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Effect of N-acetylcysteine on Acid Aspiration Followed
by Ventilator-iInduced Acute Lung Injury in a Rat Model

Hung-Tze Tay*, Khee-Siang Chan*, Chin-Ming Chen***

Introduction: To examine the pharmacological effects of N-acetylcysteine (NAC) in a
2-hit rat model of acid aspiration-induced inflammation followed by ventilator-induced lung
injury (VILI).

Methods: Rats received intra-tracheal instillation of hydrochloric acid as a first hit
to induce systemic inflammation. For the second hit, they were randomized to receive
mechanical ventilation (MV) using 1 of 2 strategies: a high tidal volume (TV) of 15 mL/kg and
zero positive end-expiratory pressure (PEEP), or a protective strategy of a low TV of 6 mL/kg
and a PEEP of 5 cm H,O. Rats in both groups were exposed to a fraction of inspired oxygen
(FiO,) level of 40% during the 4-hour experimental period. Intravenous bolus of NAC (150 mg/
kg) or placebo was administered 30 minutes before the different MV strategies. The following
variables were measured: blood gases, lung mechanics (static compliance and respiratory
elastance), lung edema, extended lung destruction (lung injury scores and lung histology),
neutrophil recruitment in the lung and cytokine/chemokine production.

Results: Hemodynamics including blood pressure and heart rates did not differ between
groups at baseline and during the study period. Compared to the placebo-treated rats, those
administered NAC presented attenuated lung injury, as evidenced by improved oxygenation,
preserved lung mechanics and diminished lung destruction and inflammation.

Conclusion: Using the 2-hit rat model, NAC administration was found to improve the
physiologic and biologic profiles of rats in this experimental VILI model. (Thorac Med 2017;
32: 245-258)

Key words: acid aspiration, inflammation, N-acetylcysteine, ventilator-induced lung injury
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Introduction

Acid aspiration pneumonitis initiated by in-
haling low pH gastric fluid may be complicated
by subsequent bacterial pneumonia [1]. Gastric
fluid aspiration frequently occurs in trauma pa-

tients or in critical patients with head trauma, or
in those who were victims of alcohol-induced
or cerebrovascular accidents, and is also a com-
mon complication of general anesthesia that
occurs in 1/2,000-3,000 cases when anesthetics
are used [2]. When it is followed by lung injury
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with a severity ranging from mild, subclinical
pneumonitis to progressive respiratory failure,
acid aspiration can be an independent risk fac-
tor for the development of acute respiratory dis-
tress syndrome (ARDS) [1]. ARDS is a leading
cause of death among critically ill patients; it
results in pulmonary inflammation that is char-
acterized by neutrophil recruitment and injuries
to the endothelium and epithelium, leading to
an increase in the permeability of alveolar cap-
illaries and hypoxemia. Mechanical ventilation
(MV) is generally used as a life-saving treat-
ment [3]. But the over-distension of lung units,
the shearing forces that are generated during re-
petitive opening and closing of atelectatic lung
units, and biotrauma caused by inadequate MV
settings may lead to mechanical stress that can
result in ventilator-induced lung injury (VILI).
Acid aspiration models can make the lung more
susceptible to VILI and cause pneumonia by
sequential insults, or a “2-hit injury” [4-6]. The
disruption of endothelial and epithelial cells, in-
creased endothelial and epithelial permeability,
neutrophil infiltration, enhanced production of
inflammatory or anti-inflammatory cytokines/
chemokines, including interleukin (IL)-1f, IL-
6, IL-8 (the equivalent of animal chemokine
ligand 1, CXCL1), IL-10, and tumor necrosis
factor (TNF)-a, and subsequent highly perme-
able pulmonary edema and hyaline membranes,
and decreased lung compliance and oxygen-
ation are included in the spectrum of injuries
[4-7].

Though the clinical outcomes of patients
with ARDS have improved through the use
of a low tidal volume (TV) when using MV,
many conscious patients with ARDS may not
be given a protective lung MV strategy during
their ICU stay [8-10]. Therefore, it is necessary
to search for another promising therapy be-
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sides protective strategies to manage ARDS. N-
acetylcysteine (NAC), a glutathione precursor
(GSH), is a thiol compound with the sulthydryl
group and acts as an antioxidant drug and as a
chemical reductant of oxidized thiols; it func-
tions as a scavenger of reactive oxygen species
(ROS) and a regulator of the redox reaction,
which modulates the gene expression and in-
flammatory reaction in cells [11]. NAC can also
decrease the number of apoptotic cells and the
glutathione disulfide (GSSG)/GSH ratio, thus
exhibiting its antioxidant characteristics [12].
The beneficial effects of NAC on lung injury
have been reported in various experimental
scenarios, including endotoxemia, sepsis, oleic
acid-induced lung injury, hemorrhagic shock
and VILI, and have yielded evidence of dimin-
ished lung edema and cytokines response, as
well as preserved respiratory mechanics and
oxygenation [13-18]. These studies have shown
that NAC prevented pulmonary edema and
acute kidney injury in rats with sepsis subjected
to MV [14]. Moreover, NAC attenuated VILI
through a strategy of high TV (15 ml/kg) in an
isolated and perfused rat lung model [16], and
prevented damage from acid-induced lung in-
jury [18]. NAC could also attenuate the tissue
oxidative stress level and lung injury in a 2-hit
model of trauma [19]. Based on these find-
ings, we sought to assess the potential benefits
of NAC administration in a rat model of 2-hit
injury with acid aspiration-primed lung inflam-
mation followed by VILI.

Methods

Rat Preparation

Our experimental protocols were approved
by the Institutional Animal Care and Use Com-
mittee of Chi-Mei Hospital (CMFHR10314,



N-acetylcysteine Effect on Acute Lung Injury 247

date of approval: Jan 1, 2014). Intraperitoneal
injection of urethane (2 mg/kg; Sigma, St.
Louis, MO, USA) was used to anesthetize male
Sprague-Dawley rats (350-400 g) while in the
supine position. An intravenous cannula was
inserted into and maintained in the tail vein to
sustain the effect of anesthesia through continu-
ous infusion of ketamine (15 mg/kg/h), xylazine
(3 mg/kg/h), and pancuronium (0.35 mg/kg/h),
and infusion of lactated Ringer’s solution. The
right carotid artery was cannulated (Angiocath
IV Catheter; 24-gauge) to monitor mean arte-
rial pressure (MAP) and to collect samples for
blood gas analysis (Ciba-Corning Model 248
blood gas analyzer; Corning Medical, Medfield,
MA). Rectal temperature was maintained at 37
+ 0.5°C using a heating pad during the study
period.

A tracheostomy was created using a 14-
gauge cannula (Angiocath IV Catheter, 2.1 x
48 mm; Becton Dickinson Infusion Therapy
Systems, Inc., Sandy, UT, USA) inserted into
the trachea. The animals were ventilated with a
Servo 300 ventilator (Siemens, Solna, Sweden)
using a TV setting of 6 ml/kg, positive end-
expiratory pressure (PEEP) of 5 cmH,0, and a
respiratory rate of 50 breaths/min with a frac-
tion of inspired oxygen (FiO,) of 40%.

Acid instillation

Hydrochloric acid (HCI, pH 2.0) (referred
to as “acid”) at 0.4 mL/kg was instilled intra-
tracheally using an intra-tracheal aerosolizer
(Penn Century, Inc., Philadelphia, PA, USA).
A recruitment maneuver to prevent lung col-
lapse was performed immediately after acid
administration by increasing PEEP levels to 25
c¢cmH,0 for 5 breaths using a Servo 300 ventila-
tor (Siemens, Solna, Sweden). After ventilation
for 5 min to stabilize the rats using the same

ventilator settings as described above, an arte-
rial blood gas sample was taken. A PaO, range
of 100-150 mmHg was considered as a standard
for a model of ARDS; animals with a PaO, out
of this range were not included in the study.

Experimental Protocol

NAC (150 mg/kg, NAC group) in lactated
Ringer’s solution or lactated Ringer’s solution
alone (placebo group) was administered in a
0.5 mL intravenous bolus 30 min before the
randomization of different MV strategies (soon
after inducing acid aspiration). Rats were ob-
served for 30 min for stabilization after cannu-
lation, and were then randomized into 4 groups
in a blinded fashion. Group HV: rats ventilated
with high TV + placebo; Group HVN: rats ven-
tilated with high TV + NAC; Group LV: rats
ventilated with low TV + placebo; and Group
LVN: rats ventilated with LV + NAC. The HV/
HVN groups were ventilated with a TV of 15
mL/kg and zero PEEP at a respiratory rate of
16-18 breaths/min. The LV/LVN groups were
ventilated with a TV of 6 mL/kg and PEEP of
5 ¢cmH,O at a rate of 45-55 breaths/min. FiO,
was kept at 40%. We maintained the ventilator
period for 4 h after randomization.

Two other groups, a naive control and
acid aspiration alone without ventilation group
served as time-matched controls. Thus, there
were 6 groups with 10 animals each, including
naive control animals without acid aspiration or
ventilator (Naive), acid aspiration-challenged
animals receiving no MV (Control), and the
HV, HVN, LV and LVN groups.

Measurements

Heart rates and pulse oximeter (SpO,) were
measured using a veterinary pulse co-oximeter
(Nonin 8600, Plymouth, MN) before acid instil-

Thorac Med 2017. Vol. 32 No. 6
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lation and hourly after randomization. Airway
pressures (plateau pressures) were recorded us-
ing a data acquisition system (National Instru-
ment DAQCard 700, Austin, TX) at a sampling
rate of 200 Hz (ICU Lab, KleisTEK Engineer-
ing, Bari, Italy). Lung elastance was calculated
using the following formula: (Plateau Pressure-
PEEP)/TV. Plateau pressure was measured
hourly at the end of a 3 to 4 s end-inspiratory
occlusion; PEEP was measured at the end of a
3 to 4 s end-expiratory occlusion. Blood gases
were measured at the beginning of the random-
ization and hourly thereafter.

