Baby in a Patient with Severe H1IN1 Complicated
with ARDS in Taiwan: Experience with ECMO

Kuang-Hui Chiu, Ping-Tsun Lai

H1N1 infection can be very severe and even fatal in high-risk patients including
pregnant mothers and females during the peri-partum period. We report the 1* case of
mother and fetus that were saved during the 2009 H1N1 pandemic in Taiwan. A 25-year-
old G2P1 woman at 34 weeks gestation was infected with H1N1 and progressed to ARDS
refractory to ventilatory support with 100% O,. Emergent caesarian delivery was performed
and the baby had an uneventful recovery. The mother was treated aggressively with ECMO
and unfortunately developed right-side pneumothorax despite early ECMO use and lung
protective ventilation because of tension bullae, which were either acquired or congenital.
She was successfully weaned from ECMO within 1 week with subsequent extubation of the
endotracheal tube. Her chest tube was removed after 2 weeks in the chest medicine ward.
We also reviewed the related literature on severe H1N1 infection among pregnant women,
the relationship of various outcomes at different gestational ages, differences in duration from
infection to treatment, and also the effect of ECMO use. (Thorac Med 2013; 28: 147-153)

147

Key words: pregnancy, H1N1, acute respiratory distress syndrome, extracorporeal membrane

oxygenation

Introduction

HINT1 infection became a pandemic prob-
lem during 2009, and high-risk groups, includ-
ing pregnant women developed very severe
complications. The clinical course was more
severe among pregnant women requiring inten-
sive care unit (ICU) admission.

We report a 25-year-old G2P1 pregnant

woman at 34 weeks gestation with HIN1 infec-
tion that developed severe acute respiratory dis-
tress syndrome (ARDS) refractory to mechani-
cal ventilator support. After aggressive treat-
ment with extracorporeal membrane oxygen-
ation (ECMO) and emergent caesarean delivery,
both mother and child survived and had an
uneventful recovery. We share our experience
with this 1 case of Taiwanese pregnant mother
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and baby that survived, along with data and
recommendations from the literature around the
world to provide a picture of the clinical impact
of severe HIN1 on pregnant mothers and also
management trends.

Case Report

A 25-year-old G2P1 pregnant woman at 34
weeks gestation had cough for 1 week. Her hus-
band and elder son had upper airway infection
several days before her onset of cough. There
was no fever initially and the small amount of
sputum was whitish without accompanying
sore throat or generalized aches. She later had
fever for 3 days and shortness of breath for 5
days after onset of cough. She went to a nearby
medical center for severe shortness of breath.
Her initial HIN1 screening test was negative.
She was treated with Unasyn, but progressed to
respiratory failure and endotracheal tube inser-
tion was suggested. She was transferred to our
hospital by family request on 11/16. The HIN1
screening test at our hospital was also negative.
Oseltamivir (150 mg twice daily for 6 days fol-
lowed by 75 mg twice daily for 6 days) was
given after her throat-swab was sent for a HINI
polymerase chain reaction (PCR) test. The Tai-
wan Centers for Disease Control (CDC) real-
time PCR (rRT-PCR) test confirmed positive
for HIN1. Chest computed tomography (CT)
(Figure 1) showed bilateral lower lobe pneumo-
nia with right pleural effusion and a right lower
lung bullous lesion before endotracheal tube in-
tubation. Respiratory failure (PaO,: 58.9 mmHg
on 100% O,) developed and endotracheal intu-
bation with mechanical ventilator support was
given immediately. Because of her right lower
lung bullae, we tried to maintain peak inspira-
tory pressure (PIP) below 30 mmHg, positive

Thorac Med 2013. Vol. 28 No. 3

end-expiratory pressure (PEEP) below 8 mmHg
and a low tidal volume (350-400 cc). Emergent
caesarian section delivery of the baby, as ad-
viced by the gynecologist, was arranged shortly
after admission due to fetal distress, to save the
life of the baby. The baby fortunately had an
uneventful recovery.

ARDS refractory to mechanical ventilation
then developed. ECMO was needed to improve
her oxygenation and we maintain PEEP around

Fig. 1. Chest CT taken on day 1 showing bilateral consolidation

with a right lower lobe hypertranslucent lesion suggestive of bullae.

Fig. 2. CXR taken after ECMO use showing persistent bilateral

pneumonia with air-bronchogram and a right lower lung hypertranslu-
cent leision suggestive of bullae.
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3 mmHg to avoid ventilator-induced lung in-
jury. Follow-up chest X-ray (CXR) (Figure 2)
immediately after ECMO support was begun
showed extensive bilateral consolidation. We
used femoral VV ECMO with blood flow 0.7-
3.5 L/min and air flow 2-4 L/min to maintain
Pa0O, 55-60 mmHg with SpO, around 88-92%
initially. We used heparin (400-800 U/hr) and
adjusted the dosage with activated clotting
time (ACT) monitoring every 6 hours to keep
ACT at 160 to 80 seconds. Monitored aPTT
was around 50 seconds. She developed tension
pneumothorax in the right-side chest on hospi-
tal day 3, despite early use of ECMO with lung
protective ventilation. Immediate chest tube
insertion was performed to relieve the tension
pneumothorax (Figure 3), which related to the
right lower lobe tension bullae. The bullae were
not caused by barotrauma because they were
present before mechanical ventilation. We gave
her proper sedation with Dormicum 5 mg IV

Fig. 3. CXR taken after chest-tube insertion for right-side

pneumothorax.

Fig. 4. CXR taken before discharge from the hospital still revealed
the existence of right lower lung bullae.

PRN, cough control and very gentle chest tube
wound care without unnecessary movements
to avoid traumatic bleeding. She was weaned
from ECMO within 1 week after ARDS had im-
proved and the endotracheal tube was removed
2 days after discontinuing ECMO. However,
continuing air leakage from the chest tube re-
quired 2 more weeks of hospital stay. She was
discharged on 12/19 with chest OPD follow-
up and was asymptomatic with no sequela of
pulmonary function impairment. CXR (Figure
4) performed 1 year later still revealed bullae in
the right lower chest.

Discussion

During the 2009 HIN1 pandemic, pregnant
women were found to have a disproportionately
high risk of serious complications associated
with high maternal and fetal mortality. A study
[1] from Canada indicated that 45.9% of child-
bearing-age women infected with HIN1 dur-
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ing the 2009 pandemic were pregnant and had
higher incidence of hospital admission.

Observational analysis of 18 gravid patients
revealed that nearly half of pregnant women
presented with non-respiratory, gastrointesti-
nal and abdominal complaints during the 2009
pandemic [2]. The California Pandemic (HIN1)
Working Group [3] also reported that rapid
antigen tests were falsely negative in 38% of
patients tested and suggested anti-viral agents
should be given on clinical suspicion regardless
of screening test results, as in our case.

Oluyomi-Obi et al. [4] reported that au-
topsy of neonatal deaths confirmed multiorgan
hypoxic injury consistent with reduced delivery
of oxygen to the fetus, revealing that severe
maternal hypoxemia was the reason for the
poor outcomes. Maternal hypoxia should be ag-
gressively corrected as in our case to improve
survival.

Alicia et al. [5] reported an association be-
tween the severity of illness and the timing of
antiviral treatment and pregnancy trimester at
symptom onset. Of the 592 women hospitalized
due to HIN1, 11.3% were in the 1* trimester,
42.2% were in the 2" trimester and 46.5%
were in the 3" trimester of pregnancy. Women
treated more than 4 days after symptom onset
were more likely to require ICU admission
than those treated within 2 days: 56.9% versus
9.4%, relative risk 6.0. Among those admitted
to the ICU, 20% expired including 7.1% in the
1* trimester, 26.8% in 2™ trimester and 64.3%
in the 3™ trimester [5]. In our case, the patient
had cough for about 1 week before she came to
our hospital. There was some delay in anti-viral
treatment because she was transferred to our
hospital 1 week after symptoms appeared. Her
clinical course was very severe due to her be-
ing in the 3rd trimester with delayed anti-viral

Thorac Med 2013. Vol. 28 No. 3

treatment.

In a study of 64 pregnant women with HIN1
admitted to the ICU, women at more than 20
weeks gestation and infected with HIN1 had
a 13-fold greater risk of ICU admission; 69%
were mechanically ventilated and 14% were
treated with ECMO [6]. In ANZ ECMO [7]
data, 16% of ECMO supported patients were
pregnant or postpartum women.

Dubar et al. [8] compared the characteristics
of critically ill and non-severe pregnant women.
They found a strong association between the
development of a severe outcome and both co-
existing illness and a delay in oseltamivir treat-
ment [8]. Compared to observations from the
USA, Canada, Australia and New Zealand, their
study had a lower maternal & neonatal mortal-
ity rate due to a lower incidence of co-existing
illness in their population, as well as early diag-
nosis and a shorter delay to anti-viral treatment
[1,4-8]. They also found that caesarean section
did not seem to worsen the maternal condition.
Aggressive treatment for maternal hypoxia, in-
cluding ECMO, also led to better than expected
outcomes compared to the usual 30% to 35%
mortality rate reported for ARDS [8].

Details of the outcomes of 12 pregnant
and post-partum women from Australia and
New Zealand with HIN1 and ARDS that were
treated with ECMO during the 2009 HINI1
pandemic were analyzed [9] to determine the
safety and efficacy of ECMO during pregnancy.
The survival rates for the mother was 66%,
and infant survival was 71%. Complications of
ECMO were bleeding (67%) and nosocomial
infection (58%). All patients received heparin
with aPTT 54-152 sec; massive bleeding was
the main cause of death for 3 of 4 mortalities.
All patients required PRBC transfusion with va-
soactive drug use. Early use of ECMO proved
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to be beneficial, with careful precautions taken
for any bleeding tendency. ECMO support lim-
ited the duration of maternal hypoxia, hypercar-
bia and acidosis, and also prevented ventilator-
associated lung injury. The median duration for
ECMO use was 14 days. There were 5 caesar-
ean sections (3 patients after ECMO therapy
was completed, 1 just after ECMO was com-
menced and 1 prior to the commencement of
ECMO therapy). Five of the 7 (71%) infants
delivered after commencement of ECMO were
live births.

In our case, we gave early aggressive treat-
ment with ECMO to avoid maternal hypoxia.
Oseltamivir was initiated at admission despite
the negative results for the initial HIN1 screen-
ing test. The mother was not known to have
diabetes mellitus, pregestational obesity or any
cardiovascular diseases. She had pneumotho-
rax correlated to her right lung bullae but we
used lung protective ventilation to avoid further
damage. We also performed an emergent cae-
sarian delivery to save the baby’s life. Placing
the patient in the prone position to improve
oxygenation was not an option since she had
undergone a caesarian section. ECMO was the
only effective way to improve oxygenation
and we avoided massive hemorrhage by care-
ful monitoring with ACT to adjust the heparin
dose. Since our patient had undergone caesar-
ean section before ECMO, we did not have to
worry about bleeding due to ECMO during the
surgery. Most of the massive bleeding cases in
Nair et al’s report [9] were not due to the cae-
sarean section wound.

Even though HIN1 ARDS in some patients
is severe and refractory to ventilator support,
there is still a good chance of survival by main-
taining good maternal oxygenation. Regarding
the use of ECMO, most of the complications in

Nair et al’s study were due to massive bleeding
and the ECMO flow in their cases was higher
than in ours. Careful heparin use very is impor-
tant to avoid massive bleeding.