We sacrificed the rats using sodium pento-
barbital overdosing. Their lungs were excised
via a midline sternotomy and static pressure-
volume curves were generated by manually
injecting 0.5 to 1 cm’ aliquots of air in a step-
wise manner, starting at atmospheric pressure
and continuing until an airway pressure of 30
c¢cmH,O was achieved. The lungs subsequently
were deflated, using a similar stepwise ap-
proach. Volumes were maintained for 6 s at
each step of air inflation or deflation. The right
upper lungs were used to measure wet-to-dry
(W/D) lung weight ratios. The left lung was
lavaged (bronchoalveolar lavage, BAL) for
cell differentiation determinations. Cytokine/
chemokine concentrations (IL-1p, IL-6, IL-10,
CXCL1, and TNF-a) in plasma and BAL fluid
samples (n=10 in each group) were determined
in a blinded fashion by technicians using Duo-
Set ELISA Development kits (R&D Systems,
Minneapolis, MN, USA).

Lung Histology

The histology and lung injury assessments
of the right lungs were evaluated by a pa-
thologist who was blinded to the experimental
groups, using the methods described previously.

Thorac Med 2017. Vol. 32 No. 6

These include neutrophil counts (A) in the al-
veoli and (B) interstitial spaces (score 0 if no
neutrophils; score 1 if 1-5 neutrophils; score
2 if >5 neutrophils); (C) hyaline membranes
(score 0 if none; score 1 if 1 membrane; score
2 if >1 membranes); (D) proteinaceous debris
that filled airspaces (score O if none; score 1 if
1 debris; score 2 if >1 debris); and (E) alveolar
septal thickening (score 0 if <2 times; score
1 if 2-4 times; score 2 if >4 times) [20]. For
each lung histology slide, 5 regions were ex-
amined. The score was calculated as [(20xA)
+ (14xB) + (7xC) + (7xD) + (2xE)]/(number
of fieldsx100). The resulting injury score was a
value between 0 and 1.

Statistical Analysis

Data are shown as means + standard errors.
Groups were compared using 1-way analysis
of variance (ANOVA). Post-hoc pairwise com-
parisons were performed using Bonferroni’s
multiple comparisons test. Statistical analysis
was done using SPSS 13.0 software (SPSS Inc.
Chicago, IL, USA). The significance level was
set at a=0.05.

Results

Hemodynamic status

The volumes of infused fluid were identi-
cal (=2.5 mL of lactated Ringer’s solution) for
all rats during the MV period. Four hours after
ventilator use, a similar hemodynamic status
(MAP and heart rates) at baseline and during
MYV was observed in each group of rats (Table

).

Blood Gas Analysis, Respiratory Mechanics,
Lung Wet-to-Dry Ratios, Cell Counts in Bron-
choalveolar Lavage Fluids, and Lung Injury
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Table 1. Hemodynamics and Blood Gas Analysis (n=10~15 per group)

249

Baseline 60 min 120 min 180 min 240 min
Heart rate (min™)
HV 420.9 + 8.1 418.9+5.7 412.1+£55 4144 +3.1 4133 +4.5
HVN 421.4+6.0 419.7+4.5 419.2+5.3 4123 +3.0 415.5+3.5
LV 420.0+£6.2 4258+7.0 413.2+35 4152+73 4145+73
LVN 418.5+7.3 416.6 5.9 416.3+4.2 4154+£34 416.0+ 3.4
p value 0.992 0.842 0.917 0.959 0.971
MAP (mmHg)
HV 106.3+1.3 102.8 + 1.1 100.4+1.3 101.1+£1.6 97.6+1.4
HVN 107.4+23 1022+ 1.6 101.3+£1.0 100.5+ 1.4 974+14
LV 1059 +3.1 101.9+2.0 104.7 £2.7 101.9+3.0 95.9+2.7
LVN 109.0+3.5 102.4+1.9 1052+1.3 99.8 +£2.0 97.6+23
p value 0.967 0.993 0.927 0.981 0.943
pH
HV 7.36+0.01 7.39+0.01 7.37+0.01 7.36+0.01 7.37+£0.01
HVN 7.35+0.01 7.37+0.01 7.37+0.01 7.39+0.01 7.40 £0.01
LV 7.34+£0.01 7.39+£0.01 7.39+£0.01 7.40+0.01 7.42+0.01
LVN 7.35+0.01 7.37+0.01 7.39 £0.01 7.39 £0.01 7.40 +£0.01
p value 0.947 0.885 0.897 0.448 0.881
PaCO, (mmHg)
HV 41.3+0.9 39.9+0.8 41.8+0.9 41.5+0.7 39.5+1.0
HVN 43.6 +0.7 411+ 1.1 41.9+0.7 40.4+0.8 38.7+0.9
LV 41.0+1.2 42.1+09 40.3+£0.9 395+0.9 38.8+0.9
LVN 422+09 41.1+0.8 40.8+0.9 394+09 38.8+0.8
p value 0.261 0.361 0.440 0.259 0.917
HCO; (meq/L)
HV 23.5+0.6 23.6£0.5 23.8+£0.5 23.5+£0.6 225+04
HVN 243+04 23.8+£0.6 243 +0.6 245+0.5 23.2+0.8
LV 24.0+0.5 23.5+0.6 22.9+0.6 23.2+0.7 23.1+0.8
LVN 23.3+04 23.5+04 23.7+0.3 22.9+0.5 229+0.5
p value 0.467 0.968 0.304 0.255 0.891

HV: acid aspiration + high Vt; HVN: acid aspiration + high Vt + N-acetylcysteine; LV: acid aspiration + low Vt;

LVN: acid aspiration + low Vt + N-acetylcysteine

Scores

At baseline and during randomization for

the 2 MV strategies, each group of rats had sim-
ilar arterial pH, PaCO,, and HCO, values (Table

1). The mean PaO, values at baseline were sim-
ilar for all rats (around 150 mmHg). However,
these values were significantly lower in the HV
group after MV for 120 min than in the other

Thorac Med 2017. Vol. 32 No. 6
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Fig. 1. Arterial blood gas (A) PaO, during 4 hours of MV after randomization. Static compliance curves (B) and lung elastance (C) at

the end of the 4 hours of MV. The concave curves indicate inflation and the convex curves indicate deflation (B). Total cell counts (D)
and neutrophil percentage (E) in bronchial lung lavage (BAL) fluids. (F) Lung wet-to-dry ratios. (G) Lung injury scores. *p<0.05 vs.
other groups and 'p<0.05 Naive vs. other group (n=10/group). Rat groups: HV: acid aspiration + high TV; HVN: acid aspiration + high
TV + N-acetylcysteine; LV: acid aspiration + low TV; LVN: acid aspiration + low TV + N-acetylcysteine; Naive: naive control; Control:

acid aspiration alone.

groups. The mean PaO, at 120 min was signifi-
cantly lower in the HV group than in the HVN,
LVN and LV groups (121.94 vs. 145.37, 155.15
and 158.07 mmHg, p<0.05) (Figure 1A). At the
end of the study (240 min), the mean PaO, of
the HV group was much lower than that of the
HVN group (89.25 vs. 134.37 mmHg, p<0.05).

Thorac Med 2017. Vol. 32 No. 6

The HV and HVN groups both had significantly
lower PaO, than the LVN and LV groups (89.25
and 134.37 vs. 171.46 and 175.80 mmHg,
p<0.05) (Figure 1A). The HV group had the
worst compliance of all the groups at the end of
lung expansion with a pressure of 30 cmH,0,
based on static pressure-volume curves (Fig-
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ure 1B). Lung elastance values did not differ
at baseline among all groups, but significantly
increased in the HV group compared to the
other groups after MV for 120 min. At 240 min
of MV, the mean elastance was significantly
higher in the HV than in the HVN group (1.31
vs. 1.15 ecmH,O/mL/kg, p<0.05). The HV and
HVN groups both had significantly higher
mean elastance than the LVN and LV groups
(1.31 and 1.15 vs. 1.02 and 1.04 cmH,O/mL/
kg, p<0.05) (Figure 1C). These findings suggest
that NAC administration improved oxygenation
and compliance, and decreased elastance in rats
treated with acid followed by high TV, but this
was not the case in rats treated with acid fol-
lowed by low TV.

The lung W/D ratios were significantly
higher in the HV group than in the HVN group
(6.40 £ 0.27 vs. 5.54 + 0.18, p<0.05). Both
groups had significantly higher lung W/D ratios
than the LV, LVN, Naive and Control groups
(4.78 £ 0.05, 4.94 + 0.09, 4.30 £ 0.32 and 4.52
+ 0.21, respectively) (Figure 1D). Furthermore,
BAL fluid total cell counts were significantly
higher in the HV group (2.67 + 0.36 x 10°/mL)
than in the other groups (1.11 + 0.12 x 10%mL
for HVN, 0.81 + 0.26 x 10%mL for LV, 0.77 +
0.12 x 10°/mL for LVN, 0.21 £ 0.10 x 10%mL
for Naive and 0.71 + 0.12 x 10%mL for Con-
trol) (Figure 1E). The HV group had a higher
percentage of neutrophils in their BAL fluid
(Figure 1F) and higher lung injury scores (Figure
1G) than the other groups. These findings indi-
cate that NAC administration attenuated lung
inflammation and injury in rats treated with
acid followed by high TV, but not in rats treated
with acid followed by low TV.

Cytokine/Chemokines Profiles
The HV group had significantly higher

plasma levels of IL-1B, IL-6 and IL-10 than
the HVN, LV, LVN, Naive and Control groups
(Figure 2). Moreover, levels of these cytokines
were significantly higher in the LV group than
in the LVN, Naive and Control groups (Figure
2), and plasma levels of CXCL1 and TNF-a
were higher in HV group than in the other
groups (Figure 2). Levels of these cytokines/
chemokines were also measured in BAL fluid.
We found consistently that the HV group had
significantly higher BAL levels of TNF-a, IL-6,
IL-10 and CXCL1 than the other groups (Figure
3). However, there was no difference in IL-10
levels among the groups (Figure 3). In addi-
tion, BAL levels of these cytokines/chemokines
did not differ between the LV and LVN groups
(Figure 3). These findings indicate that NAC
treatment reduced systemic inflammation in rats
treated with acid followed by high and low TV,
but reduced only lung inflammation in rats of
the HV group.

Lung Histology

As shown in Figure 4, the HV group had el-
evated neutrophil infiltration in the alveolar and
interstitial spaces, increased hyaline membrane
formation and proteinaceous debris accumula-
tion within air spaces, and aggravated alveolar
septal thickening, compared to the HVN group
(Figure 4). However, the extent of lung injury
did not appear to be different between the LV
and LVN groups (Figure 4). These findings
were consistent with the observations of W/D
ratios, total cell counts and percentage of neu-
trophils in BAL fluid, lung injury scores, and
lung elastance and static compliance.

Discussion

Aspiration-induced lung injury is often un-

Thorac Med 2017. Vol. 32 No. 6
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Fig. 2. Plasma cytokine/chemokines levels. *p<0.05 vs. other groups and 'p<0.05 Naive vs. other groups (n=10/group). Rat
groups: HV, acid aspiration + high TV; HVN, acid aspiration + high TV + N-acetylcysteine; LV, acid aspiration + low TV;
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derdiagnosed in the care of critically ill patients
with altered consciousness, and may account
for a significant proportion of acute pulmonary
dysfunction and the subsequent development of
pneumonia, lung injury or ARDS [1]. Inflam-
matory cellular responses such as neutrophils

Thorac Med 2017. Vol. 32 No. 6

recruitment, proinflammatory cytokines such as
IL-1B, IL-6, and TNF-a, and chemokines such
as IL-8 (the equivalent of animal CXCL1 in our
study) are elevated following acid-induced lung
injury [1,20-22]. MV is often necessary after
acid aspiration, but it promotes lung injury, in-
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cluding impaired oxygenation and lung compli-
ance, with pronounced structural changes due to
the excessive stretch applied to the aerated pa-
renchyma [6,22-24]. In addition, IL-10 can be
elevated during VILI [4]. IL-10 was originally
described as a cytokine synthesis inhibitory

factor produced by Th2 cells that inhibits Thl
function. Many of the early studies on IL-10 fo-
cused on its ability to inhibit the production of
IL-1 and TNF-a as anti-inflammatory cytokines.
In fact, a major stimulus for the production of
IL-10 is inflammation itself, because IL-1 and

Thorac Med 2017. Vol. 32 No. 6
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Fig. 4. Representative lung histology images (original magnification x100/400). (A) HV, acid aspiration + high TV; (B) HVN, acid
aspiration + high TV + N-acetylcysteine; (C) LV, acid aspiration + low TV; (D) LVN, acid aspiration + low TV + N-acetylcysteine. (E)

Naive, naive control; and (F) Control, acid aspiration alone.

TNF-a can stimulate IL-10 production directly,
suggesting the existence of a negative feedback
loop whereby inflammatory processes are self-
limited by the endogenous production of IL-

Thorac Med 2017. Vol. 32 No. 6

10 [25]. Taken together, these findings suggest
that the magnitude of the endogenous IL-10
response correlates with both the severity of
the inflammatory insult and the concentrations
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of proinflammatory cytokines such as TNF-a
[26]. Compared to the LV group and acid aspi-
ration alone, the present study found that acid
aspiration-primed lung inflammation followed
by high TV significantly increased levels of cy-
tokines/chemokines in the blood and BAL (IL-
1B, IL-6, TNF-a, IL-10 and CXCLT1), impaired
lung mechanics, elevated the inflammatory cel-
lular response and worsened oxygenation.

It has been noted that low TV reduces epi-
thelial and endothelial injury in acid-injured rat
lungs, and that the clinical outcome of patients
with ARDS has been improved by the applica-
tion of reduced TV [8,27]. Since the protective
lung strategy is not implemented in all patients
with ARDS, another rescue therapy such as
NAC may be considered to attenuate possible
lung injury [9-11]. We found no significant
changes in mean arterial pressure, heart rate and
blood gas analyses (except for improvement in
oxygenation in VILI) after NAC treatment, sug-
gesting that the use of NAC does not compro-
mise hemodynamics and pulmonary function.
Besides, NAC is one of the most widely inves-
tigated agents that serves as GSH and also acts
as a direct scavenging agent. NAC can modu-
late gene expression, decrease cytokine produc-
tion and apoptosis, down-regulate the expres-
sion of adhesion molecules, restore nitric oxide
production, restore the antioxidant potential of
cells, decrease bacterial translocation, and re-
duce ROS production, thus improving survival
[12,14,16,28-30]. It was also noted in previous
studies that NAC can improve alveolar edema
via sodium transport from alveolar epithelial
clearance [29-31]. Campos et al. also reported
that in a rat model of sepsis submitted to MV
with low TV, NAC prevented pulmonary edema
and kidney injury, decreased oxidative stress
and the edema index and improved the survival

rate [14]. The above findings were consistent
with our data of an improvement in lung edema
through decreased W/D ratios. In addition, in
the VILI model of isolated and perfused rat
lung, Chiang et al. found that NAC can increase
GSH, and attenuate ROS (an important role in
the pathogenesis of VILI), cytokines response
(IL-1p and TNF-a) and lung permeability [16].
NAC was also proved to attenuate lung injury
in a 1-hit model of endotoxemia, hemorrhagic
shock, sepsis, acid-induced lung injury, VILI
or meconium aspiration [13-18]. In the present
study, we found that the administration of NAC
attenuated lung injury and systemic inflam-
mation in a 2-hit rat model of acid aspiration
followed by VILI. However, the therapeutic
benefits could not be observed in rats treated
with acid followed by a low TV. This reflects
the protective role of a low TV in VILI, leading
to decreased lung edema, neutrophil accumula-
tion, and lung injury and inflammation.

The production of cytokines and chemo-
kines, oxidative bursts, and the release of pro-
teolytic enzymes by neutrophil activation is
largely responsible for lung injury [8]. An infil-
tration of PMNs in lung tissues and subsequent
lipid peroxidation increased the production of
TNF-a and IL-1p, and all parameters of inflam-
mation were attenuated by NAC treatment due
to inhibition of neutrophil sequestration in the
lungs [32]. In the model of oleic acid-induced
lung injury, NAC treatment was also related to
preservation of lung architecture and decreased
neutrophil accumulation as reduced myeloper-
oxidase activity in lung tissue [18]. Our result
revealed that NAC administration significantly
suppressed neutrophil infiltration and activity.

The study has several limitations. First,
we did not measure the concentration of NAC,
GSSH/GSH and antioxidants in the lung or
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blood. This data would provide a reliable mea-
sure of the antioxidant profile, and can be done
in future studies. Second, the sample and body
size were small, so the conclusions must be
taken cautiously, and extrapolating these results
to clinical situations would be difficult. Third,
we administered NAC before the onset of MV
to maximize the protective effect; therefore, the
use of late treatment with NAC is warranted
for future studies. Fourth, we used a single
NAC dosage of 150 mg/kg and an experimental
4-hour MV protocol; therefore, further studies
should consider using other NAC dosages, such
as 600 or 1,200 mg, and longer experimental
protocols to determine the best therapeutic win-
dow of NAC.

Conclusion

In conclusion, the results of this study sug-
gest that NAC treatment had a promising role
as an adjunctive modality in a clinical 2-hit
model of acid aspiration followed by VILI, as
evidenced by the improved physiologic and
biologic profiles. Further advanced experimen-
tal and clinical studies on this subject are neces-

sary.
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Pulmonary Benign Metastasizing Leiomyoma: A Case
Presentation and Review of the Literature

You-Cheng Jiang*, Min-Hsi Lin*, Ruay-Sheng Lai*,**

Uterine leiomyoma is a common benign tumor in women of reproductive age. In rare
cases, distant metastasis can develop months to years after gynecological procedures.
Metastasis to the lung, or pulmonary benign metastasizing leiomyoma (PBML), is the most
common type. Patients are usually asymptomatic and the tumor is found incidentally on
routine chest x-ray. The typical radiological presentation is multiple pulmonary nodules.
Management includes observation, surgery, or hormonal manipulation. There is increasing
evidence of partial regression of PBML with the use of hormone therapy. We report the case
of a 46-year-old woman who presented with diffuse lung cysts complicated by pneumothorax.
In this case, a decreasing cyst size and number were observed after only 3 months of
hormone therapy. (Thorac Med 2017; 32: 259-265)

Key words: pulmonary benign metastasizing leiomyoma, pneumothorax, hormone therapy

Introduction

Pulmonary benign metastasizing leiomyoma
(PBML) is a rare condition in which a benign
uterine fibroid metastasizes to the lung. Pul-
monary metastasis usually develops months to
years after total hysterectomy or myomectomy.
The median age at diagnosis is 46.5 years. Bi-
lateral pulmonary nodules are the typical radio-
graphic findings. Only 3 published case reports
have described cystic lung disease associated
with this condition [1,9,13]. Management has
not been standardized, and may involve ob-
servation, surgery, or hormonal manipulation.

Herein, we report a patient with PBML present-
ing with multiple lung cysts complicated by
pneumothorax. The patient showed a partial re-
sponse to hormone therapy, even with extensive
lung parenchymal destruction.

Case Report

A 46-year-old woman presented with a sud-
den onset of breathlessness for 1 day. She had
undergone hysterectomy approximately 4 years
earlier, and a chronic cough developed 1 year
later. At that time, she visited a chest clinic,
where chest radiograph revealed bilateral lung
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Taiwan; **National Yang-Ming University School of Medicine, Taipei, Taiwan
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nodules (Figure 1A). Chest computed tomogra-
phy (CT) showed bilateral multiple polygonal
cysts and well-defined low-density nodules
(Figure 1B). She refused lung biopsy and chose
a wait-and-see strategy with a presumptive di-
agnosis of PBML. She had irregular follow-up
after that without chest radiography.

The patient had been in her usual state of
health until 1 day prior to the current admission,
when she experienced an abrupt onset of chest
pain associated with shortness of breath and the
development of a cold sweat. The chest pain
was sharp and localized without radiation to the
shoulder. She denied any fever, audible wheeze,
orthopnea, or prolonged immobilization. The
patient then visited the emergency department
because of persistent breathlessness.

At presentation, the patient appeared acute-
ly ill. Her blood pressure was 151/92 mmHg,
pulse 95 beats per minute, respiration rate 19
breaths per minute, and oxygen saturation by
pulse oximetry 94% with an oxygen flow rate of
3 L/min by nasal cannula. Auscultation revealed
diminished left breathing sounds. Laboratory
tests were unremarkable. Chest radiograph
showed left pneumothorax (Figure 2) and an
increased size and number of multiple bilateral
pulmonary nodules. The cysts were also signifi-
cantly enlarged on chest CT. A pigtail catheter
was placed, but the air-leak persisted. The pa-
tient underwent video-assisted thoracoscopic
surgery (VATS) for wedge resection of the left
bullae, followed by chest tube placement. Mi-
croscopy revealed cystic tissue and nodules of
bland spindle cells, which were positive for
smooth muscle actin (SMA), estrogen receptor
(ER), progesterone receptor (PR), h-caldesmon
and B-cell lymphoma 2 (BCL2), and negative
for homatropine methylbromide 45 (HMB-45).
PBML was pathologically confirmed. Hormone

Thorac Med 2017. Vol. 32 No. 6
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Fig. 1A. Chest radiograph showing multiple nodules in both lungs 3
years before this presentation.