Conclusion

HINI infection must be treated early and
aggressively in high-risk patients, especially in
pregnant women. Clinical suspicion is very im-
portant, especially during epidemic or pandemic
periods, since the clinical presentation might not
be typical. Initial false negative HINI scree-
ning test results could delay treatment and may
lead to mortality. The clinical course is more
severe among pregnant women in the 2" half of
pregnancy peroid. Early oseltamivir treatment
within 2 days after onset of symptoms should
be given in suspected cases while waiting for
confirmatory test results. Early ECMO use in
those patients with ARDS refractory to ventila-
tor support can lead to better clinical outcomes.
Care must be taken to avoid major bleeding
while using ECMO, so as to reduce mortality.
Aggressive management of delivery, including
emergent caesarean section if needed, can also
save both mother and fetus.
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Pulmonary Infection with Pseudallescheria boydii in
an Immunocompetent Patient: A Case Report

Ying-Chun Chien, Yen-Lin Chen, Jih-Shuin Jerng, Chong-Jen Yu

Pseudallescheria boydii is an opportunistic pathogen of immunocompromised patients.
While it is still rare in immunocompetent patients, the number of reports of P. boydii
colonization (mycetoma) or infection of the pulmonary cavity by this pathogen have increased
due to improved detection methods and increased numbers of immunocompromised hosts.
The optimum treatment for this infection remains unclear. Herein, we present a case with
disease progression from mycetoma to peri-cavity lung abscess. In this case, P. boydii was
isolated from a mixture of pathogens. The infection was successfully treated with voriconazole
and adjunct percutaneous drainage and lavage. (Thorac Med 2013; 28: 154-159)

Key words: pulmonary fungal infection, mycetoma, Pseudallescheria

Introduction

The term pulmonary cavity refers to an air-
containing lesion with a relatively thick (>4
mm) wall or an air-containing lesion within
an area of a surrounding infiltrate or mass [1].
Irrespective of the etiologies of the cavities,
the prevalence of intracavitary colonization
and infection has increased due to the greater
number of immunocompromised hosts. Inter-
vention for pulmonary mycetoma, even when
diagnosed early, remains controversial because
the clinical course is variable [2]. If mycetoma
progresses to infection, the lesion may respond
poorly to antimicrobials alone, necessitating ad-
ditional intervention to reduce the fungal load.
Resection of the localized infection remains

the treatment of choice, but in patients with a
poor pulmonary reserve, alternative measures
have been suggested. These measures include
drainage and lavage of cavities with potassium
iodide or antifungal agents, for which various
outcomes have been reported. However, these
non-surgical interventions might require repeat-
ed sessions because of poor intracavitary reten-
tion of the therapeutic agents [3]. Aspergillus is
the best recognized and most well-studied mold
[4], and reports have indicated that percutane-
ous intracavitary treatment has been successful
in cases of aspergilloma or chronic pulmonary
aspergillosis [3,5]. In contrast, treatment for in-
tracavitary infection by Pseudallescheria, which
shares some characteristics with Aspergillus, is
rarely reported [6]. Herein, we describe a case
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of Pseudallescheria, an uncommon pathogen, in
which intracavitary treatment led to a favorable
outcome.

Case Report

A 51-year-old man with a history of cryp-
tococcal meningitis presented with hemoptysis
and fever for 1 day. He had a 20-pack-year
history of smoking and had worked as a cutter
and polisher of jade and diamonds for 30 years.
Pneumoconiosis was diagnosed 8 years earlier.
Serial chest radiographs were obtained dur-
ing the year prior to admission, and showed an
enlarging cavitary lesion at the left upper lobe
(LUL) with a newly developed ball-in-hole ap-
pearance. Chest computed tomography (CT)
analysis led to the suspicion of a fungal mass
within the cavity (Figure 1B). Sputum studies
did not show evidence of mycobacterial infec-
tion, and bronchoscopic biopsy of the cavity
wall did not show evidence of granulomatous
inflammation or malignancy. However, sputum
cultures and bronchial washes revealed the
presence of Pseudallescheria boydii and Kleb-
siella pneumoniae.

On admission, the patient’s temperature was
38.9°C, pulse rate was 138 beats per minute, re-
spiratory rate was 22 breaths per minute, blood
pressure was 121/86 mmHg and SpO, was 96%
under ambient air. Auscultation revealed coarse
breathing sounds bilaterally and wheezes in the
left upper chest. Chest radiograph showed a
ball-in-hole lesion in the LUL. Repeated spu-
tum and bronchial wash cultures showed K.
pneumoniae and P. boydii growth. The patient
received intravenous piperacillin/tazobactam
plus oral azithromycin followed by ceftriaxone
for a total of 3 weeks, but fever persisted. Chest
radiograph showed an increased air-fluid level

Fig. 1A. Chest radiograph (PA view) showing baseline LUL cavity
with pneumoconiosis background, taken 3 months before the patient

visited our outpatient clinic.

Fig. 1B. Chest CT scan showing LUL ball-in-hole with coronal

section.

in the cavity (Figure 2A). A subsequent chest
CT revealed left upper and lower lobe involve-
ment. The patient responded poorly to the ad-
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Fig. 2A. Chest radiograph (left decubitus view) showing intrac-

avitary air-fluid level.

Fig. 2B. Chest CT scan showing CT-guided percutaneous puncture

for pigtail catheter insertion.

dition of intravenous voriconazole and ceftazi-
dime. Surgical intervention was not feasible be-
cause the patient had poor lung reserves-forced
expiratory volume in 1 second (FEV1) was
1.42 L (51.12% of predicted FEV1). Thus, CT-
guided percutaneous drainage and lavage with

Thorac Med 2013. Vol. 28 No. 3

sterile saline were performed using a pigtail
catheter (Figure 2B). Lavage was performed 3
times a day for 12 days. During the lavage ses-
sions, the patient would easily cough out some
lavage fluid, but he could hold his breath and
tolerate a 30 ml bolus lavage without coughing.
The patient’s fever subsided gradually. Radio-
graphs showed no air-fluid level several days
after intervention. Culture of the drainage fluid
yielded P. boydii and unclassified anaerobes;
therefore, ceftazidime treatment was replaced
with metronidazole treatment. The effluent of
the lavage gradually became lighter, the pig-
tail catheter was removed without subsequent
fever, and the patient was discharged from the
hospital. During follow-up, his condition re-
mained stable without fever. Chest radiography
revealed no air-fluid level or ball-in-hole lesion
in the cavity, although he reported occasional
hemoptysis. Compared with the baseline chest
radiograph (Figure 1A), the LUL cavity ap-
peared slightly enlarged with wall thickening
and a new dense opacity between the cavity and
mediastinum. Repeated sputum culture revealed
the presence of only K. pneumoniae.

Discussion

P. boydii, the teleomorph or sexual state of
Scedosporium apiospermum, is a ubiquitous
filamentous fungus present in soil, sewage, and
polluted waters [7]. However, P. boydii is iso-
lated in less than 1% of dwellings and does not
appear to be a frequent colonizer of humans [8].
Since 1984, a number of cases of colonization
or infection of various organs with P. boydii
has been reported. P. boydii is currently recog-
nized as a medically important opportunistic
fungus that causes life-threatening infections in
immunosuppressed patients. Like Aspergillus,
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the range of diseases caused by this fungus is
broad, ranging from transient colonization of
the respiratory tract to saprophytic involvement
of abnormal airways, allergic bronchopulmo-
nary reaction, invasive localized disease, and
disseminated disease. Thus, P. boydii is emerg-
ing as 1 of the most important molds following
Aspergillus. During the past year, amphotericin
B was the drug of choice when invasive fungal
infection was suspected in immunosuppressed
patients. Recent evidence has shown that initial
use of voriconazole was associated with im-
proved survival and better treatment response
to Aspergillus infection [9]. Since amphotericin
B is ineffective against P. boydii, current prac-
tice guidelines provide better coverage when
invasive mold infection is suspected. However,
diagnosis of P. boydii might be delayed among
immunocompetent patients due to the supposed
low infection risk.

P. boydii resembles Aspergillus in its ten-
dency to invade the vessels, but there are sub-
stantial differences between these pathogens in
terms of drug susceptibilities [7]. High-dose
voriconazole or posaconazole might be ef-
fective in vitro, if strains with low MIC,, are
isolated. The drainage culture in the current
report yielded both unclassified anaerobes and
P. boydii, and therefore, voriconazole was the
antifungal agent of choice. Treatment designed
to decrease the pathogen load must take into
account the avascular nature of fungal masses.
Intravenous antimicrobials, therefore, are of
little therapeutic benefit in these cases. The
patient’s low pulmonary function excluded
surgery as a treatment option. Instead, we used
percutaneous pigtail catheter-mediated drain-
age. Amphotericin B has been used in lavage
fluid for chronic cavitary aspergillosis [3,5], but
we did not add voriconazole to the lavage fluid

because we found no evidence to support this
kind of treatment. A saline lavage might be ad-
equate, regardless of the nature of the pathogen,
especially in grave circumstances. Intracavitary
treatment is especially important when risk of
treatment failure is compounded by the pres-
ence of possibly resistant strains.

P. boydii is distinctively difficult to treat
since it is inherently resistant to most available
antifungal agents. Immediate and proper isola-
tion, identification, and susceptibility testing of
fungal pathogens are critical for the develop-
ment of optimal treatment. Advances in antifun-
gal agents and surgical debridement techniques
remain essential elements in the battle against
these organisms.

Pre-existing cavities are attractive targets
for pathogen colonization in immunocompetent
patients. P. boydii might participate directly in
infection, or may be a bystander in the process.
The unclassified anaerobe isolated in our case
may have been the primary pathogen. Neverthe-
less, we could not ignore the role of P. boydii in
our patient, especially after minimal improve-
ment was observed following a course of usu-
ally effective antibiotics.

In conclusion, voriconazole is effective in
vitro against P. boydii with low MICy,. In cases
of uncontrolled infection, percutaneous pigtail
drainage plus lavage with saline might be an ef-
fective alternative method. Whether P. boydii is
a bystander or participant, our experience with
the successful treatment of pulmonary P. boydii
infection mixed with other bacteria highlights
the need for clinicians to be aware of possible P.
boydii infection in low-risk patients.
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Late Pulmonary Metastasis of Renal Cell Carcinoma —
13 Years after Radical Nephrectomy: A Case Report

Chih-Hsiang Chien, Yuh-Min Chen

Pulmonary nodules larger than 3 cm in the elderly raise the possibility of malignancy.
We present a case of pulmonary metastases that occurred 13 years after radical right
nephrectomy for renal cell carcinoma. The patient suffered from cough with hemosputum for
days. He visited our outpatient department where pulmonary nodules were detected by chest
X-ray examination in February 2012. Computed tomography (CT) of the chest revealed a 3.8
x 3.0 cm soft tissue mass at the right lower lobe (RLL) of the lung, and variably-sized nodules
at the bilateral lung fields. Lung cancer, RLL, with lung-to-lung metastasis was suspected.
CT-guided biopsy was performed for the RLL mass and histopathology disclosed metastatic
renal cell carcinoma. Abdominal CT disclosed a normal appearance of the left kidney and no
local recurrence of renal cell carcinoma. We present this case and review the literature of late
pulmonary recurrence from renal cell carcinoma. (Thorac Med 2013; 28: 160-164)

Key words: renal cell carcinoma, late pulmonary recurrence

Introduction

The differential diagnosis of multiple pul-
monary nodules includes primary pulmonary
malignancies with pulmonary metastasis, pul-
monary metastases from other malignancies,
fungal infection, multiple arteriovenous mal-
formations (AVM), septic emboli, pneumoco-
niosis, etc [1]. The initial approach with these
patients includes history-taking, physical ex-
amination, and information from available pre-
vious chest X-rays or imaging examinations. As
patients get older, the possibility of malignancy
with a pulmonary nodule or mass is higher [1].