Fig. 1B. Chest CT showing multiple irregular polygonal-shaped

cysts and well-defined nodules. Neither reticular opacity nor

honeycomb was found.

therapy with a gonadotropin-releasing hormone
analogue (leuprorelin) was then administered.
Full expansion of the left lung and partial re-
gression of the cysts and nodules were observed
on the follow-up chest x-ray 3 months later
(Figure 3).
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Fig. 2. Chest radiography showing pneumothorax of the left lung.
Increased reticulonodular pattern and cyst formation were also
noticed in the right lung.

Discussion

Uterine fibroids are the most common be-
nign pelvic tumor in reproductive-aged women.
Nevertheless, fewer than 150 cases of PBML
from fibroids have been reported in the litera-
ture. Since the introduction of the diagnosis by
Steiner in 1939, most reports have been small
case series [2], and the exact incidence remains
unknown. The median age at diagnosis is 46.5
years [3-4]. A majority of patients underwent
hysterectomy or myomectomy for uterine leio-
myoma prior to the development of PBML. The
interval between operation and diagnosis ranged
from 1 month to 36 years [4-5]. One proposed
pathogenesis is the hematogenous spread of
leiomyoma cells from the uterus during gyneco-
logical surgery, with subsequent colonization in
pulmonary tissue. The lung is the most common

Fig. 3. Follow-up chest x-ray revealed partially regressed cysts and

nodules after 3 months of hormone therapy.

site of metastasis, but metastases to the lymph
nodes, mediastinum, heart, abdomen, soft tis-
sue, and bone have also been reported [7,11].
PBML is usually an incidental radiographic
finding in asymptomatic patients, although
cough, hemoptysis, chest pain, or dyspnea may
occur. The most common radiographic pattern
is multiple bilateral well-circumscribed solid
nodules, which is observed in approximately
90% of cases [4]. The mean nodule size is 1.8
cm and the mean number of nodules is 6 [6].
PBML can also present as fluid-containing cysts
mimicking hydatid cysts [8], cystic lung disease
mimicking lymphangioleiomyomatosis [9],
diffuse miliary nodules [10], cavitary nodules,
or pleural involvement with effusion, although
these are rare occurrences. Since there are no
pathognomonic imaging signs, tissue biopsy
diagnosis is required. The success rate of CT-
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guided lung biopsy is only 66%, and a hospital
review found that most patients underwent
VATS [4]. A combination of clinical history and
pathological reports is essential to the diagno-
sis.

PBML is composed of monomorphic well-
differentiated spindle cells forming intersecting
fascicles. Indicators of benign lesions are low
mitotic activity (<5 mitoses per 10 high-power
fields), low Ki-67 index, and a lack of nuclear
atypia; in contrast, leiomyosarcoma has high
mitotic activity. Immunohistochemical staining
is positive for actin, desmin, and caldesmon.
Estrogen and progesterone receptors are also
expressed in the majority of cases [11], while
leiomyosarcoma is negative for both. More im-
portant, HMB-45 has been found to be negative
in all cases, thus distinguishing PBML from
leiomyomatous hamartoma, perivascular epi-
thelioid cell tumor, and lymphangioleiomyoma-
tosis [3].

Management of benign indolent disease
is not standardized. Treatment modalities in-
clude a wait-and-see strategy, surgical resec-
tion of pulmonary nodules, oophorectomy with
or without total abdominal hysterectomy, and
hormonal manipulation. These options can be
used alone or in combination, and sequentially
or concurrently. No single approach is defi-
nitely effective and fits all cases. Appropriate
management should take into consideration the
radiographic presentation, speed of progres-
sion during follow-up, the patient’s willingness
to undergo surgery, and the response to initial
treatment.

Surgery for resectable pulmonary nodules
is curative. However, >90% of cases pres-
ent as bilateral multiple nodules. The surgical
removal of 87 nodules was reported in 1 case
[12]; however, even the use of parenchyma-
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sparing surgery to remove multiple nodules
might cause concern. In the largest published
review, comprising 57 PBML cases, only 20%
of patients were able to undergo surgery with
curative intent. In addition, approximately 80%
of treatment-naive patients showed stable dis-
ease within 2 years, and 72% of patients had
unchanged disease for >2 years [4]. The nod-
ules might spontaneously regress at menopause
and after pregnancy [4]; hence, a wait-and-see
strategy appears to be reasonable in cases of
asymptomatic patients with a nodular presenta-
tion. However, cyst formation at diagnosis is
a progressive process, resulting in extensive
parenchymal destruction and pneumothorax, as
in our case and in other case reports [1,9,13].
More aggressive treatment, either oophorecto-
my or hormone therapy, is required to preserve
lung function and prevent life-threatening com-
plications.

Hormonal manipulation has been advocated
for several decades in patients who refused
surgery or who had unresectable lesions [14].
Estrogen is a tumor promoter in uterine leio-
myomas, and is responsible for fibroid growth
during pregnancy. Estrogen and progesterone
receptors are also expressed in approximately
90% of metastasizing leiomyomas [15]. Thus,
attempts can be made to utilize estrogen recep-
tor antagonists or to decrease estrogen produc-
tion.

Tamoxifen and raloxifene are the currently
available selective estrogen receptor modula-
tors; these compounds have different effects on
estrogen activity in different tissues. Tamoxifen
shows no anti-tumor response because of its es-
trogen agonist effect on the myometrium. Ral-
oxifene reduces tumor size in postmenopausal
women; however, the effect is not consistent in
premenopausal women [15].
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An alternative approach is the reduction
of estrogen, either through downstream ovary
secretion or inhibition of in situ tumor produc-
tion. Gonadotropin-releasing hormone (GnRH)
agonists desensitize pituitary GnRH receptors
by interrupting pulsatile stimulation. Downreg-
ulated follicle-stimulating hormone and lutein-
izing hormone decrease endogenous estrogen.
Another approach is to inhibit the activity of
aromatase, which converts androgen to estro-
gen and is overexpressed in some leiomyomas
[16]. GnRH agonists or aromatase inhibitors
decrease nodule size or prevent progression
in 90% of cases [11]. Tumor size can decrease
rapidly after 3 months of therapy. While some
patients receive hormones for >1 year, the ap-
propriate time to discontinue therapy has not
yet been determined. Hormonal manipulation
is gradually replacing oophorectomy as an ef-
fective treatment that does not sacrifice fertility.
Oophorectomy should be reserved for tumors
refractory to hormone therapy. However, only
1/3 of patients in a case series and review re-
ceived hormone therapy [4].

PBML presenting as cystic lung disease is
extremely rare. Our case demonstrates that lung
cysts are progressive and require prompt inter-
vention. Unlike in typical cases with a nodular
presentation, a wait-and-see strategy might re-
sult in lung parenchymal destruction and pneu-
mothorax. Hormone therapy is effective and
can lead to reversal of pre-existing extensive
cysts.
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Candida Pneumonia Diagnosed by Bronchoalveolar
Lavage: A Case Report

Wei-Hsin Hung, Kuang-Yao Yang*,**

Fungal pneumonia is difficult to diagnose in immunocompetent patients. Here, we report
a case involving a male patient with no immunocompromised risk factors except old age,
who was diagnosed with Candida pneumonia by bronchoalveolar lavage (BAL). Cytological
examination of the BAL fluid showed that more than 2% of the recovered cells contained
polymorphonuclear neutrophils and intracellular organisms. The final culture of the BAL fluid
yielded Candida albicans without any bacterial growth. Fluconazole was then prescribed, but
the patient suffered from acute respiratory distress syndrome and septic shock. The patient
ultimately died, in spite of being in intensive care with mechanical ventilator support. (Thorac

Med 2017; 32: 266-271)

Key words: Candida pneumonia, fungal pneumonia, bronchoalveolar lavage, leukocyte phagocytosis,

intracellular microorganisms

Introduction

Fungal pneumonia is extremely rare in im-
munocompetent patients, and the diagnosis is
often difficult to reach. A biopsy followed by
a histological examination is the most reliable
method to diagnose fungal pneumonia. How-
ever, a sample is not always available for bi-
opsy. Cytological evaluation of bronchoalveolar
lavage (BAL) is an effective and quick method
to diagnose fungal pneumonia. A cut-off value
of 2% for intracellular organisms (ICO) in BAL
fluid is typically considered proof of bacterial

pneumonia. However, specific cut-off values for
fungi in BAL fluid are lacking [1]. In cases of
lobar pneumonia that respond poorly to broad-
spectrum antibiotics, clinicians should consider
the possibility of fungal pneumonia.

Case Report

An 88-year-old man presented to the emer-
gency department with general weakness, poor
appetite, and a productive cough with purulent
sputum that had lasted for 1 week. The patient
had hypertension and chronic eczema. Daily
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Fig. 1. Chest CXR showing a huge, thick-walled RUL cavitary
lesion.

medications included felodipine and hydroxy-
zine. He was a non-smoker with no history of
respiratory diseases such as asthma, bronchi-
ectasis, or pulmonary tuberculosis. He had not
recently traveled or been exposed to people
with infectious diseases. There was no evident
history of consumption of alcohol, illicit drugs,
herbs, glucocorticoids, or immunosuppressants.
Chest roentgenography (CXR) revealed fibrous
changes with calcified nodules at the upper lung
fields on both sides and a cavitary lesion at the
right upper lobe (RUL) surrounded by focal
consolidation (Figure 1). A RUL lung abscess
was suspected initially. However, laboratory
testing revealed leukocytosis with a white blood
cell count of up to 28,000/cumm with a left
shift and an elevated C-reactive protein level.
Piperacillin/tazobactam were prescribed to treat
the lung abscess, but progressive right upper
and lower lobe consolidation was observed.
The sputum culture yielded only yeast without

Fig. 2. Pseudohyphae with budding noted with GMS staining of
BAL (400X).

any bacterial growth. Acute hypoxic respiratory
failure occurred, and subsequently, endotra-
cheal intubation was performed with mechani-
cal ventilator (MV) support. The CXR revealed
poor oxygenation with a bilateral increase in
the alveolar process. Bedside cardiac echogra-
phy showed preserved left ventricular systolic
function. Acute respiratory distress syndrome
was diagnosed based on the patients’ low arte-
rial partial pressure of oxygen (PaO,)/fraction
of inspired oxygen (FiO,) (P/F) ratio. Methyl-
prednisolone at a daily dosage of 1.63 mg/kg
and the antibiotic meropenem were prescribed.
However, desaturation was still observed with
MYV support and right lower lung consolidation
still progressed. To find evidence of pathogens,
BAL was performed, and revealed a yellowish
secretion especially in the RUL. Gram staining
detected yeast and polymorphonuclear neutro-
phils (PMN). Both bacterial culture and acid
fast staining of the BAL fluid yielded negative
results. Cytological analysis of the BAL fluid
showed negative findings for malignant cells,
but Gomori methenamine silver (GMS) staining
revealed numerous PMN and budding pseudo-
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Fig. 3. Candida spore phagocytosis by neutrophils were noted with
Liu’s stain in BAL (1000X).