Renal cell carcinoma (RCC) is the most

common type of primary renal malignancy [2].
Although pulmonary metastasis constitutes the
majority or most common type of RCC recur-
rence after nephrectomy, late recurrence after
10 years is rarely reported. We present herein
the case of a male patient with pulmonary me-
tastasis from RCC post-radical nephrectomy,
with a 13-year disease-free interval.

Case Report

An 86-year-old male underwent right radi-
cal nephrectomy for RCC in 1999. The post-
operative course was smooth and he did not
receive postoperative adjuvant radiotherapy

Department of Chest Medicine, Taipei Veterans General Hospital, Taipei, Taiwan
Address reprint requests to: Dr. Yuh-Min Chen, Department of Chest Medicine, Taipei Veterans General Hospital,

No. 201, Sec. 2, Shih-Pai Rd., Taipei 11217, Taiwan, R.O.C.
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Fig. 1. Chest X-ray (February 2012) revealed a soft-tissue shadow

at the right lower lung, near the right hilum (as arrow indicates)

or systemic therapy. No tumor recurrence was
found in the next serial follow-up. However,
he visited our outpatient clinic in January 2012
due to cough with bloody sputum lasting for
days. An abnormal soft-tissue shadow was de-
tected by chest X-ray examination (Figure 1).
Chest computed tomography (CT) examination
was arranged and the results revealed a 3.8 x
3.0 cm soft tissue mass lesion at the right lower
lobe (RLL) of the lung, with variably-sized soft
tissue nodules at the bilateral lung fields. Me-
diastinal lymphadenopathies were also found
(Figure 2). Lung cancer, RLL, with lung-to-
lung metastasis was suspected.

Bronchoscopy with endobronchial ultraso-
nography (EBUS) was arranged initially and
showed 2 mediastinal LN with hypervascular-
ity at stations 7 and 10R, respectively. Due to
the high risk of bleeding, biopsy was not per-
formed. The patient then received CT-guided
biopsy of the soft tissue mass in the right lower
lung. The histopathology of the RLL tumor
disclosed metastatic RCC, clear-cell type, com-
patible with the pathology findings of the previ-

3 ]

Fig. 2A. Chest CT revealed a soft tissue mass at the right lower lung

[

(big arrow) and a nodule in the right lower lung (small arrow)

N

el

Fig. 2B. Chest CT revealed a nodule at the left lower lung (arrow)

S

ous radical nephrectomy. The tumor cells were
immunoreactive for CD10 and CK, while non-
reactive for TTF-1 and RCC stains.
Meanwhile, abdominal CT disclosed the
normal appearance of the left kidney and no
evidence of local RCC recurrence. Whole body
bone scan found no bony metastasis. He was
then transferred to the genitourinary outpatient
department for further management. After dis-
cussion with the patient, he was given small
molecule tyrosine kinase (TK) inhibitors (suni-
tinib) for further treatment. Chest CT in May
2012 revealed that the size of the soft tissue
mass lesion at the RLL had decreased (Figure 3).
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Fig. 3. Chest CT revealed the soft tissue mass at the right lower

lung had decreased in size after TK inhibitor treatment for 3 months
(arrow)

Discussion

The annual incidence of RCC has increased
during the past 2 decades [3]. RCC, which
originates within the renal cortex, constitutes
80-85% of primary renal neoplasms. The ma-
jority of recurrence or metastases of RCC oc-
curs within the first 5 years after nephrectomy
[4]. Recurrence has been reported as 43% in
the first year, 70% within the second year, 80%
within 3 years, and 93% within 5 years [4-5]. In
a series of 2228 patients, the incidence of late
renal tumor recurrence after nephrectomy for
localized RCC (beyond 5 years) was only 4%
[6]. With a median postoperative follow-up of
13.9 years (range 5.1-38.9), 63 patients (4.3%)
experienced late renal recurrence at a median
of 9.3 years (range 5.1-25.3), and 172 patients
(11.8%) developed late distant metastases at a
median of 9.6 years (range 5.1-26.6) after sur-
gery [6].

Pulmonary metastasis is the most common
presentation of distant metastases of RCC [7].
Lung metastases have been reported in 29-

Thorac Med 2013. Vol. 28 No. 3

54% of patients with RCC, followed by bone
metastases (16-31% of patients) [8-9], liver
metastases (8-30% of patients) [8-10] and brain
metastases, which occur in 2-10% of patients.
Late metastases (>10 years post-nephrectomy)
is the specific behavior of RCC and is rare. The
longest reported time-to-recurrence after ne-
phrectomy was 45 years [11].

In a previous report of late recurrence or
metastases that included 470 RCC patients who
had undergone curative treatment and who did
not develop recurrence within 10 years of fol-
low-up, the disease-free survival rate at 15 and
20 years was 89.5% and 78.4%, respectively
[12]. In the study, multivariate analysis showed
that lymph node metastasis was the only factor
to predict late recurrence (p=.0334), and age at
nephrectomy was the only prognostic factor for
overall survival (p<.0001). Thirty of the 470 pa-
tients had developed late recurrence in 44 sites,
including the lung (36.4%), kidney (25%), and
bone (13.6%), followed by the brain, pancreas,
adrenal gland, lymph nodes, and liver [12]. An-
other study reported that late RCC metastases
are often combined with rapid disease progres-
sion [13]. Patients with untreated metastatic
disease have a 5-year survival of 0-18%.

Surgery is curative for the majority of
RCC patients without distant metastases, and
is therefore the preferred treatment option for
stages I, II, and III RCC patients [14]. Neither
chemotherapy nor radiotherapy is effective for
the treatment of advanced RCC. Immunother-
apy with high-dose bolus interleukin-2 (IL-2)
can activate an immune response against RCC
that results in tumor regression in a minority of
patients [15].

Molecularly-targeted therapy with small
molecule TK inhibitors (sunitinib, sorafenib,
pazopanib) to block the intracellular domain of
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the vascular endothelial growth factor (VEGF)
receptor may regress the growth of the tumor
[16]. As for the treatment of pulmonary metas-
tases, a study of 64 patients with pulmonary
metastasectomy reported a 5-year survival of
39.9% and a median survival of 46.6 months
[17].

Conclusion

Late recurrence (>10 years) is a rare and
specific behavior of RCC. A history of malig-
nant disease (such as RCC) is important when
making the differential diagnosis. Lifelong fol-
low-up is necessary for RCC patients who have
undergone radical nephrectomy.
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Pulmonary Metastasis of Pleomorphic Liposarcoma
Presenting as a “Ball-in-Hole” Lesion on
Chest Radiograph — A Case Report

Hsu-Ching Kao*, Wen-Feng Fang*, Po-An Chou*, Yu-Mu Chen*,
Meng-Chih Lin*, Chin-Chou Wang*,**

A 54-year-old man with a history of hepatocellular carcinoma and chest wall pleomorphic
liposarcoma post-surgical excision presented with 1 month of hemoptysis. CXR revealed a
“ball-in-hole” lesion in the right upper lobe. CT scan of the chest revealed a 2.5 cm enhancing
nodule at the anti-dependent portion of a 3.7 cm cavity within ground-glass opacity at
the apical segment of the right upper lobe. Aspergilloma was suspected. Bronchoscopic
examination failed to identify the lesion, so surgical excision was scheduled. Right upper
lobectomy with mediastinal lymph nodes dissection was performed utilizing video-assisted
thoracic surgery. The lesion was identified as a metastatic pleomorphic liposarcoma in the
pathological study. The postoperative course was uneventful, and no recurrence was found
8 months after the surgery. This case illustrates a rare type of liposarcoma with metastasis to
the lung, presenting with an unusual pattern on the CXR. (Thorac Med 2013; 28: 165-170)

Key words: “ball-in-hole” lesion, pleomorphic liposarcoma, lung metastasis

Introduction

Liposarcoma is 1 of the most common sar-
comas of adulthood. Most liposarcomas arise
in the deep soft tissues of the limbs, trunk, or
retroperitoneum. Pleomorphic liposarcoma (PL)
is the rarest of the different forms of liposar-
coma [1]. PL tends to have a progressive clini-
cal course with a high potential for metastasis.
“Ball-in-hole” lesions or air-crescent signs on

chest radiographs are frequently caused by as-
pergilloma, and less common factors including
malignancy. Lung metastases rarely manifest
as “ball-in-hole” lesions on chest X-ray (CXR),
regardless of the origin of the primary tumor.
Herein, we present the case of a 54-year-old
man with metastatic PL of the lung presenting
as a “ball-in-hole” lesion.

*Division of Pulmonary & Critical Care Medicine, Department of Internal Medicine, Kaohsiung Chang Gung
Memorial Hospital and Chang Gung University College of Medicine, Kaohsiung, Taiwan; **Department of Public
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Case Report

A 54-year-old man presented with hemop-
tysis of 1 month’s duration in June 2011. No
cough, shortness of breath, or chest pain was
reported. His past medical history included left
lower chest wall PL excised in 2009 at a local
hospital, and hepatocellular carcinoma (HCC).
He had follow-up for his chest wall PL at the
local hospital where the surgery took place. At
the same time, he had regular follow-up for his
HCC in the gastroenterology outpatient clinic
in Kaohsiung Chang Gung Memorial Hospital.
Due to the symptom of hemoptysis, the gas-
troenterologist arranged a CXR examination,
which revealed a “ball-in-hole” lesion in the
right upper lung (Figure 1) that had not been seen
in CXRs in the most recent 2 years (Figure 2).
Computed tomography (CT) scan of the chest
was then arranged (Figure 3), and revealed a
2.5 cm enhancing nodule at the anti-dependent
portion of a 3.7 cm cavity within a ground-glass
opacity at the apical segment of the right upper
lobe. Differential diagnoses included aspergil-

Fig. 1. Patient’s CXR in June 2011

Thorac Med 2013. Vol. 28 No. 3

Fig. 2. Patient’s CXR in November 2009 taken a few months after
his left chest wall surgery

-]

Fig. 3. CT scan of the chest revealed a 2.5 cm enhancing nodule at
the anti-dependent portion of a 3.7 cm cavity within ground-glass

opacity at the apical segment of the right upper lobe

loma, pulmonary tuberculosis, tumor and other
rare causes, though aspergilloma seemed more
likely. Bronchoscopy examination was then
performed in July 2011, and found no endo-
bronchial lesion. At the same time, fungus, My-
cobacterium tuberculosis, and bacterial cultures
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from bronchial wash fluid failed to cultivate.
The patient was then admitted on 13 August
2011 for surgical intervention.