Fig. 4. Candida spore phagocytosis by neutrophils were noted with
Pap’s stain of BAL (1000X).

hyphae (Figure 2). Phagocytosis was observed
in about 2% of the neutrophils, with intracel-
lular microorganisms visible with Papanicolaou
stain (Pap stain) (Figure 3) and Liu’s stain (Fig-
ure 4). An etiological survey was performed to
determine the patient’s immunocompromised
status, and yielded negative findings for human
immunodeficiency virus infection. Finally, the
fungal culture of BAL fluid yielded Candida al-
bicans with 2,500 colony-forming units (CFU)/
ml. The fungal culture from endobronchial

Thorac Med 2017. Vol. 32 No. 6

suction also yielded Candida albicans about 5
days later. Cultures were negative for Nocar-
dia and Actinomyces. Candida infection was
suspected based on the cytological findings,
so fluconazole was prescribed. Steroid with
methylprednisolone was tapered down and then
discontinued due to suspected invasive fungal
pneumonia. Methylprednisolone was switched
to hydrocortisone for septic shock. However,
desaturation was still observed even under
high positive end expiratory pressure, along
with paralysis by cisatracurium and midazolam
due to patient-ventilator dyssynchrony. Chest
computed tomography (CT) with contrast was
performed again to exclude pulmonary embo-
lism, and revealed progressive changes in the
right lung consolidation and abscess formation.
In addition, bilateral pleural effusion and left
lower lung consolidation was found without
any evidence of pulmonary embolism. The As-
pergillus galactomannan antigen index in the
BAL fluid showed a mild elevation of up to 3.17,
but was within the normal range in the serum
sample. All the fungal cultures from endotra-
cheal tube sputum aspiration showed Candida
albicans, except 1 sample that showed Candida
albicans and Aspergillus niger. The antifungal
agent was then switched to caspofungin after
fluconazole use for 1 week to cover a possible
Aspergillus infection. However, the desaturation
status still did not improve, even at 100% FiO,,
and the patient displayed unstable vital signs.
Ultimately, he died due to persistent desatura-
tion and septic shock.

Discussion
Fungal pneumonia is rare, although it is

more frequently observed in patients with
hematological diseases and those that are im-
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munocompromised. Candida pneumonia is
an opportunistic fungal infection that is often
caused by a congenital or acquired defect in
the host immune defenses. A CT-guided or
bronchoscopic biopsy should be performed for
those patients with indolent lung lesions. BAL
is typically not a standard procedure for detect-
ing lung abscess or fungal pneumonia, except
Pneumocystis jiroveci pneumonia. However, in
this particular case, percutaneous lung biopsy
and bronchoscopic biopsy were extremely risky
because of the patient’s acute respiratory failure
status and use of MV. The BAL beta-D-glucan
test has good sensitivity but inferior specificity
for invasive fungal infections [2]. Few case re-
ports of fungal pneumonia in immunocompetent
people have been noted in past years. A case re-
port of a 72-year-old male patient with Candida
glabrata (C. glabrata) and Candida tropicalis
(C. tropicalis) pneumonia showed a history
of travelling to Ecuador and being exposed to
guinea pigs. Fungemia with C. glabrata was
noted. Both C. glabrata and C. tropicalis were
also found in the BAL fluid specimen [3]. An-
other case report involved an 83-year-old non-
immunosuppressed woman with invasive fatal
Candida pneumonia. The etiology was prob-
ably related to aspiration. At autopsy, she was
diagnosed with Candida pneumonia [4]. In our
case, lung biopsy under poor oxygenation con-
ditions and unstable hemodynamic status was
not appropriate. Although a final diagnosis of
Candida pneumonia requires histopathological
evidence of invasive disease, isolating Candida
from a BAL specimen also confirms the disease
[5]. BAL can be performed easily and quickly
at the patient’s bedside in intensive care while
being closely monitored. In addition, cytologi-
cal evidence with phagocytosis and special
stains that define pathogens, especially GMS

stain, can reveal invasive fungal infection. This
is considered a good method for diagnosing
invasive fungal pneumonia. Moreover, intracel-
lular microorganisms can be detected by Pap
stain. Diagnosis of invasive fungal pneumonia
by fungal culture from BAL fluid often delays
the timing of diagnosis and treatment.

Our patient’s condition suddenly deterio-
rated within 2 to 3 days after we discontinued
methylprednisolone and switched to hydrocor-
tisone because of septic shock. We tapered the
use of the steroid because we suspected fungal
pneumonia. After reviewing the entire course
of the disease, we suspected an immune recon-
stitution inflammatory syndrome (IRIS)-related
condition. A few case reports have shown that
IRIS occurs only in immunocompromised pa-
tients with disseminated candidiasis, Crypto-
coccus, or mycobacteria infection [6].

There are 2 forms of Candida pneumonia.
Hematogenously disseminated candidiasis
that produces pulmonary lesions is common,
whereas primary Candida pneumonia due to
aspiration of oropharyngeal material is rare [7].
Our patient was associated with the latter etiol-
ogy because the blood culture did not show any
evidence of extrapulmonary organ involvement.
The Candida species invades by colonization
of the airways. However, current Infectious
Diseases Society of America guidelines for em-
pirical treatment of invasive Candida infection
recommend that the preferred empiric therapy
for suspected candidiasis in non-neutropenic
patients in the ICU is an echinocandin [8]. Flu-
conazole is an acceptable alternative in patients
with no recent azole exposure and no coloniza-
tion of azole-resistant Candida species. Am-
photericin B is also an acceptable alternative in
patients who are not tolerant to other antifungal
agents [8]. Thus, using echinocandins was the
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best choice for our patient.

The BAL examination revealed a cut-off
value of more than 2% ICO, and the BAL cul-
ture yielded more than 10* colony-forming units
(CFU)/mL, which is considered proof of a bac-
terial infection [1]. Another prospective study
revealed that PMNs with ICOs (PIC) >1.5%
were indicative of ventilator-associated pneu-
monia [9]. Tracing back to the previous fungal
pneumonia or fungal abscess report, fluid re-
trieved from BAL was used to confirm fungal
pneumonia. The percentage of intracellular mi-
croorganisms in the BAL fluid showed no cut-
off value for the diagnosis of fungal pneumonia.
An animal study revealed that BAL-positive
ICOs were more accurate than a culture for the
diagnosis of recent pneumonia and were less
affected by antibiotic treatment [10]. If these
rules were applicable to humans, ICOs would
be more accurate than a culture via an upper
airway aspiration (even including fluid retrieved
from BAL) for diagnosis of fungal pneumonia.

Lobar pneumonia with or without cavita-
tion that responds poorly to broad-spectrum
antibiotics should indicate the possibility of
fungal pneumonia. Percutaneous lung biopsy or
transbronchial lung biopsy are extremely risky
procedures in patients with endotracheal tube
intubation and MV support. BAL with a cyto-
logical examination for PIC survey should be
performed, particularly in cases with suspected
fungal pneumonia and pneumonia with delayed
resolution.

Thorac Med 2017. Vol. 32 No. 6
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IgG4-Related Disease with Pleural Involvement
Presenting as Progressive Dyspnea

Pei-Yu Lin, Shih-Chi Ku

Immunoglobulin G4 (IgG4)-related disease is a recognized fibroinflammatory condition.
In its pathology, we can see lymphoplasmacytic infiltration, storiform fibrosis and 1gG4-
positive plasma cells. The disease can involve multiple organ systems, including the lung. In
this article, we reported the case of a patient with an initial presentation of hydronephrosis
and retroperitoneal mass. The computed tomography-guided biopsy revealed IgG4-related
disease. The patient then began to receive weekly dexamethasone treatment (4 mg/week).
The mass size decreased gradually, with the disease stabilizing during follow-up. However,
a new onset of left pleural effusion developed after 7 years of a stable condition. The pleural
fluid analysis revealed lymphocyte-predominant exudate, and the pleural biopsy showed
clustered plasma cells and lymphocytes. These plasma cells were mostly IgG4-positive (more
than 50 per high-power field). The serum IgG4 level also elevated to 2,490 mg/dL. 1gG4-
related disease with pleural involvement was diagnosed. The pleural effusion almost totally
subsided 1 month after increasing the dose of Predonine to 15 mg/day. (Thorac Med 2017;

32: 272-278)

Key words: IgG4-related disease, retroperitoneal mass, pleural effusion

Introduction

Immunoglobulin G4 (IgG4)-related dis-
ease is recognized as a chronic fibroinflamma-
tory disorder [1]. It is characterized by organ
swelling with fibrosis and lymphoplasmacytic
infiltration, mainly IgG4-positive plasma cells
[1-2]. The serum IgG4 level may also be el-
evated. IgG4-related disease has been reported
in several organ systems, including the thyroid,
salivary gland, lung, pancreas, kidney, lymph
node and large vessel. It is hard to differentiate

IgG4-related disease from malignancy or other
diseases with similar presentations. In the respi-
ratory system, the disease can involve the lung
parenchyma or pleura, or both. On computed
tomography (CT) scanning, 4 main patterns
may be seen: a solid nodule, a round-shaped
ground glass opacity (GGO), and alveolar inter-
stitial and bronchovascular bundle thickening
[4-5]. In affected pleura, we may see pleural
thickening or pleural effusion. IgG4-related
lung disease is rare. However, 1gG4-related
disease with pleural involvement is even less
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described, and rarer when pleural effusion is the
sole presentation. We report a case of relapsed
IgG4-related disease with dyspnea and pleural
effusion.