On admission, the patient’s physical exami-
nation was normal. Routine blood test results
were normal. Repeated CXR (Figure 4) on ad-
mission still showed a “ball-in-hole” lesion, but
this time with an increased ball size compared
to the lesion in June. Surgical excision utiliz-
ing a video-assisted thoracic surgery (VATS)
modality was performed on 15 August 2011. An
ill-defined mass about 5 cm in size in the right
upper lobe of the lung was indentified intra-op-
eratively. Right upper lung lobectomy with me-
diastinal lymph nodes dissection was performed
and tissue samples were sent for pathological
study. The resected samples showed lung tis-
sue with an ill-defined tumor mass composed of
sheets of spindle, plump and oval cells featur-
ing scattered bizarre and multinucleated giant
cells, frequent mitoses, and areas of hemorrhage
and necrosis. The lymph nodes were free of tu-

Fig. 4. Patient’s CXR in August 2011 prior to surgery, showing the

increased size of the lesion compared with the lesion in June 2011

Fig. 5. Specimen of excised lung lesion revealed an ill-defined

tumor mass composed of sheets of spindle, and plump and oval
cells featuring scattered bizarre and multinucleated giant cells
with frequent mitoses. IHC stain proved metastatic pleomorphic

liposarcoma

mor involvement. Immunohistochemical (IHC)
staining was then performed with the tissue
sample. The IHC results identified the lesion as
a metastatic PL (Figure 5). Tracing his medical
history, the left chest wall PL excised 2 years
ago was highly suspected to be the primary le-
sion. The postoperative course was uneventful
and the patient was discharged 2 weeks after
the surgery. Eight months after surgery, there
was no recurrence of PL.

Discussion

The air-crescent sign (“ball-in-hole”) seen
in the CXR or chest CT scan is most often as-
sociated with an inflammatory process such as
mycetoma, a hydatid cyst, lung abscess, pulmo-
nary tuberculosis, or a Rasmussen aneurysm in
a tuberculous cavity [2-3]. It is less commonly
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seen in primary lung malignancy, and even less
often in metastatic lung lesions. An estimated
4% of metastatic tumors have been noted to
cavitate, as detected by plain radiography [4].
Upon encountering an air-crescent sign or
a “ball-in-hole” lesion in the CXR, it is impera-
tive to differentiate malignant from benign
lesions, such as mycetoma, but this can be dif-
ficult. However, certain radiographic features
may provide helpful clues in the diagnostic
evaluation of a patient with cavitary lung le-
sions, if biopsy is not immediately available.
Features of chest imaging that supported the
diagnosis of a malignant lesion in our pa-
tient included an enhanced nodule at the anti-
dependent portion of the cavity on CT scan,
and an absence of adjacent bronchiectasis [5].
However, the wall of the cavitary lesion in our
case (less than 5 mm) was thinner than what
would be expected in a cavitating lung cancer.
According to the study by Woodring et al. [6]
on the diagnostic implications of the cavity wall
thickness of solitary cavities of the lung, lesions
in which the thickest part of the cavity wall was
1 mm were benign; 92% of lesions with a wall
thickness 4 mm or less were benign; lesions 5
to 15 mm were equally divided between benign
and malignant; and 95% of lesions with a cavity
wall thickness greater than 15 mm were malig-
nant. PL is the rarest subtype of liposarcoma,
and accounts for about 5% of all cases [1]. It is
more common in middle-aged and older popu-
lations, with a similar sex distribution. Most
liposarcomas arise in the deep soft tissues of the
limbs, trunk, or retroperitoneum. Although the
pathology report in our case indicated the lung
lesion was a metastatic PL, there was a brief
moment when the lesion was suspected to be a
primary lung PL, since the patient had no active
primary PL in other parts of the body when the

Thorac Med 2013. Vol. 28 No. 3

lung lesion appeared. However, the suspicion
was short-lived, and the diagnosis of metastatic
PL originating from the chest wall PL excised
2 years ago was thought to be more likely for
several reasons. First, the incidence of primary
lung PL is rare. To date, there have been less
than 10 cases of primary lung PL reported [7].
Second, PLs have a very high incidence of me-
tastases and tumor-related mortality [8], even
in patients who received surgical excision and
adjuvant therapy. Isolated lung metastases will
develop in about 20% of patients with extrem-
ity soft tissue sarcoma during the disease course
[9]. Third, although in our case there was a
considerable time span between the diagnosis
of primary chest wall PL (diagnosed in 2009)
and lung metastasis (diagnosed in 2011), stud-
ies have shown it is not unusual for PLs to
have late metastasis despite the excision of the
primary tumor. In one case series [10], the time
span between diagnosis of the primary extrem-
ity PL and lung metastasis ranged from 0 to 107
months, with a mean of 23 months, which is
similar to that of our patient (24 months). This
explains why the diagnosis of solitary metastat-
ic PL to the lung, rather than primary lung PL,
was more likely for our patient.

In conclusion, an air-crescent sign or “ball-
in-hole” lesion in a CXR is more commonly
caused by aspergilloma or mycetoma, but ma-
lignant causes should not be overlooked, espe-
cially in high-risk patients. CT imaging may
provide useful clues to differentiate aspergillo-
ma from malignant lesions. Despite excision of
the primary and metastatic disease and adjuvant
treatment, tumor progression with metastasis is
the usual clinical course for PL. This case thus
illustrates late metastasis of chest wall PL to the
lung with a rare presentation as a “ball-in-hole”
lesion on CXR.
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Diaphragmatic Hernia after Percutaneous
Radiofrequency Ablation for Hepatocellular Carcinoma
— A Case Report and Literature Review

Huang-Chi Chen, Ching-Yuan Chen*, Bin-Chuan Ji, Ching-Hsiung Lin

Radiofrequency ablation (RFA) is now regarded as the first-line therapy for unresectable
small-sized or recurrent hepatocellular carcinoma (HCC). The thoracic complications of
RFA require our attention, especially when we treat HCC adjacent to the diaphragm. The
case we report is that of a patient with an unusual presentation, who was diagnosed with
diaphragmatic hernia 14 months after RFA for HCC. We reviewed the medical literature
written in English and found that the mean value of time from culprit RFA till hernia diagnosis
in 5 cases was 13.8 months. HCC near or adjacent to the diaphragm is a risk factor. One
reasonable explanation for this delayed complication is that an initial thermal injury could
then lead to progression of the diaphragm defect under the influence of a peritoneopleural
pressure gradient, increased intra-abdominal pressure, or focal tumor infiltration. Therefore,
newly developed adjuvant maneuvers for RFA, such as subphrenic water or artificial ascites,
may be a reasonable choice for specifically selected patients with HCC near the diaphragm.

171

(Thorac Med 2013; 28: 171-178)

Key words: diaphragmatic hernia, radiofrequency ablation, hepatocellular carcinoma

Introduction

Liver cirrhosis and hepatocellular carcino-
ma (HCC) are leading causes of death in several
countries, especially Taiwan. Surgical resection
has been considered the first-line treatment for
solitary HCC. However, impaired liver func-
tion, comorbidity and patients’ preference all
make surgical intervention impossible. Radio-
frequency ablation (RFA) is now widely accept-
ed as a good choice for unresectable small-sized

or recurrent HCC. The thoracic complications
of RFA require our attention, especially when
treating HCC near the diaphragm. We herein re-
port a case with an unusually late complication
-- the patient developed diaphragmatic hernia
14 months after RFA for HCC.

Case Report

A 56-year-old man was diagnosed 4 years
ago as having chronic hepatitis B and alcohol-
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related liver cirrhosis (Grade A, Child-Pugh
classification criteria). He received regular fol-
low-up. Six months after the diagnosis of liver
cirrhosis, abdominal ultrasonography revealed a
hypoechoic nodule in segment VII of the liver,
2.1 cm at its largest diameter. The initial level
of alpha-fetoprotein was 6.4 ng/mL and close
follow-up was suggested. Six months later, the
alpha-fetoprotein level was elevated and the
size of the lesion had increased. Ultrasound-
guided liver biopsy confirmed the diagnosis of
HCC. The findings of subsequently performed
dynamic computed tomography (CT) imaging
were compatible with HCC. For fear of the pos-
sible surgical risks, the patient chose transcath-
eter hepatic arterial chemoembolization (TACE)
and RFA instead of surgical resection. TACE
was carried out by the radiologist and RFA was
performed 6 weeks later.

RFA was performed percutaneously and
the RF needle was advanced to the lesion under
ultrasonographic guidance by experienced in-
terventional hepatologists. The RFA equipment
consisted of a 200-watt cool-tip RF ablation
generator (model CTRF-117) and a single cool-
tip electrode 17-gauge needle (model ACT-
2030; Valleylab, Boulder, CO). The tip of the
RF needle was exposed 3.0 cm for ablation.
The ablation size was dependent upon tissue
type, vascularization, impedance and tempera-
ture. Abdominal ultrasonography was used for
follow-up after RFA. If needed, repeated RFA
would be considered, based on the treatment re-
sult, tumor size and number, location and clini-
cal judgment of the hepatologists.

After RFA, this patient received regular
follow-up for 40 months, and no definite re-
currence was found. However, TACE was
performed in the 17" month for 3 low density
lesions under the suspicion of recurrent HCC.
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Forty months after the first RFA, the abdominal
CT revealed a recurrent lesion with the largest
diameter of 2.0 cm in the liver tip of segment
VI (Figure 1A). He underwent RFA again for
the tumor, for a total of 3 times within 1 week.

There was no particular abnormality in the

(A)

B

Fig. 1. (A) Abdominal CT reveals a recurrent hepatocellular carci-

noma with the largest diameter of 2.0 cm in the liver tip of segment
VI. (B) The initial chest roentgenography shows no particular
abnormality.
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follow-up chest roentgenography (Figure 1B).

After this intervention, he received regular
imaging follow-up, including ultrasonogra-
phy and CT. There was no recurrence until 11
months later. Multiple enhancing lesions were
noted and TACE was carried out. The most
unusual finding was the right diaphragmatic
hernia (Figures 2A & 2B) which was detected
in the follow-up imaging studies 3 months after
the TACE.

There was no other discomfort except for
mild exertional dyspnea, nor was there a sign
or symptom related to bowel incarceration.
Four months after the findings of diaphragmatic
hernia, he came to our chest medicine outpa-
tient clinic due to progressively deteriorating
dyspnea, and was further referred to the chest
surgeon for surgical repair.

The diaphragmatic hernia was considered
to be closely related to the RFA rather than the
TACE, especially the RFA for the lesion in the
liver tip of segment VI. TACE was performed
via selecting a blood vessel supplying the tumor
and then injecting embolic particles or particles
containing a chemotoxic agent through the cath-
eter. RFA was performed by advancing a par-
ticular kind of needle percutaneously into the
tumor under ultrasonographic guidance. Since
RFA has the characteristic of local thermal in-
jury, there was the possibility of diaphragmatic
injury. But the most extraordinary aspect of this
was that the diaphragmatic hernia occurred 14
months after the previous RFA.

Discussion

HCC is the most common presentation of
malignant liver disease. Most of the cases, app-
roximately 80%, are related to chronic hepatitis
B and hepatitis C [1]. For solitary or localized

(A)

(B)

Fig. 2. (A) Abdominal CT shows right diaphragmatic hernia with

intra-thoracic herniation of the small bowel and parts of the hepatic
flexure colon associated with lung collapse and pleural effusion. (B)
The chest roentgenography shows opacification in the right lower
field with pleural effusion.
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Fig. 3. CT shows a small diaphragmatic defect after the culprit RFA.

HCC, partial hepatic resection has been consid-
ered the “gold standard”. However, when other
factors are considered (such as the size of the
tumors, number of lesions, poor liver function
reserve, comorbidity and anatomic location),
only about 1/5 of HCC cases are resectable [2].

RFA has been developed in the past 2 de-
cades to treat unresectable HCC. The technique
generates temperature ablation via the use of a
high frequency alternating current electrode and
is able to bring about tumor coagulative necro-
sis. Because of the better clinical outcome with
RFA compared to other local ablative therapies,
such as percutaneous ethanol injection and per-
cutaneous microwave coagulation [3-7], RFA
is now widely accepted as the first-line treat-
ment for unresectable small-sized HCC and as
a promising therapy for recurrent and unresect-
able HCC [8].

Despite the safety and the clinical effective-
ness, the complications related to RFA cannot
be overlooked. Whether major or minor, the
overall complication rate was reported to be
from 6.9% to 9.5% in different studies, depend-
ing on how complications were defined [9-
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11]. The most frequent major complications
in descending order are tumor seeding, intra-
peritoneal hemorrhage and liver abscess. Even
though relatively rare, thoracic complications,
such as pleural effusion requiring treatment,
pneumothorax, hemothorax and diaphragmatic
injury, were also found [12-13]. Diaphragmatic
thickening detected in CT is the most common
finding related to diaphragmatic injury due to
RFA [14]. This is a kind of thermal injury as-
sociated with RFA for the treatment of lesions
near the dome of the liver. Most diaphragmatic
injuries are self-limiting and need only conser-
vative management [13,15]. The case we pre-
sented herein involved a diaphragmatic hernia
after RFA, a very rare thoracic complication
related to the intervention. The most extraor-
dinary aspect of this case is that this adverse
event occurred 14 months after RFA. In addi-
tion, the patient did not undergo surgical repair
till 4 months later, on account of progressively
deteriorating dyspnea.

We reviewed the medical literature written
in English, and found only 5 cases of diaphrag-
matic hernia (including our patient) reported to
be related to RFA for HCC [16-19]. Of the 5 il-
lustrated cases, 4 were clearly identified as hav-
ing HCC adjacent to the diaphragm. The mean
value of time from RFA till hernia diagnosis in
these 5 cases was 13.8 months (Table 1). We
might easily disregard the association between
diaphragmatic hernia and RFA because the oc-
currence of the hernia was obviously delayed in
time.

An increasing number of ideas or tech-
niques have been proposed to minimize the tho-
racic complications of RFA for HCC adjacent to
the diaphragm [20-22], for example, subphrenic
water injection or artificial ascites. There are at
least 2 advantages to this maneuver. First, by



Diaphragmatic Hernia after Percutaneous Radiofrequency Ablation for HCC

Table 1. Characteristics of diaphragmatic hernia following RFA found in the literature review
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Masahiko Koda ez Akitaka Shubuya Fabrizio Di

Takuji Yamagami Our case

al. et al. Francescoetal.  etal.
Patient age and 61, Female 72, Male 49, Male 71, Female 56, Male
gender
Diagnosis Hepatitis B-related Alcoholic-related Alcoholic Hepeatitis Alcoholic
cirrhosis, HCC cirrhosis, HCC and Hepatitis C-related and Hepatitis
C-related cirrhosis, HCC B-related
cirrhosis, HCC cirrhosis, HCC
Tumors size and 2.1 cm in segment 1.5 cm on the 52x%x52x54 2.4 cm in segment 2.0 cm in the

location VIII border of segment cm3 right liver Vil tip of segment
1.0 cm in segment IV and VIII, dome lesion VI, adjacent to
VIII, adjacent to  adjacent to the the diaphragm
the diaphragm diaphragm
1.5 cm in segment
VI
Treatment Percutaneous RFA Percutaneous Percutaneous Percutaneous Percutaneous
RFA RFA RFA RFA
Number of 2 1 7 1 3
treatment sessions
Time from culprit 13 months 18 months 15 months 9 months 14 months
RFA till hernia
diagnosed
Symptoms Dyspnea Dypnea and right Encephalopathy, Dyspnea Dyspnea
upper abdominal nausea, vomiting
pain
Time from hernia 3 months Immediately Immediately No surgical 3 months
till surgical repair for bowel repair. Under
incarceration observation

using an adequate amount of 5% dextrose water
injection into the area beneath the diaphragm,
we are able to separate the liver and diaphragm.
Second, we can diminish the acoustic window
formed by the air in the lung and enhance the
visibility of HCC just beneath the diaphragm.
Since the survival time of patients with HCC
may lengthen with improvements in therapeutic
modalities, we believe that thoracic complica-
tions, as in our case, will gradually increase in
frequency. Therefore, newly developed adjuvant

maneuvers for RFA, such as subphrenic water
or artificial ascites, may be a reasonable choice
for specifically selected patients with HCC near
the diaphragm.

Why the duration from RFA to the diag-
nosis of diaphragmatic hernia was so long is
another interesting issue. We propose the most
probable mechanism here. Most diaphragmatic
injury related to RFA is self-limiting. However,
if the thermal injury is so severe that it exceeds
the self-healing ability of the wound, it will
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lead to a small diaphragm defect. In cirrhotic
patients with HCC, a peritoneopleural pressure
gradient, increased intra-abdominal pressure
(when coughing or with increased ascites) and
focal tumor infiltration will all result in the
progression of the diaphragm defect. Several
months later, the small defect will become a
larger “hole”, leading to symptomatic diaphrag-
matic hernia. This may be why diaphragmatic
hernias related to RFA are diagnosed so late in
the clinical process.

After careful review of our patient’s CT im-
ages, we found that the diaphragmatic defect
(Figure 3) after the culprit RFA was quite small.
The clinical presentations of this patient were
compatible with our reasoning above.

Finally, we would like to recommend that
routine chest roentgenography and CT scan are
essential for patients receiving RFA for HCC
adjacent to the diaphragm. Close observation
could be considered for diaphragmatic her-
nias without signs of bowel strangulation or
incarceration. However, surgical repair is still
strongly suggested to prevent possibly wors-
ened or lethal complications.
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Multiple Disseminated Sclerosing Hemangiomas of
the Lungs

Yen-Fu Lin, Chih-Feng Chian, Cheng-Kuang Chang*, Hsin-Chung Lin**,
Hsian-He Hsu*, Wann-Cherng Perng

Sclerosing hemangioma (SH) is a relatively rare, benign neoplasm of the lung. The
characteristic features of SH include asymptomatic, peripheral, solitary, well-circumscribed
nodules in women aged around 40 years. The pattern of multiple nodules is rare, with an
incidence of 4-5% in pulmonary SH. We present the case of a 44-year-old asymptomatic
woman who had undergone chest roentgenography that revealed numerous small nodular
opacities with slight thickening along the interstitial lines in both the lungs during a regular
examination; her chest computed tomography scan revealed innumerable diffuse nodules
that mimicked disseminated malignant lesions in all lobes of both the lungs. In this case,s in
which no primary lesion was detected, we performed wedge resection of the right upper lobe
to establish a definitive diagnosis; histological analysis of the resected tissue confirmed SH.
Follow-up data of 4 years suggested that SH in this case wasis indolent without treatment.
A review of previously reported cases with multiple nodules suggested that fewerless than
3 nodules of around 1 cm to 3 cm were observed in a limited number of lobes. However, we
report, for the first time, a case with innumerable diffuse nodules less than 1 cm in diameter,
spreading in all lobes of both the lungs. Although the incidence of multiple SH is very low,
itthese should be considered when evaluating any patient with multiple diffuse miliary-like
nodules. HoweverFurther, these findings do not indicate an unfavorable outcome. (Thorac
Med 2013; 28: 179-185)

Key words: sclerosing hemangioma, disseminated nodules
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Introduction

Sclerosing hemangioma (SH) is a relatively
rare, benign neoplasm of the lung. The charac-
teristic features of SH include asymptomatic,
peripheral, solitary, well-circumscribed nodules
in women with a mean age of 40 years at diag-

nosis. The pattern of multiple nodules is rarely
observed, with an incidence of 4%-5%, and
most nodules are present in small numbers in
a limited number of lobes [1-2]. We present a
case of SH with diffuse and innumerable nod-
ules that mimicked disseminated malignancy
in all lobes of both lungs. Follow-up data of 4
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years suggested that the SH in this case was in-
dolent without therapy.

Case Report

A 44-year-old asymptomatic woman un-
derwent chest roentgenography that showed
numerous small nodular opacities with slight
thickening along the interstitial lines in both
lungs (Figure 1) during a regular examination in
June 2007. She was then referred to our hospital
for further examinations. A computed tomogra-
phy (CT) scan of the chest showed innumerable
diffuse small nodules of various sizes, less than
1 cm in diameter (up to 0.8 cm in maximum
diameter in the right upper lobe), in all lobes
of both lungs (Figure 2A, 2C). Each lesion was
a round-shaped nodule with a distinct margin
and homogeneous density. Lymphadenopathy
was not observed. Her clinical status was un-
remarkable. She had never smoked and rarely
consumed alcohol. Her family history was

Fig. 1. Numerous small nodular opacities with mild interstitial line

thickening in both lungs.
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negative. Physical examination revealed no
remarkable signs. Repeated examination of the
sputum showed no acid-fast bacilli or malignant
cells. Peripheral blood count and biochemical
examination results were within normal limits.
Cryptococcus antigen was not detected in the
serum. The levels of serum tumor markers, in-
cluding carcinoembryonic antigen (CEA), squa-
mous cell carcinoma (SCC)-associated antigen,
cancer antigen 19-9 (CA19-9), cancer antigen
15-3 (CA153), and alpha-fetoprotein (AFP),
were all within normal range; the exception was
cancer antigen 125 (CA-125; 64.75 units/mL;
normal range, 0.00-35.00 units/mL). However,
pelvic ultrasonography and contrast-enhanced
abdominal CT scans both showed no remark-
able finding. Radiological examination revealed
multiple well-defined nodules; hence, the le-
sions were suspected to be metastatic lung tu-
mors. However, gastroduodenoscopy and fiber-
optic colonoscopy revealed no apparent tumors.
To obtain a definitive diagnosis of metastatic
lung tumors, we performed wedge resection of
the right upper lobe. On microscopic examina-
tion, the resected sections showed 3 well-cir-
cumscribed pulmonary nodules (up to 0.6 cm in
maximum diameter) with a mixed solid cellular
area, papillary structures composed of surface
epithelial cells and internal round tumor cells,
small vascular proliferation, and blood-filled
spaces, which were consistent with the features
of SH (Figure 3). Based on the histological find-
ings and the observation of multiple lesions in
all lobes of both lungs, further examination of
these lesions was not performed. After surgery,
the residual lesions were carefully followed by
serial radiographs at every outpatient depart-
ment visit. CT scan of the chest in November
2011 revealed that the sizes of the pulmonary
nodules had not changed during the 4 years,
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(A) (B)

© (D)

Fig. 2. (A) Multiple small pulmonary nodules in both upper and lower lobes; (B) the number of nodules was unchanged after 4 years. (C)
Multiple small pulmonary nodules in the right middle lobe, left lingular lobe, and bilateral lower lobes; (D) the number of nodules was unchanged
after 4 years. There was no change in the size of the pulmonary nodules over the course of 4 years, and no new lesion had developed.

and no new lesion was noted (Figure 2B, 2D).
Her postoperative course was uneventful and
she showed good recovery without any sign of
recurrence.