Case Report

An 82-year-old male was in a healthy sta-
tus except for cholecystitis in 2000. He had no
underlying illness such as hypertension, diabe-
tes or autoimmune diseases. He began to have
lower abdomen discomfort and urinary frequen-
cy in June, 2006. The abdomen sonography
showed bilateral hydronephrosis. He was then
hospitalized in the urology ward for ureterore-
noscopy examination. Bladder neck contracture
and bilateral dilated pelvis were noted. He then
received a transurethral incision of the bladder
neck and a bilateral double-J stent insertion.
The abdomen and pelvis CT revealed mark-
edly well-enhanced soft tissue tumors at the
bilateral renal hila, iliac chain, pelvic sidewall,
presacral region and bilateral seminal vesicles.
The bilateral renal pelvis was also compressed
by these tumors. The CT-guided biopsy (1
November 2006) of the pelvic tumor revealed
atypical lymphoid infiltrates. Bone marrow
biopsy (13 December 2006) revealed no evi-
dence of lymphoma involvement. The labora-
tory data showed mild anemia (hemoglobulin:
12.3 g/dl) and albumin-globulin reverse (A-G
reverse) (albumin: 4.0 g/dL, globulin: 6.1 g/dl).
The lactic dehydrogenase, calcium and beta-2
microglobulin (2-M) levels were all within a
normal range. Serum electrophoresis revealed
marked polyclonal gammopathy with increased
immunoglobulin G (IgG). Serum immunofixa-
tion electrophoresis showed a thin band of IgG/
lambda monoclonal gammopathy superimposed
on a background of polyclonal gammopathy.

Initial IgG level was 4,390 mg/dl (700-1,600
mg/dl). During hematology outpatient follow-
up, repeated CT-guided biopsies of the pelvic
tumor still showed atypical lymphocyte infil-
trates. The serum IgG level elevated to 5,770
mg/dl, and the IgG4 level was 908 mg/dl (2.4-
120 mg/dl). Due to a high degree of suspicion
of IgG4-related disease, the patient started to
receive weekly glucocorticoid treatment (oral
form dexamethasone 4 mg/week) beginning in
June, 2007. The abdominal tumors shrank grad-
ually, and the disease status was stable during
regular CT follow-ups. The dosage of steroid
did not change until dyspnea and left pleural ef-
fusion developed in February 2014 (Figure 1A).
The chest CT images did not show specific lung
parenchymal change or pleural thickening. The
abdominal and pelvic tumors remained station-
ary. Pleural fluid analysis showed lymphocyte-
predominant exudates. The cytology and mi-
crobiology studies revealed negative results.
Overall, the examination did not suggest a
specific disease. Pleural biopsy through chest
sonography showed clustered plasma cells and
lymphocytes, but without significant storiform
fibrosis or obliterative phlebitis (Figure 2A-B).
The IgG4 immunohistochemical stain showed
most plasma cells were [gG4-positive (more
than 50 cells under a high-power field) (Figure
2C-D). The serum IgG4 level was elevated to
2,490 mg/dL. Disease progression was favored.
We adjusted the glucocorticoid therapy to Pre-
donine 15 mg/day beginning in June, 2014.
After treatment for 1 months, the dyspnea im-
proved and the pleural effusion nearly totally
disappeared (Figure 1B).

Discussion

We report the case of a man with IgG4-
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(A)

Fig. 1. Posterior-anterior (PA) view of chest X-ray. (A) Before adjusting the corticosteroid dosage, the imaging showed right costophrenic

®)

(CP) angle blunting and left pleural effusion. (B) After 1 month of Predonine (15 mg/day) treatment. Left pleural effusion was nearly totally

subsided.

related disease with an abdominal mass lesion
who initially developed dyspnea and a new on-
set of pleural effusion. IgG4-related disease is
a recognized fibroinflammatory condition with
tumefactive lesions, a dense lymphoplasmacyt-
ic infiltrate rich in IgG4-positive plasma cells,
and storiform fibrosis [1-2]. The epidemiology
of IgG4-related disease is hard to ascertain
because of the low level of awareness of the
disease, the diagnostic difficulty, and its various
clinical manifestations. The annual incidence
of autoimmune pancreatitis (AIP) in Japan in
2001 was estimated to be 1.4 cases per 100,000
people. It is a relatively rare disease and mainly
affects older males [3].

To diagnose IgG4-related disease or even
to differentiate the disease from other disorders
with a similar appearance is difficult. In the

Thorac Med 2017. Vol. 32 No. 6

past, there were reports that patients with 1gG4-
related disease were mistaken as having ma-
lignancy and underwent unnecessary surgery.
There have been diagnostic criteria for specific
organ diseases, such as sialadenitis, dacroad-
enitis, IgG4-related pancreatitis and sclerosing
cholangitis [6]. The diagnosis of IgG4-related
disease is based on a combination of charac-
teristic radiological findings, histopathological
findings of abundant lymphocytes and IgG4-
positive plasma cells infiltration, storiform
fibrosis and obliterative phlebitis, and an el-
evated IgG4 level (=135 mg/dl) [6-7]. Infiltra-
tion of IgG4-positive plasma cells requires an
1gG4-positive/IgG-positive ratio >40% or >10
IgG4-positive plasma cells under a high-power
field [7]. The majority of patients have good
glucocorticoid responsiveness. A steroid trial is
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Fig. 2. Histologic findings of IgG4-related pleural disease. (A) The pleura showed clustered plasma cells and lymphocytes. No storiform

fibrosis or obliterative phlebitis was noted. (hematoxylin-eosin stain, original magnification, x200) (B) Inflammatory cells mainly consisting

of lymphocytes and plasma cells. (hematoxylin-eosin stain, original magnification, x400) (C,D) Immunostaining of 1gG4 revealed numerous

1gG4-positive plasma cells (more than 50 cells per high-power field) (magnification in C, x200; and in D, x400.)

thus seen to be helpful in the diagnosis, but we
should carefully rule out malignancy or other
illness with a fair steroid treatment response.
However, there are indeed some exceptions to
the diagnostic criteria. For example, storiform
fibrosis is seldom found in affected lymph
nodes, and around 30-40% of patients have an
IgG4 level in a normal range [4-5]. Also, the
histopathology may vary at different stages of
the disease, such as the predominantly fibrotic

change in the last stage [2,4-5].

Confirmation of the diagnosis requires ad-
equate time for monitoring and study, and most
important, sufficient clinical experience. Ac-
cording to the comprehensive diagnostic crite-
ria of Umehara ef al. in 2012 [6], our case was
classified as “possible” IgG4-related disease in
the beginning. We tried glucocorticoid therapy
and the response was good. During follow-up,
we still arranged regular blood testing and CT
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scans to monitor the disease condition. The pa-
tient was determined to have “definite” 1gG4-
related disease after the pleural biopsy. Our
patient had no pleural nodule or thickening on
either the sonography or the CT, but a pleural
biopsy brought out the etiology. It seems to us
that [gG4-related disease may possibly affect
the pleura before we are able to notice it on
current imaging modalities. Likewise, there is
a good chance that the lung parenchyma is al-
ready affected by the disease. Although we did
not perform a lung biopsy, for the next step, we
should emphasize the associated changes.
There are still no international guidelines
on the management and treatment of 1gG4-re-
lated disease. Current consensus among experts
suggests glucocorticoids for first-line therapy;
steroid-sparing immunosuppressive agents such
as azathioprine, mycophenolate, and methotrex-
ate for second-line therapy; and rituximab (a
monoclonal antibody to B lymphocyte-specific
antigen CD20) for third-line therapy [8-9].
Majority of patients with IgG4-related disease
respond to glucocorticoids within a few weeks,
but some take months and some simply respond
poorly. The duration and dosage are based on
disease activity. The Japanese consensus guide-
lines for autoimmune pancreatitis (AIP) sug-
gests prednisolone, a glucocorticoid, at an ini-
tial dosage of 0.6 mg/kg/day for 2 to 4 weeks,
adjusted to 5 mg/day every 1 to 2 weeks based
on clinical presentations, imaging and serology
[8,10]. The recommended maintenance dose is
2.5 to 5 mg/day, with effort to discontinue with-
in 3 years depending on clinical improvement.
In patients with a poor response or relapse after
discontinuing the steroid, an increased dosage
or readministration is also suggested [8,10].
Several studies have reported a lower re-
lapse rate in patients with maintenance steroid

Thorac Med 2017. Vol. 32 No. 6

therapy than in patients without it. Kamisawa et
al. reported a 24% relapse rate in 417 AIP pa-
tients who received steroid [7]. The relapse rate
in patients receiving maintenance therapy was
23%, and in patients discontinuing maintenance
therapy, the relapse rate was 34% (p<0.05) [7].
These findings tells us the importance of main-
tenance therapy, and that single therapy with
glucocorticoids will eventually fail to control
the disease. In patients who cannot tolerant
long-term glucocorticoid or who have poor drug
responsiveness, second-line steroid-sparing im-
munosuppressive agents are thus recommended
as single or combination treatment. Rituximab
is often reserved for patients who are refrac-
tory to steroids and various second-line agents
[8,10].

In our case, we gave the patient oral dexa-
methasone with an initial dosage of 4 mg/week,
beginning in June 2007. We choose dexametha-
sone rather than prednisolone mainly because
of uncertainty about the diagnosis at the begin-
ning of the disease course. We gave the patient
a relatively lower dosage to monitor clinical
improvement. Drug compliance and side effects
in the elderly are also considerations. Dexa-
methasone is a long-acting glucocorticoid with
a very strong anti-inflammatory effect. With this
treatment, the patient’s abdominal discomfort
improved and the mass lesion shrank. We then
maintained the dexamethasone dosage. After
confirmation of IgG4-related disease with pleu-
ral involvement, we adjusted the treatment to
Predonine 15 mg/day for 1 month, beginning in
June 2014. Follow-up chest X-ray at this time
showed nearly total resolution of the left pleural
effusion. We then tapered Predonine to 10 mg/
day for 1 month followed by 5 mg/day up to
the present time. There has been no recurrent
pleural effusion during follow-up. There have
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been several studies on predictive factors for re-
lapse of IgG4-related disease. Initial high 1gG4
level, disease with multiple-organ involvement,
and male and young at diagnosis have all been
reported. However, in our case, there were no
similar factors [11].