Discussion

Pulmonary SH, which was first described
by Liebow and Hubbell in 1956 [3], is a rela-
tively rare benign pulmonary tumor with an

B & Tl incidence of about 1% of all lung tumors [4].
Fig. 3. Papillary structures composed of surface epithelial cells and A hi gh incidence of pulmonary SH has been
internal round tumor cells, small vascular proliferation, and blood- . . .

reported in Asia [5]. According to the new 1999

World Health Organization (WHO)/Interna-

filled spaces.
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tional Association for the Study of Lung Cancer
(IASLC) criteria, pulmonary SH is now in-
cluded in the category of miscellaneous tumors
in the WHO classification of lung tumors. Im-
munohistochemical and ultrastructural stud-
ies of this tumor have suggested an epithelial
(type 1I pneumocyte) origin [6]. In addition to
pulmonary SH, other terms such as pneumocy-
toma, sclerosing pneumocytoma, and papillary
pneumocytoma have been used to describe this
condition [7].

Histological examination revealed that SH
is composed of 4 main components, namely,
papillary, sclerotic, solid, and hemorrhagic
architectural patterns in different proportions.
Almost 56% of tumors are composed of all 4
patterns. Further, 39% of tumors exhibit 3 pat-
terns, with papillary, sclerotic, and solid being
the most frequent. All tumors contain more than
2 histological patterns and no tumor exhibits a
single pattern. The papillary pattern is observed
in 95% of tumors [1]. In the papillary pattern,
the tumors mainly exhibit proliferation of 2
types of epithelial cells: round or polygonal or
stromal cells and cuboidal or surface cells. Cu-
boidal surface cells that line papillary structures
or form tubules and polygonal round cells with
pale cytoplasm constitute the interstitium of the
lesion.

In 1989, Maezato ef al. reviewed the clinical
features of 255 Japanese patients with pulmo-
nary SH and reported that the ratio of female-
to-male patients was 6:1. SH occurred more fre-
quently in middle-aged women with an average
age of 47 years (range, 7-77 years) [2]. Most
patients are asymptomatic, and the majority of
tumors are identified incidentally during chest
radiograph screening. In symptomatic patients,
the common symptoms include hemoptysis
(11% of all SH patients), chronic cough (8.5%),
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and chest pain (4.9%) [1]. Symptom presenta-
tion may result from impingement of a large tu-
mor on adjacent structures of the bronchovascu-
lar bundles. Radiological examination revealed
that SH typically presents as a peripheral (95%),
solitary (96%), well-circumscribed homoge-
neous nodule (74%) with a diameter of less
than 3 cm (range, 0.3 to 7 cm; mean, 2.6 cm).
In addition to the classic features of SH, sev-
eral unusual presentations have been observed,
including multifocal lesions (4%), hilar lymph
node metastasis (1%), and endobronchial (1%),
pleural (4%), and mediastinal (1%) lesions [1].
The rate of tumor occurrence in the right (54%)
and left (46%) lobe of the lung is almost equal,
whereas the incidences in the upper and lower
lobes are 25% and 47%, respectively [1]. There-
fore, the tumors are predominantly located in
the lower lobes. Calcification is variable but
may be present in a small number of tumors;
cyst formation is rare but is known to occur,
and cavitation does not occur [8-10]. A chest
CT scan shows a round to oval-shaped well-
defined nodule or mass with marked contrast
enhancement [11-12]. Although the lesion on
chest CT suggests a benign pulmonary tumor,
especially in the absence of adverse clinical
events, a further invasive procedure is usually
needed for definitive diagnosis.

SH presents predominantly as a solitary
pulmonary nodule; multiple lesions are rare,
with an incidence of about 4% [1-2,13-19]. A
review of previously reported cases with mul-
tiple lesions suggests the lesions present in 3
kinds of patterns: a dominant tumor surrounded
by multiple satellite lesions, multiple tumors in
a single lobe, and solitary tumors in multiple
lobes. The patterns are observed mostly when
3 or fewer nodules with sizes of around 1 to
3 cm are present in a limited number of lobes
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[4,6,18,20-23]. With this case, we report, for
the first time, a patient with diffuse miliary-like
nodules of SH of less than 1 cm in diameter,
spreading in all lobes of both lungs. However,
in this case, we could not verify whether the le-
sions were multicentric in origin or the result of
intrapulmonary metastasis. The small residual
lesions did not change in size over a long peri-
od; hence, they were thought to be multicentric
and indolent.

In a rare case with disseminated multiple
nodules in both lungs, it is difficult to distin-
guish the nodules from metastatic lung tumors,
even with an indolent clinical presentation. Fur-
ther, confirmed results are usually needed for a
definitive diagnosis. However, many aspiration
cytology or intraoperative frozen section analy-
ses are not conclusive for SH, because the re-
sults can vary depending on the tumor pattern in
the sampled area [7]. The architectural variation
and 2 epithelial cell types may not be readily
appreciated for the diagnosis. The histological
differential diagnoses might include bronchio-
loalveolar carcinoma, papillary thyroid carcino-
ma, papillary renal cell carcinoma, epithelioid
hemangioendothelioma, carcinoid carcinoma,
and inflammatory pseudotumor [1]. The pres-
ence of 2 distinct epithelial cell populations and
the mixture of architectural patterns are helpful
in differentiating SH from bronchioloalveolar
carcinoma with a papillary architecture.

SH of the lung is generally thought to be
a benign lesion and surgical excision yields a
good clinical outcome without the need for ad-
ditional therapy [7]. However, further diagnosis
or treatment of these lesions was abandoned
in our case, because residual multiple nodules
were diffusely spread in all lobes of both lungs
and they were very similar to resected nodules
in the CT findings. Distant organ metastasis

from SH has not been previously reported, and
mortality has not been attributed to SH. We fol-
lowed this patient with annual chest radiogra-
phy for 4 years, and noted that the residual nod-
ules remained unchanged. Chest CT scan after
4 years also showed no change in the residual
lesions. The spreading of multiple SH lesions in
all lobes of both lungs has rarely been reported,
but the condition does not lead to an unfavor-
able outcome.

Conclusion

In conclusion, this is the first report on
stable SH with innumerable diffuse nodules that
mimicked disseminated malignancy in all lobes
of both lungs observed for a long period. Even
though the incidence of multiple SH is low, this
condition should be considered when evaluat-
ing any patient with multiple diffuse miliary-
like nodules.
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Disseminated Cryptococcosis in a HIV-Negative Patient
Initially Presenting as Bilaterally Massive Pleural
Effusion: A Case Report & Literature Review

Mei-Yin Chen, Chi-Wei Tao

Cryptococcus neoformans is a human fungal pathogen that causes life-threatening
infection in immunocompromised hosts, and in some cases, immunocompetent hosts.
Inoculation is usually via the inhalation of soil aerosols. Disseminated disease is the most
common presentation among immunocompromised persons with malignancy, human
immunodeficiency virus infection, corticosteroid use, or organ transplantation, but is rare in
immunocompetent hosts. The most common plain radiographic findings are focal infiltrates
and pulmonary nodules. Chest computed tomography similarly reveals one or more
peripheral nodules with or without cavitation and/or areas of consolidation. We present the
case of a 72-year-old, HIV-negative Taiwanese woman with mild type 2 diabetes mellitus
under good dietary control who presented with cough and dyspnea. Initial chest plain film
showed bilaterally massive pleural effusion. Disseminated cryptococcosis with pleural
effusion, meningitis, pericardial effusion, infective endocarditis, peritonitis, and cryptococemia
was diagnosed, and despite adequate antifungal treatment the patient developed multiple

organ failure and eventually expired. (Thorac Med 2013; 28: 186-191)

Key words: disseminated cryptococcosis, bilaterally massive pleural effusion

Introduction

Cryptococcus neoformans is a ubiquitous
encapsulated yeast-like fungus that predomi-
nantly infects the lung or central nervous sys-
tem. The portal of entry is the lung, sometimes
followed by hematogenous spread to other
organs. The clinical presentation of pulmonary
cryptococcosis varies along a spectrum from as-
ymptomatic infection to severe pneumonia and
respiratory failure. Disseminated cryptococcal

infection is rare in immunocompetent patients,
and chest X- ray (CXR) rarely reveals pleural
effusion alone [1].

We report herein a non-immunocompro-
mised female patient with disseminated crypto-
coccosis and an initial CXR presenting bilater-
ally massive pleural effusion.

Case Report

A 73-year-old female presented to the emer-
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gency department with a 2-week history of
dyspnea. She was initially treated for aspiration
pneumonia with empiric antibiotics for sputum
culture grown with carbapenem-resistant Pseu-
domonas aeruginosa.

The patient denied any history of malignan-
cy or recent travel. She was human immuno-
deficiency virus-negative and without a history
of organ or bone transplantation, immunodefi-
ciency disorder, or immunosuppressive medica-
tions. She had taken no medication for chronic
illness before the development of a recent left
middle cerebral artery infarct with intracerebral
hemorrhage, and underwent craniotomy, cranio-
plasty, and tracheostomy at another tertiary care
hospital 2 months prior to this admission. She
also had mild type 2 diabetes mellitus under
good dietary control for 1 year. Her social his-
tory and family history were noncontributory.

CXR on admission showed infiltration in
the left lower lobe (LLL) and right lower lobe
(RLL) and bilateral minimal pleural effusion.
The patient’s general condition improved, and
CXR revealed no active lung lesion after anti-
biotic treatment for aspiration pneumonia. On
hospital day 9, she developed a hyperkalemic
bradyarrhythmic attack, and a massive amount
of coffee ground-like material was retrieved
using suction via a nasogastric tube. Given her
respiratory embarrassment and low blood pres-
sure, she was transferred to the intensive care
unit (ICU). The patient was in severe cardiore-
spiratory distress, and mechanical ventilation
was started.

Upper gastrointestinal panendoscopy re-
vealed hemorrhagic gastritis, gastric ulcer, and
duodenal ulcers, and proton pump inhibitors
were given. A packed red blood cell transfu-
sion was also performed for severe anemia. The
patient developed acute renal failure afterwards

Fig. 2. Chest computed tomography revealed massive pleural

effusion with subsegmental atelectasis of the LLL; a pigtail catheter

was inserted.

and repeated CXR showed bilaterally massive
pleural effusion (Figure 1). Sono-guided tho-
racentesis was performed on hospital day 14,
and pleural fluid revealed evidence of exudate.
Pleural effusion grew Cryptococcus neofor-
mans, and India ink test revealed encapsulated
yeast (Figure 2). Serum cryptococcal antigen
was also positive (1: 8192X). Bronchoscopy
revealed no evidence of endotracheal lesion.
Though initially negative, blood culture also
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Fig. 3. India ink test of cerebrospinal fluid demonstrates encap-

sulated yeast.

grew C. neoformans. Chest CT scan revealed
massive pleural effusion with subsegmental at-
electasis of the RLL, and a pigtail was inserted
(Figure 3). Lumbar puncture was performed on
hospital day 16; cerebrospinal fluid culture grew
C. neoformans. Amphotericin B was started as
induction therapy on hospital day 16 for dis-
seminated cryptococcal infection. Hemodialysis
was begun on hospital day 29 due to the de-
velopment of acute renal failure. Echocardiog-
raphy showed multiple vegetative growths at
the aortic and mitral valve and a small amount
of pericardial effusion. Pericardiocentesis was
performed, and pericardial fluid culture grew
C. neoformans later. Abdominal sonography
revealed a small amount of ascites, and ascitic
fluid culture also grew C. neoformans.
Laboratory studies were obtained and re-
vealed a white blood cell (WBC) count of 14.4
x 10° cells/uL, with 88% polymorphonucle-
ated cells (PMNs), and a platelet count of 47 x
10°/uL. An extended metabolic and liver panel
demonstrated: sodium 149 mmol/L, potassium
3.4 mmol/L, BUN 147 mg/dL, creatinine 4.31
mg/dL, total bilirubin 0.6 mg/dL, AST 80 U/L,
ALT 64 U/L, and alkaline phosphatase 200 U/L.

Thorac Med 2013. Vol. 28 No. 3

HIV antibody and anti-nuclear antibody were
found to be negative. The levels of tumor mark-
ers (CEA, AFP, CA125, CA19-9, CA153) were
within normal limits.

The patient was diagnosed having dissemi-
nated cryptococcosis presenting with bilaterally
massive pleural effusion, meningitis, pericardial
effusion, peritonitis, infective endocarditis, and
cryptococemia. She was given 4 weeks of IV
amphotericin B (1 mg/kg/day) for induction
therapy. Oral fluconazole (6 mg/kg/day) was
added as consolidation therapy during the 5"
week of medical treatment, and was continued
as a single-agent maintenance therapy after 4
weeks of consolidation therapy. The patient
was transferred to the respiratory care ward on
hospital day 97 due to difficulty weaning, and
expired soon thereafter.

Discussion

C. neoformans causes infection following
inhalation through the respiratory tract, and
disseminates hematogenously. Two C. neofor-
mans serotypes are currently recognized: the
most common causative agent of cryptococ-
cosis, serotype A (C. neoformans var. grubii),
and the relatively less virulent serotype D (C.
neoformans var. neoformans) [2]. Serotype D
is ubiquitous, but serotype A occurs mainly
in tropical and subtropical climates, probably
because of its strong association with certain
species of Eucalyptus tree [3-4]. The most com-
monly infected sites are the central nervous
system and lung; pulmonary cryptococcosis is
rare in the immunocompetent patient [5]. In a
study by Aberg et al. [6], only 18 (35%) out
of 52 patients with pulmonary cryptococcosis
were immunocompetent. Radiographic features
of pulmonary cryptococcosis in immunocompe-
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tent patients vary. The most common findings
are solitary or a few well-defined, non-calcified
nodules that are often pleural-based [7] and fo-
cal infiltrates. Other features include masses,
segmental or lobar consolidation, or reticulo-
nodular opacities [8]. The last is more common
in immunocompromised patients. Cavitation
may occur within nodules or areas of infiltrate
and has been noted in 14-21% of plain chest
radiographs and 10-42% of computed tomog-
raphy scans of immunocompetent patients with
cryptococcal infection; a much higher rate has
been observed (62.5% vs. 15.4%) [9]. A solitary
cryptococcal nodule or mass may simulate lung
cancer [1], and pleural effusion is rare.
Disseminated cryptococcosis is defined by
1) a positive culture from at least 2 different
sites, or 2) a positive blood culture [10]. The
clinical presentation of disseminated cryptococ-
cosis varies and depends on the organ involved.
A diffuse maculo-papular rash may be an im-
portant diagnostic clue indicating disseminated
disease [11], and CNS involvement is the most
common manifestation of disseminated crypto-
coccosis. The diagnostic “gold standard” for C.
neoformans infection is growth of an organism
in culture from an otherwise sterile site [12].
Patients with severe pulmonary disease (eg,
diffuse pulmonary infiltrates) or disseminated
disease (eg, at least 2 noncontiguous sites or
cryptococcal antigen titer > 1:512) should be
managed as for CNS disease. The treatment
consists of antifungal therapy that includes in-
duction, consolidation, and maintenance phases
[13], and reducing immunosuppressive therapy
if possible. Induction therapy consists of 2-4
weeks of amphotericin B (0.7-1.0 mg/kg/day
IV) plus flucytosine (100 mg/kg/day orally in
4 divided doses). In patients with renal insuf-
ficiency, liposomal amphotericin B (5 mg/kg/

day) may be substituted for amphotericin B.
Consolidation therapy with fluconazole (6-8
mg/kg/day, oral) for 8 weeks followed by main-
tenance therapy with fluconazole (200-400 mg/
day, oral) for 6 to 12 months should be given
to the infected patients [13]. Reduction of im-
munosuppressive therapy may be beneficial for
control of cryptococcal infection, but must be
balanced with the potential for organ rejection
and immune reconstitution.

Disseminated cryptococcosis is associated
with a high mortality rate, exceeding 60%, es-
pecially in those patients with development of
meningitis and acute respiratory failure [10,14-
15]. In our case, the patient also presented with
infective endocarditis; medical treatment is usu-
ally unsuccessful in patients with Pseudomonas
aeruginosa, Brucella species, Coxiella burnetii,
Candida species, and other fungal infections
[16]. Uncontrolled sepsis due to any pathogen,
is usually an indication for surgery. Our patient
finally expired due to poor response to the med-
ical treatment.

Conclusion

Cryptococcus is the 4th most common op-
portunistic infection in AIDS patients [14], and
disseminated cryptococcosis is rare in immuno-
competent patients. Diagnosis relies mostly on
histology, fungal culture, serum cryptococcal
antigen, and radiography. Prognosis depends on
immunological status and underlying comor-
bidities.

References

1.McAdams HP, Rosado-de-Christenson ML, Templeton
PA, et al. Thoracic mycosis from opportunistic fungi:

radiologic-pathologic correlation. RadioGraphics 1995;

frafeeges B 102 4 28 % 3 H



190 Mei-Yin Chen, Chi-Wei Tao

15:271-86.

2.Lin X, Heitman J. The biology of Cryptococcus neofor-
mans species complex. Annu Rev Microbiol 2006; 60:
69-105.

3.Kwon-Chung KJ, Bennett JE. Epidemiologic differences
between the two varieties of Cryptococcus neoformans.
Am J Epidemiol 1984; 120: 123-30.

4.Ellis DH, Pfeiffer TJ. Natural habitat of Cryptococcus
neoformans var. gattii. J Clin Microbiol 1990; 28: 1642-
44,

5.Kiertiburanakul S, Wirojtanaugon S, Pracharktam, et
al. Cryptococcosis in human immunodeficiency virus-
negative patients. Int J Infect Dis 2006, 10(1): 72-78.

6. Aberg JA, Mundy LM, Powderly WG. Pulmonary crypto-
coccosis in patients without HIV infection. Chest 1999;
115: 734-40.

7. Yang C J, Hwang JJ, Wang TH, et al. Clinical and radio-
graphic presentation of pulmonary cryptococcosis in
immunocompetent patients. Scan J Infect Dis 2006; 38:
788.

8. Nadrous HF, Antonios VS, Terrell CL, et al. Pulmonary
cryptococcosis in nonimmunocompromised patients.
Chest 2003; 124: 2143-7.

9. Chang WC, Tzao C, Hsu HH, et al. Pulmonary crypto-

coccosis: comparison of clinical and radiographic charac-

Thorac Med 2013. Vol. 28 No. 3

teristics in immunocompetent and immunocompromised
patients. Chest 2006; 129; 333-40.

10. Chuang YM, Ho YC, Chang HT, et al. Disseminated
cryptococcosis in HIV-uninfected patients. Eur J Clin
Microbiol Infect Dis 2008, 27(4): 307-10.

11. Licci S, Narciso P. Disseminated cryptococcosis in an
HIV-negative patient. Int J infect Dis 2009; 13(3): e139-
40.

12. Satishchandra P, Mathew T, Gadre G, et al. Cryptococcal
meningitis: Clinical, diagnostic and therapeutic over-
views. Clin Infect Dis 2000; 30(4): 710-8.

13. Perfect JR, Dismukes WE, Dromer F, et al. Clinical
practice guidelines for the management of cryptococcal
disease: 2010 update by the infectious disease society of
America. Clin Infect Dis 2010; 50: 291.

14. Sasisopin Kiertiburanakul, Somnuek Sungkanuparph,
Benjamas Buabut. Cryptococcuria as a manifestation of
disseminated cryptococcosis and isolated urinary tract
infection. Jpn J Infect Dis 57; 203-05, 2004.

15.Vilchez RA, Linden P, Lacomis J. Acute respiratory
failure associated with pulmonary cryptococcosis in non-
AIDS patients. Chest 2001; 119: 1865-9.

16. Mylonakis E, Calderwood SB. Infective endocarditis in
adults. N Engl J Med 2001; 345(18): 1318-30.



Disseminated Cryptococcosis 191

NI R B BRI I AR PR RR B s g
B CAE R SRR 2R B Z I Bl v B SRR Il

REF FEE

FAER A A AR 44/\¢\;rm|§(]3‘rli>(}ﬁﬁj}‘lo‘§’#’gé PR R HARS AL F
2t AL s A2 A R YR T s dc,\»ig;g AR AT FF AN ARG R 22
Bt ERRT ERAE m%*‘4’%*ﬁﬂm’é£? fw’%"wﬁ IR SR
Bt o HRZMIIXELRL HIERA R TR ER- A S BRI S AR F LY RS
PR

PGS R - T2 R S R R RO R Y A S R R Al
A SRR 0 9920 X R IR R Ak o 15 KPS R BATAE TR FR 4 ¢ 45k o e
A R R TR SRR ST B S R e T SR A
SERE R Rfsr= o (”»?”2??2013;28: 186-191)

M R AR FE 4 RS R

%Ei‘f P N TJA*K tic}'_/rﬁ‘ﬁl
FE e kL REHF  EEFR PN SRR S0 124 RFARE 4 B

frafeeges B 102 4 28 % 3 H



192

Successful Weaning from Prolonged Mechanical
Ventilation after Inspiratory Muscle Training of
a Patient with Duchenne Muscular Dystrophy

Chao-Hsien Chen, Chang-Yi Lin, Ming-Jen Peng, Chien-Liang Wu

Duchenne muscular dystrophy (DMD) is a hereditary, X-linked recessive disease
characterized by progressive muscle weakness. Impairment of respiratory muscle function
with respiratory failure is the most common cause of death in patients with DMD. These
patients have a life expectancy of approximately 20 years if left untreated. Once mechanical
ventilation is initiated, respiratory muscle impairment, as a result of disuse atrophy and
contractile dysfunction, will increase the difficulty of weaning these patients. Inspiratory
muscle training (IMT) is a pulmonary rehabilitation measure thought to primarily improve
inspiratory muscle function. Although the use of IMT remains controversial in patients with
DMD, there appear to be benefits in the early stage of the disease. The effect of IMT on
weaning patients from prolonged mechanical ventilation has been demonstrated. Herein, we
report the case of a 20-year-old patient with DMD, admitted with pneumonia complicated with
respiratory failure and prolonged mechanical ventilation, who was successfully weaned from
ventilatory support after IMT. (Thorac Med 2013; 28: 192-199)

Key words: Duchenne muscular dystrophy, inspiratory muscle training, prolonged mechanical
ventilation, pulmonary rehabilitation, respiratory failure, weaning

Introduction

Duchenne muscular dystrophy (DMD) is a
common and severe form of muscular dystro-
phy that occurs almost exclusively in males [1].
Due to mutations of the dystrophin gene and
a defective dystrophin protein, patients with
DMD develop progressive muscle degenera-
tion that involves the respiratory muscles in ad-
vanced stages of the disease. Although pharma-

cological and multi-disciplinary management
of DMD has improved function, maximized
quality of life, and delayed disease progression,
DMD remains an incurable disease. With the
gradual decline in forced vital capacity (FVC)
[2], pulmonary recruitment and nocturnal ven-
tilation are initially indicated, and continuous
non-invasive/invasive ventilation is indicated
in the later stages of the disease [3]. Once me-
chanical ventilation (MV) is initiated, weaning
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can be challenging.