Several 1gG4-related pulmonary diseases
have been described in the past. Patients with
the disease may present with cough, dyspnea,
chest tightness or chest pain, but mostly with
non-specific symptoms. The disease can affect
the lung parenchyma, interstitium, airways, and
pleura. There are 4 characteristic findings of
IgG4-related pulmonary disease on CT scan-
ning: a solid nodule (or mass lesion), round-
shaped GGO, alveolar interstitial-type findings
(honeycombing, bronchiectasis and diffuse
GGOs), and bronchovascular-type findings
(bronchovascular bundles and interlobular septa
thickening) [2,4-5]. Most patients have more
than 1 radiologic finding. In affected pleura, we
may notice pleural nodules, pleural thickening
or pleural effusion. Most patients with affected
pleura often have a lung abnormality of the dis-
ease. In our case, the patient presented pleural
effusion as a sole manifestation. There is no
previous data on the prevalence of this kind of
manifestation. Over the past few decades, there
have been very few case reports of pleural ef-
fusion as a sole manifestation. Despite its rar-
ity, we still suggest pleural histopathology for
patients with IgG4-related disease with pleural
effusion.
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Endobronchial Ultrasound Imaging of Castleman’s
Disease: Two Case Reports

Yung-Hsuan Chen, Chao-Chi Ho

Castleman’s disease (CD) is a rare lymphoproliferative disorder that usually involves the
mediastinum. The diagnosis of CD is usually established by excisional lymph node biopsy.
Based on the histological features, the disease can be classified into 3 types: hyaline-
vascular, plasma cell type, and mixed type. We report the cases of 2 patients with CD, both
of whom underwent endobronchial ultrasound (EBUS) and surgical biopsy. In the first case,
EBUS showed a hilar mass with hypervascularity, and the final diagnosis was hyaline-
vascular-type CD. In the second case, EBUS showed lymphadenopathy at group 11R with
hypovascularity, and the final diagnosis was plasma cell-type CD. For those CD patients
with an initial presentation of mediastinal lymphadenopathy, pre-operative EBUS imaging
might provide more information on the lesion. Moreover, EBUS-guided transbronchial needle
aspiration could even enable sampling of tissue cores for histological diagnosis. (Thorac Med

2017; 32: 279-285)

Key words: Castleman’s disease, endobronchial ultrasound, hilar mass, mediastinal lymphadenopathy

Introduction

Castleman’s disease (CD) is a rare lympho-
proliferative disorder with an unknown etiol-
ogy; it was first described by Castleman in 1954
[1]. CD usually involves the mediastinum, and
could be unicentric or multicentric. Based on
the histological features, the disease is classi-
fied into 3 types: hyaline-vascular, plasma cell
type, and mixed type [2-3]. Diagnosis of CD is
usually established by excisional lymph node
biopsy, because the normal appearance of cells
isolated from the entire lymph node may lead to

a failure to diagnose CD when using fine needle
aspiration [4]. However, for those CD patients
with an initial presentation of mediastinal
lymphadenopathy, pre-operative endobronchial
ultrasound (EBUS) imaging might provide
more hints of the tentative diagnosis. We report
2 similar cases of CD and their EBUS imaging.

Case Reports

Case 1
A 23-year-old woman presented with inter-
mittent chest pain and progressive dyspnea for
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Fig. 1. CXR of the 2 cases. A well-circumscribed round mass shadow at the A: left lung hilum (Case 1), and B: right lung hilum (Case 2) is seen

on CXR in each case.

1 month. Sporadic hemoptysis was also noted.
She denied fever, productive cough, palpita-
tion, or referred pain. Physical and serological
examination findings were unremarkable. The
electrocardiogram and echocardiogram were
normal, but her chest X-ray (CXR) showed a
left hilar mass (Figure 1A). The computed to-
mography (CT) of her chest revealed a large left
hilar mass with homogeneous enhancement, 7.3
cm in diameter, which resulted in external com-
pression of segmental bronchi of the left upper
lobe (LUL) (Figure 2A). Thoracic magnetic
resonance imaging (MRI) also revealed a mass
lesion at the left hilum with enhancement and
lymphadenopathy at the left mediastinum. The
differential diagnosis included lymphoma, CD,
and carcinoid tumor. EBUS of the lesion was
performed, and revealed a huge homogeneous
mass with hypervascularity at the left hilum
(Figure 3A). Transbronchial needle aspiration
(TBNA) was not performed because of the high
bleeding risk.

The patient later underwent thoracotomy

Thorac Med 2017. Vol. 32 No. 6

for tumor resection by chest and cardiovascular
surgeons. During surgery, a well-defined, en-
capsulated and hypervascularized tumor, with
a maziumum diameter of 7 cm, was found at
the left hilum (Figure 4). The left pulmonary
vein was pushed to the medial site by the tumor
and was preserved during the operation. The
tumor surface bled easily. Part of the tumor
was removed and the deeper part was left in
place. Pathology reported a lymph node with
subcapsular sinus obliteration and multiple dif-
fuse atrophic follicles, which contained stromal
hyalinization, concentric rimming of the mantle
zone, and occasional twinning of germinal cen-
ters (Figure 5). High endothelial venule prolif-
eration between these atrophic follicles, without
prominent plasma cell infiltration or sheet-like
growth of follicular dendritic cells, was evident.
There was no atypical large plasmablastic cell
or positive HHV-8 nuclear staining. The picture
was compatible with hyaline- vascular-type CD.

The patient had a smooth postoperative
course and started steroid use 1 month after sur-
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Fig. 2. Thoracic CT of the 2 cases. A: Case 1, a large left hilar mass with homogeneous enhancement; B: a soft tissue mass at the right hilum and

lymphadenopathy at the subcarina.

Fig. 3. EBUS imaging of the 2 cases. A: Case 1, a huge homogeneous mass with hypervascularity at the left hilum; B: Case 2, EBUS-TBNA of

the right hilar tumor shows the needle within the tumor.

gery. About 6 months later, thoracic CT showed
a residual tumor with less lymphadenopathy at
the left mediastinum.

Case 2

A 47-year-old man sought a second opin-
ion because of an incidental finding of a right
hilar mass on CXR (Figure 1B). Thoracic CT
revealed a 5.8 cm soft tissue mass at the right
hilum and lymphadenopathy at the pretracheal
retrocaval space, subcarina, and anterior medi-

astinum (Figure 2B). There was no discomfort
and the serological examination was unremark-
able. Whole body positron emission tomogra-
phy showed probable FDG-avid malignancies
at both the right upper lobe region and right
lower paratracheal lymph nodes. No abdominal
lymphadenopathy was found. The patient un-
derwent EBUS-TBNA to obtain a histological
core biopsy specimen. EBUS showed lymph-
adenopathy at group 11R with heterogenicity
and hypovascularity; TBNA was performed

Thorac Med 2017. Vol. 32 No. 6
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Tumor

Fig. 4. Thoracotomy finding shows a well-defined, encapsulated and
hypervascularized tumor, with a mazimum diameter of 7 cm at the
left hilum.

smoothly with tissue core (Figure 3B). Pathol-
ogy revealed tiny lymphoid tissue without evi-
dence of malignancy (Figure 5B). No granulo-
matous inflammation was found.

To obtain a definite diagnosis, biopsy of the
mediastinal lymphadenopathy (Groups 3, 4, and
7) via right-side video-assisted thoracoscopy
was used. Pathology reported interfollicular
plasmacytosis without conspicuous cytological
atypia of plasma cells. No vascular prolifera-
tion, storiform fibrosis, or obliterative phlebitis
was found. The picture was compatible with
plasma cell-type CD. Blood immunofixation
electrophoresis revealed no monoclonal gam-
mopathy. Based on the above findings, the di-
agnosis of unicentric plasma cell CD was con-

Thorac Med 2017. Vol. 32 No. 6

firmed.

Discussion

Castleman’s disease, alternatively known
as angiofollicular lymph node hyperplasia, is
a rare lymphoproliferative disorder that was
first described by Benjamin Castleman in 1954
[1]. Later, Castleman and colleagues identified
a series of patients with solitary hyperplastic
mediastinal lymph nodes containing small,
hyalinized follicles and a marked interfollicu-
lar vascular proliferation (hyaline-vascular-
type CD) [5]. In subsequent years, serial case
reports revealed another variant of CD, plasma
cell type, in which the histology of the patients’
lymph nodes showed a germinal center with
sheets of plasma cells in the germinal center
and in the interfollicular space without vascular
proliferation or hyalinization [3]. On the basis
of the extent of disease involvement, CD was
differentiated into unicentric (UCD) and multi-
centric (MCD) types. UCD is most commonly
the hyaline-vascular type of CD, and MCD is
typically the plasma cell type of CD [6].

Hyaline-vascular-type CD accounts for 90%
of cases of CD and is unicentric in 90% of cas-
es. It occurs most often in young adults, and is
diagnosed at a median in their 3" or 4" decade
of life. It usually manifests as an asymptomatic
mass lesion with a benign course [7]. Treatment
includes curative surgical resection for UCD
and systemic treatment, such as steroid or che-
motherapy, for MCD and aggressive forms [6,8].
In our first case, the patient was diagnosed as
having hyaline-vascular-type UCD. Curative
resection failed because of the lesion’s relation-
ship with the great vessels. She then received
oral prednisolone as follow-on treatment. The
mediastinal lymphadenopathy and residual hilar
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Fig. 5. Hematoxylin-eosin stain of the specimens obtained by surgery in the 2 cases. A: Stromal hyalinization within germinal follicles (arrows)

without malignant findings (HE, x400); B: Interfollicular plasmacytosis without conspicuous cytological atypia of plasma cells or vascular

proliferation (HE, x100)

mass were reduced in size 6 months later.

Less than 10% of CD cases are plama cell
type. Of these cases, the unicentric form seems
to be less common than the multicentric form,
although some reported cases of UCD might
derive from incompletely documented MCD
[6]. Most cases of MCD occur later in life, with
a median age in the 6" decade. Those patients
who have plasma cell-type CD have a greater
tendency to experience systemic symptoms and
laboratory abnormalities, such as fever, night
sweats, malaise, anemia, thrombocytopenia,
and hyperglobulinemia. Multifocal lymphade-
nopathy or hepatosplenomegaly is also found in
some cases [3]. Common therapies for plasma
cell-type CD include systemic chemotherapy
and antiproliferative agents, including anti—
interleukin 6 receptor and anti-CD20 antibody
treatment [9]. In case 2, lymphadenopathy was
found only in the mediastinum in the image
study. The patient also had no other systemic
manifestation. Systemic treatment had been
planned for the patient but he was subsequently

lost to follow-up.

Confirming the diagnosis of CD is usually
a challenging process. Most cases require exci-
sional lymph node biopsy to obtain histological
evidence. EBUS-TBNA is a real-time proce-
dure for biopsy of mediastinal and hilar lesions,
and has become the first choice for staging
mediastinal lymphnodes [10]. EBUS-TBNA
can be performed using a 22-gauge (G) or 21G
dedicated TBNA needle. A single-center study
suggested 21G TBNA needles are superior to
22G needles in characterizing benign lesions
and non-small cell lung cancer when perform-
ing histopathological assessment [11]. The
EBUS images of our patients were consistent
with their final diagnoses, in that the hyaline-
vascular-type CD had a hilar lesion with hyper-
vascular echogenicity, while the plasma cell-
type CD did not.

In conclusion, for those patients who have
an initial presentation of mediastinal lymphade-
nopathy, pre-operative EBUS imaging might
provide more information, and EBUS-TBNA

Thorac Med 2017. Vol. 32 No. 6
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could even enable sampling of tissue cores for
histological diagnosis.
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Special Histological Type of Synchronous Primary
Lung Cancer

Hui-Ju Ho*, Wei-Heng Hung**, Bing-Yen Wang **,***,****

A 62-year-old man visited our outpatient department due to a 2.0-cm pulmonary nodule
with irregular margins in the left perihilar region that was found on chest x-ray at another
institution; however, the patient had experienced no discomfort. This case was a special
histological type of synchronous primary lung cancer with adenosquamous carcinoma at
the left lower lobe and mixed small cell carcinoma and squamous cell carcinoma at the right
lower lobe. Our experience with this case highlights the importance of distinguishing between
multiple primary lung cancer and distant lung metastasis. (Thorac Med 2017; 32: 286-290)

Key words: synchronous, lung cancer, small cell carcinoma, squamous cell carcinoma, adenosquamous

carcinoma

Introduction

Distinguishing between synchronous pri-
mary lung cancers and multiple metastatic lung
cancer is essential and sometimes difficult.
Here, we present the case of a 62-year-old man
who was diagnosed as having synchronous
primary lung cancer with adenosquamous car-
cinoma at the left lower lobe (LLL) and mixed
small cell carcinoma and squamous cell carci-
noma (SCC) at the right lower lobe (RLL). This
case highlights the importance of distinguishing
between multiple primary lung cancer and dis-
tant lung metastasis.

Case Presentation

A 62-year-old man visited our outpatient
department because a 2.0-cm nodule with ir-
regular margins in the left perihilar region had
been found on chest x-ray at another institu-
tion. However, the patient had experienced no
discomfort. Chest computed tomography (CT)
showed a 4.0-cm nodule at the left lower lobe
(Figure 1A), and squamous cell carcinoma was
reported on CT-guided biopsy. A 2.0-cm nodule
at the right lower lobe (Figure 1B) was also
observed on chest CT. No obvious mediastinal
lymph node enlargement was observed on the
chest CT. Brain magnetic resonance imaging
(MRI) and bone scans showed no metastasis.

*Department of surgery,division of thoracic department, EDA cancer hospital; **Division of Thoracic Surgery,
Department of Surgery, Changhua Christian Hospital and Institute of Medicine, Taiwan; ***Division of Thoracic
Surgery, Department of Surgery, Taipei Veterans General Hospital and ****National Yang-Ming University School

of Medicine, Taipei, Taiwan

Address reprint requests to: Dr. Bing-Yen Wang, Division of Thoracic Surgery, Department of Surgery, Changhua
Christian Hospital, No. 135, Nanxiaoum St, Changhua City, Changhua cCounty 500, Taiwan (R.O.C.)

Thorac Med 2017. Vol. 32 No. 6



Double Primary Lung Cancer 287

Fig. 1. (A and B) Chest computed tomography (CT) findings. (A) A 4.0-cm nodule was observed at the left lower lobe (LLL). (B) A 2.0-cm
nodule was observed at the right lower lobe (RLL). (C and D) Positron emission tomography (PET)/CT findings. (C) The LLL showed intensely
increased fluorodeoxyglucose (FDG) uptake (early/delayed maximum standardized uptake value [SUVmax] = 16.6/19.8). (D) The RLL also
showed intensely increased FDG uptake (early/delayed SUVmax = 6.1/7.9).

Positron emission tomography (PET)/CT scan
revealed intensely increased fluorodeoxyglu-
cose (FDG) uptake at the LLL (early/delayed
maximum standardized uptake value [SUVmax]
= 16.6/19.8; Figure 1C) and RLL (early/de-
layed SUVmax = 6.1/7.9; Figure 1D). LLL lung
cancer with pulmonary tuberculosis or double
primary lung cancer was suspected. There was
no significant FDG uptake at the mediastinal
lymph nodes on the PET/CT.

RLL biopsy was performed and the initial
pathology report showed small cell carcinoma
in the right lower lung. Synchronous primary
lung cancer was diagnosed. Then, thoracoscopic
lobectomy of the RLL and radical lymph node
dissection were performed, since the central
tumor precluded wedge resection. The pathol-
ogy report showed mixed small cell carcinoma

and SCC (Figure 2A). The hilar, paratracheal,
and subcarinal lymph nodes revealed metastatic
mixed small cell carcinoma and SCC, but the
interlobar lymph node was negative for malig-
nancy. The pathologic stage was classified as
pT1bN2MO.

The patient was readmitted for surgical
thoracoscopic wedge resection of the LLL and
radical lymph node dissection 1 month later,
and lobectomy was performed on the right side.
The pathology report revealed adenosquamous
carcinoma (Figure 2B). The hilar lymph node
showed metastatic adenosquamous carcinoma,
but the lymph nodes at the aortopulmonary
window and inferior pulmonary ligament were
negative for malignancy. The pathologic stage
was classified as pT2aN1MO0. The final diag-
nosis was synchronous primary lung cancer

Thorac Med 2017. Vol. 32 No. 6
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Fig. 2. (A) Tumor cells of the right lower lung were arranged in a solid nest pattern with 2 populations: squamous cell carcinoma (SCC) (lower

portion) with a pale eosinophilic appearance and small cell carcinoma with hyperchromatic tumor cells and central necrosis (upper portion) (original

magnification, 40x). (B) The left lower lung tumor revealed adenosquamous carcinoma composed of SCC with solid nests of keratinized tumor

cells (lower left portion) and adenocarcinoma in a glandular to solid pattern (upper portion) (original magnification, 40x).

with mixed small cell carcinoma and squamous
cell carcinoma over the right lower lobe, stage
pT2aN2MO0, and adenosquamous carcinoma
over the left lower lobe, stage pT1bN1MO.

Microscopic examination revealed that the
right lower lung tumor consisted of 2 tumor
populations: SCC and small cell carcinoma.
SCC was immunoreactive for p40, but negative
for TTF-1, CD56, and synaptophysin. However,
the small cell carcinoma area was positively
immunoreactive to TTF-1, CD 56, and synap-
tophysin, and negative for p40. The left lower
lung tumor revealed adenosquamous carcinoma
composed of SCC with keratinized tumor cells
and focal adenocarcinoma with a glandular to
solid growth pattern. The SCC area was posi-
tively immunoreactive for p40, and the adeno-
carcinoma area was positively immunoreactive
for CEA and mucin stain.

After surgery, the patient was discharged
and presented for follow-up at the outpatient

Thorac Med 2017. Vol. 32 No. 6

department. Adjuvant chemotherapy with
docetaxel (Taxotere) and platinum was pre-
scribed and radiation therapy was also per-
formed.

Discussion

The concept of multiple primary lung can-
cer was first described by Beyreuther [1] in
1924, and was classified as either synchronous
(more than 1 primary lesion arising in the lung
at the same time) or metachronous (developing
a second primary lung cancer after treatment
of the initial lesion) lung cancer. Since then,
numerous studies have been published, and the
prevalence of multiple primary lung cancer was
estimated at 1-10%. However, no clear defini-
tion of multiple primary lung cancer existed
until the Martini and Melamed criteria [2] were
published in 1975. These criteria are widely
used now to diagnose multiple primary lung
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cancer worldwide. The criteria for synchronous
primary lung cancer, defined as concurrent,
separate, malignant lung epithelial neoplasms
with different histologies, or tumors of a similar
histology arising in different locations (seg-
ments, lobes, or lung), include: (1) origin from
carcinoma in situ, (2) no carcinoma in the com-
mon lymphatics, and (3) no extrapulmonary
metastasis at the time of diagnosis.

Using the statistical results of previous
studies [3-5], we found that a similar histologic
type was more commonly observed than dif-
ferent histologic types in synchronous primary
lung cancer. In these studies, adenocarcinoma
was the most common histologic type and SCC
was the second most prevalent. In different
histologic-type synchronous primary lung can-
cer, adenocarcinoma with SCC was the most
common histologic type. Small cell carcinoma,
large cell carcinoma, and neuroendocrine car-
cinoma with other histologic types were also
reported, but rarely. Adenosquamous carcinoma
was mentioned only in similar histologic-type
cancer, and was never reported in mixed histo-
logic-type cancer.

In this article, we described a rare case of
different histologic-type synchronous primary
lung cancer with a special histologic type, i.e.,
adenosquamous carcinoma at the LLL and
mixed small cell carcinoma and SCC at the
RLL. In a review of the literature [3-5], adeno-
squamous carcinoma was mentioned only in
similar histologic-type cancer; mixed small cell
carcinoma and SCC was not reported in either
similar or different histologic-type cancer.

Due to the spread of lung cancer screening
and other advanced diagnostic tools, more lung
cancer patients are being diagnosed at an early
stage. Therefore, early-stage diagnosis of mul-
tiple lung cancer is also increasing. The treat-

ment for multiple primary lung cancer remains
controversial, but research on this disease has
increased recently. Several studies [3-5] have
discussed surgical treatment for multiple pri-
mary lung cancer and came to a similar conclu-
sion: that in patients at an early stage, aggres-
sive resection led to a more favorable long-
term prognosis and higher survival rate than in
patients with distant metastasis (M1) or variants
of T4 tumors.

Conclusion

It is important to aggressively confirm the
histologic type in lung cancer patients, particu-
larly in those with multiple lung nodules, in
order to avoid misdiagnosis of multiple primary
lung cancer. Distinguishing between multiple
primary lung cancer and distant metastasis is
critical, as surgical outcomes of aggressive re-
section in multiple primary lung cancer patients
are much better than those of patients with dis-
tant lung metastasis.
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