Patients receiving prolonged MV (PMV)
account for 14% of all patients who require
MYV; these patients have a higher hospital mor-
tality rate compared with other patients [4]. For
patients on PMV in Taiwan, successful weaning
is commonly defined as the withdrawal of MV
for 5 or more days [5]. The successful wean-
ing of patients continues to be a challenging
task for critical care teams; effective strate-
gies are still being investigated. One potential
method to facilitate pulmonary rehabilitation
and successful weaning is inspiratory muscle
training (IMT). IMT uses increasing resistance
to provide pressure and/or flow loading during
inspiration to improve inspiratory muscle func-
tion. Methods of IMT include providing non-
linear resistance using an external resistor with
a small opening or achieving specified inspira-
tory pressure levels before each breath using a
threshold device. Both methods offer pressure
and flow loading, and have been shown to in-
crease maximal inspiratory pressure and flow
[6-7]. Another method is decreasing the trigger
sensitivity of the ventilator to increase the in-
spiratory effort [8]. There is a growing body of
evidence supporting the benefits of IMT in the
successful weaning of patients on PMV [8,12-
18]. Herein, we report the case of a patient with
DMD who was successfully weaned from PMV
after pulmonary rehabilitation with IMT.

Case Report

A 20-year-old man presented with a 1-week
history of fever and cough with yellow sticky
phlegm. He was brought to our emergency
room because of progressive dyspnea.

The patient had a waddling gait at the age
of 5 and was unable to run or jump normally.

He frequently fell and had difficulty getting
up after falling. His limbs weakened progres-
sively, to the point at which he had difficulty
feeding himself. After he had been hospitalized
several times because of recurrent pneumonia,
DMD was diagnosed. His mother and an older
sister were confirmed as carriers by genetic
testing. Before this episode, he was able to sit
on a wheelchair and breathe normally without
supplemental oxygen, but required assistance in
his activities of daily living.

Upon arrival at the emergency room, his
temperature was 38.2°C, pulse, 153 beats/
minute, and respiration, 28 breaths/minute.
Blood pressure was 105/77 mmHg. The patient
was 146 cm in height and 29.5 kg in weight.
On auscultation, crackles were detected at the
left lower lung field. Decreased muscle power
(2~3+/5) with muscle atrophy of all 4 extremi-
ties was noted. Arterial blood gas testing indi-
cated respiratory acidosis with partial metabolic
compensation (pH: 7.186; pCO,: 88.2 mmHg;
HCO;: 32.6 mmol/L) and hypoxemia (pO,:
62 mmHg). Leukocytosis (white blood cells:
30,400 cells/uL; neutrophils: 85%) and elevated
C-reactive protein concentrations (14.7 mg/
dL) were found. Biochemistry test results were
within normal limits, except for creatine kinase
(540 TU/L). Chest radiography revealed a pneu-
monic patch at the lower left lung (Figure 1).
Due to pneumonia complicated with respiratory
failure, the patient was intubated and MV sup-
port was initiated.

After treatment with intravenous antibiot-
ics, the patient’s fever subsided and his general
condition improved. Chest radiographs on Day
14 showed resolution of the lower left lung
pneumonia (Figure 2). A spontaneous breathing
trial with a T-piece was attempted on Day 8, but
failed because of tachycardia. Several wean-
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Fig. 1. Chest radiography on Day | showed thoracic scoliosis and
infiltrates in the lower left lung. A significant amount of air was

present in the intestines.

A
Fig. 2. Chest radiography on Day 14 showed complete resolution of

infiltrates in the lower left lung.

ing attempts with gradually decreased pressure
support also failed because of the development
of dyspnea, tachycardia (heart rate > 140 beats/
minute), and respiratory acidosis. The weaning
program was changed to an adaptive support
ventilation (ASV) mode on Day 18. A daily T-

Thorac Med 2013. Vol. 28 No. 3

piece was attempted from Day 34, but the pa-
tient could tolerate the T-piece for less than 4
hours only.

IMT (30 minutes twice daily) was started
on Day 42 using a resistor (Inspiratory Muscle
Trainer, DHD Healthcare, Wampsville, NY) at-
tached to the inspiratory arm of a T-piece with
a 10% fraction of oxygenation (FiO,) higher
than with the ventilator support. The resis-
tor offered non-linear inspiratory pressure and
flow loading. The diameter, starting at 7 mm,
was reduced by 1 mm every 2 days to increase
loading. After a 30-minute training session, the
patient was reconnected to the ventilator and
rested in the ASV mode. After 7 days of IMT,
the patient’s maximal inspiratory pressure (Pi-
Max) had decreased from -20 to -28 mmH,O0,
tidal volume (V) increased from 285 to 320
mL, and the rapid-shallow-breathing index (RSI,
f/V;) improved from 65 to 55 breaths/min/L
(Figure 3). The patient was successfully weaned
from the ventilator on Day 50 and transferred to
the normal ward under spontaneous breathing
with a T-piece and tracheostomy. He was dis-
charged on Day 62 after admission.

Discussion

Inspiratory muscle weakness and/or fatigue
are significant factors contributing to wean-
ing difficulty [9]. For the patient described in
this report, respiratory failure may have been
caused by 2 pathological mechanisms. First,
weakness of both the inspiratory and expiratory
muscles and scoliosis are known to contribute
to the restrictive pulmonary defect in patients
with DMD [10]. This pulmonary defect is
characterized by decreased total lung capacity,
vital capacity (VC), maximal inspiratory pres-
sure (MIP), and peak expiratory pressure, and
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increasing residual volume with disease pro-
gression. By the age of 20, half of all patients
with DMD have less than 20% of the predicted
FVC [2]. Hypoventilation initially appears dur-
ing sleep and leads to respiratory failure and
the need for long-term ventilatory support in
the later course of DMD. A decreased ability
to expectorate is a causative factor in recurrent
pneumonia. Second, PMV leads to atrophy and
contractile dysfunction of the diaphragm, and
consequent inspiratory muscle weakness. Dia-
phragmatic atrophy can occur as soon as 18 to
96 hours after diaphragmatic inactivity under
MYV [11]. Therefore, IMT is a logical treatment
strategy, for which there is increasing evidence
of a benefit in selected ventilator-dependent pa-
tients [8,12-18].

Although the use of IMT in the treatment
of patients with DMD is still controversial, it

seems to offer benefits in the early stage of the
disease. In a randomized controlled trial involv-
ing 30 patients with DMD, Wanke et al. [19]
found that 10 of 15 patients had improved MIP
and endurance after 1 month of IMT. These
positive effects remained 6 months after the
training course. Patients with advanced DMD
(5/15), who had VC values < 25% predicted
and/or PaCO, values > 45 mmHg, did not
exhibit improvements in inspiratory muscle
strength. Wanke et al. concluded that IMT is
useful in patients with DMD, except those with
advanced disease. Other reports have described
increases in MIP or endurance, but not in VC,
and there was no change in respiratory muscle
performance in 1 report [6].

The benefit of IMT for the weaning of
patients from PMV has been demonstrated in
several studies (Table 1). In 1 trial [13], no im-
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Table 1. The effects of IMT on pulmonary function and ventilator weaning in patients on prolonged mechanical ventilation

Type of  Patient . . Successfully
Patient group Method of IMT PiMax VC Endurance
Authors study number (n) Weaned
Aldrich [12
rch [121 g n=4  CHF/COPD Resistor T 1 3/4
(1985)
Aldrich [13] CS 27 7 PNMD & Resist 12727
n= istor

(1989) 20 PLD eststo f f f
Martin [14

atin 41 og o0 2NMD Threshold - - - 910
(2002)
S 15
(zl;ggg;le[ ] CS n=6 Post-operation ~ Threshold 1 -- -- 6/6
Bissett [16

issett [16] CS n=1 Post-operation ~ Threshold -- -- -- /1
(2007)

Insensitive
C 8
(;)r(l;;;)[ ] RCT  n=12/13* Surgical patients trigger of NS -- -- NS
ventilator

Cader [17] 14/21 vs.

ader
(2010) RCT  n=21/20% Age>70 Threshold i -- -- 14/20

lweaning time

Martin [18 Medical and 25/35 vs.

artin [18]  por  p=gsper Medicaland o, chold T Ve
(2011) Surgical patients 16/34

IMT: inspiratory muscle training; CS: case series; PiMax: maximal inspiratory pressure; VC: vital capacity; RCT: randomized controlled trial;

CHEF: congestive heart failure; COPD: chronic obstructive pulmonary disease; PNMD: primary neuromuscular disease; PLD: primary lung

disease; NS: non-significant.
* IMT/control.

provement was found after ventilator manipu-
lation with a relatively low intensity of resis-
tance (10-40% of MIP vs. resistance gradually
increased to the highest tolerable level in other
studies). Among these studies, there were only
9 patients [13-14] with neuromuscular disease;
6 of whom were successfully weaned after IMT.
IMT was well tolerated in these patients and no
major adverse side effects were reported.
Effective IMT must include periods of fa-
tiguing exercise alternating with sufficient rest
periods. Inhalation through an external resis-
tance device can facilitate moderate to severe
pressure and flow load [6]. Our IMT protocol
involved a gradually increasing inspiratory
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load, alternating with rest under ventilator sup-
port, in 30-minute training sessions twice daily.
Previous research has shown that the ventilated
patients who benefit the most from IMT are
those that are alert and cooperative, medically
stable, and able to tolerate a T-Piece for more
than 30 minutes [7]. Our patient met all of these
criteria when starting IMT.

Our report showed the apparent benefit
of IMT in weaning a patient with DMD from
PMV. To our knowledge, there has been only
1 other report similar to our own: Aldrich and
Uhrlass [20] reported the case of a patient with
DMD who had increased VC/V; and MIP after
IMT, and was successfully weaned from MV.
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Although Wanke et al. [19] have suggested that
IMT is ineffective in advanced cases of DMD,
our experience leads us to believe that IMT may
be beneficial in selected DMD patients on MV.
The respiratory failure of our patient was ini-
tially caused by pneumonia rather than disease
progression. Previous studies [6] have shown
no increases in VC in patients with DMD after
IMT. However, our patient did exhibit an in-
crease in VC after IMT, suggesting that the eti-
ology of inspiratory muscle weakness may have
been a combination of DMD and prolonged
ventilator-induced weakness. In addition to
the proliferation of muscle fibers as a result of
IMT, other mechanisms have been proposed to
explain the associated benefits, including altera-
tions in neural pathways, muscle perfusion, and
decreased lactate concentrations or sympathetic
tone in response to lactate [7]. These changes
may have underlain the successful ventilator
weaning of our patient after IMT.

In conclusion, our report demonstrates the
benefit of IMT in facilitating the successful
weaning of a patient with DMD from PMV who
did not respond to traditional weaning strategies
such as increasing periods of daily T-Piece trials
and/or gradual reductions in pressure support.
IMT may be an alternative form of pulmonary
rehabilitation in these severely disabled patients
for whom other forms of pulmonary rehabilita-
tion have failed. Further, IMT might shorten
the weaning duration and improve weaning
rates after the resolution of predisposing fac-
tors. Additional studies are needed to confirm
the efficacy of IMT for weaning patients with
DMD from PMV. These studies should seek to
find the appropriate starting time for IMT, the
appropriate intensity of IMT, and the character-
istics of patients who are most likely to benefit
from this intervention.
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